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INTRODUCTION 

Investigations in this laboratory on lipids of rumen micro-organisms and on rum- 
inant body and milk lipids demanded that,  not only should analysis of milligram 
quantities of fa t ty  acid mixtures be possible, but that  odd-numbered, n-fat ty acids 
should be separable and identifiable. I t  was also desirable that  such analyses should 
be comparable with results obtained by  large-scale ester-fractionation analysis. 

The reversed-phase partition chromatographic method of HOWARD AND MARTIN I 
was selected for this purpose. The quanti tat ive separation of milligram quantities of 
lauric, myristic, palmitic and stearic acids described by HOWARD AND MARTIN was ex- 
tended by SILK AND HAHN 2 to include the even-numbered, n-fat ty acids C16-C24. Whilst 
the present work was in progress HOUGEN ~ extended the method further to include 
the odd-numbered, n-fat ty  acids C~, C 9 and C n.  

In this communication we report the quanti tat ive chromatographic separation 
of all the odd-numbered, n-fat ty acids C9-C~9 both from each other and from the even- 
numbered, n-fat ty  acids Cs-C,, 0. The method was applied to the analysis of the non- 
volatile saturated fa t ty  acids of bovine milk fat and the results compared with those 
obtained by ester-fractionation analysis of the same fat ty  acid mixtures. 

METHODS 

The a p p a r a t u s  used was essen t ia l ly  t h a t  descr ibed by  HOWARD AND MARTIN. S t a n d a r d  co lumns  
(3 ° × 1.5 cm) were each p repa red  from a mul l  of 20 g Hyflo Super-Cel t r e a t e d  w i t h  dichloro-  
d ime thy l s i l ane  and  16 ml l iqu id  paraff in accord ing  to  SILK AND HAHN. The mul l  was  packed  wi th  
a pe r fo ra ted  p lunger  in the  tube  of a Liebig  condenser ;  wa te r  a t  37 ° was c i r cu l a t ed  t h rough  the  
condenser  jacket .  Each  co lumn was  used several  t imes,  t h o u g h  the  ' ageing '  effect no ted  by  
CROMBIE, COMBER AND BOATMAN 4 somet imes  became  a p p a r e n t  af ter  as few as four passages  of 
f a t t y  acids  t h rough  the  column.  Owing to the  t i m e  requi red  for comple te  e lu t ion  of some of the  
f a t t y  acid m i x t u r e s  i t  was necessary  on occasion to  s tore  the  pa r t i a l l y - e lu t ed  co lumn ove rn igh t  in 
an  i ncuba to r  a t  37 ° . F a t t y  acids  were appl ied  in the  m a n n e r  descr ibed by  SILK AND HAHN and 
g raded  e lu t ion  was  car r ied  out  using ace tone -wa te r  m i x t u r e s  of success ive ly  increas ing  ace tone  

oJ (v/v), o oJ 50 % %, . o, o/ O,o ' content ,  viz. 35 /o 4 /o, 4 5 % ,  . 53 5 5 % ,  38 /o, 6 o % ,  63 ,o, 65 68°6,  70% an 
o /  . 75 /o, the  acetone used was of a n a l y t i c a l  r eagen t  qua l i ty .  The ace tone -wa te r  mixtures ,  which 

con ta ined  o.oo2 % (w/v) b r o m o t h y m o l  blue, were equ i l ib ra t ed  wi th  l iquid  paraffin a t  3 7 .  The 
e lua te  was  col lected in 1.5 or 2.5 ml  por t ions  and each was t i t r a t e d  aga ins t  o.oi  N KOH. The 
co lumn hold-up  was 30 ml. 

Reference f a t t y  acids  were purchased  commerc ia l ly  and  pur i f ied  by  v a c u u m  f rac t iona l  dis- 
t i l l a t ion  of the  acids  or the i r  m e t h y l  esters. D i s t i l l a t ion  was  preceded in  some cases by  low- tempera -  
tu re  c rys ta l l i za t ion  of the  acids f rom io  O//o (w/v) so lu t ion  in e ther  a t  - - 4  o°. All the  acids  were homo-  
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geneous when examined chromatographically (see below) with the exception of nonanoic acid from 
which traces of octanoic acid could not be completely removed by the procedures outlined above. 

Ester-fractionation analysis of the mixed fatty acids from the milk fats was done according 
to the procedure described by HII-OITCH 5. 

RESULTS 

I. Cl~romatography o/authentic/arty acids 

As repor ted  b y  previous  investigators'2, 3 of the  reversed-phase  pa r t i t ion  chromato-  
graphic  method,  recoveries of each of the  even-numbered ,  n - f a t t y  acids Cs-C20 (3-8 
mg) alone and  as a complete  mix tu re  were 95-98%.  Sharp  separa t ions  and 95-98% 
recoveries were ob ta ined  for each of the  odd-numbered ,  n - f a t t y  acids C9-C~9 (3-8 mg), 
alone or as a comple te  mix ture  or in mix tu re  wi th  the  range Cs-C20 of even-numbered ,  
n - f a t t y  acids (3-8 mg of each acid). Nonanoic  acid was e lu ted  with  45 % (v/v) aqueous 
acetone,  undecanoic  acid with 50-53 %, t r idecanoic  acid  wi th  55-58°/'o, pen tadecano ic  
acid wi th  6o-63%,  heptadecanoic  acid  wi th  68-70% and  nonadecanoic  acid  wi th  

o/ 73-75/o.  The t i t r a t ion  curve for the  complete  mix tu re  of n - f a t t y  acids Cs-C20 is 
shown in Fig. I. 

PERCENTAGE ACETONE IN ELUTING SOLVENT 

45 50  53 55 5B 60  63 65 68 70  73 75 4 0  

5 0  

wO.7 

~, 0.~ 
t~ 

"~o.: 

0 
~O.2 

. dO., 

O. 

IC)O I 5 0  2 0 0  250  3 0 0  3 5 0  4 .00  4 5 0  $ 0 0  5 5 0  6 0 0  6 5 0  

VOLUME ELUTED (ml)  

Fig. I. Reversed-phase partition chromatographic separation of a complete mixture of n-fatty 
acids Cs-C20. The curve joins titration points for every 1.5 ml eluate. Changes in eluting solvent 

indicated by arrows. 

2. Analysis o/ the non-volatile, saturated/atty acids o] bovine milk/at  

Four  such groups of acids  were examined.  These acids were p repa red  by  GARTON 
AND DUNCAN 6 in the  course of ano the r  inves t iga t ion ;  s team-vola t i l e  f a t t y  acids were 
removed  from the  mixed  acids of four mi lk  fats  and  the sa tura ted ,  non-vola t i le  acids 
p repared  b y  crys ta l l iza t ion  a t - - 4  °0 from a lO% (w/v) solut ion in e ther  of the  to ta l  
non-vola t i le  acids. The composi t ion  of the  s a tu r a t ed  acids  was de te rmined  b y  ester  
f rac t iona t ion ;  the  low res idual  iodine  va lue  of each group of acids was calculated,  
following the  usual  pract ice ,  as oleic acid  since this  acid  accounts  for most  of the  
unsa tu ra t ion  of mi lk  fats.  

When  monoe theno id  f a t t y  acids such as oleic ac id  are ch roma tog raphed  t hey  are 
e lu ted  along wi th  the  s a t u r a t e d  acids hav ing  a chain  length  shor ter  b y  two carbon 
a toms  4. Accordingly ,  in the  results  of the  ch romatograph ic  analyses  p resen ted  in 
Table  I, the  amount s  of pa lmi t i c  acid  recorded are  ' cor rec ted '  for the  small  amoun t  of 
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oleic acid which was concurrent ly  eluted. In Table I is also recorded the results of the 

analyses by the ester-fract ionat ion procedure. 

I t  is evident  from Table I t ha t  the two methods  of analysis gave results in general 

accord. The mean molecular  weight of each group of acids calculated from the chro- 

matographic  or ester-fract ionat ion da ta  agreed qui te  well wi th  tha t  de termined 

direct ly on the fa t ty  acids themselves  (Table II), though the chromatographic  anal- 

yses consistently revealed more myris t ic  and stearic acids and less palmit ic  and 

arachidic acids than  did the ester-fract ionat ion procedure. 

TABLE I 

ANALYSIS OF NON-VOLATILE SATURATED FATTY ACIDS FROM BOVINE MILK FAT 

Acids from Iodine Weight o] 
value Method o] analysis acid or esters 

milk/at (W~s) used 

Acids present (% w;w) 

Myristic Palmitic Stearic Arachidic Oleic* 

A 3.5 Chromatography 44.8 mg 
Ester fractionation 30.3 g 

(I i fractions 
B 4.3 Chromatography 49.4 mg 

Ester fractionation 28. 5 g 
(i i fractions 

C 7.3 Chromatography 17.8 mg 

Ester fractionation 28.8 g 
(I i fractions 

D 2. 5 Chromatography 15.6 mg 
Ester fractionation 29.6 g 

(1 o fractions 

4.2 62.7** 27.6 1.8 3.8 
2.2 63.5 25.6 4-9 

II.I  59.3** 24.9 None 4.7 
detected 

7.4 67 .8 16.8 3.3 

lo.6 62.6** 18.8 None 8.0 
detected 

8. 5 66.1 14. 4 3.0 

11.6 65.4"* 18.o 2.1 2.9 
9.3 72.0 12.2 3.6 

* All unsaturation calculated as oleic acid from iodine values of ester fractions. 
* *  After allowing for oleic acid which was eluted with palmitic acid. 

TABLE II 

SAPONIFICATION EQUIVALENTS (MEAN MOLECULAR WEIGHTS)  OF GROUPS OF 

FATTY ACIDS ANALYSED BY CHROMATOGRAPHY AND BY ESTER FRACTIONATION 

Saponification equivalent 

Acids from Derived by ca lcu-  Derived by ealcu- 
milk/at Determined on lation ]rom ester- lation Jrom chromato- 

fatty acids ]raetionation data graphic data 

A 263.0 265. 4 263. 3 
B 263. 9 260.6 259.9 
C 259.8 26o,1 259.1 
D 257.7 258.5 258.3 

3. Analysis o~ the saturated/atty acids/rom individual ester/ractions 

No odd-numbered,  n - fa t ty  acids were detected chromatographica l ly  in any of the whole 
groups of ether-insoluble,  non-volat i le  fa t ty  acids, thus just i fying the use of the mean 

equivalent  in calculat ing the composit ion of each ester fraction and hence of the whole 
groups of fa t ty  acids. However ,  in view of the reports  of SHORLAND and co-workers 7-9 
tha t  ex t reme traces of n-undecanoic,  n- tr idecanoic and n-pentadedanoic  acids occur 
in bovine milk fat it was decided to invest igate  chromatographica l ly  the fa t ty  acid com- 
posit ion of a number  of selected ester fractions. 
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These analyses showed, as indeed was to be expected from the overall analyses, 
tha t  in nearly every ester fraction examined only two saturated components  were 
plesent in proportions similar to those deduced by  calculation from the mean equiv- 
alents and tha t  no odd-numbered n- fa t ty  acid, if present, was detectable. The note- 
wor thy  exception was the first ester fraction to be distilled from each group of acids 
which, in addition to containing myristic and palmitic acids (as deduced from the 
saponification equivalent), also contained some lauric acid and traces of tridecanoic 
acid, neither of which was of course detected in the chromatographic  analysis of the 
whole mixed acids (see Table I). This was 
shown to best advantage  in the first distilled 
ester fraction of the acids of milk fat C; the ~ a2o 
t i t rat ion curve of the acids recovered from ~ o., 
the methyl  esters (Sap. equiv. 245.8, Iodine ~, 
value I . I )  is shown in Fig. 2. I t  should be ~ o.,~ 
emphasized tha t  the amount  of lauric acid ~ o.o.~ 
detected accounts  for only 0.34% (w/w) of _o 

E 
the total  non-volatile, saturated acids of the 
milk fat, whilst the amount  of tridecanoic 
acid accounts  for only 0.1% (0.05% of the Fig. 2. 
total  fa t ty  acids of the whole fat) and tha t  
the finding of these ' t race '  consti tuents does 
not invalidate ester-fractionation analysis as 

PERCENTAGE ACETONE IN ELUTING SOLVENT 
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Reversed-phase partition chro- 
matographic separation of the fatty acids 
(9.2 mg) from the first distilled ester 
fraction of the fatty acids of milk fat C. 
The curve joins titration points for every 
2.5 ml eluate. Changes in eluting solvent 

a general analytical  procedure, indicated by arrows. 
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SUMMARY 

The reversed-phase partition chromatographic method of HOWARD AND MARTIN for higher fatty 
acid analysis has been extended to include the odd-numbered, n-fatty acids C9-C19. The method 
was applied to the analysis of the saturated, non-volatile fatty acids from four samples of bovine 
milk fat and the results compared with the analyses obtained by the ester-fractionafion procedure; 
good agreement between the two methods was found. No odd-numbered n-fatty acids were detected 
chromatographically in the whole groups of mixed saturated fatty acids, though traces of tri- 
decanoic acid were detected when the fatty acids from individual ester fractions were analysed 
chromatographically. 
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