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1. Introduction 

In dienoic and polyenoic fatty acids from plants 
and mammals the double bonds are usually arranged 
in a divinyl-methane rhythm [I] . During our investiga- 
tions of human milk fatty acids [2-51 evidence was 
obtained by combined gas liquid chromatography-mass 
spectrometry (GLC-MS) for the occurrence of posi- 
sional isomers of octadecanoic [4] and also of octa- 
decadienoic acids. Positional isomers of non-methylene- 

interrupted octadecadienoic acids from mammalian 
sources other than human milk have been described 
[6, 71 . In this paper we report the identification of 
five non-methylene-interrupted cis,cis-octadecadienoic 
acids from human milk fat. 

2. Methods 

2.1. 
The preparation of human milk cream and the 

enrichment of unsaturated fatty acid methyl esters by 
urea fractionation after rransesterification have been 
described [2,8]. The unsaturated fatty acid methyl 
esters were separated by preparative GLC on a Carlo 
Erba fractovap GV according to chain length into C r e ; 
C,2;C1,;C16;C,s andC,,methylesters.TheC,, 
fatty acid methyl esters were further separated by 
thin-layer chromatography (TLC) on silica gel 
(Macherey u. Nagel MN-GHR + 5% CaSO,) impreg- 
nated with 35% silver nitrate [7,9- 1 I]. The octade- 
cadienoic acid methyl esters were hydroxylated with 

* Part V of a series: Minor constituents of human milk. 
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0~0,) converted to their tetra-O-trimethylsilylderiv- 
atives (-O-TMS) and analyzed by GLC-MS [ 121. 

2.2. Gas-chromatographic conditions 
Column: 50 feet X 0.02 inches S.C.O.T. column 

(Perkin Elmer); liquid phase: silicone rubber SE 30; 
carrier gas: helium; gas flow: -4 ml/min; temperature: 
oven 240”; injection block 290’; molecule separator 
250”. 

2.3. Mass-spectrometric conditions 
Ion source temperature : 250’ ; ionization energy : 

20 eV; trap current: 60 PA; accelerating voltage: 3.5 
kV; magnetscan: u 10 set in the mass range m/e = 
10-700. 

3. Results and discussion 

The separation of C,,- C,, fatty acid methyl esters 
on AgNO, impregnated silica gel obtained after pre- 
parative GLC is shown in fig. 1. 

The C,, fatty acid methyl esters obtained in frac- 
tions III and IV after TLC were analyzed by GLC-MS 
before and after formation of derivatives. Fig. 2 
shows a typical gas chromatogram of fraction IV. The 
experimental conditions are given in the legend. 

The mass spectra of positional isomers of octadeca- 
dienioc acids show only slight quantitative differ- 
ences [ 131. After hydroxylation and transformation 
to volatile derivatives, highly characteristic mass spec- 
tra show the original position of the double bonds 
[14]. After thorough inspection of the mass spectra 
of 16 tetra0trimethylsilylderivatives of synthetic 
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Fig.  1. Separation of C12-C20 fatty acid methyl esters from human milk fat on AgNO3 impregnated silica gel. Solvent: benzene. 
The fractions of Cla methyl esters analyzed for positional isomers are indicated. 
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Scheme 1. Fragmentation pattern of tetra-O-tfirnethylsilyl 
octadeca, noic acid methyl esters. All characteristic frag- 
ments and recombinations are indicated. 
A; A+73; A+102 and (A+102)-90 
B; B-90 and (B-90)-90  two metastable ions 
C; C-90 and (C-90)-90  two metastable ions 
D; D+102 and (D+102)-90 

methylene-, ethylene-, propylene-, butylene- and 
pentylene-interrupted octadecadienoic acid methyl 
esters several rules for the fragmentation pattern have 
been set up [12] .  They are summarized in scheme 1. 

From their mass spectra five non-methylene-inter- 
rupted octadecadienoic acids were identified in frac- 
tions III and IV. They belong to the ethylene-, butyl- 
ene- and pentylene-interrupted type. 

As can be seen from the Rf-values shown in fig. 1 
all double bonds o f  these dienoic acids are in cis con- 
figuration. 

Nothing is as yet  known about the origin of  these 
acids. If the Cla:2 AI 1,15 up to now found only in 
beef and mutton tallow [6] is of wider distribution in 
natural fats, it may be assumed that at least a part of  
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Fig. 2. Gas-chromatographic separation of isomeric octade- 
cadienoic- and octadecatrienoic acid methyl esters. Column: 
100 feet X 0.02 inches S.C.O.T. column (Perkin Elmer); 
liquid phase: DEGA; temperature: oven 170” ; other conditions 
asabove.Compounds: 1:C1s:1;2:C1a:2;3: C1sz2;4: C1sz2; 
5:CLa:2;6:~18:2/Cla:3;7:~~a:3;8:~~s:3/C,a:~. 

this acid present in human milk fat is of alimentary 
origin. An endogenous synthesis can however not be 
excluded. From the fatty acid pattern present in 
human milk it can be deduced that human mammary 
gland contains a highly active A9-desaturase-system 
[4] . From the experiments of A.T. James [ 151 with 
methyl branched fatty acid CoA esters as substrates 
for desaturation by goat mammary gland, it may be 
speculated that positional isomeric octadecanoic acids 
like C 18:lA15 Or cl8: 1 Al3 present in human milk 
[4] are furtherhesaturated to the corresponding 
C 18:2A9,15 and C18:,A9,13. For theC,,:,All,lS and 
C,8:2A8,12 acids more complex biosynthetic path- 
ways including partial degradation or chain elongation 
may be postulated. Compared with classical dienoic 
acid biosynthesis in plants, this would be a reversal 
of the desaturation steps. It is without doubt that 

Table 1 
Non-methyleneinterrupted octadecadienoic acids in human 
milk fat, identified as their tetra-O-trimethylsilylderivatives.* 

a) ethylene-interrupted: C18:2A8,12;C18:2A9,13;C18:2 
A11,15 

b) butylene-interrupted: C1az2A9,15 
c) pentyleneinterrupted: C 18:2A9,16. 

* The complete mass spectra can be obtained on request. 

these acids, alt, _+ present only in small quantities, 
may exert a strong influence on the physical and bio- 
logical properties of membranes. 
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