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1. Introduction 

Phytanic acid (3,7,11,15-tetramethylhexadecanoic 
acid) has been first isolated from butterfat [l] . In 
patients suffering from Refsum’s disease (heredopathia 
atactica polyneuritiformis) phytanic acid is one of the 
major constituents of serum- and organ-lipids [2-71. 
It was also found to occur in low quantities in the 
serum of healthy persons [8]. From experiments with 
rats [9-l l] and patients with Refsum’s disease [ 12, 
131, it has been shown that phythol is transformed to 
phytanic acid. Therefore phytanic acid may always be 
present in low quantities after ingestion of chlorophyll. 
Cyclohexaneundecanoic acid was first isolated from 
butterfat [ 141 and sheep perinephric fat [ 151. This 
communication deals with the identification of phy- 
tanic acid and cyclohexaneundecanoic acid as normal 
minor constituents of human milk free fatty acid 
(FFA) and triglyceride (TG) fractions. Quantitative 
gas chromatography shows, that phytanic acid is the 
major portion of the branched chain fatty acid occur- 
ring in human milk. 

2. Methods 

Cream of fresh human milk was thoroughly mixed 
with 10 volumes/weight of 70% aqueous methanol, 
pH 8.5. After centrifugation (3000 X g; 4’C) most of 
the FFA remained in the supernatant. The latter was 
extracted twice with pet. ether (40-60°C). After 

acidification of the methanolic solution with hydro- 
chloric acid, the FFA were extracted with pet. ether 
and methylated with diazomethane. The yield was 
70-80% of the total FFA present. The fatty acid 
esters (FAE) were distilled under high vacuum 
1 O-4 Torr, 60- 12O”C, yielding a colourless liquid. 
Catalytic hydrogenation was effected with PtO, in a 
solution of methanol-methylenchloride (2: 1). Satu- 
rated straight chain FAE were removed in form of 
the urea inclusion compound [ 161. Transesterifica- 
tion of triglycerides was achieved with 0.1 N potas- 
sium hydroxide in methanol/benzene solution (1: 1) 
at 4” within l-3 hours. Gas chromatography was 
performed with a Carlo Erba fractovap model1 GB 
with flame ionisation detectors. An LKB 9000 gas 
chromatograph-mass spectrometer instrument was 
used for obtaining the mass spectra. The conditions 
for gas chromatography were the same as given in the 
legend of fig. 1. The molecule separator was kept at 
250”; the mass spectra were obtained at constant 
accelerating voltage of 3.5 kV with an electron energy 
of 70 eV; scanning time was about 3 set in the mass 
range m/e 12-350 [ 171. All solvents used were of 
reagent grade or redistilled. 

3. Results 

The FFA in human milk fat are a very complex 
mixture. Fig. 1 shows a section of a gas chromato- 
gram of the FAE after hydrogenation and urea frac- 
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Fig. 1. Gas chromatogram of the FFA-fraction after hydrogenation and urea fractionation; capillary column 50 m X 0.25 mm; 

stationary phase polyphenylether: temperature program 150-220°; heating rate 1°/min; carrier gas: He; flow rate 1.3 ml/mm; 

sample quantity 0.02 ~1, without splitting; injection block temperature 280’; detector FID; measuring range l/8. 
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Fig. 2. Phytanic acid methyl ester from human milk. 
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Fig. 3. Cyclohexaneundecanoic acid methyl ester from human milk. 

tionation. Phytanic acid methyl ester is the major 

peak in the Cl,- re g ion, whereas cyclohexaneundeca- 
noic acid methyl ester is only partly resolved from 
other accompaning esters. Mass spectra taken at this 
point also show the presence of di-n-butylphthalate, 
Cl,-hydroxy acid and branched chain Cl,-acid [ 191. 
A better gas chromatographic resolution and mass 
spectrum of cyclohexaneundecanoic acid was ob- 
tained using silicon rubber SE 30 as an unpolar liquid 
phase where the cyclohexylic acid has a retention 
time corresponding to a carbon number 17.85 [ 181. 
Stearic acid methyl ester was almost completely 
removed from the sample by repeated urea fractiona- 
tion. In a quantitative evaluation of the gas chromato- 
grams of the FFA fraction 0.03% of phytanic acid 
and 0.05% of cyclohexaneundecanoic acid methyl 
esters were found. This latter value is certainly too 
high because as can be seen in fig. 1 the resolution is 
very incomplete at this point and other components 
may coincide with the cyclohexaneundecanoic acid. 
Triglycerides of human milk purified by chromato- 
graphy on silicagel contain essentially the same fatty 
acids as the FFA. It is, however, noteworthy that 
together with a higher percentage of saturated fatty 
acids the amounts of phytanic and cyclohexane- 
undecanoic acids are also considerably increased. 
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