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ABSTRACT 

The isoprenoid hydrocarbons,  t r a n s -  

phyt-2-ene (82.2%), phyt- l -ene  (6.5%), 
and phytane (11.3%), were detected in 
bovine rumen liquor by means of AgNO3- 
impregnated thin layer chromatography 
and gas liquid chromatography with mass 
spectrometry and infrared spectropho- 
tometry.  The unsaturated hydrocarbons 
were identified by comparing their chro- 
m a t o g r a p h i c ,  physical, and chemical 
properties with those of synthetic iso- 
prenoid hydrocarbons prepared from di- 
hydrophytol .  The natural level of the 
original isoprenoid components  within 
the rumen is comprised of phytol  and 
dihydrophytol  (of the ratio of 2:1). 
These represented at least 60% of the 
total  free fatty alcohol content  of the 
tureen liquor lipid extract  and could, 
therefore, be the origin of the isoprenoid 
hydrocarbons observed. 

INTRODUCTION 

Isoprenoid compounds are widely distrib- 
uted in nature. In the rumen, these all appar- 
ently originate from phytol  ( t r a n s - 3 , 7 , 1 1 , 1 5 -  

tetramethyl-2-hexadecen-l-ol) ,  an unsaturated 
isoprenoid alcohol which represents about 
30% of the chlorophyll  content  of dietary green 
herbage for ruminant animals (1). Phytol can be 
r e a d i l y  h y d r o g e n a t e d  t o  d ihydrophy to l  
(3,7,11,15-tetramethylhexadecan-l-ol)  which is 
oxidized to produce phytanic (3,7,11,15-tetra- 
methylhexadecanoic) acid by the action of 
microorganisms in rumen liquor (2). Phytanic 
acid is found in many ruminant tissues (3). 
More recently, phytol  and dihydrophytol  were 
found in milkfat (4) and as dihydrophytyl-  
phytanate (wax esters) in rumen liquor (5). 

Other phyto l  metabolites,  namely phytane 
(3,7,11,15-tetramethylhexadecane) and isomers 
of phytene (3,7,11,15-tetramethylhexadecene) 
hydrocarbons, have been found as minor con- 
stituents of milkfat (6) and butterfat  (7). This 
communication reports the occurrence of these 
isoprenoid hydrocarbons in bovine rumen lipid 
extracts and discusses their relationship with 
the dietary phytol  source. 

MATERIALS AND METHODS 

Rumen liquor was obtained from a Jersey 
cow fit ted with a fistula and fed on fresh white 
clover ad libitum. This animal was fasted over- 
night before the rumen liquor was taken and 
strained through cheesecloth and the lipid con- 
stituents were extracted with diethyl ether as 
described before (5). From 100 ml of rumen 
liquor, a total  lipid extract of 312.6 mg was 
recovered, dissolved in chloroform, and applied 
to an activated silicic acid column (18 g, Bio-Sil 
A, Bio-Rad Laboratories, Richmond, C A ) f o r  
fractionation as outlined earlier (5). This pro- 
duced the following main fractions of  lipid 
components:  fraction 1, hydrocarbons-caro- 
tenoids-wax esters-sterol esters (26.4 rag); frac- 
tion 2, free fat ty acids-sterols-fatty alcohols 
(179.0 mg) and fraction 3, pigments-phospho- 
lipids (92.2 rag). 

Isolation of the Hydrocarbons 

Hydrocarbons (12.0 mg) were isolated from 
fraction 1 by preparative thin layer chromatog- 
raphy (TLC) after development with hexane- 
diethyl ether-acetic acid (85:15:1 v/v). 

Isolation of the Free Fatty Alcohols 

Fraction 2 was methylated with diazo- 
methane (8) and the resultant FFA-methyl  
esters were removed by silicic acid (20 g) 

TABLE II 

Composition of the Hydrocarbon and Free Fatty 
Alcohol Constituents of  Bovine Rumen Liquor 

Components mg/1 O0 ml rumen liquor 

lsoprenoid hydrocarbons 
Phyt ane 0.12 
Phyt-l-ene 0.07 
cis. Ph y t -  2-en e 
trans- Ph y t -  2-e n e 0.88 

Other hydrocarbons 
C18-C35 10.93 

Tot al 12.00 

lsoprenoid fatty alcohols 
Phytol 12.72 
Dihydrophytol 6.36 

Other fatty alcohols 
C18-C34 12.72 

Total 31.80 
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column chromatography with chloroform as 
eluant. Free fat ty alcohols ( 3 t . 8 m g )  were 
isolated from the remaining components of 
f r a c t i o n  2 by further fractionation using 
preparative TLC with benzene as the developing 
solvent system. 

Preparation of Authentic Isoprenoid Hydrocarbons 

A range of unsaturated hydrocarbons can be 
r e a d i l y  obtained by dehydrating the cor- 
responding primary alcohol. In this case, dihy- 
d r o p h y t o l  was prepared by hydrogenating 
phytol  (K and K Laboratories Inc., Plainview, 
NY) in methanol over PtO2 at 45 C for 6 hr at 
atmospheric pressure. Approximately  130 mg 
dihydrophytol  was stirred and heated to 150 C 
with 0.5 ml 88% ortho-phosphoric acid (AR, 
British Drug Houses Ltd., Poole, England) for 
1.5 hr. During this reaction, some charring was 
noticed so the final material was dissolved in 
diethyl ether and filtered while transferring it 
to a separating funnel. The ethereal extract  was 
washed with distilled water until neutral, dried 
over anhydrous Na2SO4, and evaporated to 
dryness under reduced pressure at 45 C. These 
dehydration products (120mg)  dissolved in 
chloroform were applied to an activated silicic 
acid column (20g) .  The isoprenoid hydro-  
carbons (95.5 mg) were eluted with chloroform 
(70 ml) and the residual products (20.5 rag) 
with methanol (100ml) .  This reaction pro- 
duced a satisfactory quanti ty of unsaturated 
i s o p r e n o i d  hydrocarbons that  was further 
resolved by preparative TLC with 10% AgNO 3- 
impregnated purified (9) silica gel G (E. Merck, 
A.G. Darmstadt, Germany) plates with hexane- 
diethyl ether (95:5 v/v) as developing solvent 
system. By this procedure, three different 
unsaturated isoprenoid hydrocarbon isomers 
(A, B, and C) were isolated. The proport ion of 
these components  together with their chro- 
matographic properties is shown in Table I. 

Analysis of Hydrocarbons 

The hydrocarbons were analyzed by gas 
liquid chromatography (GLC) using a dual 
flame Pye 104 instrument (Pye-Unicam Ltd., 
Cambridge, England) fi t ted with standard glass 
columns (1.5 m x 0.4 cm ID). Two different 
liquid phases, namely 10% EGSS-X on 60-80 
mesh Gas-Chrom Z and 3% JXR on 100-120 
mesh Gas-Chrom Q (Applied Science Labora- 
tories, State College, PA) solid supports, were 
operated at 120 and 160 C with nitrogen carrier 
gas flow-rates of 20 and 30 ml/min, respec- 
tively. To aid the identification of hydrocarbon 
mixtures, the chromatographic properties of 
these columns were calibrated with authentic 
standards and the 3% JXR column coupled 
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with a mass spectrometer  (GLC-MS) (AEI 
MS30  D o u b l e  Beam MS, AEI Scientific 
Apparatus Ltd., Manchester, England). 

Analysis of Fatty Alcohols 

The 3% JXR GLC column (as above) was 
used to analyze the fat ty  alcohol mixtures 
either in the free state or as their alcohol- 
acetate derivatives. Both isothermal conditions 
(180 C) or temperatures programmed over the 
180 to 270 C range at 4 C per rain were applied 
and carrier gas flow rates of 30 mt/min were 
uniform throughout.  For the identification of 
t h e  fatty alcohol components ,  their GLC 
properties were compared with those of  authen- 
tic standards under identical condit ions as out- 
lined elsewhere (5,10). 

RESULTS 

The three isoprenoid hydrocarbon isomers 
A, B, and C (Table I) prepared by dehydrating 
d ihydrophytol  were initially inspected as films 
on KBr discs by infrared spectrophotometry  
(Infracord 137, Perkin-Elmer Ltd., Beacons- 
f i e l d ,  Bucks, England). They all revealed 
standard isoprenoid coupled adsorption bands 
in the 1360-1370 cm-1 region, defined isoprene 
bands at 7 3 7 c m  -1 and isopropyl  bands at 
1180 cm-1 (7). In particular, the spectrum of 
compound A also included the presence of a 
trans-double bond (968 cm -1) while compound 
C differed showing a strong adsorption at 
9 1 0 c m  "1 indicating a distinct terminal vinyl 
group (11). 

All these compounds had the same molec- 
ular ions at m/e 280 (M) by MS and some 
specif ic  fragment ions of  slightly variable 
strengths at m/e 252, 210, 196, 181, 140, 125, 
111, 97, 70, and 57. Similarly, they all pro- 
duced phytane [m/e 282 (M) and other frag- 
ment ions at m/e 267, 197, 127, and 57 which 
demonstrated the methyl-branched sites on the 
molecule (12)] as their only hydrogenation 
product.  The above evidence together with the 
AgNO3-impregnated TLC and GLC chromato-  
graphic properties (Table I) identified com- 
pound A as trans-phyt-2-ene, B as cis-phyt-2- 
ene and C as phyt- l -ene.  

The isoprenoid hydrocarbons present in 
bovine rumen liquor and identified by GLC-MS 
showed a distribution pat tern per 100ml  
rumen liquor of phytane (0.12 rag), phyt - l -ene  
(0.07 rag), and trans-phyt-2-ene (0.88 mg). This 
represented 8.9% of the total  hydrocarbon 
contents (Table II). The other hydrocarbons,  
including n-nonacosane (C29) and n-hentri- 
acontane (C31) as the principal components,  
resembled those of  the white clover neutral 

lipids (10) as expected. 
In contrast, the composit ion of the fat ty 

alcohol fraction differed remarkably from that 
of the hydrocarbons in respect to the quanti ty 
of isoprenoid components  (Table II). Here at 
least 60% was represented by phyto l  (40%) and 
dilaydrophytol (20%). The remaining 40% was 
spread over the ClS to C32 range with n-tri- 
acontan01 (C30) as the main contributor. This 
resembled the fatty alcohol distribution pattern 
of those associated with the neutral hpids of 
the dietary white clover (10). 

DISCUSSION 

The microbial action on phytol  in rumen 
liquor has been studied extensively by Patton 
and Benson (2). Their conclusive observation 
that d ihydrophytol  is the biohydrogenation 
product  from the chlorophyll-phytol  moiety 
would also apply with this work and these iso- 
prenoid fat ty alcohols are the major contribu- 
tions to the entire free fat ty alcohol contents of 
the rumen liquor under investigation. No doubt 
t h e s e  i s o p r e n o i d  f a t t y  a l c o h o l s  (ca .  
1 9 . 0 m g / 1 0 0 m l  rumen liquor) are also the 
source of the isoprenoid .hydrocarbons (ca. 
1.0 mg/100 ml rumen liquor) now found in the 
tureen. 

Phytol  can be readily dehydrated catalyt- 
ically (13) or biologically (14) under mild con- 
ditions to yield phytadiene isomers. One of  the 
relevant phytadiene isomers, neophytadiene 
(B-methylene-7,11,15-tr imethylhexadec-l-ene),  
has been reported by Urbach and Stark (7) to 
be present as part of the isoprenoid hydro- 
carbons in both butterfat  and ryegrass lipid 
extraCts. They proposed that any dietary rye- 
grass neophytadiene would be biohydrogenated 
to form phyt - l -ene  as the isoprenoid hydro- 
carbon consti tuent of rumen liquor. However, 
in the present study,  the actual findings dif- 
fered markedly. Initially, the dietary white 
clover source used provided (10) no isoprenoid 
hydrocarbon of the same nature as neophyta-  
diene. Secondly, since trans-phyt-2-ene was the 
major isoprenoid hydrocarbon present in rumen 
liquor, this also suggests that another source of 
isoprenoid hydrocarbons must be considered. 

The ability of the microorganisms Within the 
rumen liquor to produce methane from dietary 
carbohydrate is well known (15). These cond- 
itions would be adequate to allow phytol,  with 
the natural trans-2 configuration, to freely 
exchange its pr imary hydroxyl-group with 
hydrogen to form trans-phyt-2-ene as a main 
end-product. Even the proximity of  the labile 
double bond near the terminal hydroxyl-group 
could also permit  the formation of the observed 
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phy t - l - ene  (vinyl-structure)  i soprenoid  hydro-  
c a r b o n  w h e n  hydroxy l -p ro ton  interchange 
takes place. 

On the o ther  hand,  phy t - l - ene  could be 
al ternat ively p roduced  as part  of  the migrat ion 
process fo rmed  during the b iohydrogena t ion  
action on trans-phyt-2-ene to yield phy tane  as 
the end-product .  Similar i somer iza t ion  and 
migrat ion of  double  bonds  during the parallel 
b i o h y d r o g e n a t i o n  of  po lyunsa tura ted  fa t ty  
a c i d s  by rumen  microorganisms has been 
established and the  dis t r ibut ion pat tern  of  their  
various products  has been recent ly  reinvesti- 
gated (16). 

T h e  c h e m i c a l ,  physical,  and chromato-  
graphic  propert ies  of  the  unsatura ted  iso- 
prenoid  hydrocarbons  are governed by their  
m o l e c u l a r  s t ructure.  The steric h indrance  
i m p o s e d  o n  the  unsatura ted  site of  the  
phyt-2-ene isomers reduces the fo rmat ion  of  
AgNO3-complexes  to  prevent  distinct resolu- 
t ion by TLC be tween  the different  s t ructural  
configurat ions (i.e., cis- or trans-isomers) and 
phytane.  However ,  combina t ions  of  AgNO 3- 
impregnated  TLC, GLC-MS, and infrared spec- 
t r o p h o t o m e t r y  did resolve the isoprenoid  
hydrocarbons  present  in bovine rumen  l iquor.  
These results also indicate  that  the monoun-  
saturated isoprenoid  hydrocarbons  shown in 
various ruminant  products  (6,7) are probably  
derived f rom the initial microorganism reac t ion  
on dietary phy to l  and in termedia tes  in the 
lumen.  
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