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Fatty acids with conjugated double bond arrangements have 
exhibited high biopotency compared to methylene-interrupted 
isomers. For instance, conjugated linoleic acid (CLA) was 
shown to modulate a multitude of biological functions affecting 
human health including lipid metabolism, carcinogenesis, im-
mune function, obesity, diabetes, and atherogenesis (DeLany 
and West, 2000; Ryder et al., 2001; Pariza, 2004; Wahle et 
al., 2004). Particularly, the cis-9 trans-11 CLA isomer has been 
reported to function as an antioxidant and anticarcinogenic 
in animal models (Ip et al., 1999; Mosley et al., 2002). However, 
physiological functions appear to be isomer specific.
  Conversion of linoleic acid to CLA is carried out naturally 
by anaerobic microorganisms that inhabit the gut of animals 
in a process called biohydrogenation. Biohydrogenation accom-
plishes the conversion of unsaturated fatty acids to stearic 
acid with accumulation of CLA and trans monoenes as inter-
mediates. Biohydrogenation is particularly relevant in cattle 
and other ruminant species because it accounts for the high 
concentration of saturated fatty acids in meat and milk de-
spite polyunsaturated fatty acids being the primary fatty acids 
consumed. Because of the large volume (up to 200 L) of anae-
robic fermentation occurring in stomach compartments of 
cattle, the microbial population in the rumen provides an ideal 
ecosystem for studying biohydrogenation and the synthesis of 
CLA.
  Biohydrogenation is initiated by the action of an isomerase 
that maintains the same number of double bonds but pro-

duces positional and geometric isomers including CLA. The 
interaction of the cis-9 electrons of linoleic acid substrate with 
the electronegative enzyme region acting as the hydrogen bin-
ding site to produce the cis-9 trans-11 CLA isomer has been 
proposed (Harfoot and Hazlewood, 1997). Also, the geometry 
of fatty acid binding to the isomerase and the involvement 
of specific amino acid residues in the formation of trans-10 
cis-12 CLA by Propionibacterium acnes has been described 
(Liavonchanka et al., 2006). Despite detailed information being 
available on enzymatic action of the isomerase, little is known 
about the identity of CLA isomers produced from specific 
polyunsaturated fatty acid substrates. As many as 14 CLA 
isomers have been identified in ruminal contents taken from 
cattle (Jenkins et al., 2008). Yet, most published pathways of 
biohydrogenation account for the synthesis of only one or two 
CLA isomers. The ability to regulate CLA synthesis in ruminal 
contents to deliver specific isomers with specific physiological 
functions to animal tissues is dependent on delineating the 
exact synthetic pathways for all isomers.
  Because linoleic acid is believed to be the parent compound 
for most of the CLA isomers found in digestive contents of 
cattle, and that only one or two CLA isomers are usually iden-
tified in pathways of linoleic acid biohydrogenation, this study 
was conducted to establish the number and identity of CLA 
isomers that originate from linoleic acid biohydrogenation. 
To accomplish this objective, the carboxy carbon of linoleic 
acid was tagged with a 13C stable isotope to trace its appear-
ance in other C18:2 intermediates produced in cultures of 
mixed ruminal microorganisms. Once the 13C label was identi-
fied in a C18:2 compound, the double bond position and 
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The mass spectrometry spectrum of 1-13C-linoleic acid and unlabeled linoleic acid with methyl ester.

cis-trans geometry was determined by tandem MS/MS. This 
approach allowed verification that CLA were produced from 
linoleic acid including its exact structural identity.

TMR (Total mixed rations) were obtained from Clemson University 
Dairy Farm (including 54.00% corn silage, 2.90% grass hay, 4.90% 
alfalfa hay, 28.40% grain mix, and 9.80% moisture) and Emersol 315 
(including 2.50% palmitic, 1.00% stearic, 27.20% oleic, 57.50% lino-
leic, 5.10% linolenic, and 6.70% other fatty acid) were purchased 
from Continental Industrial Chemicals (USA). Unlabeled linoleic 
acids (cis-9 cis-12 C18:2; >99.00% chemical purity) were purchased 
from Sigma-Aldrich (USA) and 1-13C-linoleic acids (>99.00% chem-
ical purity; 99.00% isotopic purity) were purchased from Larodan 
AB, Inc. (Sweden).

Whole digesta contents were collected from the rumen of a fistulated 
Holstein cow two hours after the AM feeding. The contents were 
filtered through cheesecloth to remove large particles, and the filtrate 
containing mixed ruminal microorganisms was then transferred di-
rectly to the laboratory in a sealed container and used within 20 
min. Six cultures in 125 ml Erlenmeyer flasks containing 0.5 g of 
diet (TMR+5% Emersol 315), 10 ml of filtered rumen fluid, 40 ml 
of in vitro media, and 2 ml of reducing solution (Goering and Van 
Soest, 1970) were divided into two groups of three cultures each of 
mixed rumen microbial population. Cultures containing either 50 mg 
unlabeled linoleic acid or 35 mg unlabeled linoleic acid + 15 mg 
1-13C-linoleic acid in 1 ml of ethanol were run at 39°C water bath 
under anaerobic conditions. Two 5 ml samples were taken from each 
culture flask at 0, 24, and 48 h while being stirred with a magnetic 
bar under CO2, and then transported immediately in an ice bath, 
and then stored freezer at -5°C.

Culture samples were freeze-dried and transesterified to methyl esters 

in sodium methoxide followed by methanolic HCl procedure (Kramer 
et al., 1997). FAME contents were then quantified by gas chromatog-
raphy (GC) using internal standard (C17:0, heptadecanoic acid). A 
Hewlett-Packard 5890 gas chromatograph was equipped with a P-2380, 
fused silica capillary column (100 m×0.25 mm) with 0.2 �m film 
thickness (Supelco Inc., USA). The conditions used were initially 
140°C for 3 min with a ramp of 3.7°C/min up to 220°C holding for 
20 min. Helium was used as the carrier gas at 20 cm/sec.
  The 13C enrichment in individual FAME was analyzed by GC-MS 
(Agilent 6890N gas chromatograph with a model 5973 quadrapole 
mass selective detector). The GC-MS was equipped with a 100 m 
×0.25 mm chrompack CP-Sil 88 column with 0.20 �m film thickness. 
The carrier gas was helium at 20 cm/sec with splitless injection. 
Column temperature was programmed initially 140°C for 5 min with 
a ramp of 4°C per min up to 220°C for 20 min. The ions chosen 
for fatty acid analysis in selected ion mode was the quasimolecular 
ion [M], a [M+1] ion to indicate the labeled compound, and 
[(M+1)+29] ion that represented the [M+C2H5

+] ion (Fig. 1).
  FAME double bond positions and geometry were verified by gas 
chromatography (GC), followed by covalent adduct chemical ioniza-
tion tandem mass spectrometry (CACI-MS/MS) according to methods 
outlined in detail previously (VanPelt and Brenna, 1999; Michaud 
et al., 2002, 2003; Lawrence and Brenna, 2006). Briefly, FAME were 
separated with a CP-Sil 88 capillary column (100 m×0.32 mm×0.25 
�m), and temperature programmed from 80°C to 120°C at a rate 
of 10°C/min and then increased to 220°C at a rate 2.5°C/min. Total 
run time was 60 min. FAME eluting into the MS undergo an ion-mol-
ecule reaction to form an adduct with molecular weight 54 mass units 
above that of the parent FAME. Collisional dissociation of this adduct 
yields diagnostic ions that are characteristic of double bond position. 
In the case of CLA, relative diagnostic ion intensity is indicative of 
double bond geometry (Michaud et al., 2003), and can otherwise be 
discerned by GC relative retention time.�

Fatty acid contents and 13C enrichments were analyzed by analysis 
of variance (ANOVA) using the GLM (general linear model) proce-
dure of SAS (2003). The fatty acid contents in the samples were 
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 Concentration (mg/5 ml culture) of stearic acid (C18:0), C18:1 isomers, C18:2 isomers and other isomers detected at 0, 24, and 
48 h

Fatty acid
Fatty acid content (mg)

SEM
0 h 24 h 48 h

C18:0  1.74a  2.34ab  2.71b  0.23
C18:1 isomers
  trans-11 C18:1  0.13a  2.40b  3.32c  0.15
trans-12 C18:1   ND <0.01 <0.01 <0.01
  cis-9 C18:1  1.46a  1.40a  1.26b  0.03
  cis-11 C18:1   ND  0.17  0.18  0.01
  cis-12 C18:1  0.02a  0.81b  0.82b  0.03
  unidentified C18:1  0.02a  0.04ab  0.05b  0.01
C18:2 isomers
  unidentified C18:2 (I)  0.03a  0.07b  0.07b <0.01
  C18:2n-8  0.07a  0.16b  0.13c  0.01
  C18:2n-7   ND  0.27  0.25  0.03
  cis-9 cis-12 C18:2  6.43a  2.11b  1.01c  0.09
  unidentified C18:2 (II) <0.01a  0.01b  0.01b <0.01
  cis-9 trans-11 CLA  0.01a  0.01a  0.02b <0.01
  cis-10 trans-12 CLA  0.05a  0.18b  0.09a  0.01
  trans-10 cis-12 CLA <0.01a  0.02b  0.02b <0.01
  cis-9 cis-11 CLA <0.01a  0.05b  0.03c  0.01
  cis-10 cis-12 CLA <0.01a  0.01b  0.02c <0.01
trans-9 trans-11 and trans-10 trans-12 CLA  0.02a  0.15b  0.13b  0.01
Other isomers
  C20:0  0.05a  0.04b  0.04b <0.01
  C18:3  0.02a  0.02a  0.01b <0.01
  C18:3n-3+C20:1n-9  0.17a  0.03b  0.02b  0.01
Values in a row are the least square means of fatty acid content for each treatment time followed by the pooled SEM (n=6).
a, b, c Least squares means within a row with different superscript letters indicate significant difference (P<0.05).
ND, not detected. 

calculated by comparing the fatty acid peak areas on the chromato-
grams with the internal standard. Data are shown to Means±SEM 
as mg of fatty acid contents per 5 ml microbial in vitro cultures. 
Abundances of selected ions in samples were exhibited as [(M+1/M]. 
Enrichment was identified as [(M+1/M]labeled-[(M+1/M]unlabeled cul-
tures to adjust for natural occurrence of the 13C isotope. Enrichment 
% Means±SEM taken from ANOVA were shown for each fatty acid. 
Least significant difference was conducted to identify the main effect 
and differences of fatty acid contents and enrichments of labeled 
fatty acids by treatment within incubation time. The fatty acid contents 
and enrichments data were subsequently tested for their differences 
from zero using Student’s t-test (P<0.05).

The fatty acid content (Table 1) in cultures investigated here 
supports the previous research in this area (Kellens et al., 
1986; Griinari and Bauman, 1999; Nam and Garnsworthy, 
2007a, 2007b). Linoleic acid decreased 84.29% (5.42 mg) over 
48 h in a 5 ml microbial in vitro culture, accompanied by 
an increase in trans-11 C18:1 (3.19 mg) and stearic acid (0.97 
mg) of 58.86% and 17.90%, respectively. A previous in vitro 
study (Van Nevel and Demeryer, 1996) found that more than 
90% of the linoleic acid was hydrogenated at 6 h of incubation, 
while the in vivo experiment (Wu et al., 1991) determined 
that approximately 80% of the linoleic acid disappeared. In 

addition, this study found that the concentration of cis-12 
C18:1 also increased (0.80 mg) over time, as the linoleic acid 
disappeared. Several cis-C18:1 isomers may originate from li-
noleic and linolenic acid (Kemp et al., 1975). In total approxi-
mately 95% of the linoleic acid lost was accounted for by 
the increase in the sum of these three fatty acids: stearic, 
trans-11 and cis-12 C18.
  The C18:2 isomers, including the CLA, were present in very 
small amounts or were not detected at 0 h. After 24 h, the 
cis-10 trans-12 CLA content was highest at 0.18 mg followed 
by the trans-9 trans-11 and trans-10 trans-12 CLA at 0.15 mg. 
Other CLA accounted for less than 0.05 mg at the end of 
incubation. These results do not agree with previous research 
which demonstrated that cis-9 trans-11 CLA is the predominant 
CLA isomer under similar conditions (Kellens et al., 1986; 
Griinari and Bauman, 1999; Griinari et al., 2000; Nam and 
Garnsworthy, 2007a). For example, cis-9 trans-11 CLA com-
prised 15% of the fatty acid content after 10 min of in-
cubation in the presence of mixed ruminal bacteria (Nam and 
Garnsworhty, 2007a). The pattern of CLA production in the 
study reported here may be related to the rapid biohydro-
genation rate of cis-9 trans-11 CLA to trans-11 C18:1, thereby 
quickly reducing the concentration of the former and increasing 
the latter.
  Previous research (Kellens et al., 1986; Proell et al., 2002) 
found a disappearance of linoleic acid simultaneous with in-



1-13C-linoleic acid biohydrogenation 625

 Enrichment of stearic acid (C18:0), linolenic acid (C18: 
3n-3) and other isomers

Fatty acid
Enrichment (%)

SEM
0 h 24 h 48 h

C18:0 -0.020a 1.930b 2.690b 0.96
C18:3n-3+C20:1n-9 -0.110a -0.810b -0.010c 0.44
C18:3 0.890a -1.770b -3.300c 2.40
C20:0 6.980a -3.590b -3.340c 8.43
Values in a row are the least square means of enrichment percent for each 
treatment time followed by the pooled SEM (n=3). 
a, b, c Least squares means within a row with different superscript letters in-
dicate significant difference (P<0.05). 

 Enrichment of C18:1 isomers

Fatty acid
Enrichment (%)

SEM
0 h 24 h 48 h

trans-11 C18:1  NS 12.50a 14.51b 1.09
trans-12 C18:1  ND 14.55a  2.90b 2.67
cis-9 C18:1 0.03a  5.60b 14.07c 1.17
cis-11 C18:1  ND 16.99a 18.66b 1.88
cis-12 C18:1  NS 14.14 13.57 0.66
Unidentified C18:1  NS  9.92 11.47 1.31
Values in a row are the least square means of enrichment percent for each 
treatment time followed by the pooled SEM (n=3). 
a, b, c Least squares means within a row with different superscript letters in-
dicate significant difference (P<0.05).
NS, not significant from zero
ND, not detected. 

 Enrichment of C18:2 isomers

Fatty acid
Enrichment (%)

SEM
0 h 24 h 48 h

unidentified C18:2 (I)  5.88a 20.05b 22.09c 0.70
C18:2n-8 20.19a 24.80b 32.54c 2.27
C18:2n-7  ND 19.14a 23.71b 2.57
cis-9 cis-12 C18:2 22.20a 28.15a 37.21b 3.49
unidentified C18:2 (II) 11.24a  1.710b 3.600b 0.88
cis-9 trans-11 CLA 12.80a 30.90b 30.65b 3.82
cis-10 trans-12 CLA 13.14a 16.72b 23.08c 1.73
trans-10 cis-12 CLA 15.04a 18.99b 22.60c 1.02
cis-9 cis-11 CLA 15.40 16.74 18.38 1.24
cis-10 cis-12 CLA  9.510a 14.66b 19.29c 1.07
trans-9 trans-11 and
trans-10 trans-12 CLA 14.25a 17.39b 21.06c 0.91

Values in a row are the least square means of enrichment percent for each 
treatment time followed by the pooled SEM (n=3). 
a, b, c Least squares means within a row with different superscript letters in-
dicate significant difference (P<0.05).
ND, not detected.

creasing trans isomers and stearic acid concentration during 
50 h of incubation with mixed ruminal microbes. More recently, 
the linoleic acid content decreased significantly within 60 min 
of incubation with mixed ruminal bacteria and within 12 h of 
incubation with mixed ruminal fungi (Nam and Garnsworthy, 
2007a, 2007b). In our research, biohydrogenation proceeded 
more slowly than in previous studies (Kellens et al., 1986; 
Nam and Garnsworthy, 2007a, 2007b). This slower rate may 
be related to the injection of highly concentrated linoleic acid 
that may inhibit the biohydrogenation process. In this study, 
linoleic acid was inoculated 0.96 mg/ml, a dose five times higher 
than the 0.20 mg/ml of the other study (Nam and Garnsworthy, 
2007a, 2007b). Biohydrogenation and the growth of ruminal 
bacteria can be inhibited by inoculation of as little as 50 �g 
linoleic acid/ml (Maia et al., 2006).
  The enrichment analysis found that linoleic acid was iso-
merized and hydrogenated to several intermediates at the end 
of 48 h after the injection of the 1-13C-linoleic acid (Tables 
2, 3, 4). A total of 21 fatty acid peaks were identified including 
6 C18:1 isomers and 11 C18:2 isomers of which 7 were CLA. 
This finding is inconsistent with currently accepted pathways 
(Griinari and Bauman, 1999) for the biohydrogenation of li-
noleic acid. Many researchers believe that ruminal microbes 
produce only cis-9 trans-11 CLA and trans-10 cis-12 CLA, 
which are converted to trans-11 C18:1 and trans-10 C18:1, 
respectively, before the formation of stearic acid (C18:0). 
However, since 7 CLA were identified in this study, including 
cis-9 trans-11 and trans-10 cis-12 CLA, biohydrogenation ap-
pears to be more complicated than previously thought.
  Enrichment of linoleic acid remained statistically constant 
from 0 to 24 h (22.20% to 28.15%, respectively), then increased 

from 24 to 48 h (Table 4). However, constant enrichment of 
linoleic acid during incubation was expected because the mi-
crobial system in the rumen cannot produce the linoleic acid, 
which originated from other fatty acid sources such as oleic 
and linolenic acid. Without the additional linoleic acid pro-
duced in the culture, it was expected that the ruminal microbes 
would utilize both isotope-labeled and unlabeled linoleic acid 
in the biohydrogenation process with equal efficiency. The 
increased enrichment of isotope-labeled linoleic acid from 24 
to 48 h, however, may be due to the method of sample 
collecting. In this study, 5 ml sample was collected at 0, 24, 
and 48 h from the same in vitro cultures. However, when sam-
ples were collected by individual cultures, i.e. without subsam-
pling, the enrichment of the linolenic acid was almost constant 
- 0 h (33.47%), 3 h (33.26%), 24 h (33.14%), and 48 h 
(35.49%). This result suggests a fatty acid by sub-sampling 
might be distributed evenly throughout in the cultures, causing 
an increase in the enrichment after 24 h during the biohydro-
genation process.
  The enrichment of stearic acid was increased at all incubation 
times from 0.00% at 0 h to a final enrichment of 2.69% at 
48 h (Table 2). These results suggest that the stearic acid or-
iginated during the biohydrogenation of linoleic acid at that 
time. Stearic acid accounted for only 17.90% of the C18:2 
lost by 48 h; these results do not support the findings (Kellens 
et al., 1986), who determined that stearic acid concentration 
increased significantly at 50 h incubation with ruminal mi-
crobes while the linoleic acid disappeared. The study found 
that stearic acid comprised 100.0% of the identified fatty 
acids for linoleic acid biohydrogenation until 90 min of incu-
bation in the presence of mixed ruminal bacteria (Nam and 
Garnsworthy, 2007a). It is possible, as mentioned previously, 
that the high linoleic acid concentrations in the cultures inhi-
bited the biohydrogenation process (Beam et al., 2000), espe-
cially from intermediates C18:1 isomer to stearic acid. Lower 
enrichment might also be attributed to the isotope introduction 
method. In addition, other isomers such as C18:3, C20:0, and 
C20:1n-9 were identified but not enriched. Because ruminal 
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anaerobes do not have the ability to desaturate fatty acids, 
especially C18:2, with the addition of a double bond, no en-
richment of C18:3 was found during the incubation time. 
Since ruminal anaerobes cannot add acetyl units to the fatty 
acid structure by reacting with elongases, C20:0 cannot be 
formed, accounting for the elongation of labeled C18:0. For 
that reason, C18:3, C20:0, and C20:1n-9 intermediates were 
not derived from the labeled linoleic acid by the rumen 
microorganisms. However, other possible sources of unlabeled 
unsaturated fatty acids were present in the diet substrate in 
vitro. It is likely that the isomerization and biohydrogenation 
products in the mixed rumen microorganism cultures affected 
the formation of all intermediates of linoleic acid.
  The enrichment of all C18:1 isomers was either negligible 
or not detected at 0 h incubation, indicating that none origi-
nated from linoleic acid biohydrogenation (Table 3). The 
trans-11, trans-12, cis-9, cis-11, cis-12, and unidentified posi-
tional C18:1 isomers were identified as intermediates of lino-
leic acid biohydrogenation. From 0 to 24 h, enrichment of 
trans-11 C18:1 increased to 14.51% but did not change from 
24 to 48 h. Trans-11 C18:1 generally is considered the major 
intermediate of linoleic acid biohydrogenation in the rumen 
(Griinari et al., 2000). In addition, our results suggest those 
intermediates of cis-9, cis-11, cis-12, and unidentified C18:1 
were enriched by 48 h. 1-13C-elaidic acid (trans-9 C18:1) was 
hydrogenated, becoming stearic acid and trans-C18:1 isomers 
by ruminal microorganisms (Proell et al., 2002). This study 
also found that 17.60% of the oleic acid (cis-9 C18:1) origi-
nated from elaidic acid (trans-9 C18:1). Similarly the cis-12 
bond of linoleic acid is converted to trans-11 bond by isomerase 
(Harfoot and Hazlewood, 1997). As all of these studies sug-
gest, the formation of cis/trans C18:1 positional isomers is 
possible during the biohydrogenation of linoleic acid. Although 
trans-10 C18:1 has been suggested as an intermediate of the 
biohydrogenation of trans-10 cis-12 CLA (Griinari and Bauman, 
1999), the amount, if present in this research, was too small 
to detect.
  The enrichment of C18:2 isomers, with the exception of 
C18:2n-7, was detectable at 0 h incubation, even though it 
was theoretically impossible for them to be formed at this 
point (Table 4). One possible explanation for this apparent 
contradiction is that C18:2n-7 might be converted to form 
CLA or other C18:2 isomers within a few seconds and, thus, 
have such a short half-life that it is undetectable using this 
assay. Similarly, the ruminal bacteria Megasphaera elsdenii 
YJ-4 produced cis-9 trans-11 CLA and trans-10 cis-12 CLA 
very quickly, reaching maximal levels after only 2 min of in-
cubation (Kim et al., 2002).
  The enrichment of cis-9 trans-11 CLA reached a maximum 
at 24 h (30.90%) and did not increase significantly from 24 
to 48 h (30.65%), while the accumulation of other CLA con-
tinued to increase throughout incubation. These results indi-
cate the 13C label is transferred to other intermediates during 
biohydrogenation. Likewise, cis-9 trans-11 CLA may be a po-
tential precursor of other CLA and/or C18:1 isomers. In addi-
tion, trans-10 cis-12, considered the second major isomer, and 
trans-9 trans-11 and trans-10 trans-12 CLA increased slightly 
over all incubation times, the final proportions of these CLA 
reaching 22.60% and 21.06% by 48 h. Three CLA isomers 
(cis-9 trans-11, trans-10 cis-12, and trans-9 trans-11 CLA) are 

produced by several species of bacteria in the rumen (Griinari 
and Bauman, 1999). Butyrivibrio fibrisolvens are important ru-
minal bacteria, normally used as models for producing cis-9 
trans-11 CLA, but they do not produce trans-10 cis-12 CLA, 
which are produced by Propionibacterium acnes and P. freu-
denreichii (Jiang et al., 1998; Kim et al., 2000). One important 
finding of the study was that linoleic acid was hydrogenated 
to produce cis-9 trans-11 CLA and smaller amounts of trans-9 
trans-11 CLA. Subsequently, cis-9 trans-11 CLA and trans-10 
cis-12 CLA were converted to trans-9 trans-11 CLA via the 
Bifidobacterium species. Instead of direct formation of these 
CLA, Ogawa et al. (Ogawa et al., 2001; Coakley et al., 2006) 
suggested another route of biohydrogenation by which 
10-hydroxy-cis12-C18:1 and 10-hydroxy-trans12-C18:1 became 
intermediates of linoleic acid before the formation of cis-9 
trans-11 CLA and trans-9 trans-11 CLA by Lactobacillus acid-
ophilus AKU 1137 under microaerobic conditions.
  Cis-10 trans-12 CLA, and cis-10 cis-12 CLA were detected 
at all incubation times. The enrichment of these CLA increased 
from 0 to 24 h and from 24 to 48 h to final values of 23.08%, 
and 19.29% respectively. The enrichment of cis-9 cis-11 CLA 
was similar at 0 h (15.40%) but did not increase significantly 
from 0 to 48 h incubation. According to the calculations, all 
of these CLA originate from labeled linoleic acid derived by 
bacterial isomerases; however, which biochemical pathways 
are involved is still unclear.
  As the CLA isomers that have been identified, at least 14 
can be divided into the four double bond geometric config-
urations of cis/cis, trans/trans, cis/trans, and trans/cis (Duckett 
et al., 2002; Piperova et al., 2002; Shingfield et al., 2003). 
Furthermore, each of these CLA was identified in the intestinal 
contents of ruminants. However, only seven CLA originated 
from linoleic acid biohydrogenation in this study. The remain-
ing CLA isomers (>7) might be formed by biohydrogenation 
of other polyunsaturated fatty acids. All identified CLA carried 
a double bond at carbon 9 and 12, and all possible double 
bond geometries (cis/cis, trans/trans, cis/trans, and trans/cis) 
were identified, except for trans-9 cis-11 CLA, by linoleic acid 
biohydrogenation. The isomerization of linoleic acid is ini-
tiated at carbon number 11 by hydrogen abstraction which 
then produces several CLA isomers of carbons 9 and 12 with 
differences in isomerization capacity by different ruminal bac-
teria species (Liavonchanka et al., 2006).
  Although the results of the linoleic acid biohydrogenation 
pathway using stable isotope utilization by mixed ruminal mi-
crobes had not been evaluated previously (Griinari and 
Bauman, 1999), the current study verified the formation of 
cis-9 trans-11 and trans-10 cis-12 CLA isomers from linoleic 
acid via biohydrogenation. An additional five CLA isomers 
contained carbons that originated from linoleic acid, indicat-
ing that the pathways of linoleic acid biohydrogenation are 
more complex than previously thought. Additional studies are 
necessary to identify the enteric biological pathway of lipid 
metabolism. The results of such an investigation may lead to 
benefits in the area of human health such as carcinogenesis, 
immune function, obesity, diabetes, and atherogenesis.
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