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97185 Pointe à Pitre Cedex, France

ABSTRACT

The effects of concentration and type of forage in the
diet on lipid content and fatty acid (FA) composition of
rumen bacteria were studied in 14 goats fitted with
duodenal cannulas. The goats were fed a complete
maintenance diet containing 40, 70, or 100% chopped
forage (dry matter basis) in two equal meals. Forage
was either corn stover or alfalfa hay. Microbial cell
matter (MCM) was isolated by differential centrifuga-
tion of duodenal contents. The FA content of the MCM
varied from 5 to 11% of DM and decreased with forage
level in the diet. Main FA in MCM were C18:0 and C16:0:
together they accounted for 70% of total FA in MCM.
The mono-unsaturated FA and branched-chain FA (iso-
FA and anteiso-FA) each represented about 10% of FA
by weight. The proportion of even-chain saturated FA
decreased and those of odd- and branched-chain FA
increased with increasing forage. With the corn stover-
based diet even-chain saturated FA were lower than
with the alfalfa hay-based diet, whereas the unsatu-
rated FA, odd-chain FA, and branched-chain FA were
higher. The neutral detergent fiber content of the diet
seemed to explain most of the variation associated with
even-chain saturated FA, and odd- and branched-chain
FA. Our results suggest that, for diets not supple-
mented with fat, mixed rumen bacteria accumulated
energy reserves, by increasing synthesis of either even-
chain saturated FA, or saturated odd-chain FA and
saturated branched-chain FA.
(Key words: fatty acid, forage, goat, rumen bacteria)

Abbreviation key: AH = alfalfa hay, CS = corn stover,
ECL = equivalent chain-length, FA = fatty acid, LF =
forage level, LI = lipid extract, MCM = microbial cell
matter.
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INTRODUCTION

Rumen microbial matter is an important source of
nutrients for the host animal (Demeyer and Doreau,
1999). Numerous characteristics of the diet can influ-
ence the synthesis and composition of the microbial cell
matter (MCM). Interest in MCM to date has mainly
focused on aspects of nitrogen and carbohydrate metab-
olism, although fatty acid content and composition of
rumen microbes has also been studied (Moore and
Christie, 1984; Harfoot and Hazlewood, 1997). Newly
synthesized fatty acids (FA) enabled a positive ruminal
FA balance with low-lipid diets (Sauvant and Bas,
2001).

The FA composition of rumen bacteria is character-
ized by a large proportion of branched-chain FA (Minato
et al., 1988; Kaneda, 1991; Bae et al., 2000). Branched-
chain FA of bacterial origin can make up 1 to 3% of
carcass lipids (Duncan and Garton, 1978; Bas and Mor-
and-Fehr, 2000) and milk lipids (Parodi, 1977; Alonso
et al., 1999) in ruminants. There is now renewed inter-
est in the FA composition of ruminant products
(Kalscheur et al., 1997a, 1997b; Stanton et al., 1997;
Kelly et al., 1998; Parodi, 1999), particularly for trans-
FA and conjugated linoleic acid, in which rumen mi-
crobes are assumed to play a key role. Odd-chain and
branched-chain FA in meat and milk have been consid-
ered tools for characterizing rumen bacterial popula-
tions (Dewhurst et al., 2000, 2002; Vlaeminck et al.,
2002). Previous studies often utilized diets supple-
mented with lipids (Bauchart et al., 1990; Weisbjerg et
al., 1992) and rarely diets not supplemented with fat.
Very few published studies of the effects of dietary fiber
on the composition of ruminal bacteria lipids exist
(Vlaeminck et al., 2002). Our aim was, first, to evaluate
the effects of forage:concentrate ratios, and of source of
forage, on FA content and composition of rumen mi-
crobes with diets having low fat contents. Secondly, to
improve our understanding of variation in the composi-
tion and synthesis of ruminal bacteria lipids, the effect
of diet chemical composition was examined.
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Table 1. Chemical composition of feeds1.

Forages Concentrates

Feeds AH CS FS SS DF

Concentrate composition, % of DM
Wheat 24
Barley 24
Oat 24
Corn 52
Sorghum 20
Soybean hulls 39
Gluten feed 19
Beet pulp 14
Soybean meal 10 10 10
Coconut meal 10 10
Green peas 10
Molasses 5 5 5
Mineral and vitamin mixture 3 3 3

Chemical composition, % of DM
OM 93.1 90.5 93.4 93.4 90.0
CP 16.9 4.4 18.1 16.9 21.3
NDF 55.3 77.6 20.7 21.5 41.5
ADF 36.5 43.7 7.0 7.0 22.5
ADL 8.5 3.6 0.8 1.3 1.7
FA 1.7 1.9 1.8 1.4 1.2

1AH = alfalfa hay, CS = corn stover, FS = fast starch, SS = slow starch, DF = digestible fiber, ADL = acid
detergent lignin, FA = fatty acids.

MATERIALS AND METHODS

Animals and Diets

Fourteen dry goats, cannulated at the proximal duo-
denum, received mixed rations in two equal meals per
day (at 0800 and 1700 h). The 14 diets were 40:60,
70:30, or 100:0 forage:concentrate on a DM basis. Two
types of chopped forages were tested: alfalfa hay (AH)
and corn stover silage (CS). Three types of concentrates
were used. The composition of forages and concentrates
is given in Table 1. The trial was an incomplete Latin
square design (14 goats × 14 diets × 4 periods). During
the four experimental periods of 4-wk duration, the 14
diets were distributed to the 14 goats so that at the end
of the trial each diet was given to four different goats.
At the end of each experimental period, a representative
sample of duodenal digesta was constituted from 12
subsamples per goat. Subsamples were removed during
3 consecutive days, 6 h apart (at 0, 6, 12, 18, 2, 8, 14,
20, 4, 10, 16 and 22 h, after the morning feeding). For
each experimental period, the 12 duodenal subsamples
harvested per goat were pooled and freeze-dried. Sam-
ples from the four experimental periods were then
pooled by diet. Animal management and experimental
protocol were performed with respect to animal care
and welfare. All management practices for the goats
(e.g., operative procedure and housing conditions) were
previously reported (Archimède et al., 1995).
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Measurements

Samples were filtered through a gauze (1-mm mesh),
pooled for each goat, and then frozen. The microbial
fraction was obtained from duodenal fluid by differen-
tial centrifugation. The samples were first heated up
to 39°C for 2 h and centrifuged (500 × g for 30 min at 4°C)
to remove protozoa and feed particles. The supernatant
and the washing solution of the pellets were treated
according to the method of Legay-Carmier and Bauch-
art (1989). The pooled residues from the second centrif-
ugation (27,000 × g for 30 min at 4°C) constituted the
MCM.

Nitrogen and lipid contents were measured on lyophi-
lized pooled residues. Bacterial lipids were extracted
twice with chloroform:methanol (2/1, vol/vol) and then
by ethanol: 6 N HCl:chloroform (1/1/2/, vol/vol/vol). The
lipid extract (LI) was purified by saponification with
15 ml of 2 N potassium hydroxide solution in 95% etha-
nol (vol/vol). The FA were released with 15 ml of 6 N
HCl and then extracted three times with 30 ml of hex-
ane. The FA were methylated at 70°C with a methanolic
boron trifluoride solution (14%, wt/vol; 1.5 ml of solution
per 20 mg of dry FA sample). Esters were separated
twice by gas-liquid chromatography (Varian 3400-CX,
Les Ulis, France) on a DB-wax fused silica capillary
column (60-m × 0.25-mm i.d. × 0.25-�m film thickness:
JW, Folsom, CA), either by GLC equipped with a flame-
ionization detector held at 220°C or by GLC-MS. The
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Table 2. Chemical composition of the microbial cell mass (percentage of DM).

Forage1 AH CS Effect, P-value3

LF2 40 70 100 40 70 100 SEM F LF F*LF

Item
LI4 19.7a 16.4ab 14.2bc 15.7b 11.2c 10.2c 0.52 0.006 0.009 0.85
FA4 11.3a 8.7b 7.0bc 9.5ab 6.2c 5.2c 0.34 0.03 0.003 0.87
N 6.2 6.4 6.4 6.0 6.4 5.5 0.13 0.24 0.38 0.57

a,b,cMeans within a row lacking a common superscript differ (P < 0.05).
1AH = alfalfa hay, and CS: Corn stover silage.
2LF = level of forage (40, 70, or 100%).
3F = effect of type of forage (AH vs. CS), LF = effect of level of forage (40, 70, or 100%), and F*LF =

interaction between F and LF.
4LI = lipid extract, FA = fatty acids.

split ratio in the injector (230°C) was 30:1. Oven tem-
perature was programmed to increase from 120 to
195°C at a rate of 4°C/min and was then maintained
at 195°C for 60 min. Column flow was 0.95 ml/min
of He. For the GLC-MS procedure, chromatographic
conditions were similar to those of the first one but the
chromatograph was equipped with an ion-trap detector
(Finnigan Mat, ITD 800, Orsay, France). The FA were
further identified from equivalent chain-length (ECL)
(Miwa et al., 1960) determined by interpolation be-
tween two consecutive even-straight-chain saturated
FA and compared by reference to standards (Sigma,
St. Louis, MO; Interchim, Montluc̨on, France) analyzed
under similar conditions and from mass spectra ob-
tained by electron-impact. Except for FA content, the
chemical analysis of the feeds has already been pre-
sented by Archimède et al. (1995).

Statistical analyses were performed with the general
linear models procedure of SAS (SAS, 1987). Concen-
trate effects were not significant and were pooled with
the residual. Thus, the effects of forage type and forage
level (LF) were tested in a two-way unbalanced facto-
rial arrangement with three observations per cell for
diets with 40:60 and 70:30 forage:concentrate ratios,
and one observation per cell for the 100:0 forage:concen-
trate ratio diet. Consequently, hypotheses were tested
using type III SS sums of squares. The model used was:

Yijk = � + Fi + LFj + Fi × LFj + eijk,

with 14 total observations and where � = the overall
mean, Fi = type of forage (AH vs. CS, 1 df), LFj = level
of forage, (40, 70, or 100%, 2 df), Fi × LFj = the interaction
between F and LF (2 df), and eijk = the residual varia-
tion. Comparisons with P < 0.05 were considered sig-
nificant.
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RESULTS

Chemical Composition of Bacterial Extracts

The LI and FA contents of the MCM were 15.3 ±
1.0%, and 8.5 ± 0.6% (mean ± SE), and ranged from
10.2 to 20.2 and 5.2 to 12.5% of DM, respectively (Table
2). There was a close relationship between the two data
sets [FA = 0.56 LI, n = 14, r2 = 0.99, residual standard
deviation (RSD) = 0.9% of DM]. The N content of the
MCM was less variable than the LI or FA contents (N
= 6.2 ± 0.12% of DM). The LI and FA contents were
negatively correlated with the dietary LF (r = −0.61, P
< 0.05, and r = −0.74, P < 0.01, for LI and FA, respec-
tively), and with NDF and ADF diet contents (r = −0.86,
P < 0.01, and r = −0.83, P < 0.01, between NDF and LI
and FA, respectively; and r = −0.79, P < 0.01, and r =
−0.82, P < 0.01, between ADF and LI and FA, respec-
tively). Moreover, LI and FA contents of the MCM were
higher (20 to 25%) with AH-based diets than with CS-
based diets (Table 2). Dietary CP did not explain a
significant amount of variation in LI or FA.

Fatty Acid Composition

Identification. A set of nearly 50 FA was obtained
from the MCM using GLC. The ECL of FA ranged from
10 to 24 carbon units. The most easily and reliably
identified FA were the 15 straight-saturated FA (even-
and odd-chain FA) and the saturated FA presenting an
iso (iso-C13:0, iso-C14:0, iso-C15:0, iso-C16:0, iso-C17:0, and
iso-C18:0) or anteiso structure (anteiso-C15:0, and anteiso-
C17:0). The unsaturated FA were reliably identified by
their ECL compared with standards, and by the number
of double bonds. However, the position or geometry iso-
merism was less precise, particularly because peaks
pooled several FA with the procedure applied. Among
monoene FA, two had 16 atoms of carbon (cis-C16:1n-9
and cis-C16:1n-7, ECL = 16.21 and 16.27, respectively),



COMPOSITION OF RUMEN BACTERIA 2943

Table 3. Fatty acid (FA) composition of the microbial cell mass (% of total FA).

AH CS Effect, P-value3

Forage1

LF2 40 70 100 40 70 100 SEM F LF F*LF

FA composition, g/100 g of FA
C10:0 0.13a 0.24b 0.20ab 0.11a 0.26b 0.31b 0.013 0.28 0.004 0.29
C12:0 1.70 1.38 0.70 1.17 1.77 0.91 0.233 0.97 0.57 0.66
C13:0 0.09a 0.24bc 0.39b 0.08a 0.13ac 0.22ab 0.042 0.043 0.007 0.29
C14:0 2.99 3.18 2.94 2.89 3.93 4.47 0.837 0.41 0.69 0.74
C15:0 1.55a 2.97b 5.58c 1.31a 2.21d 5.00c 0.663 0.033 0.001 0.45
C16:0 21.1a 23.8b 27.6c 18.8d 21.7ab 28.3c 0.326 0.13 0.001 0.35
C17:0 0.87ac 1.46b 2.15d 0.72c 1.22ab 2.73d 0.064 0.67 0.001 0.16
C18:0 53.8ab 47.4bd 36.5c 57.4a 46.6d 24.2e 0.946 0.17 0.001 0.07
C19:0 0.15a 0.24ab 0.38b 0.16ac 0.19ac 0.32bc 0.016 0.43 0.015 0.64
C20:0 0.91a 1.20bc 1.45ce 0.94ad 1.12bd 1.49e 0.028 0.97 0.001 0.61
C21:0 0.04a 0.11bc 0.20c 0.04a 0.08ab 0.15bc 0.009 0.22 0.003 0.60
C22:0 0.31a 0.58bc 0.85c 0.31a 0.51b 0.70c 0.017 0.09 0.001 0.37
C23:0 0.06ab 0.20c 0.23c 0.00a 0.13bc 0.17bc 0.014 0.08 0.003 0.97
C24:0 0.24a 0.44a 0.55a 0.27a 0.45a 0.56a 0.035 0.82 0.033 0.98
iso-C13:0 0.13a 0.25b 0.27b 0.14a 0.23b 0.41c 0.056 0.09 0.002 0.06
iso-C14:0 0.29a 0.61b 1.34c 0.43d 1.00e 2.14f 0.019 0.001 0.001 0.001
iso-C15:0 1.15a 1.91bcd 2.74c 1.35ad 2.41bc 4.77e 0.098 0.003 0.001 0.04
iso-C16:0 0.55a 0.80ab 1.29c 0.74a 1.41bc 2.76d 0.039 0.001 0.001 0.002
iso-C17:0 0.55ab 0.80bc 1.02cd 0.52a 0.85cd 1.20d 0.037 0.47 0.002 0.64
iso-C18:0 0.06a 0.08ab 0.12cd 0.09bc 0.15d 0.30e 0.004 0.001 0.001 0.001
anteiso-C15:0 1.85a 2.99b 4.87c 2.09a 3.11b 5.36c 0.107 0.28 0.001 0.85
anteiso-C17:0 0.68a 0.89ab 1.07bc 0.76ab 1.29c 1.94d 0.043 0.001 0.001 0.04
C16:1n-9 0.09a 0.16bc 0.20bc 0.08a 0.15c 0.22b 0.007 1.0 0.001 0.78
C16:1n-7 0.06a 0.09ab 0.12bc 0.09ab 0.14c 0.48d 0.005 0.001 0.001 0.01
C17:1n-8 0.03a 0.07b 0.08b 0.04a 0.07b 0.20c 0.003 0.001 0.001 0.01
cis-C18:1n-9 2.34ab 1.87bc 1.35c 2.40ab 2.76a 5.64d 0.076 0.001 0.002 0.001
trans-C18:1n-7 2.69a 1.79ab 1.14ab 2.52a 2.13ab 0.61b 0.194 0.80 0.05 0.72
Others C18:1 3.71a 1.94bc 1.62b 2.61c 1.57b 1.41b 0.100 0.039 0.001 0.20
cis-C18:2n-6 0.95ab 0.71b 0.75ab 1.21ab 1.43a 1.11ab 0.084 0.047 0.83 0.48

a,b,c,d,e,fMeans within a row lacking a common superscript differ (P < 0.05).
1AH = alfalfa hay, CS = Corn stover silage.
2LF = level of forage (40, 70, or 100%).
3F = effect of type of forage (AH vs. CS), LF = effect of level of forage (40, 70, or 100%), F*LF = interaction between F and LF.

one had 17 atoms of carbon (cis-C17:1
n

-8, ECL = 17.25),
and seven had 18 atoms of carbon (ECL = 18.20, 18.23,
18.25, 18.27, 18.32, 18.41 and 18.64). The relationships
between the last seven FA suggested the existence of
two groups. The FA of ECL 18.20 and 18.27, which were
positively correlated (r = 0.59, P < 0.05), likely were cis-
C18:1n-9 and cis-C18:1n-7. The second group was based on
interpretation that r = 0.62 (18.25 vs. 18.23), r = 0.60
(18.25 vs. 18.32), r = 0.96 (18.32 vs. 18.41), and r =
0.94 (18.32 vs. 18.64). Moreover, these FA tended to be
negatively related to FA of ECL 18.20. These FA could
both include: trans-C18:1n-12 + n-11 + n-10 + n-9 + n-8, trans-
C18:1n-7, trans-C18:1n-6, trans-C18:1n-5 + n-4, and trans-C18:1n-

2. Only one polyenic FA was observed, which was identi-
fied as linoleic acid (cis-cis-C18:2n-6, ECL = 18.67). Among
the unidentified FA, four (ECL = 13.22, 13.69, 14.36,
and 15.65) presented the same base peak of 75 by elec-
tron impact, which together contributed to a low propor-
tion of total FA (0.10 ± 0.01%). Three other unidentified
FA had ECL of 15.88, 16.90, 19.01 and base peaks of
235, 101, and 249, respectively. Together they contrib-
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uted 0.51 ± 0.07% of total FA. A compound with an ECL
of 16.90 seemed to correspond to phytanic FA
(3,7,11,15-tetramethylhexadecanoic acid) based on sim-
ilarity between ECL and electron fragmentation. There
were no other branched-chain FA having one methyl
substituent except iso- and anteiso-FA.

Lipid and FA composition of MCM. There were
two major FA in MCM: C18:0 and C16:0. Twelve mean
FA proportions ranged from 1 to 5%, (Table 3): C12:0,
C14:0, C15:0, C17:0, C20:0, iso-C15:0, iso-C16:0, anteiso-C15:0,
anteiso-C17:0, C18:1c9 , C18:1t11, and C18:2c9,12. The propor-
tion of total monoenic FA was 7.2 ± 0.4% of total FA.
Total branched-chain FA (iso + anteiso) and of odd-
chain FA were 8.7 ± 1.1%, and 4.4 ± 0.6%, respectively.
When FA content of MCM increased by 1%, C18:0 propor-
tion increased by 2.9% of total FA (Figure 1) and C18:0

proportion in MCM DM increased by 0.7 g /100 g.

C18:0 (%/Σ FA) = 23.91 + 2.86 FA; r2 = 0.48, RSD = 7.1

C18:0 (%/DM) = −1.72 + 0.70 FA; r2 = 0.92, RSD = 0.50.
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Figure 1. Relationship between C18:0 content and total fatty acid
(FA) content of the microbial cell mass (MCM), CS: corn stover; AH:
alfalfa hay, C18:0(%of DM) = −1.72 + 0.70 FA(% of DM), RSD = 0.50, r2 = 0.92.

The C18:0 was negatively correlated with all other
linear saturated FA (even- and odd-chain FA) with the
exception of C12:0 and C14:0, (Table 4). Likewise, stearic
acid was negatively correlated with most of the monoe-
nic FA (C16:1n-9, C16:1n-7, C17:1n-8, cis-C18:1n-9), and with
the branched-chain FA. These correlation coefficients
were of similar magnitude for AH and CS. In contrast
C18:0 was positively correlated with the monoenic FA of
ECL 18.23, 18.25, 18.32, 18.41, and 18.64 (r = 0.66, P
= 0.01; r = 0.63, P < 0.05; r = 0.76, P < 0.01; r = 0.72, P
< 0.01; and r = 0.67, P < 0.01, respectively).

With AH-based diets the MCM had a total even-chain
saturated FA proportion higher (76.7 vs. 73.0%, P <
0.01) than those of CS-based diets. The same tendency
was noticed for total odd-chain saturated FA, (5.6 vs.
5.0%, P > 0.05) because of C13:0 and C15:0 (Table 3).
Contrary to the latter FA, total branched-chain FA,
total monoenic FA, and linoleic acid proportions were
lower with AH- than with CS-based diets (8.8 vs. 11.8%,
6.5 vs. 7.7%, and 0.8 vs. 1.3%, respectively). The differ-
ence in total monoenoic FA proportion between the
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MCM of AH- and CS-based diets resulted mainly from
two fatty acids (C16:1n-7 and cis-C18:1n-9). Four C18:1 iso-
mers separated with GLC (ECL = 18.23, 18.32, 18.42,
and 18.64) were significantly higher in the MCM of
AH- than CS-based diets. On a DM basis, differences
between the FA proportions of MCM of diets based on
the two forages were more pronounced than on a FA
basis for straight saturated FA (even- or odd-chain FA,
+25.1%, and +34.7%, respectively). Expressed on a DM
basis, differences in MCM composition between diets
based on the two forages were reduced for unsaturated
FA and totally disappeared for branched-chain FA.

As LF increased from 40 to 100%, the proportion of
even-chain saturated FA decreased linearly from 81.5
to 65.8%. This difference was due only to the C18:0 pro-
portion. In most cases, other even-chain FA proportion
increased with increasing LF (C10:0, C16:0, C20:0, C22:0,
and C24:0; Table 3). There was a decrease of about 4%
units in the C18:0 percentage (as a percentage of total
FA) per 10% units of forage:concentrate ratio increase,
(C18:0 = 72.1 − 0.39 LF, RSD = 4.52, r2 = 0.79), and
there was an increase of about 1.2% units in the C16:0
percentage per 10% units of forage:concentrate ratio
increase (C16:0 = 14.7 + 0.12 LF, RSD = 1.60, r2 = 0.75).
With increasing LF ratio there was a linear increase
in branched-chain and total odd-chain FA proportions
(Table 3). Per 10% units of forage:concentrate ratio in-
crease, the increase in FA percentage was 0.8, 0.6, and
1% units, for the iso-, the anteiso- and the odd-chain
FA percentages, respectively (iso-FA = 0.081 LF, RSD
= 1.32, r2 = 0.94; anteiso-FA = 0.063 LF, RSD = 0.60, r2

= 0.98; and odd-chain FA = −1.54 + 0.096 LF, RSD =
0.90, r2 = 0.86). Increased LF seemed to decrease total
monoenic FA proportions, mainly because of the C18:1

isomers (ECL = 18.23, 18.25, 18.32, 18.41, and 18.64),
while proportions of other monoenic FA proportion in-
creased (C16:1n-9, C16:1n-7, C17:1n-8, cis-C18:1n-9). The linoleic
acid proportion did not appear to be influenced by the
LF. On a DM basis, differences in the MCM due to LF
were higher than on a FA basis, for C18:0 and for FA
with ECL of 18.23, 18.25, 18.32, 18.41, and 18.64.

Variations in the FA profile of the MCM with level
and type of forage were partly explained by dietary
NDF content. Correlation coefficients between dietary
NDF and FA percentages of the MCM were significant
for C18:0, total odd-chain FA, total iso-, and total anteiso-
FA (r = −0.78, P < 0.001; r = 0.56, P < 0.05; r = 0.88, P
< 0.001; and r = 0.82, P < 0.001, respectively). Those
between dietary NDF and FA content of the MCM as
a percentage of DM were only significant for C18:0 and
iso-FA (r = −0.86, P < 0.001; r = 0.71, P < 0.01, respec-
tively). Dietary CP had no assumed effect on variation
in the proportions of these FA.
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DISCUSSION

Fatty Acid Determination

The FA profile of ruminal bacteria had similar con-
centrations of total unsaturated FA (monoenic and poly-
enic FA), and of total saturated odd-chain and
branched-chain FA (8.3 and 13.1%, respectively). Some
of the differences in FA profile observed among studies
could be due to methods used for separating and identi-
fying FA. Moreover, the results of previous studies were
seldom representative of the total microbial population
but more often of liquid-associated bacteria (Czerkaw-
ski, 1976; Weisbjerg et al., 1992; Ferlay et al., 1993),
which corresponded to only about one-third of total ru-
men bacteria (Legay-Carmier and Bauchart, 1989). Te-
tradecenoic acid was not detected in this study, but
some authors reported relatively high concentrations
of this acid (Tice et al., 1994; Hussein et al., 1995; Pan-
toja et al., 1996; Elliott et al., 1999). It could have been
overestimated by contamination with branched-chain
FA such as 13-methylpentadecanoic acid. In most of
the above-mentioned studies, the content of saturated
branched-chain FA was not indicated and the propor-
tion of total identified FA varied from 73 to 100%; there-
fore, a methodological bias might have led to erroneous
values for the proportions of other FA. The current work
confirmed previous observations that branched-chain
FA were almost exclusively iso- and anteiso-branched-
chain FA. Apart from some traces of FA derived from
phytol, other branched-chain FA with straight-chain
lengths of 14, 15, 16, or 17 carbon atoms were not de-
tected, in agreement with numerous results (Ifkovits
and Ragheg, 1968; Viviani, 1970; Demeyer, 1973; Har-
foot and Hazlewood, 1997).

Variation in the Chemical Composition of Bacteria

The mean values of the total N content of the MCM
at the entrance of the duodenum were similar to those
of Legay Carmier and Bauchart (1989), but in the low
range of the numerous other values published in sheep
and cattle (Hvelplund, 1986; Cecava et al., 1990; Clark
et al., 1992; Hussein et al., 1995). As, in the present
experiment, the technique of Legay Carmier and
Bauchart (1989) was used to isolate bacteria, it was
possible that a portion of the differences in N content
of the MCM between our results and most others, may
be attributed to differences in techniques utilized to
isolate bacteria. In our study, the N content of bacterial
DM did not appear to be closely related to the studied
dietary factors, that was in accordance with most of the
above-mentioned references. Yang et al. (2001) reported
that the N content of bacteria varied with processing
of cereals and forage, but not with F:C ratio.
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The lipid and FA contents of MCM in the present
study were similar to those reported by others for diets
not supplemented with fat: Storm and Ørskov (1983),
Bauchart et al. (1990), and O’Kelly and Spiers (1991).
The FA:LI ratio, 0.56, was similar to that of Legay-
Carmier and Bauchart (1989) for a low-fat diet. This
ratio appeared low, probably because of the high phos-
pholipid content (30 to 40%) for which this ratio was
about 0.6, and also the high nonsaponifiable matter
content (≥10%) of mixed rumen bacteria (Harfoot and
Hazlewood, 1997).

The low N and lipid contents of MCM could be partly
attributed to increased storage of polysaccharides,
which was shown to be the most variable cell fraction
(Hespell and Bryant, 1979). Moreover, there could be
a problem isolating rumen microorganims free of plant
particles using centrifugation. Duodenal feed particles
of bacterial size could include lignified cell wall, chloro-
plast fragments, and ash, consequently decreasing the
N and lipid contents of MCM. This bias could partly
explain differences in FA compositions calculated as a
percentage of total FA and as a percentage of DM.

Dietary NDF seemed to be the most important factor
explaining variation in the lipid content of bacteria in
diets not supplemented with fat. A similar influence of
LF on microbial FA content was already reported by
Sasaki et al. (2000); however, the range of dietary NDF
in our study was larger than previously utilized. As
usual, OM apparently digested in the rumen and total
tract was negatively, and closely, related to dietary
NDF (Archimède et al., 1995). Storage of energy in lip-
ids could be greater than in carbohydrates, particularly
for attached bacteria. This observation is not consistent
with results of Czerkawski (1976) who stated that the
increase in bacterial lipid content was linked with an
increase in dietary concentrates by their higher lipid
content. Nevertheless, dietary NDF had a moderate
effect on the lipid content of ruminal bacteria that was
often confounded with dietary lipid content (Klusmeyer
and Clark, 1991; Weisbjerg et al., 1992; Tice et al., 1994;
Hussein et al., 1995; Pantoja et al., 1996; Christensen
et al., 1998; Elliott et al., 1999).

Changes in Fatty Acid Composition

Supplementation of animal or plant fat alters the FA
composition of MCM, particularly of long-chain unsatu-
rated FA depending on the type of dietary fat supple-
ment (Sauvant and Bas, 2001). With diets not supple-
mented with fats, the unsaturated FA contents reported
in the literature are also variable. In the present experi-
ment, the unsaturated FA content of bacteria appeared
to be low with a high forage level (70 and 100%), in
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accordance with results from forage based diets
(O’Kelly and Spiers, 1991).

The decrease in the proportion of stearic acid in MCM
as LF increased is consistent with the results of Sasaki
et al. (2000), but not consistent with those of Kucuk et
al. (2001) with soybean oil-supplemented diets. With
diets not supplemented with fat, the higher their NDF
content the lower the stearic acid content of bacteria.
These results suggest that a higher diet energy density
increased the yield of energy stored by ruminal microor-
ganisms as FA, in the same manner that it increased
the concentration of bacteria in the rumen (cf. review
of Dehority and Orpin, 1988). In this experiment, di-
etary LF or NDF content apparently could have affected
the efficiency of microbial growth. This conclusion is
supported by the results of Archimède et al. (1996), who
reported that microbial efficiency tended be affected,
and by those of Weimer et al. (1999), who indicated
that the ruminal cellulolytic bacteria population tended
to increase, with higher NDF or forage contents of diets.
Moreover, a shift in the distribution of rumen bacteria
species was reported by Dehority and Orpin (1988) as
dietary NDF varied. This could have influence FA com-
position because of the large differences in FA composi-
tion among strains of rumen bacteria (Minato et al.,
1988).

Increases in trans-C18:1 FA in MCM for goats fed a
high level of concentrate were in agreement with previ-
ous research. Kalscheur et al. (1997a) found that cows
fed a diet with a 25% forage had twofold greater duode-
nal trans-C18:1 FA flows and 87% greater concentrations
of trans-C18:1 FA in milk than cows fed a 60% forage
diet. In goat milk the concentration of trans-C18:1 FA
was 38% greater with a 30% of AH diet than with a
60% AH diet. These increases in concentration of trans-
C18:1 FA in the duodenal digesta and milk probably
resulted from incomplete biohydrogenation of dietary
FA which is dependent, in part, on the ruminal micro-
bial population.

Differences in NDF or forage contents between diets
also induced variation in the branched-chain FA per-
centage and content of bacteria. This confirms prelimi-
nary observations (Dewhurst et al., 2000, 2002; Vlae-
minck et al., 2002). Variation in the dietary energy
content or fat content had pronounced effects on the
amount of free FA stored in lipid droplets in bacteria
but had less effect on polar lipid content (Bauchart et
al., 1990). Bacteria were characterized using FA syn-
thetases, specific either for straight-chain FA or for
branched-chain FA (Kaneda, 1991). Acetyl-CoA was a
less good substrate than short branched-chain FA for
growth of some species of ruminal bacteria in which
branched-chain FA synthetase has a preference for
branched short-chain carboxylic acids to synthesize the
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related long-chain FA, as demonstrated previously with
labelled (14C) branched short-chain carboxylic acids
(14C-isovalerate, 14 C-isobutyrate, and 14C-valine; Alli-
son and Bryant, 1961; Tweedie et al., 1966). The high
content of odd-chain and branched-chain FA, with an
iso- or an anteiso-structure indicated their importance
to FA synthesis in the rumen. These branched-chain
FA could be considered as hydrogen captors made up
during anaerobic fermentation. The use of branched
short-chain carbolylic acids for the synthesis of
branched-chain FA contributed to energy conservation.
The odd-chain FA and the isoFA with n atoms of carbon
had a melting point 1 to 2°C lower than that of straight-
chain FA with n-1 atoms of carbon (Gunstone et al.,
1994). However, the existence of a methyl substituent
in an anteiso position on an even-chain FA lowered the
melting point by about 25 to 30°C (Gunstone et al.,
1994). Thus, incorporating either odd-chain or
branched-chain FA, of iso- or anteiso-structure, into
bacterial membranes could act in conjunction with de-
creased mean chain length of saturated FA to compen-
sate for a deficiency of available unsaturated FA for
membrane function and help maintain of lipid fluidity.

CONCLUSIONS

Our results showed that, independently from fat sup-
plementation, diet composition can alter the content
and composition of ruminal bacteria FA. The bacterial
FA content can be altered by LF or NDF content. High
LF favored the synthesis of branched-chain FA in ru-
men bacteria. These FA could play a role in hydrogen
transfer, conserving energy for the host animal. Know-
ledge of the chemical composition of rumen bacteria is
essential both to accurately estimate nutrient supplies
to the host animal and to better understand the effects
of bacterial constituents on the FA composition of body
tissues and milk fat.
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