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ABSTRACT

Present study evaluated the effect of added free fatty acids, dietary oils and plant extracts on conjugated linoleic
acid (CLA) production potential of anaerobic Butyrivibrio fibrisolvens bacteria. Different concentration of plant
extracts of Solanum nigrum, Rumex dentatus, Boerhaavia diffusa Linn., Amaranthus nlitum Linn., Peristrophe
bicalyculata, Phyllanthus sp. Leucas aspera and Cuminum cyminum (0.50, 1.0, 1.5%, 2.0, 4.0, 6.0, 8 and 10 mg/ml
of media); pure linoleic and linolenic acid (50, 100, 150, 200, 250 pg/ml of media) and dietary oils (50, 100, 150,
200, 250, 300 pg/ml of media) were used in media. The results revealed that an increase in the concentration of
fatty acids suppressed growth of B. fibrisolvens and its cell density reached maximum (1.58 OD; 600 nm) at 18 h of
incubation. A gradual rise in CLA production by B. fibrisolvens was observed parallel to increasing concentration
of dietary oils from 50 to 250 pg/ml followed with slight decrease at level of 300 pug. Supplementation of sunflower
oil resulted in highest increment in CLA production among the treatments. Extracts of different plants at different
concentrations showed significant changes in CLA production potential by B. fibrisolvens. Cuminum cyminum
with 457% increase in CLA concentration was the most efficient extract. Study established that careful optimization
of dietary supplementation results in increased activity of B. fibrisolvens thereby facilitating higher CLA production.
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Enhancement of conjugated linoleic acid (CLA) content
and reduction of saturated fatty acid (SFA) levels,
recommended by EFSA (2010), are 2 crucial approaches
for designing animal products having numerous
potential humane health benefits, including potent cancer-
fighting properties, anti-inflammatory, anti-diabetic,
antiatheroschlerotic and immuno-modulatory effects
(Whigham et al. 2000, Roche et al. 2001). CLA is an
intermediate product of rumen bacterial bio-hydrogenation
of dietary lipids (Roche et al. 2001). Diverse bacteria
relating to rumen bio-hydrogenation were isolated on them;
B. fibrisolvens was proved to be the most active bacteria
involved in the production of CLA (Kepler et al. 1966, Wang
et al. 2002). Inclusion of diet rich in linoleic acid (C g,
LA) and linolenic acid (Cg.; LNA) in ruminant is one of
the effective feeding strategies for increasing CLA
production (Dhiman et al. 2005). Apart from LA and LNA
rich sources, studies have demonstrated potential

Present address: !“*Principal Scientist (amrishtyagil963
@yahoo.com, ukshandilya@gmail.com, animasrivastaval987
@gmail.com, ashishtyagijune@gmail.com), 8Dairy Cattle
Nutrition. >(muneendra82 @ gmail.com) Department of Animal
Nutrition, College of Veterinary Science and Animal Husbandry,
DUVASU, Mathura. 6’7, Pharmacognosy and Ethnopharmacology
Division, National Botanical Research Institute, Lucknow.

application of plant extract on manipulation of rumen bio-
hydrogenation (Lourenco et al. 2008, Vasta et al. 2010, Rana
et al. 2011). Plant extracts rich in polyphenols or tannins
favours the synthesis of CLA by altering rumen bio-
hydrogenation (Min et al. 2005, Durmic et al. 2008). The
cumulative effect of increased availability of poly
unsaturated fatty acids (PUFAs) as precursors and plant
extracts as supplements, not withstanding their negative
effect on rumen bacterial growth, remains to be explored
for effect on CLA production in ruminants. Understanding
these effects could have important indirect implications for
human health by enabling rumen bio-hydrogenation of
dietary PUFA.

In view of the above, the study amied to analyze the
effect of pure free fatty acids, dietary oils and plant extracts
supplementation on CLA production in vitro.

MATERIALS AND METHODS

Plant extracts preparation: In present study, effects of
different plant extracts, viz. Solanum nigrum, Rumex
dentatus, Boerhaavia diffusa Linn., Amaranthus nlitum
Linn., Peristrophe bicalyculata, Phyllanthus sp., Leucas
aspera and Cuminum cyminum were used to see the effect
on CLA producing potential of B. fibrisolvens. The collected
plant material was botanically identified. The species
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conformation was engaged at National Botanical Research
Institute, Lucknow, India. The collected materials were
shade dried and coarsely powdered using a pulverizer. The
coarse powder was subjected to extraction with ethanol
(95%) at room temperature by Soxhlet method for 3 days.
The collected extracts were filtered and were concentrated
under reduced pressure using a rotary vacuum evaporator.
Finally, the concentrated extract was lyophilized by using
freeze dry system.

Direct fatty acid methyl ester (FAME) synthesis:
Different dietary oils (sunflower oil, soybean oil, mustard
oil) were subjected to fatty acid analysis. Forty pl of each
sample was taken in a tube to which 0.7 ml of 10 N KOH,
and 5.3 ml of methanol were added. The tube was incubated
in a 55°C shaking water bath for 1.5 h to properly permeate,
dissolve, and hydrolyze the sample. FAME was synthesized
by adding 0.58 ml of 24 N H, SO, followed with incubation
in water bath at 55°C for 1.5 h. After FAME synthesis, the
tube was cooled in a cold tap water bath. Three milliliters
of hexane was added, and the tube was vortex-mixed for 5
min followed with centrifugation for 5 min at 2,000 rpm.
The solvent was evaporated from FAME by flushing of
nitrogen. The vial was capped and stored at —20°C until
GC analysis. Dietary oils (soybean oil, sun flower oil and
mustard oil) purchased from local markets were methylated
for estimation of their fatty acid composition (Sukhija and
Palmquist 1988).

Fatty acid composition: The fatty acid composition of
the FAME was determined by capillary GC on a BPX-70,
60 m x 0.25 mm x 0.25 um capillary column installed on a
gas chromatography equipped with a flame ionization
detector and split injection. The initial oven temperature
was 70°C which was increased to 120°C immediately after
injection. The injector temperature was 220°C while
detector temperature was 230°C. After attaining 120°C,
2°C/min increase program was set until 230°C. For CLA
estimation injector temperature was 240°C while detector
temperature was set to 260°C, initial oven temperature was
150°C which was increased to 240°C at 2°C/min. Helium
was used as the carrier gas at a flow rate of 30 ml/min, and
the column head pressure was 280 kPa. Fatty acids were
identified by comparing their retention times with the fatty
acid methyl standards. The identification of peaks was based
on commercial standard mixtures.

Isolation and identification of B. fibrisolvens: The
modified anaerobic technique was used to isolate B.
fibrisolvens. Rumen liquor was collected from crossbred
(Alpine x Beetal) early lactating goats before feeding in a
thermos flask preflushed with carbon dioxide using a pipe
and strained through four layers of muslin cloth. Crossbred
goats were maintained on concentrate and forage (50:50).
Collected rumen liquor was centrifuged at 2,000xg for 10
min at 4°C to remove the feed particles, protozoa, fungi and
bacteria. The clear supernatant was used as a part of media.
Rumen liquor (without pre-treatment) was inoculated into
the media and incubated at 39°C for 48 h. Colonies based on
morphology (translucent, creamy and light tan filamentous)
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were picked up after plating rumen liquor on B. fibrisolvens
selective ATCC media. Gram’s staining was followed up
with molecular confirmation with PCR. A 505 bp product
confirmed B. fibrisolvens sp. The genus and species identity
of isolates as B. fibrisolvens was confirmed by PCR using
16s rRNA sequence specific primers.

In-vitro experiment: B. fibrisolvens was grown on ATCC
selective media (10 ml) with strained and centrifuged rumen
liquor. Pure free fatty acids, oils and plant extracts were
dissolved in distilled water by sonication. Varying
concentrations of pure LA, LNA (50, 100, 150, 200, 250
pg/ml of media), dietary oils (50, 100, 150, 200, 250, 300
pg/ml of media), extract of plants (0.50, 1.0, 1.5%, 2.0,
4.0, 6.0, 8 and 10 mg/ml of media) were added to the
medium before dispensing and autoclaving. Media without
added free fatty acids, oils and plant extracts was used as a
control. Percentage change value of each sample at different
incubation period i.e. 0, 8, 12, 18, 24, 48 and 72 h was
compared with control. Screening of bacterial growth and
CLA production was performed at different incubation
periods. CLA production at different concentrations was
estimated by FAME analysis.

Bacterial growth: Growth of bacteria was monitored via
changes in optical density (600 nm) at different period of
time (0, 8, 12, 18, 24 h). The growth rate was estimated
from differences in natural logarithms of optical density in
triplicates.

RESULTS AND DISCUSSION

Pure isolates based on colonial morphology (translucent,
creamy and light tan filamentous) were picked up from a
number of colonies after plating rumen liquor (anaerobic
diluent) collected from cattle, buffalo, goat and sheep. The
isolates were pink, colored Gram-positive (Sometimes
though appeared as Gram-negative), single and short chain
rods of varying size under microscope using oil immersion
objective technique. These characteristics of the isolates
matched with that of Butyrivibrio spp (Holt et al. 1994).
Identification of genus and species comprising a number
of morphological, physiological, biochemical and molecular
tests were done to confirm the isolates as Butyrivibrio
fibrisolvens (data not shown here).

Apparent differences were identified between the
mechanisms underlying the synthesis of CLA from LA
(Wallace et al. 2007), and also in the bacterial species that
carry out the reactions. Here we provide analogous
information on differences in CLA production with fatty
acids (LA and LNA), plant extract and dietary oils
supplementation. The experiments of present study were
carried out with growing cultures of bacteria rather than
cell suspensions because for bio-hydrogenation process
active growth of bacteria is required (Wallace et al. 2006).

An increase in the concentration of fatty acids suppressed
growth of B. fibrisolvens and negative effect of longer
incubation time was more significant (P<0.05). The B.
fibrisolvens cell density reached maximum at 24 h of
incubation. The OD declined to 1.48, 1.38, 1.24, 1.07, 0.68
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Fig 1. Effect of (a) linolenic acid and (b) linoleic acid
concentration (pug/ml of media) on growth of Butyrivibrio
fibrisolvens (P < 0.05). The decline in growth is more prominent
(70%) in LNA at 250pg/ml compared to LA (56%) at the same
concentration.

and 1.48, 1.36, 1.21, 0.88, 0.45 with increasing
concentration (50, 100, 150, 200, 250 pg/ml) of LA and
LNA (Fig. 1). The bacterial growth in present study was
recorded lowest from O to 8 h during LA and dietary oils
supplementation i.e. a prolonged lag phase during bacterial
growth in the initial stages, which might be the contributing
factor in increased CLA production (Maia et al. 2007).
Furthermore, metabolism occurs in the exponential phase,
but no further transformations occur during the stationary
phase. Concentrations of more than 200 mg/I of 18: 2 (LA)
and 18:3 (LNA) fatty acids inhibited biohydrogenation
(Beam et al. 2000, Fievez et al. 2007). Such concentrations
of LA and LNA would be common in grazing animals
(Dawson and Hemington 1974). Different concentrations
ranging from 50 mg/l to 300 mg/l were used here. It was
also observed that growth of the B. fibrisolvens was affected
more in LNA than in LA supplemented media.
Supplementation of 200 and 250 pug/ml LNA resulted in
13% and 15% more reduction in cell density of B.
fibrisolvens as compared to LA (P<0.05) (32%, 56% vs.
45% and 71% reduction for LA and LNA, respectively).
This may be attributed to more number of double bonds in
LNA than in LA as number of double bonds is considered
as measure of unsaturated fatty acids toxicity i.e.

Incubation time (h)

Fig. 2. CLA production by Butyrivibrio fibrisolvens inoculated
with different concentration of linoleic acid. (P < 0.05). Overall
average total CLA production increased significantly after LA
supplementation until 200pg/ml concentration but a decline was
observed in 250 pug LA supplemented group.

DHA>EPA>LNA>LA. Production of CLA in culture was
parallel to the increasing concentration of LA up to 200 pg.
However any increment beyond that did not increase CLA
concentration in media and even resulted in decline in its
production (Fig. 2). No significant changes in CLA
production were with addition of 150 and 250 ug of LA.
Fatty acid composition of sunflower, soybean and
mustard oil was estimated prior to their supplementation
(Table 1). Addition of oils in culture of B. fibrisolvens
bacteria resulted in higher average total CLA production
(Fig 3). An incubation period of 18 h was optimal with
respect to CLA production. A gradual rise in CLA
production was observed parallel to increasing
concentration of dietary oils from 50 to 250 ug/ml followed
with slight decrease at level of 300 ug. As the level of
supplemented oil increased a decrease in B. fibrisolvens
bacterial cell density was observed. Higher concentration
of supplemented oil at early incubation, resulted in
significant reduction in bacterial cell density (P<0.05). At
18 h of incubation, the growth OD was 1.48, 1.38, 1.28,
1.14, 0.98, 0.66 in sunflower oil, 1.48, 1.40, 1.29, 1.15,
1.01, 0.69 in soybean oil and 1.49, 1.41, 1.30, 1.16, 1.02,
0.71 in mustard oil at 50, 100, 150, 200, 250 and 300 pug/ml

Table 1. Fatty acids composition in different dietary oils as a
proportion of total fatty acids (mg/100mg of FAME)

Attributes Cl18:1 Cl18:2 C18:3 Total PUFA
Sunflower oil 22.3 65 0.5 87.8
Soybean oil 19.5 53.2 9.1 81.8
Mustard oil 37.2 36.4 134 87.0
Berseem 21.58 14.62 0.58 36.78
Concentrate mixture  10.81 30.45 0.46 41.72

Number of replicate for each attributes, 3.
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Fig. 3. CLA production of Butyrivibrio fibrisolvens at presence
of (a) 50, (b) 100, (c) 150, (d) 200, (e) 250, (f) 300 pg/ml for 3
dietary oils. (P < 0.05). CLA production reached its peak after
18 h of incubation at every concentration.

concentration of oils respectively. Proportionately, highest
drop in B. fibrisolvens growth was observed beyond 250
pg/ml of oil supplementation. Supplementation of
sunflower oil resulted in highest percentage increment in
CLA production among the treatments (Fig. 3). Mustard
oil was least efficient in promoting CLA production
(P<0.001).

Increased CLA accumulation at inhibitory conditions for
bacterial growth (high LA) may also be due to conversion
of LA to CLA by isomerase enzyme, which is membrane
bound and is active even after lysis or death of bacteria as
these conditions are less effective on the isomerization step

CLA Concentration (pg/ ml)

Boerhaavia
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CONJUGATED LINOLEIC ACID PRODUCTION BY BUTYRIVIBRIO FIBRISOLVENS 285

than reduction step during biohydrogenation (Kim et al.
2002). Supplementation with sunflower oil revealed highest
percentage increment in CLA production among the
treatments and mustard oil was least efficient to promote
CLA production. Also CLA production during treatments
was positively correlated with the proportion of LA in oils
and negatively related to ratio of LNA: LA in oil as LNA
has more negative effect on the growth of bacteria.

Screening of plant extracts was carried out to evaluate
their effect on CLA producing ability of B. fibrisolvens
isolate. Extracts of Solanum nigrum, Rumex dentatus,
Boerhaavia diffusa Linn., Amaranthus nlitum Linn.,
Peristrophe bicalyculata, Phyllanthus sps. Leucas aspera
and Cuminum cyminum showed significant (P<0.001)
changes in CLA production at different concentrations
(Fig. 4). Cuminum cyminum with 457% increase in CLA
concentration was the most efficient extract followed by
Leucas aspera plant extract as compare to control.

In some previous studies plant extracts have been
successfully used to modify rumen fermentation (Hart et
al. 2008, Alexander et al. 2008, Busquet et al. 2006,
Grainger et al. 2009). Some of the plants used in the present
study contain FAs such as LA, LNA and presence of these
FAs in the aqueous methanolic extract is likely as they are
soluble in methanol and provided additional substrate for
biohydrogenation. Inclusion of C. cyminum extract
increased CLA content and accumulated higher VA, act as
the modulator of biohydrogenation pathway. High
concentration of LNA in the extract caused accumulation
of CLA and VA in strained rumen fliud in vitro (Wood et
al. 2010). C. cyminum contains essential oil compounds,
tannins and saponins that have potential in controlling the
biohydrogenation (Durmic et al. 2008, Lourenco et al. 2008,
Vasta 2008, Khiaosa et al. 2009). Supplementation with
Leucas aspera extract resulted in increase in CLA
production, which may be due to the effect of the bioactive
compounds, including polyphenols, on CLA producing
bacteria (Rana et al. 2011).

Present study established that optimized dietary
supplements increased the efficiency of B. fibrisolvens for

£ control [ 0.50% 1% [ 1.50% [ ] 2.00% []4% Bl 6% [ 8% [ ]10%

N
il
Peristrophe
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Fig. 4. Effect of weed extract supplementation on CLA production potential of highest CLA producing Butyrivibrio fibrisolvens

isolate.
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the higher CLA production. Supplementation with free fatty
acids, dietary oils and plant extracts altered CLA production
potential of B. fibrisolvens. This is a preliminary study and
further investigations are required to check the utility of
these plant extracts in-vivo to increase the activity of CLA
producing bacteria.
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