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Abstract Conjugated Linoleic Acid (CLA), a fatty acid

with high nutraceutical value is produced in rumen by

resident bacterial species, especially Butyrivibrio spp. The

present study was undertaken to examine the diversity of

indigenous Butyrivibrio spp. from rumen liquor of Indian

ruminants. The isolates were screened for their CLA pro-

duction capability at different level of linoleic acid (LA) (0,

200, 400, 600, 800 lg/ml) at different time intervals (0, 2,

4, 6, 12, and 24 h). A total of more than 300 anaerobic

cultures were isolated and 31 of them were identified as

Butyrivibrio spp. based on morphological, biochemical and

molecular characterization. Further, molecular characteri-

zation revealed that a large portion (67.7 %) of isolated

Butyrivibrio belonged to Butyrivibrio fibrisolvens (B. fib-

risolvens) species which is considered to be the most active

bacteria amongst the rumen bacteria populace in terms of

CLA production. Bacterial isolate VIII (strain 4a) showed

highest CLA production ability (140.77 lg/ml) when

incubated at 200 lg/ml LA for 2 h, which is 240 % higher

than the isolate XXVII, Butyrivibrio proteoclasticus (B.

proteoclasticus) showing lowest CLA production

(57.28 lg/ml) amongst the screened isolates. It was evident

from the observations recorded during the course of

experiments that CLA production ability is strain specific

and thus did not follow a single pattern. CLA production

also varied with time of incubation and concentration of

free linoleic acid supplemented in the growth medium. The

results of these findings put forward a strain that is high

CLA producer and can be further exploited as an additive

for enhancing meat and milk quality in ruminants.

Keywords Butyrivibrio fibrisolvens � Conjugated linoleic

acid � Linoleic acid � Biohydrogenation � Ruminants

Introduction

CLA is a mixture of positional and geometric isomers of

linoleic acid (cis-9, cis-12, C18:2) with two conjugated

double bonds at various carbon positions in the fatty acid

chain. It is formed as an intermediate during the biohy-

drogenation of LA by linoleic acid isomerase from the

rumen bacteria (Li et al. 2012).

The increased interest in its anti-cancerous, anti-athero-

genic, immune-modulatory properties (Hino et al. 2012;

Chinnadurai et al. 2013; Dilzer et al. 2015) has provided an

impetus to the research, in past decade, leading to better

understanding of underlying mechanisms and its natural

incorporation in the food products pertaining to its high

nutraceutical value. It has now been understood that rumen

can be a site of therapeutic interference for enhancement of

natural CLA content and rumen microorganisms are major

influential factors in the rumen fatty acid biohydrogenation

process and ultimately formation of CLA.

Rumen bacteria responsible for biohydrogenation of

fatty acids are categorized into two distinct groups (Type A

and B), depending on their ability to hydrogenate both the

dienoic and the monoenoic acids or only the monoenoic

acid. Type A bacteria convert the LA to CLA, i.e.
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Butyrivibrio, Micrococcus, Ruminococcus, Lactobacillus

and dominated by B. fibrisolvens which has higher CLA-

producing capacity than other ruminal bacteria. Type B

bacteria are producing stearate from PUFA in rumen, i.e.

Fusocillus, B. proteoclasticus (Ha et al. 1989).

Several species of CLA-producing bacteria have been

isolated from the rumen, intestine and starter cultures used

in the dairy industry (Kepler et al. 1966; Willems et al.

1986; Griinari and Bauman 1999; Lin et al. 1999; Kritch-

evsky 2000; Coakley et al. 2003; Kim 2003; Rosberg-Cody

et al. 2004). According to these reports, the prevalent

ruminal bacterium B. fibrisolvens isomerizes LA to CLA

faster than any other bacterial species. To date most studies

have analysed and explained the effects of B. fibrisolvens

on meat and milk products, several others have demon-

strated its healthy effects in mice (Ohkawara et al. 2006;

Hino et al. 2012; Chinnadurai et al. 2013). In this study we

have extended the knowledge of Butyrivibrio diversity,

particularly in rumen of ruminant population of Indian

origin, by analysing the 16SrRNA sequencing data. The

strains of Butyrivibrio spp were found to exhibit large

diversity and B. fibrisolvens was present in large number

amongst other species (67.7 %).

Apart from the diversity study we have also demon-

strated that ability of a rumen microbe to use LA as a

precursor for CLA production is highly strain specific. This

also suggests that using feed with high LA content as

prebiotic and a high CLA-producing bacterium along with

it can have a synergistic effect resulting in ruminant food

product with high nutraceutical content.

Materials and methods

Sample collection and isolation of Butyrivibrio

The rumen liquor was collected in thermos flask from fis-

tulated buffalo, cattle and goat maintained at cattle yard,

NDRI, Karnal, while that of sheep was collected from

slaughter house of Karnal. After collection, it was cen-

trifuged at 20009g for 10 min to remove protozoa and

fungi. M704 media was prepared as described by the

Deutsche Sammlung von Mikroorganismen and Zellkul-

turen (DMSZ 1993). The diluted rumen liquor, preferably

105–106 dilutions, was inoculated on plates containing

DSMZ 704 media. The composition of media was as fol-

lows: Peptone, 0.2 %; Yeast extract, 0.2 %; Starch Soluble,

0.1 %; K2HPO4, 0.06 %; VFA, 10 mL/L (Acetic acid,

6.85 mL; Propionic acid, 3 mL; Butyric acid, 1.85 mL;

2-Methyl butyric acid, 0.55 mL; Isobutyric acid, 0.5 mL;

Valeric acid, 0.55 mL; 0.2 M NaOH, 700 mL; adjust pH to

7.5 with 0.2 M NaOH); Glycerol, 0.05 %; Rumen Fluid,

150 mL/L; Haemin 1 mg/L, Mineral Solution, 75 mL/L

(KH2PO4, 6 g; (NH4)2SO4, 6 g; NaCl, 12 g; MgSO4.7H2O,

2.55 g; CaCl2. 2H2O, 1.9 g per litre); resazurin. Two per-

cent of reducing agent containing 1.25 % of each L-cystine

HCl and Na2S. 9H2O and 2 % of sugar solution (5 % each

of glucose, maltose and cellobiose) were added in media.

The media was prepared anaerobically using gassing

manifold and the plates were incubated at 39 �C for 48 h

inside the anaerobic chambers.

Phenotypic characterization of isolates

The isolates were preserved as pure cultures. Streaking was

done on DSMZ 704 plates prepared anaerobically. Single

colony was used to inoculate the broth and grown for

16–18 h. The same culture was used for Gram staining to

check the purity.

Preliminary identification was done on the basis of

Gram staining and several biochemical tests including

various carbohydrate-fermentation tests (Table 1).

PCR identification

Primer designing

PCR primers were designed from Butyrivibrio spp.

16SrRNA gene sequence retrieved from NCBI database of

Butyrivibrio spp. strains with the help of DNA star/

CLCBio6 software. Briefly, the primers were designed by

finding conserved region in 16SrRNA sequences of con-

cerned species through ClustalW in DNA Star software

itself. The identified sequences were then used with

Primerselect option in the same software. Four pairs of

primers namely, ButUnivF/ButUnivR1 and ButUnivF/

ButUnivR2 (Butyrivibrio genus-specific universal primers),

BfibF/BfibR (B. fibrisolvens species-specific primers) and

ButHungF/ButHugnR (Butyrivibrio hungatei species-

specific primers), ButProF/ButProR (B. proteoclasticum

species-specific primers) based on 16S rRNA sequence of

Butyrivibrio strains available on NCBI were designed. The

detailed description of these primers along with expected

amplified products is given Table 2.

PCR-based identification

The genomic DNA was isolated from the bacterial cultures

using Bacterial DNA isolation Kit (Qiagen, USA) by fol-

lowing manufacturer’s instructions. Reaction mixture

(25 lL) for PCR amplification contained DNA, 1X Dream

Taq (Fermantas, USA), primers (10 lM) and nuclease-free

water to make up the final volume. Amplifications were

performed in a Quanta Biotech thermocycler with an initial

denaturation step of 94 �C for 3 min followed by 30 cycles

of 94 �C for 30 s, 52–58 �C (according to primer) for 45 s
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and 72 �C for 30 s and a final extension of 72 �C for

10 min. The resultant PCR products were sequenced

(Chromus Biotech, India). Sequence percent identity was

analysed by BLAST within GenBank and finally submitted

to NCBI.

Sequence analyses

Comparison of sequences was performed using BLAST

program (Altschul et al. 1990) to the reported nucleotide

sequences in GenBank database accessible through NCBI

(National Centre for Biotechnology Information—http://

www.ncbi.nlm.nih.gov). Sequences having 98 % and

above similarity with B. fibrisolvens (B. fibrisolvens Bryant

and Small (ATCC� 19171TM, Acc No. U41172.1) were

retrieved and used further for analysis. The sequences were

edited with BioEdit v5.0.9 (Hall 1999). The sequences

were aligned with Multiple Sequence Comparison by Log-

Expectation (MUSCLE) and the phylogeny was ascer-

tained using PhyML with aLRT (approximate Likelihood-

Ratio Test) or bootstrap analysis for branches. The tree was

rendered using TreeDyn. The numbers next to each node,

in red, represent a measure of support for the node, where 1

represents maximal support. These have been computed by

bootstrapping analyses.

Determination of CLA production potential:

spectrophotometric method

The isolated pure anaerobic cultures of Butyrivibrio spp.

were supplemented with different concentrations of LA

(50, 100, 150, 200, 250, 400, 600, 800 lg/ml of broth).

Stock solution of LA (99 % purity) was prepared in 1 %

aqueous solution of Tween 80. The medium was inoculated

Table 1 Common phenotypic characteristics of Butyrivibrio isolates

Tests Response Carbohydrate-fermentation tests

Name of sugars Response Name of sugars Response

Motility ? Inulin – Mannose –

Gas production ? Sucrose ? Inositol ?

Catalase – Fructose ? Cellobiose –

Methyl red – Trehalose ? Arabinose –

Vogues Prauskauer – Dextrose ? Galactose ?

Indole test – Maltose ? Mannitol ?

Nitrate reduction ? Xylose ? Lactose ?

Gelatin liquefaction –

Oxidation fermentation ?

Metabolites test ?

# pH of the isolates during sugar fermentation tests were in between 6.2 and 7

Table 2 Genus- and species-specific primers of Butyrivibrio

Primer region Species and Primer sequence Product size (bp) Annealing temp (�C)

16s rRNA ButUnivF: 50-CTATCAGCAGGGAAGAAAG-30

ButUnivR1: 50-GTTAGCGACGGCACTGA-30
420 53.5

16s rRNA ButUnivF: 50-CTATCAGCAGGGAAGAAAG-30

ButUnivR2: 50-CCGTCAATTCCTTTGAGTTTC-30
482 54

16s rRNA Species-specific (Butyrivibrio fibriosolvens)

BfibF: 50-ACACACCGCCCGTCACA-30

BfibR: 50-TCCTTACGGTTGGGTCACAGA-30

220 55

16s rRNA Species-specific (Butyrivibrio proteoclasticus)

ButproF: 50-ACTCCTACGGGAGGCAG-30

ButproR: 50-CTGAATGCCTATGGCACCCAA-30

505 52

16s rRNA Species-specific (Butyrivibrio hungatei)

ButHungF: 50-CCGCATAAAACAGCAGAGTCGCAT-30

ButHungR: 50-TAGCACGTGTAGCCCAAG-30

1150 58
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with 1 % bacterial culture and the tubes were incubated at

39 �C in anaerobic chamber. After incubation at different

time period tubes were placed in an ice-water bath for

arresting the bacterial activity. A rapid screening method

described by Barrett et al. (2007) was used for analysing

the CLA-producing capability of bacterial strains. In brief,

the method employed in this study involved the use of a

UV-transparent and colourless 96-well plate to detect total

CLA production by bacterial cultures at a wavelength of

233 nm. To verify the suitability of this method, a standard

curve was constructed for the absorbance at 233 nm. The

graph demonstrated that an increase in the CLA concen-

tration (from 0.531 to 65.935 lg/ml) coincided with a

linear increase (R2 = 0.9947) in absorbance for total CLA.

The CLA concentrations in culture supernatants with an

absorbance at 233 nm could be calculated from the linear

trend line of the standard curve using the equation

y = 0.0984x ? 0.147. This method was used for primary

screening for CLA production, further the same was con-

firmed by gas chromatography.

Determination of CLA production potential: gas

chromatography method

Fat was extracted from media by the method of Ha et al.

(1989). The extracted fat was hydrolyzed with 1 ml of 1 N

methanolic sodium hydroxide in a boiling water bath for

15 min and then cooled to room temperature for 5 min.

1 ml of 2 N hydrochloric acid and 2 ml of chloroform were

added to the tube containing methanolic sodium hydroxide

and vortexed for 4 min, followed by centrifugation for

10 min at 2200 rpm. The organic layer (lower layer) was

collected and evaporated to dryness under vacuum or under

the steam of nitrogen. A stock solution of CLA (1 mg/ml)

in acetonitrile was prepared. A working standard solution

was prepared by adding (500 ll) stock solution to 2 ml of

acetonitrile and it gives 4 lg of CLA in 20 ll of standard
to be injected.

Methyl esters were separated using a GC (450-GC, Bru-

ker, USA) equipped with an SGE Forte GC capillary column

(60 m 9 0.25 mm 9 70 lm-BPX70). Helium was used as

carrier gas at constant inlet pressure (205 kPa). The injector

and detector temperature were 260 and 270 �C, respectively,
and the split ratio was 1:10. The initial oven temperature was

120 �Cand increased by 2 �C/min to 240 �C for 55 min. The

identification of individual fatty acid was based on a com-

mercial standard mixture (Supelco, Belfonte, USA) and

published isomeric profiles (Fig. 1).

Spectrophotometric method was used for primary

screening, further the same was confirmed by gas chro-

matography. The results mentioned in manuscript are

obtained by GC.

Results

A total of 300 pure anaerobic bacterial isolates were picked

on the basis of colony morphology for further characteri-

zation. Prefatory characterization of isolates was done by

Gram’s staining as well as with biochemical tests and the

results were matched with ‘‘Bergey’s Manual of Determi-

native Bacteriology’’ (Holt et al. 1994), which primarily

approved the isolates as Butyrivibrio spp. Furthermore, 31

strains including 21 B. fibrisolvens, 4 B. hungatei and 6 B.

proteoclasticus were identified by PCR with genus- and

species-specific primers by sequence analysis of PCR

products (Table 2; Fig. 2). The results showed that among

the isolated Butyrivibrio, B. fibrisolvens predominated the

microflora with 67.7 %, followed by B. proteoclasticus

(19.35 %) and B. hungatei (12.9 %).

The PCR products were further custom sequenced

(Chromus Biotech, India) for homology and phylogenetic

analysis. BLASTn analysis of the sequences demonstrated

high percentage homology of the isolate sequences with

Butyrivibrio spp. sequences already indexed at NCBI.

Sequence analysis using BLASTn revealed that the

sequences of 21 isolates showed close similarity

(98–99 %) with B. fibrisolvens (B. fibrisolvens Bryant and

Small (ATCC� 19171TM, Acc No. U41172.1). Similarly,

the sequences of four isolates showed close similarity

with B. hungatei. Strains 7a, 61, 67, 20, 24, and 50

showed 99 % similarity to B. proteoclasticus; strains 33,

38, 47, 63, 65, 37, and 28 showed 98 % similarity to

Pseudobutyrivibrio spp. Besides this, strains 9A2, 54, and

23 showed close similarities to butyrate-producing bac-

teria; strains 13, 36, and 2 were observed to show good

homology to rumen bacteria; strains 1, 3, 4, 7, and 6 were

observed to be Bacillus dendrites (B. dendrites). Strain 5

showed good similarity to Bacillus pumilus (B. pumilus),

whereas isolate 3K2 showed close similarity to Paeni-

bacillus spp. while strain 12 and 53 showed similarity to

Provedenciavermicola. BLASTn search of the remaining

isolates indicated that they showed good homology with

uncultured bacteria such as EU461824.1, KT797946.1 and

AM275783.1.

Heterogeneity analysis

A phylogenetic tree was constructed and it was evident that

the isolated strains have similar evolutionary lineage. A

high bootstrap confidence value shows that the strains are

from similar species and are clustered together in the tree.

For example, the clade with strains 33, 38, 63 seen in Fig. 3

appeared in 197 of the 200 bootstrap trees, for an estimated

confidence value of 0.97. Phylogenetic analysis revealed

that strains namely, 2a, 22, 14D, 5a, 8a, 10a, 4a, 31, 34, 39,
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8, 68, 40, 62, 64, 51, 3E1 were clustered with high boot-

strap value into a group within the B. fibrisolvens group,

confirming that these strains are B. fibrisolvens. Strains 30,

29, 57 closely related (having close similarity to rumen

bacteria from BLAST results) to Pseudobutyrivibrio clade

strains 63, 38, 33. While 37, 65, 28, 47 are almost at similar

evolutionary distance from one another. Similarly B50,

B67, B24, B20, B61, 7a were observed to be of the same

clade.

Interestingly 3E1, 17, 25 strains belonging to B. hun-

gatei group are in different clade from strain 19 which is at

close distance to B. fibrisolvens strains. A non-Butyrivibrio

clade, named as dendrites clade, contain the strains 8, 9,

and 3 (Fig. 3).

Phylogenetic analysis through maximum likelihood and

minimum parsimony resulted in the complete identification

of these bacteria which resulted in 21 B. fibrisolvens, 4 B.

hungatei and 6 B. proteoclasticus strains. The remaining

strains were observed to be Pseudobutyrivibrio spp. (9) and

other non-Butyrivibrio groups.

CLA production potential

CLA production potential of 31 pure Butyrivibrio strains

was analysed with different concentration of free LA (0,

200, 400, 600, 800 lg/ml) at different time interval (0, 2,

4, 6, 12, and 24 h), and highest CLA production was

found in case of strain 4a which produced 140.77 lg/ml

when incubated with 200 lg/ml LA at 2 h of incubation

in DSMZ704 medium, converting almost 70 % of total

LA into CLA (Fig. 4). Among 31 pure strains of Bu-

tyrivibrio, 4 strains converted more than 50 % LA to

CLA at various concentration of LA supplementation and

at different time intervals. Furthermore, it was also found

that 10 strains (32.25 %) produced highest CLA when

incubated with 200 lg/ml of LA, followed by 7 strains

(22.58 %) with 400 lg/ml LA, 8 strains (25.8 %) with

600 lg/ml LA and 6 strains (19.35 %) when incubated

with 800 lg/ml LA.

The highest CLA-producing strain, B. fibrisolvens 4a

was further selected to investigate the effect of free LA on

the growth of bacterium. Biohydrogenation kinetics of B.

fibrisolvens 4a with different LA concentrations (0, 100,

200, 400, 600, 800, and 1000 lg/ml) for 48 h cultivation

period (0, 2, 4, 6, 8, 12, 24, 36, and 48 h) was observed.

Steady growth was evident up to 24 h of cultivation period

with 100–200 lg/ml free and pure LA. Further increase in

cultivation period as well as LA concentration resulted in

lower growth pattern (Fig. 5; Table 3). However, a sig-

nificant decline was observed when the isolate was culti-

vated with medium having LA concentration greater than

600 lg/ml LA. Also after 36 h of cultivation period in

medium with different LA concentrations, the growth was

drastically decreased uniformly.

Fig. 1 GC chromatogram of isomers of CLA (Standard)
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Discussion

CLA, a by-product of rumen biohydrogenation, has

several proven health-promoting effects and thus has

been a subject of constant study in the recent years. To

sufficiently access its health effects, it is necessary to

have its constant optimal intake as large doses of syn-

thetic CLA supplements have been shown to be having

adverse effects (Ip et al. 1997). Natural CLA is produced

in rumen as a result of biohydrogenation with interven-

tions from rumen bacterial population. Apart from Bu-

tyrivibrio spp. several other bacterial species such as

Lactobacillus acidophilus (Ogawa et al. 2001; Alonso

et al. 2003; Yadav et al. 2007), Bifidobacterium spp.,

particularly B. breve, B. dentium, B. longum (Coakley

et al. 2003) and various strains of lactic acid bacteria

(Ogawa et al. 2005) have been shown to produce CLA.

Among 15 isomers of CLA, ruminal bacteria have been

reported to produce significant amounts of the cis-9,

trans-11 and trans-10, cis-12 isomers only (Griinari and

Bauman 1999). Microbial CLA production, in addition

to rumen bacteria, has been reported for Propionibac-

teria, particularly Propionibacterium freudenreichii,

used as dairy starter cultures (Jiang et al. 1998). Kishino

et al. (2002) found that Lactobacillus plantarum (L.

Plantarum) formed high levels of CLA from free LA

upon extended incubation. Amongst all rumen bacteria

B. fibrisolvens has been shown to be having high ability

to isomerise LA to CLA (Kim et al. 2000; Kim 2003).

Several strains having high CLA production capability

have been identified as potential probiotics (Fukuda

et al. 2006).

Studies have also demonstrated abundance of Butyrivi-

bro spp. in rumen; however, no attempt has been made to

extend the knowledge of Butyrivibrio spp. diversity in

Indian origin ruminants. Present study was undertaken to

Fig. 2 Species level identification of the bacterial isolates confirmed

as Butyrivibrio spp. a Bands of genomic DNA of B. fibrisolvens using

primer pairs BfiBF/BfiBR on gel; b Bands of genomic DNA of B.

hungatei using primer pairs ButHungF/ButHungR on gel; c Bands of
genomic DNA of B. proteoclasticus using primer pairs ButproF/

ButproR on gel
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Fig. 3 The numbers next to

each node, in red, represent a

measure of support for the node,

where 1 represents maximal

support and confidence. The

assessments of ‘‘confidence’’ for

each clade of the tree are based

on the proportion of bootstrap

trees showing that same clade.

These proportions are the

bootstrap confidence values
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assess the CLA production potential of Butyrivibrio spp.

isolated from cattle of Indian origin and to assess diversity

among this species in the ruminants.

Research findings have indicated that Butyrivibrio spp.

is amongst some of the major culturable occupants of

rumen. At least 10–30 % of rumen microbiota is suggested

to be composed of this CLA-producing species (Kopeeny

et al. 2003; Jarvis and Moore 2010; Zhu et al. 2014). High

intra-species diversity is a characteristic feature of Bu-

tyrivibrio spp (Kopecny et al. 2003). In the present study

also the isolated population included B. fibrisolvens, B.

proteoclasticus and B. hungatei. It could also be noted that

bacteria of unknown species were also identified during the

course of present study which can also play, directly or

indirectly, a vital role in biohydrogenation process.

Decrease in C:18 concentration has earlier been found to be

associated with disappearance of a particular bacterial

species such as Lachnospiraceae strains (Boeckaert et al.

2008).

The production of CLA by Butyrivibrio spp. displayed

substantial interspecies variation. Among all the strain

tested, B. fibrisolvens was the most efficient CLA producer

(Kepler et al. 1966; Kim et al. 2000; Kim 2003). It is

evident from the observations recorded during the course

Fig. 4 Rate of CLA production

by highest CLA-producing B.

fibrisolvens VIII strain (Isolate

VIII)

Fig. 5 Growth rate of B.

fibrisolvens VIII (Isolate VIII)

incubated in different

concentrations of LA for 48 h
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of experiment that CLA production ability does not follow

a single pattern and varies with time of incubation and also

with concentration of free LA supplemented; establishing

that CLA production potential is highly a strain-specific

attribute (Table 3). The ability of different strains to iso-

merise LA to CLA has been demonstrated to vary corre-

sponding to CLA isomerase (CLA-I) and CLA reductase

(CLA-R) activity of a strain. CLA was found to be accu-

mulating only after the TH1 culture growth ceased in a

study by Fukuda et al. (2005) owing to high CLA-R

activity. In the present study also most of the strains

showed decrease in CLA concentration after a certain

cultivation period.

LA being the precursor in biohydrogenation process

affects the products, whether intermediates such as CLA or

final products such as VA and SA (Lourenco et al. 2010).

Polan et al. (1964) also observed high accumulation of

CLA and trans-18:1 with the increase concentration of LA

in the culture media. However, CLA production with

respect to cultivation period has been observed to be highly

strain specific. In some cases, as in a study by McKain

et al. (2004) supplementation of LA resulted in increase of

lag period and thus low CLA production was recorded in

the first 8 h. High CLA production was recorded during

8–18 h of incubation (log phase) because activity of

growing cells was higher for biohydrogenation than sta-

tionary phase (McKain et al. 2004). In the present study,

maximum CLA production was recorded at 2 h of incu-

bation, i.e. in the lag phase itself. High metabolic func-

tionality and thus high metabolite production in lag phase

is not a new concept. It has been shown that some of the

microbial species have high metabolite production capa-

bility in the lag phase of their growth. However, studies are

more clear in case of eukaryotes where significant upreg-

ulation in expression of genes pertaining to translation,

protein folding, modification, translocation and degrada-

tion, ribosome biogenesis, transcription, RNA processing,

cell polarity, cell division, and cell cycle control have been

reported (Brejning et al. 2003, 2005). Rolfe et al. (2011)

have indicated that lag phase is associated with high uptake

of metals and minerals during cultivation of Salmonella.

Additionally, some of the enzymes are reported to be

produced in their most active forms in lag phase of bac-

terial growth (Ponce et al. 1995). An upregulated expres-

sion of genes responsible for the involved enzymes might

well be the reason of high CLA production within 2 h of

cultivation period in our experiments. Also the bacterial

isolates were in highly active state consequent to repeated

sub-culturing prior to actual inoculation in experimental

medium, which might have reduced their lag phase.

Moreover, as we know now that lag phase is an important

transient plateau before the start of exponential phase but is

still scarcely understood. A more detailed study at tran-

scriptome level can provide important leads into the

responsible reasons regarding CLA production.

It was observed that CLA produced by bacterial strain

4a, B. fibrisolvens VIII (highest CLA-producing strain) was

almost 3.5 times higher than the CLA produced by bacte-

rial strain XXVII B. proteoclasticus 20 (lowest CLA-pro-

ducing strain). In the present study, B. fibrisolvens VIII

Table 3 In vitro CLA production by Butyrivibrio isolates showing different response of strains from similar species when incubated with

linoleic Acid (LA)

LA concentration

(ug/ml)

CLA production (ug/ml) by Butyrivibrio strains (I–XVI)

I II III IV V VI VII VIII (4a) IX X XI XII XIII XIV XV XVI

0 13.53 18.73 16.98 15.41 18.45 19.31 20.41 26.27 21.69 13.79 17.84 15.73 18.14 17.55 17.39 18.31

200 69.80 81.41 72.99 88.82 84.72 91.03 80.62 140.77 90.15 57.99 81.00 70.30 91.74 82.46 80.73 93.65

400 75.35 67.45 61.10 81.82 98.88 96.29 79.88 134.11 89.84 59.35 77.57 66.20 88.54 91.60 78.16 99.09

600 66.92 73.82 62.97 71.26 123.51 93.73 106.49 85.55 84.39 62.47 71.99 56.38 71.63 75.14 69.17 87.36

800 67.49 62.95 60.09 56.86 92.91 84.60 70.55 50.91 67.99 63.75 54.67 82.27 72.12 105.78 91.71 77.40

LA concentration

(ug/ml)

CLA production (ug/ml) by Butyrivibrio strains (XVII–XXXI)

XVII XVIII XIX XX XXI XXII XXIII XXIV XXV XXVI XXVII XXVIII XXIX XXX XXXI

0 14.08 17.99 11.76 14.94 16.12 12.41 14.13 26.09 17.82 10.49 16.68 12.45 14.06 13.06 10.10

200 70.82 70.05 52.14 69.24 49.17 105.18 65.45 69.76 77.46 36.24 30.53 43.61 61.15 45.20 43.90

400 69.93 83.90 50.45 83.40 49.74 65.58 72.50 113.43 75.98 26.18 32.83 47.70 32.75 50.76 41.61

600 66.40 86.82 60.87 67.65 57.33 58.05 116.60 107.08 67.65 38.04 40.58 51.20 34.24 44.58 48.60

800 85.42 68.80 50.65 59.38 38.30 51.32 60.98 90.25 68.45 46.68 46.50 44.67 29.68 37.81 43.61

Bold value indicates highest CLA production by B. fibrisolvens strain at 200 ug/ml LA concentration
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strain produced maximum CLA during the first 2 h of

incubation and at 200 lg/ml LA supplemented to the

growth media and it was gradually decreased further with

time and LA concentration. It may be that more CLA is

being produced with time but at the same time, the CLA

formed is getting converted to VA. Studies indicate that B.

fibrisolvens, a representative PUFA-hydrogenating ruminal

bacterium, produces the highest levels of t-VA from LA

among bacteria surveyed (Harfoot and Hazlewood 1997;

Jiang et al. 1998; Kim et al. 2000) and can be found in the

digestive tract of many animals including human bowel

(Barcenilla et al. 2000). It is known that B. fibrisolvens

isomerizes LA to c9, t11-CLA via LA isomerase (LA-I),

and then reduces to t-VA via CLA reductase (CLA-R)

(Kepler et al. 1966).

Growth of the bacteria was inhibited in presence of

PUFA and it was inversely proportional to the LA con-

centration. The polyunsaturated fatty acids (PUFA) are

toxic to B. fibrisolvens as they disrupt the lipid bilayer

(Keweloh and Heipieper 1996) or because it takes longer

time to bio-hydrogenate the whole molecule (Li et al.

2012). Average growth of the isolated bacteria which was

lower with increasing LA supplementation indicated that

the toxicity of unsaturated fatty acid depends on the

number of double bonds, i.e. EPA[DHA[LNA[LA

(Maia et al. 2007).

In conclusion, the present study describes the diversity

and CLA-producing ability of Butyrivibrio from Indian

ruminants; thus leading to the identification of B. fibrisol-

vens VIII strain as the most efficient CLA producer, among

the screened rumen microbiota. Furthermore, a range of

other rumen microbes exhibiting CLA-producing capabil-

ities was also identified. Considering the health beneficial

properties of CLA, it is captivating to discover probiotic

Butyrivibrio strains with high ability to produce CLA to

use them as feed additive for ruminants. This was a pre-

liminary study to isolate high CLA-producing bacterial

strains; further research work is required to ascertain the

use of such strains as potential probiotics for animals.
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