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ORIGINAL ARTICLE

Effects of incremental amounts of fish oil on trans fatty acids and
Butyrivibrio bacteria in continuous culture fermenters1;2
A. A. AbuGhazaleh and A. Ishlak

Department of Animal Science, Food and Nutrition, Southern Illinois University, Carbondale, IL, USA

Summary

Previous studies have shown that adding fish oil (FO) to ruminant animal diets increased vaccenic acid (VA; t11

C18:1) accumulation in the rumen. Therefore, the objective of this study was to evaluate the effect of dietary FO

amounts on selected strains of rumen bacteria involved in biohydrogenation. A single-flow continuous culture

system consisting of four fermenters was used in a 4 9 4 Latin square design with four 9 days consecutive peri-

ods. Treatment diets were as follows: (i) control diet (53:47 forage to concentrate; CON), (ii) control plus FO at

0.5% (DM basis; FOL), (iii) control plus FO at 2% (DM basis; FOM) and (iv) control plus FO at 3.5% (DM basis;

FOH). Fermenters were fed treatment diets three times daily at 120 g/day. Samples were collected from each fer-

menter on day 9 of each period at 1.5, 3 and 6 h post-morning feeding and then composited into one sample per

fermenter. Increasing dietary FO amounts resulted in a linear decrease in acetate and isobutyrate concentrations

and a linear decrease in acetate-to-propionate ratio. Propionate, butyrate, valerate and isovalerate concentrations

were not affected by FO supplementation. Concentrations of C18:0 in fermenters linearly decreased, while con-

centrations of t10 C18:1 and VA linearly increased as dietary FO amounts increased. The concentrations of c9t11

and t10c12 conjugated linoleic acid were not affected by FO supplementation. The DNA abundance for Butyrivib-

rio fibrisolvens, Butyrivibrio vaccenic acid subgroup, Butyrivibrio stearic acid subgroup and Butyrivibrio proteoclasticus

linearly decreased as dietary FO amounts increased. In conclusion, FO effects on trans fatty acid accumulation in

the rumen may be explained in part by FO influence on Butyrivibrio group.
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Introduction

Trans C18:1 fatty acids and conjugated linoleic acid

(CLA) are produced by the incomplete biohydroge-

nation of dietary long-chain unsaturated fatty acids

in the rumen (Harfoot and Hazlewood, 1997) and

are subsequently incorporated into milk and meat of

ruminant animals. Among the different microbes

present in the rumen, bacterial species identified as

being most involved in the biohydrogenation of die-

tary unsaturated fatty acids belong to the Butyrivibrio

group (Paillard et al., 2007a). Harfoot and Hazle-

wood (1997) divided the rumen bacteria into two

groups where Group A bacteria hydrogenate C18

unsaturated fatty acids to trans C18:1 and C18:2 iso-

mers, whereas Group B bacteria convert trans C18:1

to C18:0. Using 16S rDNA sequence data, Paillard

et al. (2007a) constructed a phylogenetic tree that

contains two main groups of rumen Butyrivibrio

bacteria called vaccenic acid-producing (Butyrivibrio

VA) and stearic acid-producing (Butyrivibrio SA).

Although both groups formed VA from C18:2n6,

only Butyrivibrio SA bacteria produced C18:0 (Pail-

lard et al., 2007b).

Conjugated fatty acids have recently attracted sig-

nificant attention because of their health benefits in a

variety of models of metabolic and chronic inflamma-

tory diseases (Kennedy et al., 2010; Crumb, 2011).

Among the many CLA isomers, c9t11 CLA is the most

abundant in ruminant-derived foods. Although some

of the c9t11 CLA can be produced directly by microbial

hydrogenation in the rumen, the vast majority is pro-

duced in animal tissues via D
9 desaturase using vacce-

nic acid (VA, t11 C18:1) as its substrate (Griinari et al.,

2000). Increasing the formation and flow of VA from

the rumen is therefore desirable as it would aid in the

process of developing healthier ruminant-derived food

products.
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Supplement ruminant animal diets with plant oils

(Varadyova et al., 2007; Doreau et al., 2009) and fish

oil (FO; Lee et al., 2008; Kim et al., 2008) resulted in

an increase in the formation and flow of VA from the

rumen. Fish oil supplementation to ruminant animal

diets has been shown to inhibit the complete biohydro-

genation of C18 unsaturated fatty acids in the rumen,

resulting in the accumulation of trans C18:1, VA in par-

ticular (AbuGhazaleh and Jenkins, 2004; Kim et al.,

2008; Lee et al., 2008; Potu et al., 2011). Although the

effects of FO on ruminal trans FA formation are well

documented, little information is currently available

on the effects of FO on rumen microbial ecology, par-

ticularly bacterial species believed to be involved in the

biohydrogenation process. In recent years, there has

been great interest in identifying the bacteria most

involved in VA formation in the rumen as such identi-

fication is considered an important component in

developing novel strategies to increase VA availability

for desaturation in animal body tissues. Therefore, the

main objective of this study was to evaluate the effects

of incremental amounts of FO on Butyrivibrio group

using continuous culture fermenters.

Materials and methods

Experimental protocol

Four single-flow continuous culture apparatus were

used in a 4 9 4 Latin square over four periods of

9 days each. Treatments used in this study were as fol-

lows: (i) control diet (53:47 forage to concentrate;

CON), (ii) control plus FO at 0.5% (DM basis; FOL),

(iii) control plus FO at 2% (DM basis; FOM) and (iv)

control plus FO at 3.5% (DM basis; FOH). Alfalfa hay

and grass hay (approximately 3:1 DM basis) were used

as forage source. The nutrient composition of CON

diet averaged 13.4 g/100 DM for crude protein (CP),

22.2 g/100 g DM for acid detergent fibre (ADF),

33.9 g/100 g DM for neutral detergent fibre (NDF)

and 6.5 g/100 g DM for ash. Treatment diets (Table 1)

were fed at 120 g/day DM in three equal portions at

08:00, 15:00 and 21:00 h.

Whole ruminal contents were taken from two rumi-

nally fistulated Holstein cows fed a 60:40 forage/con-

centrate diet. At each collection time, approximately

3.5 kg of ruminal content was taken from each cow

4 h after feeding. The rumen samples were then com-

posited into one sample, strained through two layers

of cheesecloth and transported to the laboratory in a

sealed container and used within 20 min. Fermenter

canisters were filled with approximately 1300 ml of

rumen fluid and 400 ml of pre-warmed buffer (Weller

and Pilgrim, 1974). Buffer was delivered continuously

at a flow rate of 0.10 per h using a precision pump.

Flow rate of each fermenter was recorded every day at

08:00. Fermenters were constantly mixed at 120 rpm

via a magnetic impeller stirrer unit, purged with N2

gas (80 ml/min), and temperature was maintained at

39 °C. The pH was measured daily at 08:00, 15:00 and

21:00 h using a portable pH meter (Accumet* AP85

Portable, Fisher Scientific, Pittsburgh, PA, USA).

Sample collection and analysis

On day 9 of each period, three-10 samples 5were col-

lected from each fermenter at 1.5, 3 and 6 h post-

morning feeding, composited into one sample per fer-

menter and then analysed for volatile fatty acids

(VFA), fatty acids and bacterial DNA. Samples for VFA

and fatty acids were analysed as described by Potu

et al. (2011). Bacterial samples collected from fer-

menters were frozen immediately in liquid nitrogen

and stored at �80 °C until bacterial analysis (AbuG-

hazaleh et al., 2011; Potu et al., 2011).

The frozen microbial samples were thawed at room

temperature and then centrifuged for 10 min at

1000 g (Marathon Micro-A, Fisher Scientific), and the

DNA from pellets was then extracted using the MO

BIO UltracleanTM microbial DNA isolation kit (MO BIO

Table 1 Ingredient and fatty acid composition of treatment diets

Treatment

CON FOL FOM FOH

Fish oil supplement (% of diet DM) 0.00 0.50 2.00 3.50

Ingredient (g/100 g of DM)

Alfalfa hay 40.00 40.00 40.00 40.00

Grass hay 13.00 13.00 13.00 13.00

Corn 30.00 30.00 30.00 30.00

Soybean meal, 44% CP 7.50 7.50 7.50 7.50

Corn distillers 3.30 3.30 3.30 3.30

Soybean hulls 5.50 5.50 5.50 5.50

Corn oil 0.50 0.50 0.50 0.50

Mineral mix* 0.20 0.20 0.20 0.20

Fatty acid composition (mg/g DM)

C16:0 3.35 4.06 6.36 8.85

C18:0 0.55 0.67 1.04 1.43

C18:1 c9 4.75 5.34 5.38 5.69

C18:2n6 10.49 11.39 11.78 11.71

C18:3n3 1.46 1.42 1.78 1.89

C20:5n3 nd 0.76 2.55 3.24

C22:6n3 nd 0.48 1.81 2.72

Total fatty acids 23.79 27.76 38.59 49.66

CON, control diet (53:47 forage to concentrate); FOL, control plus fish oil

at 0.5% (diet DM); FOM, control plus fish oil at 2% (diet DM); FOH, control

plus fish oil at 3.5% (diet DM); nd, not detected or detected at <0.01.

*Contained (g/kg): NaCl (955 to 9.8 4), Zn (10.0), Mn (7.5), Fe (6.0), Mg

(0.5), Cu (0.32), I (0.28) and Co (0.11).
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Laboratories, Carlsbad, CA, USA). Concentration of

DNA was measured by BioPhotometer (Eppendorf

Scientific, Westbury, NY, USA). The purity of the DNA

was assessed from the 260:280 nm ratio. Purity of

DNA was considered acceptable with ratios >1.8.

Purified cultures of Butyrivibrio fibrisolvens (DSMZ

No 3071), Butyrivibrio SA (DSMZ 10302), Butyrivibrio

VA (DSMZ 10316) and Anaerovibrio lipolytica (DSMZ

3074) were obtained from DSMZ (German Resource

Center for Biological Material, Braunschweig,

Germany). Butyrivibrio proteoclasticus (ATCC 51982)

was obtained from ATCC (The Global Bioresource

Center, Manassas, VA, USA). All6 bacteria were grown

in our laboratory in sealed Hungate tubes as specified

by DSMZ and ATCC and used to generate standard

curves for the relative quantitative analyses (AbuG-

hazaleh et al., 2011; Potu et al., 2011). The slopes and

coefficient of determination (R2) for the standard

curves were �3.837 and 0.98 for B. fibrisolvens,

�3.456 and 0.995 for Butyrivibrio SA, �3.654 and

0.995 for Butyrivibrio VA, �3.569 and 0.996 for B. pro-

teoclasticus and �3.635 and 0.989 for A. lipolytica

respectively. The primer pairs for Butyrivibrio SA and

Butyrivibrio VA were described by Gudla et al. (2012).

The primer pairs for B. fibrisolvens, A. lipolytica and

B. proteoclasticus were described by Potu et al. (2011).

The specificity of primers was confirmed using the

BLAST program in the GenBank Database. The PCR

products for all tested bacteria were sent to a DNA

sequencing laboratory (GENEWIZ, South Plainfield,

NJ, USA) for validation (>97% homology).

Individual species-specific real-time quantitative

PCR (qPCR) was performed using Bio-Rad iCycler

MyiQ single color real-time PCR detection system

(Bio-Rad Laboratories, Hercules, CA, USA), using flu-

orescence detection of SYBR Green mix (Bio-Rad Lab-

oratories) as described by AbuGhazaleh et al. (2011)

and Potu et al. (2011). The PCR conditions for Butyri-

vibrio SA and Butyrivibrio VA were described by

Fuentes et al. (2009). The PCR conditions B. fibrisol-

vens, A. lipolytica and B. proteoclasticus were described

by Potu et al. (2011). Standard curves, DNA sample

quantification and melting curve analyses were

obtained using iQ5 Optical System Software (version

2.1, Bio-Rad Laboratories). Melting curve analysis was

performed after each amplification step to determine

the specificity of PCR product. Samples were amplified

in triplicate along with dilution standards of known

bacterial DNA concentrations. Samples and standards

were assayed on the same plate to allow for the rela-

tive quantification of bacterial DNA present in sample.

The DM of treatment diets samples was determined

by drying at 105 °C for 48 h (AOAC, 1990, 2000;

Method 930.15). The NDF was determined using the

Van Soest et al. (1991) procedure. The heat-stable

amylase and sodium sulphite were used to determine

NDF. Samples were analysed for CP (method 976.05)

and ash (method 942.05) according to AOAC (2000)

methods. The ADF content was determined according

to AOAC (1990); Method 973.18).

Statistical analysis

Data were analysed as a 4 9 4 Latin square design

using the PROC MIXED of SAS (SAS Institute, Cary,

NC, USA) using the following model:

Yijk ¼ lþ Ti þ Pj þ Fk þ eijk

where 7l is the overall mean, T is the fish oil

amount, P is the period effect, F is the fermenter

effect, and e is the residual error. The random effect

was fermenter. Fixed effects were period and diet,

while fermenter was the random effect. Preplanned

comparisons were linear and quadratic effects. Signifi-

cance was declared at p < 0.05.

Results

The effects of dietary FO amounts on fermenters VFA

and fatty acids are presented in Tables 2 and 3. The

concentrations of acetate and isobutyrate and the ace-

tate-to-propionate ratio decreased in a linear manner

(p < 0.05) as dietary FO amounts increased. Relative

to CON, propionate concentration tended to decrease

(p < 0.10) with dietary FO. The inclusion of FO in the

diet had no effects (p > 0.05) on the concentrations of

Table 2 Effect of incremental amounts of fish oil on fermenters volatile

fatty acids (mM) and pH

Treatment

SEM

p-value

CON FOL FOM FOH Lin Quad

Acetate 23.42 19.57 15.64 14.53 1.422 0.01 0.24

Propionate 10.87 10.38 12.41 14.47 1.141 0.08 0.47

Butyrate 8.84 9.48 7.27 7.69 1.035 0.35 0.92

A/P 2.15 1.92 1.21 1.05 0.155 0.01 0.79

Isobutyrate 0.62 0.54 0.41 0.46 0.028 0.01 0.12

Isovalerate 1.88 1.62 1.37 1.61 0.182 0.32 0.26

Valerate 1.67 1.49 1.35 1.67 0.147 0.88 0.18

Total VFA 47.29 43.05 37.98 40.54 3.165 0.13 0.29

pH 6.42 6.51 6.48 6.53 0.129 0.82 0.91

CON, control diet (53:47 forage to concentrate); FOL, control plus fish oil

at 0.5% (diet DM); FOM, control plus fish oil at 2% (diet DM); FOH, control

plus fish oil at 3.5% (diet DM); Lin, linear effect; Quad, quadratic; A/P,

Acetate-to-propionate ratio.
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total VFA, butyrate, valerate and isovalerate or

fermenters pH.

The concentrations of C18:0 decreased, while trans

C18:1 increased (p < 0.05) in a linear manner as die-

tary FO amounts increased. Vaccenic acid was the pre-

dominant trans C18:1 isomer, and its concentration

linearly increased (p < 0.01) with FO supplementa-

tion. Fish oil inclusion also resulted in a linear

increase (p < 0.02) in the concentrations of t10, t12

and t16 C18:1 and total trans C18:1. Dietary FO

amounts had no effects on the concentrations of c9t11

and t10c12 CLA. The quadratic effect was significant

(p < 0.05) only with C18:0 and t9 C18:1.

The effect of dietary FO amounts on rumen bacteria

is presented in Table 4. The DNA abundance for

B. fibrisolvens, Butyrivibrio SA, Butyrivibrio VA and

B. proteoclasticus decreased in a linear manner

(p < 0.01) as dietary FO amounts increased. Fish oil

supplementation had also quadratic effects (p < 0.04)

on both A. lipolytica and B. fibrisolvens.

Discussion

Supplementing the diet with FO had no effect on fer-

menters pH but shifted fermentation towards propio-

nate at the expense of acetate consistent with the

findings of others (Doreau and Chilliard, 1997; Shing-

field et al., 2003, 2011), and these changes may be

linked to the alterations in the bacterial community

with the FO supplementation (Huws et al., 2011; Potu

et al., 2011). Consistent with our results, Lee et al.

(2008) and Kim et al. (2008) reported no effects of

incremental dietary FO supplementation on total VFA

and butyrate concentrations. The relatively greater

molar proportions of butyrate in fermenters are con-

sistent with others’ continuous fermenter studies

(Miller-Webster et al., 2002; Vallimont et al., 2004;

Gregorini et al., 2010; Potu et al., 2011; Gudla et al.,

2012). Under in vivo condition, the rate of VFA absorp-

tion in the rumen is highest for butyrate and least for

acetate (Bergman, 1990). Additionally 9, metabolized

butyrate by the ruminal epithelium (Aschenbach

et al., 2011) may also explain the greater butyrate val-

ues typically seen in continuous fermenters.

Increasing VA formation and flow from the rumen

is the most limiting factor in enhancing milk c9t11

CLA content as the majority of c9t11 CLA in milk is a

result of endogenous synthesis by D-9 desaturase,

with VA as the substrate (Griinari et al., 2000). The

most noticeable changes in fermenters fatty acid con-

centrations with increasing FO supplementation were

seen with respect to VA and C18:0. Fish oil supple-

mentation interrupted the complete biohydrogenation

of C18 trans fatty acids leading to a decrease in the

concentration of C18:0 and increase in trans C18:1,

VA in particular. Supplementing the diet with FO

resulted in quadratic increases in C18:0 with concen-

tration reaching a minimum with FOM consistent

Table 3 Effect of incremental amounts of fish oil on fermenters fatty

acid (mg/g of DM)

Treatment

SEM

p-value

CON FOL FOM FOH Lin Quad

C14:0 0.27 0.38 0.77 1.26 0.031 0.01 0.01

C16:0 3.22 4.51 4.9 6.55 0.311 0.01 0.37

C18:0 5.97 5.22 1.00 1.46 0.229 0.01 0.04

C18:1 t6/8 0.03 0.04 0.02 0.03 0.011 0.84 0.93

C18:1 t9 0.06 0.11 0.07 0.08 0.019 0.44 0.05

C18:1 t10 0.11 0.40 0.59 0.89 0.131 0.01 0.96

C18:1 t11 1.31 1.97 4.48 4.47 0.269 0.01 0.33

C18:1 t12 0.11 0.21 0.33 0.43 0.063 0.02 0.96

C18:1 t16 0.25 0.37 0.58 0.84 0.044 0.01 0.09

C18:1 total

trans

1.86 3.35 6.06 6.74 0.527 0.01 0.29

C18:1c9 1.64 2.36 2.24 2.37 0.178 0.04 0.17

C18:2n6 2.32 2.82 2.17 2.31 0.235 0.49 0.47

C18:3n3 0.38 0.44 0.38 0.48 0.022 0.09 0.51

CLA, c9t11 0.04 0.04 0.07 0.06 0.013 0.22 0.36

CLA, t10c12 0.01 0.01 0.03 0.01 0.012 0.82 0.49

C20:5n3 nd 0.02 0.65 0.80 0.067 0.01 0.45

C22:6n3 nd 0.03 0.78 0.97 0.073 0.01 0.16

Total fatty acids 22.57 26.42 28.55 34.57 1.413 0.01 0.21

CON, control diet (53:47 forage to concentrate); FOL, control plus fish oil

at 0.5% (diet DM); FOM, control plus fish oil at 2% (diet DM); FOH, control

plus fish oil at 3.5% (diet DM); Lin, linear effect; Quad, quadratic; nd, not

detected or detected at <0.01.

Table 4 Effect of incremental amounts of fish oil on the DNA abundance

(pg) of selected rumen bacteria at a given starting DNA concentration 8

Treatment

SEM

p-value

CON FOL FOM FOH Lin Quad

Butyrivibrio

fibrisolvens,

36 ng*

64.63 32.2 18.54 27.04 7.592 0.01 0.02

Butyrivibrio VA,

24 ng*

1.54 1.34 0.73 0.50 0.112 0.01 0.12

Butyrivibrio SA,

18 ng*

39.79 38.97 19.16 18.89 4.753 0.01 0.95

Butyrivibrio

proteoclasticus,

20 ng*

1.46 1.25 0.60 0.40 0.225 0.01 0.46

Anaerovibrio

lipolytica,

60 ng*

5.45 3.83 4.73 5.82 0.937 0.84 0.04

CON, control diet (53:47 forage to concentrate); FOL, control plus fish oil

at 0.5% (diet DM); FOM, control plus fish oil at 2% (diet DM); FOH, control

plus fish oil at 3.5% (diet DM); Lin, linear effect; Quad, quadratic.
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with the findings of Lee et al. (2008) and Toral et al.

(2012). However, other studies (Shingfield et al.,

2011, 2012) reported only linear increases in C18:0

when incremental amounts of FO were added to ani-

mal diet. Speculating on reasons for the quadratic

effects in this experiment is difficult as samples were

collected from fermenters within the first six hours

after feeding and quadratic effects were not seen with

the other fatty acids. It is tempting, however, to specu-

late that the slight increases in C18:0 concentration

with the FOH diet may have resulted from the

increase in C18:0 intake with the HFO diet (Table 1).

Alternation in ruminal biohydrogenation pathways

leading to an increase in rumen or duodenal VA accu-

mulation and a marked decrease in C18:0 formation

are known to occur with FO supplementation (AbuG-

hazaleh and Jenkins, 2004; Wasowska et al., 2006;

Kim et al., 2008; Lee et al., 2008; Potu et al., 2011).

Previously, AbuGhazaleh and Jenkins (2004) demon-

strated that the docosahexaenoic acid (DHA;

C22:6n3), in FO or its derivatives are responsible for

inhibiting the terminal hydrogenation of trans C18:1

to C18:0, causing the accumulation of trans C18:1 in

the rumen. Although the mode of action could not be

determined, they speculated that FO may alter the

rumen ecosystem and/or inhibits the reductase activ-

ity of ruminal micro-organisms responsible for the

reduction of trans C18:1 to C18:0.

Fish oil supplementation also induced a linear

increase in the concentration of t10 C18:1, the second

main trans C18:1 isomer after VA, suggesting a shift in

the ruminal biohydrogenation pathway with the FO

diets. The formation of t10 C18:1 is known to increase

under low rumen pH conditions usually seen with

feeding low-forage, high-concentrate diets (AbuGhaz-

aleh and Jacobson, 2007; Fuentes et al., 2009; Gudla

et al., 2012). Previously, Bauman et al. (1999) pro-

posed a putative pathway for the production of t10

C18:1 under low rumen pH conditions where the

t10c12 CLA-producing bacteria become predominant

in the rumen resulting in formation of t10c12 CLA as

the first intermediate during C18:2n6 biohydrogena-

tion. Hydrogenation of the c12 bond would then result

in the formation of t10, analogous to the production of

VA from c9t11 CLA. The increases in t10C18:1 concen-

tration in this study were not accompanied by greater

concentrations of t10c12 CLA or decreases in ferment-

ers pH consistent with the findings of others (Kim

et al., 2008; Shingfield et al., 2011, 2012; Toral et al.,

2012). Although the rapid reduction of t10c12 CLA to

t10 C18:1 may explain the lack of t10c12 CLA accumu-

lation in fermenters, these results may also suggest

that t10c12 CLA may not be the only precursor for t10

C18:1 and other CLA isomers (t8c10, t8t10, t10t12)

may also serve as precursors for t10 C18:1. Recently,

Shingfield et al. (2011, 2012) reported an increase in

the ruminal flow of t8c12 and t8t10 CLA when dairy

cows and steer diets were supplemented with FO. The

shift towards t10 C18:1 formation with FO supple-

mentation may also indicate that FO increased the

proliferation of certain bacteria that possess high t10

isomerase activity. Using the PCR-DGGE analysis of

16S rRNA genes, Kim et al. (2008) reported that only

77% of the band positions were similar between steers

fed the control diet and the FO diet (30 g FO/kg; DM

basis). Consistent with the findings of others (Kim

et al., 2008; Shingfield et al., 2012; Toral et al., 2012),

FO supplementation had no effect on the concentra-

tion of c9t11 CLA in the present experiment.

It is generally recognized that bacteria in the rumen

are responsible for most of the biohydrogenation pro-

cess in the rumen (Or-Rashid and Alzahal, 2008) 10and

the main bacterial species identified as being most

involved belong to the Butyrivibrio group (Paillard

et al., 2007a). Using 16S rDNA sequence data, Paillard

et al. (2007a) constructed a phylogenetic tree that

contains two main groups of rumen Butyrivibrio bacte-

ria called Butyrivibrio VA and Butyrivibrio SA. With this

group, the only cultured Butyrivibrio SA producing

bacteria are B. proteoclasticus. Lourenc�o et al. (2010) 11

and McKain et al. (2010) identified B. proteoclasticus to

be the only known ruminal species to convert trans

C18:1 to C18:0.

The alternations in ruminal biohydrogenation to FO

supplementation in this study were associated with

changes in the DNA abundance of selected bacteria

(Table 4). Dietary FO supplementation significantly

lowered the DNA abundance of B. fibrisolvens indicat-

ing that FO inhibited their growth. This decrease in

B. fibrisolvens is consistent with several observations

reporting a decline in B. fibrisolvens with FO or DHA

supplementations (Wallace et al., 2006; Potu et al.,

2011; 12Toral et al., 2012) and may in part explain the

reductions in acetate concentration with FO diets as it

is generally agreed that B. fibrisolvens play fundamen-

tal role in fibre digestion (Harfoot and Hazlewood,

1997). Fish oil supplementations also significantly

lowered the DNA abundance for Butyrivibrio VA.

Belenguer et al. (2010) also reported that Butyrivibrio

VA tended to be lower in sheep fed diets supplemented

with FO. Additionally, results from Fuentes et al.

(2009) and Gudla et al. (2012) showed that the

increase in t10 C18:1 formation under low rumen pH

conditions was also associated with a reduction in the

abundance of Butyrivibrio VA. Whether the decrease in

Butyrivibrio VA with the FO supplement is responsible
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for the shift towards t10 C18:1 formation is by no

means certain as other bacteria may also be involved.

Supplementing the diet with FO also linearly

decreased the DNA abundance for Butyrivibrio SA and

B. proteoclasticus. Belenguer et al. (2010) also reported

a reduction in Butyrivibrio SA in steers fed FO diets.

Because B. proteoclasticus is the only known cultured

bacterium known to convert trans C18:1 to C18:0

(Lourenc�o et al., 2010; McKain et al., 2010), it is

tempting to correlate the reductions in C18:0 forma-

tion usually seen with FO diets with the decreases in

the abundance of this bacterium. However, inconsis-

tent with our findings, other studies have failed to

establish a strong correlation between the reductions

in C18:0 flow with FO and marine algae diets and B.

proteoclasticus (Kim et al., 2008; Potu et al., 2011;

Shingfield et al., 2012; Toral et al., 2012). Addition-

ally, Fuentes et al. (2009) and Gudla et al. (2012)

found no correlations between Butyrivibrio SA and

C18:0 flow under low rumen pH conditions. Studies

that reported weak correlations between Butyrivibrio

SA and B. proteoclasticus and C18:0 formation had sug-

gested that other, yet-uncultivated bacteria might ful-

fil a more important role in the final step of the

biohydrogenation process (Boeckaert et al., 2008;

Huws et al., 2010) or the activity of these bacteria

may not be proportional to DNA concentration (Huws

et al., 2011). Recently, Huws et al. (2011) suggested

that B. proteoclasticus may not play the dominant role

in C18:0 formation and other yet-uncultivated bacte-

ria, particularly those belonging to the genera Prevotel-

la and Anaerovoax, and unclassified Clostridiales and

Ruminococcaceae may play a role in biohydrogenation.

Anaerovibrio lipolytica is the bacterium most involved

in lipolysis in the rumen (Prins et al., 1975). In this

study, FO supplementation had quadratic effects on

the DNA abundance of A. lipolytica with the least DNA

abundance was seen with the FOL diet possibly sug-

gesting that above a certain threshold, A. lipolytica

becomes more active in hydrolysing ingested lipids.

Results from Maia et al. (2007) reported no changes

in the growth of A. lipolytica upon incubating with

polyunsaturated fatty acids at 50 lg/ml, demonstrat-

ing the low sensitivity of this bacterium to high levels

of oils. Recently, Potu et al. (2011) reported no

changes in the DNA abundance of A. lipolytica when

control diet was supplemented with FO and soybean

oil at 3% of diet DM.

Conclusion

Supplementing the diet with incremental amounts of

FO altered the fatty acid and specific bacteria composi-

tion in fermenters. Incremental inclusion of FO in the

diet caused dose-dependent increases in VA and t10

C18:1 and a concomitant decrease in C18:0 formation,

an effect that was accompanied by significant reduc-

tions in the DNA abundance of Butyrivibrio group. The

dose-dependent reductions in the DNA abundance of

Butyrivibrio VA, Butyrivibrio SA and B. proteoclasticus

with FO may in part explain FO effects on the biohy-

drogenation of unsaturated fatty acids in the rumen.

References

AbuGhazaleh, A. A.; Jacobson, B. N., 2007:

The effect of pH and polyunsaturated

C18 fatty acid source on the production

of vaccenic acid and conjugated linoleic

acids in ruminal cultures incubatedwith

docosahexaenoic acid. Animal Feed Sci-

ence and Technology 136, 11–22.

AbuGhazaleh, A. A.; Jenkins, T. C., 2004:

Short Communication: docosahexae-

noic acid promotes vaccenic acid accu-

mulation in mixed ruminal cultures

when incubated with linoleic acid. Jour-

nal of Dairy Science 87, 1047–1050.

AbuGhazaleh, A. A.; Abo-El-Nor, S.; Ibra-

him, S. A., 2011: The effect of replacing

corn with glycerol on ruminal bacteria

in continuous culture fermenters. Jour-

nal of Animal Physiology and Animal

Nutrition 95, 313–319.

Aschenbach, J. R.; Penner, G. B.; Stumpff,

F.; G€abel, G., 2011: Ruminant nutrition

symposium: role of fermentation acid

absorption in the regulation of ruminal

pH. Journal of Animal Science 89, 1092–

1107.

Association of Official Analytical Chemists

(AOAC), 1990: Official Methods of Analy-

sis, 15th edn. AOAC, Arlington, VA.

Association of Official Analytical Chemists

(AOAC), 2000: Official Methods of Analy-

sis, 17th edn. AOAC, Gaithersburg, MD.

Bauman, D. E.; Baumgard, L. H.; Corl,

B. A.; Griinari, J. M., 1999: Biosynthesis

of conjugated linoleic acid in ruminants.

Proc. Am. Soc. Anim. Soc., Available at:

http://www.asas.org/jas/symposia/pro-

ceedings/0937.pdf (retrieved May 5,

2006).

Belenguer, A.; Toral, P. G.; Frutos, P.;

Herv�as, G., 2010: Changes in the rumen

bacterial community in response to sun-

flower oil and fish oil supplements in

the diet of dairy sheep. Journal of Dairy

Science 93, 3275–3286.

Bergman, E. N., 1990: Energy contribu-

tions of volatile fatty-acids from the gas-

trointestinal-tract in various species.

Physiological Reviews. 70, 567–590.

Boeckaert, C.; Vlaeminck, B.; Fievez, V.;

Maignien, L.; Dijkstra, J.; Boon, N.,

2008: Accumulation of trans C18:1 fatty

acids in the rumen after dietary algal

supplementation is associated with

changes in the Butyrivibrio community.

Applied Environmental Microbiology 74,

6923–6930.

Crumb, D. J., 2011: Conjugated linoleic

acid (CLA) – an overview. International

Journal of Applied Research in Natural

Products 4, 12–18.

Doreau, M.; Chilliard, Y., 1997: Effects of

ruminal or post-ruminal fish oil supple-

mentation on intake and digestion in

dairy cows. Reproduction Nutrition Devel-

opment 37, 113–124.

Doreau, M.; Chesneau, G.; Glasser, F.;

Laverroux, S.; Normand, J., 2009: Effect

Journal of Animal Physiology and Animal Nutrition © 2013 Blackwell Verlag GmbH6

Fish oil level effects on trans fatty acids and bacteria 3A. A. AbuGhazaleh and A. Ishlak

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53



of linseed fed as rolled seeds, extruded

seeds or oil on fatty acid rumen metabo-

lism and intestinal digestibility in cows.

Lipids 44, 53–62.

Fuentes, M. C.; Calsamiglia, S.; Cardozo,

P. W.; Vlaeminc, B., 2009: Effect of pH

and level of concentrate in the diet on

the production of biohydrogenation

intermediates in a dual -flow continu-

ous culture. Journal of Dairy Science 92,

4456–4466.

Gregorini, P.; Soder, K. J.; Waghorn, G.,

2010: Effects of timing of corn silage

supplementation on digestion, fermen-

tation pattern, and nutrient flow dur-

ing continuous culture fermentation

of a short and intensive orchardgrass

meal. Journal of Dairy Science 93,

3722–3729.

Griinari, J. M.; Corl, B. A.; Lacy, S. H.;

Chouinard, P. Y.; Nurmela, K. V.; Bau-

man, D. E., 2000: Conjugated linoleic

acid is synthesized endogenously in lac-

tating dairy cows by delta(9)-desaturase.

Journal of Nutrition 130, 2285–2291.

Gudla, P.; AbuGhazaleh, A. A.; Ishlack, A.;

Jones, K., 2012: The effect of level of

forage and oil supplement on biohydro-

genation intermediates and bacteria in

continuous cultures. Animal Feed Science

and Technology 171, 108–116.

Harfoot, C. G.; Hazlewood, G. P., 1997:

The rumen microbial ecosystem. In:

P. N. Hobson, C. S. Stewart (eds), Lipid

Metabolism in the Rumen. Blackie and

Prof., London, pp. 382–426.

Huws, S. A.; Lee, M. R. F.; Muetzel, S. M.;

Scott, M. B.; Wallace, R. J., 2010: Forage

type and fish oil causes shifts in rumen

bacterial diversity. FEMS Microbiology

Ecology 73, 396–407.

Huws, S. A.; Kim, E. J.; Lee, M. R. F.;

Scott, M. B.; Tweed, J. K.; Pinloche, E.;

Wallace, R. J.; Scollan, N. D., 2011: As

yet uncultured bacteria phylogenetically

classified as Prevotella, Lachnospiraceae in-

certae sedis and unclassified Bacteroidales,

Clostridiales and Ruminococcaceae may

play a predominant role in ruminal bio-

hydrogenation. Environmental Microbiol-

ogy 13, 1500–1512.

Kennedy, A.; Martinez, K.; Schmidt, S.;

Mandrup, S.; LaPoint, K.; McIntosh, M.,

2010: Antiobesity mechanisms of action

of conjugated linoleic acid. Journal of

Nutritional Biochemistry 21, 171–179.

Kim, E. J.; Huws, S. A.; Lee, M. R. F.;

Wood, J. D.; Muetzel, S. M.; Wallace,

R. J.; Scollan, N. D., 2008: Fish oil

increases the duodenal flow of long

chain polyunsaturated fatty acids and

trans-11 18:1 and decreases 18:0 in

steers via changes in the rumen bacte-

rial community. Journal of Nutrition 138,

889–896.

Lee, M. R. F.; Shingfield, K. J.; Tweed,

J. K.; Toivonen, V.; Huws, S. A.; Scollan,

N. D., 2008: Effect of fish oil on ruminal

biohydrogenation of C18 unsatu-

rated fatty acids in steers fed grass or

red clover silages. Animal 2,

1859–1869.

Lourenc�o, M.; Ramos-Morales, E.; Wal-

lace, R. J., 2010: The role of microbes in

rumen lipolysis and biohydrogenation

and their manipulation. Animal 4,

1024–1036.

Maia, M. R.; Chaudhary, L. C.; Figueres,

L.; Wallace, R. J., 2007: Metabolism of

polyunsaturated fatty acids and their

toxicity to the microflora of the

rumen. Antonie van Leeuwenhoek 91,

303–314.

McKain, N.; Shingfield, K. J.; Wallace,

R. J., 2010: Metabolism of conjugated li-

noleic acids and 18:1 fatty acids by ru-

minal bacteria: products and

mechanisms. Microbiology 156, 579–588.

Miller-Webster, T.; Hoover, W. H.; Holt,

M.; Nocek, J. E., 2002: Influence of

yeast culture on ruminal micro-

bial metabolism in continuous cul-

ture. Journal of Dairy Science 85,

2009–2014.

Or-Rashid, M. M.; Alzahal, O., 2008: Stud-

ies on the production of conjugated li-

noleic acid from linoleic and vaccenic

acids by mixed rumen protozoa. Applied

Microbiology and Biotechnology 81,

533–541.

Paillard, D.; McKain, N.; Chaudhary, L. C.;

Walker, N. D.; Pizette, F.; Koppova, I.;

McEwan, N. R.; Kopecny, J.; Vercoe,

P. E.; Louis, P.; Wallace, R. J., 2007a:

Relation between phylogenetic

position, lipid metabolism and buty-

rate production by different Butyrivib-

rio-like bacteria from the rumen.

Antonie van Leeuwenhoek 91,

417–422.

Paillard, D.; McKain, N.; Rincon, M. T.;

Shingfield, K. J.; Givens, D. I.; Wallace,

R. J., 2007b: Quantification of ruminal

Clostridium proteoclasticum by real-time

PCR using a molecular beacon

approach. Journal of Applied Microbiology

103, 1251–1261.

Potu, R. B.; AbuGhazaleh, A. A.; Hastings,

D.; Jones, K.; Ibrahim, S. A., 2011: The

effect of lipid supplements on ruminal

bacteria in continuous culture ferment-

ers varies with the fatty acid composi-

tion. The Journal of Microbiology 49,

216–223.

Prins, R. A.; Lankhorst, A.; van der Meer,

P.; Van Nevel, V. J., 1975: Some charac-

teristics of Anaerovibrio lipolytica, a

rumen lipolytic organism. Antonie van

Leeuwenhoek 41, 1–11.

Shingfield, K. J.; Ahvenj€arvi, S.; Toivonen,

V.; Ar€ol€a, A.; Nurmela, K. V. V.;

Huhtanen, P.; Griinari, J. M., 2003:

Effect of dietary fish oil on biohydroge-

nation of fatty acids and milk fatty acid

content in cows. Animal Science 77,

165–179.

Shingfield, K. J.; Lee, M. R. F.; Humphries,

D. J.; Scollan, N. D.; Toivonen, V.; Be-

ever, D. E.; Reynolds, C. K., 2011: Effect

of linseed oil and fish oil alone or as an

equal mixture on ruminal fatty acid

metabolism in growing steers fed maize

silage based diets. Journal of Animal Sci-

ence 89, 3728–3741.

Shingfield, K. J.; Kairenius, P.; €Ar€ol€a, A.;

Paillard, D.; Muetzel, S.; Ahvenj€arvi, S.;

Vanhatalo, A.; Huhtanen, P.; Toivonen,

V.; Griinari, J. M.; Wallace, R. J., 2012:

Dietary fish oil supplements modify

ruminal biohydrogenation, alter the

flow of fatty acids at the omasum, and

induce changes in the Ruminal

Butyrivibrio population in lactating

cows. Journal of Nutrition 142,

1437–1448.

Toral, P. G.; Belenguer, A.; Shingfield, K.

J.; Hervas, G.; Toivonen, V.; Frutos, P.,

2012: Fatty acid composition and

bacterial community changes in the

rumen fluid of lactating sheep fed sun-

flower oil plus incremental levels of

marine algae. Journal of Dairy Science 95,

794–806.

Vallimont, J. E.; Bargo, F.; Cassidy, T. W.;

Luchini, N. D.; Broderick, G. A.; Varga,

G. A., 2004: Effects of replacing dietary

starch with sucrose on ruminal fermen-

tation and nitrogen metabolism in con-

tinuous culture. Journal of Dairy Science

87, 4221–4229.

Van Soest, P. J.; Robertson, J. B.; Lewis,

B. A., 1991: Methods for dietary fiber,

neutral detergent fiber, and non-starch

polysaccharides in relation to animal

nutrition. Journal of Dairy Science 74,

3583–3597.

Varadyova, Z.; Ki�sidayova, S.; Siroka, P.;

Jal�c, D., 2007: Fatty acid profiles of

rumen fluid from sheep fed diets supple-

mented with various oils and effect on

Journal of Animal Physiology and Animal Nutrition © 2013 Blackwell Verlag GmbH 7

A. A. AbuGhazaleh and A. Ishlak Fish oil level effects on trans fatty acids and bacteria 3

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53



the rumen ciliate population.

Czech Journal of Animal Science 52,

399–406.

Wallace, R. J.; Chaudhary, L. V.; McKain,

N.; McEwan, N. R.; Richardson, A. J.;

Vercoe, P. E.; Walker, N. D.; Paillard, D.,

2006: Clostridium proteoclasticum: a ru-

minal bacterium that forms stearic acid

from linoleic acid. FEMS Microbiology Let-

ters 265, 195–201.

Wasowska, I.; Maia, M. R. G.; Nied-

zwiedzka, K. M.; Czauderna, M.; Rama-

lho Ribeiro, J. M. C.; Devillard, E.;

Shingfield, K. J.; Wallace, J. R., 2006:

Influence of fish oil on ruminal biohy-

drogenation of C18 unsaturated fatty

acids. British Journal of Nutrition 95,

1199–1211.

Weller, R. A.; Pilgrim, A. F., 1974:

Passage of protozoa and volatile fatty

acids from the rumen sheep and from a

continuous in vitro fermentation sys-

tem. British Journal of Nutrition 3,

341–352.

Journal of Animal Physiology and Animal Nutrition © 2013 Blackwell Verlag GmbH8

Fish oil level effects on trans fatty acids and bacteria 3A. A. AbuGhazaleh and A. Ishlak

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53



Author Query Form

Journal: JPN

Article: 12077

Dear Author,

During the copy-editing of your paper, the following queries arose. Please respond to these by marking up

your proofs with the necessary changes/additions. Please write your answers on the query sheet if there is

insufficient space on the page proofs. Please write clearly and follow the conventions shown on the

attached corrections sheet. If returning the proof by fax do not write too close to the paper’s edge. Please

remember that illegible mark-ups may delay publication.

Many thanks for your assistance.

Query reference Query Remarks

1 AUTHOR: Please check that all the information displayed in your

equations and tables are displayed correctly and that they appear in

the correct order.

2 AUTHOR: If you have not already completed a Copyright Transfer

Agreement, please download a copy from, http://media.wiley.com/

assets/1540/86/ctaaglobal.pdf, and return a completed copy directly

to the production office by emailing it to jpn@wiley.com or faxed to

+65 6643 8598. A hardcopy via regular mail would not be necessary.

3 AUTHOR: Please check the running head short title.

4 AUTHOR: Here, please check the value ‘955 to 9.8’.

5 AUTHOR: Please check the clarity of the sentence ‘On day 9 of each

period…’

6 AUTHOR: The term ‘relative quantitation analyses’ has been chan-

ged to ‘relative quantitative analyses’ in the sentence “All bacteria

were…relative quantitative analyses.” Please check and approve the

edit made.

7 AUTHOR: The past tense has been changed to present tense in the

sentence “where ? is the overall…the residual error.” Please check

and confirm the edit made.

8 AUTHOR: Please provide significance (if any) for the ‘*’ presented in

the Table 4.

9 AUTHOR: Please check and approve the edit made in the sentence

“Additionally, metabolized butyrate…seen in continuous ferment-

ers.”

10 AUTHOR: Or-Rashid et al., 2008 has been changed to Or-Rashid and

Alzahal, 2008 so that this citation matches the Reference List. Please

confirm that this is correct.



11 AUTHOR: Laorenco et al. (2010) has been changed to Lourenc�o et al.

(2010) so that this citation matches the Reference List. Please confirm

that this is correct.

12 AUTHOR: Potu et al., 2001 has been changed to Potu et al., 2011 so

that this citation matches the Reference List. Please confirm that this

is correct.



O n c e y o u h a v e A c r o b a t R e a d e r o p e n o n y o u r c o m p u t e r , c l i c k o n t h e C o m m e n t t a b a t t h e r i g h t o f t h e t o o l b a r :

S t r i k e s a l i n e t h r o u g h t e x t a n d o p e n s u p a t e x tb o x w h e r e r e p l a c e m e n t t e x t c a n b e e n t e r e d .
‚ H i g h l i g h t a w o r d o r s e n t e n c e .
‚ C l i c k o n t h e R e p l a c e ( I n s ) i c o n i n t h e A n n o t a t i o n ss e c t i o n .
‚ T y p e t h e r e p l a c e m e n t t e x t i n t o t h e b l u e b o x t h a ta p p e a r s .

T h i s w i l l o p e n u p a p a n e l d o w n t h e r i g h t s i d e o f t h e d o c u m e n t . T h e m a j o r i t y o ft o o l s y o u w i l l u s e f o r a n n o t a t i n g y o u r p r o o f w i l l b e i n t h e A n n o t a t i o n s s e c t i o n ,p i c t u r e d o p p o s i t e . W e ’ v e p i c k e d o u t s o m e o f t h e s e t o o l s b e l o w :
S t r i k e s a r e d l i n e t h r o u g h t e x t t h a t i s t o b ed e l e t e d .

‚ H i g h l i g h t a w o r d o r s e n t e n c e .
‚ C l i c k o n t h e S t r i k e t h r o u g h ( D e l ) i c o n i n t h eA n n o t a t i o n s s e c t i o n .

H i g h l i g h t s t e x t i n y e l l o w a n d o p e n s u p a t e x tb o x w h e r e c o m m e n t s c a n b e e n t e r e d .
‚ H i g h l i g h t t h e r e l e v a n t s e c t i o n o f t e x t .
‚ C l i c k o n t h e A d d n o t e t o t e x t i c o n i n t h eA n n o t a t i o n s s e c t i o n .
‚ T y p e i n s t r u c t i o n o n w h a t s h o u l d b e c h a n g e dr e g a r d i n g t h e t e x t i n t o t h e y e l l o w b o x t h a ta p p e a r s .

M a r k s a p o i n t i n t h e p r o o f w h e r e a c o m m e n tn e e d s t o b e h i g h l i g h t e d .
‚ C l i c k o n t h e A d d s t i c k y n o t e i c o n i n t h eA n n o t a t i o n s s e c t i o n .
‚ C l i c k a t t h e p o i n t i n t h e p r o o f w h e r e t h e c o m m e n ts h o u l d b e i n s e r t e d .
‚ T y p e t h e c o m m e n t i n t o t h e y e l l o w b o x t h a ta p p e a r s .



I n s e r t s a n i c o n l i n k i n g t o t h e a t t a c h e d f i l e i n t h ea p p r o p r i a t e p a c e i n t h e t e x t .
‚ C l i c k o n t h e A t t a c h F i l e i c o n i n t h e A n n o t a t i o n ss e c t i o n .
‚ C l i c k o n t h e p r o o f t o w h e r e y o u ’ d l i k e t h e a t t a c h e df i l e t o b e l i n k e d .
‚ S e l e c t t h e f i l e t o b e a t t a c h e d f r o m y o u r c o m p u t e ro r n e t w o r k .
‚ S e l e c t t h e c o l o u r a n d t y p e o f i c o n t h a t w i l l a p p e a ri n t h e p r o o f . C l i c k O K .

I n s e r t s a s e l e c t e d s t a m p o n t o a n a p p r o p r i a t ep l a c e i n t h e p r o o f .
‚ C l i c k o n t h e A d d s t a m p i c o n i n t h e A n n o t a t i o n ss e c t i o n .
‚ S e l e c t t h e s t a m p y o u w a n t t o u s e . ( T h e A p p r o v e ds t a m p i s u s u a l l y a v a i l a b l e d i r e c t l y i n t h e m e n u t h a ta p p e a r s ) .
‚ C l i c k o n t h e p r o o f w h e r e y o u ’ d l i k e t h e s t a m p t oa p p e a r . ( W h e r e a p r o o f i s t o b e a p p r o v e d a s i t i s ,t h i s w o u l d n o r m a l l y b e o n t h e f i r s t p a g e ) .

A l l o w s s h a p e s , l i n e s a n d f r e e f o r m a n n o t a t i o n s t o b e d r a w n o n p r o o f s a n d f o rc o m m e n t t o b e m a d e o n t h e s e m a r k s . .
‚ C l i c k o n o n e o f t h e s h a p e s i n t h e D r a w i n gM a r k u p s s e c t i o n .
‚ C l i c k o n t h e p r o o f a t t h e r e l e v a n t p o i n t a n dd r a w t h e s e l e c t e d s h a p e w i t h t h e c u r s o r .
‚

T o a d d a c o m m e n t t o t h e d r a w n s h a p e ,m o v e t h e c u r s o r o v e r t h e s h a p e u n t i l a na r r o w h e a d a p p e a r s .
‚

D o u b l e c l i c k o n t h e s h a p e a n d t y p e a n yt e x t i n t h e r e d b o x t h a t a p p e a r s .


	Southern Illinois University Carbondale
	OpenSIUC
	4-1-2014

	Effects of Incremental Amounts of Fish Oil on Trans Fatty Acids and Butyrivibrio Bacteria in Continuous Culture Fermenters.
	A A AbuGhazaleh
	A Ishlak
	Recommended Citation


	tmp.1493418959.pdf.8S2YS

