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ABSTRACT

This experiment employed a rumen simulated continuous culture system to examine the possibility of
improving the rumen bypass of polyunsaturated fatty acids (PUFA) by using a high proportion of concentrate
in the feed, and compared soya and linseed in terms of conjugated linoleic acid (CLA) production. No effect
of type of fat source was observed on ruminal fermentation. A high proportion of concentrate (80%) in the
feed decreased (P <0.001) vessel pH but increased (P <0.01) ammonia nitrogen, total VFA, acetate, butyrate
and valerate concentrations compared with a low proportion (40%). Fat sources (soya vs. linseed) and
concentrate ratio in the feed did not affect digestibilities of organic matter (OM), total nitrogen, neutral
detergent fiber (NDF) and acid detergent fiber (ADF). Soya increased the flows of trans C18:1, C18:2 n-6
and C18:3 n-3 compared with linseed. The difference in fat source alone did not affect the flow of CLA but
this was increased when high levels of soya and linseced were associated with a high proportion of
concentrate in the feed. There was no effect of fat source on biohydrogenation of C18:1 n-9 and Cl18:2 n-6,
but biohydrogenation of C18:3 n-3 and total C18 PUFA was higher with the linseed than with the soya
treatment. A high proportion of concentrate decreased biohydrogenation of C18:2 n-6, C18:3 n-3 and total
C18 PUFA compared with a low proportion.

(Key words : Polyunsaturated fatty acids (PUFA), Conjugated linoleic acid (CLA), Biohydrogenation)

I .INTRODUCTION sition of ruminant products such as beef and

milk. Clinical research has demonstrated that the

Recently, there has been a lot of interest in  n-3 polyunsaturated fatty acids (PUFA), such as
using fats to manipulate the fatty acid compo- C18:3 n-3, C20:5 n-3 and C22:6 n-3 are impor-
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tant in reducing the risk of coronary heart dis-
1988). Thus, a major chal-

lenge for the animal scientists today is to estab-

ease (Simopoulos,

lish new methods for decreasing the content of
saturated fatty acid and increasing PUFA in beef
and milk. Also, an interest in examining the
CLA content of meat and milk has surveyed due
to its anticarcinogenic effect (Ip et al, 1994).
one of the majorlimitations for in-
the PUFA
products is that these fatty acids tend to be

However,
creasing composition of ruminant
hydrogenated by rumen micro-organisms to more
(Harfoot
1988). The challenge, therefore, is to increase the

saturated  products and Hazelwood,
deposition of PUFA in beef by attempting to
decrease biohydrogenation of the PUFA in the
rumen. Various techniques have been used to
protect diectary PUFA from biohydrogenation;
such as lipids coated with formaldehyde-treated
protein (Scott et 1972), soaps
(Jenkins and Palmquist, 1984), fatty acyl amides
(Fotouhi and Jenkins, 1992) and feeding whole
oilseeds (Scollan et al., 2001a, b). Also, feeding

a high level of concentrate may decrease biohy-

al., calcium

drogenation of PUFA due to alteration of rumen
1996).
Generally, feeding high concentrate diets de-
creases rumen pH (Galbraith and Miller, 1973;
Van Nevel and Demeyer, 1996), but increases

metabolism (Van Nevel and Demeyer,

total VFA concentration (Klusmeyer et al., 1991;
Hussein et al., 1996 ; Kalscheur et al., 1997b)
from a rapid fermentation of high proportion of
concentrates in the rumen. This results in inhi-
bition of lipolysis (Galbraith and Miller, 1973;
Van Nevel 1996),
biohydrogenation may be inhibited. In addition, a

and Demeyer, and then
high concentrate diet increased either trans CI8:1
or CLA production (Palmquist and Schanbacher,
1991; Kalscheur et al., 1997a; Griinari et al.,
1998), due to incomplete biohydrogenation of
fatty acids. For these reasons, it is hypothesized

that a high concentrate ratio in the feed may
9
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increase the deposition of PUFA and CLA in
beef and milk. Therefore, an in vitro experiment
using rumen simulated continuous culture (Merry
et al., 1987) was conducted to investigate rumen
bypass of PUFA by using high ratio of con-
centrate in the feed and also to look at the
effect of supplemented soya high in C18:2 n-6 or
linseed high in C183 n-3 in terms of CLA

production.

0. MATERIALS AND METHODS

1. Inoculum source

The experimental rumen fluid was collected in
thermos flasks from each of two Holstein-Friesian
cows which were fed ad libitum grass silage plus
approximately 8 kg of a dairy concentrate per
day; the samples were transported to the labora-
tory as fast as possible. The two samples of
rumen fluid were bulked and filtered through 4
layers of surgical muslin, and centrifuged at 551 x
g (Beckman, Model J-6B, Galway, Ireland) for
The
supernatant was centrifuged again at 31,000 x g
(MSE High Speed 18, England) for 15 minutes.
The pellet was washed with 0.9 % saline and

15 minutes to remove feed particles.

then distilled water. Centrifugation of the pellet
samples was started approximately 15 minutes

after collection.

2. Experimental design, diets and infusates

entering the vessel

The experiment was conducted as a 4 x4
Latin square design using 4 diets and vessels.
Each experimental period lasted 12 d, with a 9 d
adaptation period to the diets, followed by a 3 d
measurement period. Four diets varying in the
type of fat

concentrate to forage (50:50, grass silage: barley

(soya or linseed) and ratio of

straw on a DM basis) were used. The concen-
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trate mixes were based on wheat, molassed
sugarbeet pulp and molasses with either whole
linseed (n-3 PUFA source, high in C18:3 n-3) or
full-fat soya bean (n-6 PUFA source, high in
C18:2 n-6). These two mixes were combined
with the forage in either a 60:40 (Low) or 20:80
(High) ratio of forage:concentrate on a DM basis.
The formulation of the concentrates is shown in
Table 1. The concentrate and forage were ground
to pass through a 2 mm screen using a mill
(Tecator, Box 70, S-263 21, Hoganas, Sweden).
Each of the four concentrate/forage diets was
blended with water (1.3 L/kg diet) containing
methylcellulose (10g/L) to bind, and pelletted.
The pellets were freeze dried at -~ 60°C for 48 h
and reduced in size to approximately Smm
Table 1. Formulation and chemical composi-

tion of the experimental diets

Concentrate ratio

High Low High Low

Soya Linseed
Ingredient ............ g/kg DM ............
Wheat 340 170 340 170
Molassed sugar 176 88 176 88
beet pulp
Molasses 40 20 40 20
Full fat soya 224 112 0 0
Linseed 0 0 100 50
Linseed meal 0 0 124 62
Premix 20 10 20 10
Grass silage 100 300 100 300
Barley straw 100 300 100 300
Chenlical Composition ............ g/kg DM ............
DM 968.0 961.4 978.5 946.0
Total nitrogen 28.0 207 243 192
Organic matter 930.0 937.5 929.6 935.5
Neutral detergent 351.4 558.3 3744 579.1
fibre
Acid detergent 133.0 290.2 166.6 306.5
fibre
Acid hydrolysis 70.1 446 712 440

ether extract
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lengths. The dietary pellets were delivered contin-
uously into vessels by an automatic feeder at a
rate of 30g DM/d and artificial
1948) was infused
approximately 1450 ml/d by a peristaltic pump.

saliva (Mc

Dougall, continuously at

3. Procedures and measurements

During the experiment, samples of filtered and
displaced effluent were taken daily just after
replenishing the feed. Samples of filtered and
displaced effluent were combined in proportion to
the amounts collected (mixed effluent) during the
sampling days (days 10, 11 and 12). About 300g
samples of mixed effluent per vessel were collected
and freeze dried at —60°C for 48 h for subsequent
analyses of DM, OM, VFA, NDF/ ADF, total-N
and fatty acids. Another 150ml of mixed effluent
samples as a liquid form were taken and frozen
at —20°C for analyses of volatile fatty acids and
ammonia nitrogen. Daily samples (8ml) were taken
of filtered vessel contents and the pH was measured
immediately. The calculation of biohydrogenation
followed the method of Wu et al. (1991)
biohydrogenation (%) =100 — 100 x (individual un-
saturated C18/total C18 in duodenal digesta)/
(individual unsaturated C18/total C18 in feed).

4. Analytical methods

The DM content of diets was measured after
drying at 100C for 24 h. OM was analysed by
ashing at 550°C for 6 h in a muffle furnace.
Volatile
determined by gas

components of rumen liquid were
chromatography for VFA.
Ammonia nitrogen (NH3-N) was assessed enzy-
matically using glutamate dehydrogenase on a
discrete analyser (FP-901M Chemistry Analyzer,
Labsystems Oy, Helsinki, Finland; test kit no 66-
50, Sigma-Aldrich Co, Ltd, Poole, Dorset). Total

nitrogen was determined by the micro-Kjeldahl
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technique using ‘Kjeltec equipment’ (Perstorp
Analytical Ltd, Maidenhead, Berkshire). NDF was
determined as described by Van Soest et al.
(1991) using the Tecator Fibretec System equip-
ment (Tecator Ltd, Thornbury, Bristol). Acid
hydrolysis ether extracts (AHEE) were obtained
using ‘Soxtec’ equipment (Perstorp Analytical Ltd,
Maidenhead, Berkshire) incorporating the addition-
al acid hydrolysis and extraction step as de-
scribed in Ministry of Agriculture, Fisheries and
Food (1992).

Fatty acids from mixed effluents and bacteria
in 5M
potassium hydroxide in aqueous methanol (1:1,
viv) for 3 h at 60C, after addition of C21:0

standard methyl ester as an internal standard.

were obtained by direct hydrolysis

After acidification and extraction into petroleum
spirit the fatty acids were converted to methyl
esters using a solution of diazomethane in diethyl
ether (Enser et al., 1996). Methyl ester composi-
tion was analysed by gas-liquid chromatography
on a CP Sil 88 column (50m x0.25mm ID)
(Chrompack, UK) using a split injection system
and helium as carrier gas. A standard of mixed
isomers of CLA methyl esters was obtained from
Sigma Chemical Co. (Poole, UK). The CLA iso-
mers of the standard eluted form the column after
o-linolenic acid in the region of the internal
standard were determined by methods similar to
1996;
Stanton et al., 1997). At the column loadings used

those reported previously (Jiang et al.,

only one peak was detected in the sample’s lipids
corresponding to a peak in the CLA standard.

5. Statistical analysis

Analysis of variance was used to identify type
of fat and concentrates : forage ratio effects and
their interactions using Genstat 5, (Lawes Agri-
cultural Trust, 1990). The model fitted was :

Yjyu=H+C +F +CF; + Vi + P+ Ejw
9

Where 1 is the overall mean, Ci is the fixed
effect of the i™ 1,2), F; is
the fixed effect of the jLh fat source (j = 1, 2),
CFj is the interaction term of the i concentrate
ratio with the jth fat source, Vi is the fixed
effect of the &™ vessel (k=1-4), P; is the fixed
effect of the /™ period (/=1-4) and Eju is the

residual error term.

concentrate ratio (i =

IMl. RESULTS
1. Diet composition

The four experimental diets had a similar DM
and OM contents (Table 1). There was a differ-
ence in the total-N content between soya and
linseed, particularly in the diets with a high ratio
of concentrate diets because the concentrates were
not iso-nitrogenous. The total-N and Acid hydrol-
ysis ether extract (AHEE) were higher but NDF
and ADF were lower in the diets containing the
higher proportion of concentrate.

The fatty acid composition of the diets is
shown in Table 2. Total fatty acid was higher in
the high than in the low concentrate diets. C18:2
n-6 was the major fatty acid in the diet con-
taining soya, representing 51% and 46% of total
fatty acid in high and low concentrate diets,
respectively. In the diets containing linseed, C18:3

n-3 was the major fatty acid, representing 54%

Table 2. Fatty acid composition of the exper-
imental diets (g/kg DM)

Concentrate ratio

High Low High Low
Soya Linseed

C14:0 0.10 0.12 038 0.28
C16:0 758 442 685 435
C18:0 1.75 094 238 131
C18:1n-9 1046 5.19 11.61 5.76
C18:2n-6 2725 13.69 13.77 7.64
C18:3n-3 403 333 3338 18.19
Total fatty acid 53.63 29.64 6134 38.12
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and 48% of total fatty acid in high and low
concentrate diets, respectively. These two fatty
acids, 18:2 n-6 in soya and C18:3 n-3 in linseed

diets, were present at almost similar levels.

2. Characteristics of fermentation and di-
gestibilities of nutrients

No effects of type of fat source were observed on
pH, NH3-N and total VFA in the fermenter vessels
(Table 3). Concentrations of individual VFA were also

not significantly different between the treatments,
including type of fat source, except n-valerate, which
was higher in soya compared to linseed treatments (F <
0.01). High concentrate diets decreased the vessel pH
(P <0.001), but increased NH;-N (P <0.01) and total
VFA (P <0.01) compared to low concentrate diets.
The concentration of all VFA was higher in the high
concentrate  diets, except for propionate.
Digestibilities of nutrients including OM, total-N,
NDF and ADF were not affected by fat sources and

/ or concentrate ratios in the feed (Table 4).

Table 3. Effect of type of fat and proportion of concentrates in the diet on fermentation in

rumen simulated vessels

Concentrate ratio

High  Low High Low P value”
Soya Linseed SED" Fat source F:C”
pH 6.10 6.54 6.19 6.50 0.068 NS ko
NH3-N(mgN/L) 1629 119.1 149.3 120.9 12.48 NS *ok
Total VFA (mmol/L) 81.61  66.80 7691  63.92 3.524 NS Hk
Individual VFA molar proportion (mmol/L)
Acetate 4598  40.78 4525 3992 1.753 NS Hok
Propionate 16.71 12.79 1424  12.75 2.587 NS NS
Iso-butyrate 0.87 0.63 0.81 0.64 0.078 NS wok
n-butyrate 13.85 9.95 13.34 843 1.689 NS *
Iso-valerate 1.47 0.85 1.15 0.75 0.158 NS wok
n-valerate 2.74 1.80 2.11 1.44 0.184 *ok *okk
A/P ratio 3.04 3.28 3.26 3.18 0.299 NS NS

Y'SED = standard error deviation.

? The interaction effect was not significant (P 0.05) ; NS = not significant (P > 0.05), *P <0.05, **P < 0.0l and

**%p (0.001.
Y F:C, ratio of forage to concentrate.

Table 4. Effect of diet and forage:concentrate ratio
simulated vessels

(F:C) on the digestibility of nutrients in rumen

Concentrate ratio

P value”
High Low High Low
Soya Linseed SED" Fat source F:C” Interaction
Digestibility (%)

oM 729 683 722 693 3.881 NS NS NS
Total N 364 403 36.6 41.0 3.771 NS NS NS
NDF 547 502 49.0 50.8 2.08 NS NS NS
ADF 484 475 44.8 46.7 2.68 NS NS NS
D23 As Table 3.

9
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3. Intake, outflow and biohydrogenation of
C18 fatty acids

Intakes and outflows of CI18 fatty acids, and
outflows of trans C18:1 and CLA are presented
in Table 5. Since OM intake was
between two treatments, the difference in C18
fatty acids intake is the reflection of the differ-

similar

ences in the composition of the diets. Intake of
C18:2 n-6 was higher in soya than in linseed
treatments (P < 0.001). Intakes of C18:1 n-9 and
C18:3 n-3 were higher in linseed than in soya
treatments (P < 0.001 and P <0.001, respectively).
The outflows of C18:1 n-9, C18:2 n-6 and C18:3
n-3 showed correspondence with intakes. Different
types of fat source did not affect flow of CLA,
but the flow of trans C18:1 was higher in the
soya than in the linseed treatment (P <0.05). As
expected, intakes of CI18 fatty acids were higher
with the high with the low concentrate diets (P <

0.001). Flows of CLA and trans CI18:1 were
higher with high than with low concentrate (P <
0.05). Intakes of C18:1 n-9 and C18:3 n-3 were
higher in both the high and low concentrate diets
containing linseed than in those containing soya
(P<0.001 and P <0.001, respectively), but intakes
of Cl18:2 n-6 were higher in both the diets
containing soya (P <0.001).

Effects of diets on biohydrogenation of CI18
fatty acids are shown in Table 6. Biohydrog-
enation of Cl18:1 n-9 and C18:2 n-6 were not
affected by type of fat source. Biohydrogenation
of C18:3 n-3 and total CI8 unsaturated fatty
acids were lower in soya than that of linseed
treatments (P <0.05 and P <0.05, respectively).
High concentrate diets decreased biohydrogenation
of C18:2 n-6, C18:3 n-3 and total C18 unsatu-
rated fatty acids compared to low concentrate
diets (P <0.05).

Table 5. Effect of type of fat sources and proportion of concentrates in the diet on CLA

production
Concentrate ratio P value?
High Low High Low
Soya Linseed SEDY Fat source F:C” Interaction
Organic matter (OM)

Intake (g/d) 266 263 268 263 0.247 NS NS NS
Flow (g/d) 7.8 7.5 8.0 7.5 0.560 NS NS NS

Intake (mg/d)
C18:1n-9 259 128 289 140 1.527 ook Hokok Hokok
C18:2n-6 673 339 343 186 3.039 Hokk Hokk Hokk
C18:3n-3 100 82.4 831 442 3435 Hokk Hokk Hokk

Flow (mg/d)
C18:1n-9 62.7 314 56.2  26.6 548 NS HokK NS
C18:2n-6 92 41 36 17 9.67 *ok *ok NS
C18:3n-3 15 10 78 27 12.34 ** * *
Trans C18:1 117 69 71 32 19.06 * * NS
CLA 34 1.3 2.8 1.0 0.733 NS * NS

D23 Ag Table 3.

The calculation of intake and flow of fatty acids was based on OM.

622
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Table 6. Effect of type of fat and proportion of concentrates in the diet on biohydrogenation

of C18 fatty acids

Concentrate ratio P value?
High Low High Low R
Soya Linseed SED" Fat source F:C” Interaction
percentage (%)
C18:1 n-9 652 612 61.0 60.0 3.460 NS NS NS
C18:2 n-6 80.2 819 80.0 82.0 1.306 NS * NS
C18:3 n-3 785 821 82.0 87.6 2412 * * NS
Total C18 763 771 77.1  81.6 1.192 * * NS

D23 Ag Table 3.

IV. DISCUSSION

This study has shown that ruminal fermentation
and digestibilities of nutrients were not affected
by the type of fat source, which may indicate
that the fats did not exert negative effects on
microbial activity in the rumen. The outflow of
C18 fatty acids was influenced by dietary CI18
fatty acids and the extent of biohydrogenation of
did not differ between fat
sources. Data from recent in vivo studies showed
that biohydrogenation varied from 30% to 84%
for C18:1 n-9, 60% to 95% for C18:2 n-6, and
58% to 100% for Cl18:3 n-3 (Klusmeyer and
Clark, 1991; Wu et al., 1991; Enjalbert et al.,
1994; Hussein et al., 1996; Aldrich et al., 1997,
Kalscheur et al., 1997ab; Elizalde et al., 1999).
imply that biohydrogenation of

these fatty acids

Those results
unsaturated fatty acids increases as unsaturation
In this study, biohydrogenation of
Cl18:1 n-9, C18:2 n-6 and CI18:3 n-3 were approx-
imately 62, 81 and 83%, respectively. Therefore,

increases.

the present results in this study are in agreement
with previous reports in that biohydrogenation
increases as unsaturation increases. The extent of
biohydrogenation of C18:1 n-9 in the present
study was lower than that of other PUFA. This
may be explained by the fact that C18:1 n-9 is
hydrogenated directly to C18:0 (Harfoot, 1978;

Harfoot and Hazlewood, 1988). Therefore, C18:1
9
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n-9 would not be expected to be the precursor
for trans C18:1 or CLA. Since the intake of CI18
fatty acids was higher in linseed treatments com-
pared to soya treatments, it may be expected that
biohydrogenation of CI18 fatty acids were de-
creased due to inhibition of microbial activity.
However, biohydrogenation of C18:2 n-6 was not
significantly different between the treatmentms,
but biohydrogenation of C18:3 n-3 was higher in
linseed compared to soya treatments. Therefore, it
appears that a relatively high intake of CI18
PUFA in linseed did not negatively affect micro-
above 6.2. Also,
ruminal digestibilities of nutrients were not affect-

organisms with rumen pH

ed by the type of fat source. In the ruminal bio-
hydrogenation of C18:2 n-6, CLA is a transient
intermediate, Ci18:1
(Harfoot and Hazlewood, 1988). In muscle and

whereas trans accumulates
milk, there was a strong linear correlation between
levels of CLA and trans Cl18:1 (Jiang et al,
1996; Jahreis et al., 1997; Enser et al., 1999).
Enser et al. (1999) reported that the increased
levels of both trans C18:1 and CLA could result
from similar proportional inhibition of both en-
zymes by the dietary n-3 PUFA or feedback in-
hibition of CLA reductase by increased concen-
trations of trans C18:1 in the rumen.

This study has demonstrated a significant effect
of concentrate ratio on rumen metabolism in ac-

cordance with previous reports (Nocek, 1997),
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and this is related to a lower level of biohydrog-
enation of C18:2 n-6, C18:3 n-3 and total CI8
unsaturated fatty acids with diets containing a
high compared a low proportion of concentrate.
Recent data have shown that high dietary levels
of concentrate decreased biohydrogenation (Kal-
scheur et al., 1997a; Hussein et al., 1996). In
addition, higher flows of trans C18:1 and CLA
in high concentrate diets may indicate inhibition
of biohydrogenation of C18:2 n-6 in high con-
centrate diets was lower compared to low con-
centrate diets. As shown in Table 2, feeding a
high proportion of concentrate resulted in a
relatively higher level of unsaturated fatty acids,
C18:2 n-6 and Cl18:3 n-3, compared to a low
Unsaturated fatty acids
likely to alter microbial fermentation due to their

proportion. are more
greater effect on bacterial growth compared with
saturated fatty acids (Maczulak et al., 1981;
Jenkins, 1993). This is due to the nature of
unsaturated fatty acids, which coat feed particles
and are more available to exert toxic effects on
ruminal micro organisms (Harfoot, 1978; Cha-
lupa et al., 1984). Alternatively, high concentrate
diets increased VFA concentration as a result of
rapid fermentation of carbohydrate, and decreased
rumen pH. Therefore, a high concentrate diet has
a negative effect on microbial activity, reducing
the biohydrogenation process. However, a high
proportion of concentrate did not affect diges-
tibilities of nutrients, suggesting diets did not
negatively affect rumen micro- organisms. This is
demonstrated by the vessel (rumen) pH values
which were 6.1 across concentrate ratios. Mer-
tens (1977) and Mould et al. (1983) reported that
rumen fermentation was not altered at ruminal
pH above 6.2. As explained above, biohydrog-
enation of Cl18:1
different between two different ratios of concen-

n-9 was not significantly
trates.
In conclusion, our data show that rumen fer-

mentation characteristics and extent of biohydrog-
9

624

enation were not affected by type of oilseed but
were affected by the level of concentrate in the
diet.
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