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ABSTRACT

The effect of energy source in diets on duodenai flow of bacteria N and fatty acids was measured
in an experiment on four sheep in a 4x4 Latin square design. The basal diet for contrel animals
consisting of 40% concentrate and 60% meadow hay was supplemented for experimental animals
with 6% of rape sced oil, saccharose, or starch as an additional energy source. The energy supple-
ment did not change rumen pH (P>0.05), but decreased (P<0.05) rumen ammonia-N from 41.6
mmol in the control group to 15.6, 17.5 and 23.3 mmol in groups receiving rape sced oil, saccharose,
or starch, respectively. A similar declining tendency was found for total volatile fatty acids and the
majority of individual ones. Duodenal flow of bacteria N calculated from 2,6-diaminopimelic acid
content was not significantly affected by the diet. The ratio of 2,6-diaminopimelic acid to total nitro-
gen content in digesta was lower in control than experimental groups, indicating a higher proportion
of bacterial protein in the digesta of animals recciving additional energy in diets. The proportion of
unsaturated as well as saturated fatty acids in the digesta of animals fed diets supplemented with
starch was lower (P<0.05) than in the remaining groups. The duodenal digesta of animals fed the diet
supplemented with rape seed oil contained significantly higher (P<(0.05) polyunsaturated n-3, mo-
nounsaturated and saturated fatty acid proportions compared with the remaining groups. These re-
sults demonstrate that feeding sheep with diets supplemented with energy decreases ammonia and
volatile fatty acid levels in the rumen fluid whereas only addition of rape seed oil increascs the
proportions of polyunsaturated n-3, monounsaturated and saturated fatty acid in the fat of duodenal
digesta.
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INTRODUCTION

Ruminants usually lose body weight during the early lactation period as a result
of body energy being drawn to satisfy requirements for increased milk production
(Chouinard et al., 1998). Supplementing the diet with starch or fat as energy sour-
ces may overcome limitations in energy supply, however, fat may restrict microbi-
al protein production in the rumen (Kowalczyk et al., 1977; Khorasani and Ken-
nelly, 1998). Energy sources increase the energy density of the diet but their sup-
ply to the diet affects the amount and composition of products such as milk or
meat. Beef and dairy products suffer from a negative health image rclated to their
lipid fraction {Demeyer and Doreau, 1999). The amount of saturated fat in the diet
correlates more strongly with the incidence of cardiovascular diseases than total
fat intake. In contrast, the consumption of unsaturated fatty acids appears to be
beneficial, since it is inversely correlated with the plasma cholesterol concentra-
tion and the risk of myocardial infarction (Windler, 2000). Brzéska et al. (1998)
indicated a direct correlation between the levels of dietary w3 (n-3) fatty acids and
reduced incidence of hypertension, atherosclerosis, and/or cardiovascular disea-
ses. Ruminant products of appropriate fatty acid composition might be a source of
health-promoting substances, which are beneficial in prevention and treatment of
various discases ranging from headache to heart problems, cancer and oxidative
stress (Chen et al., 1999). From this point of view, the fatty acid composition of fat
in the diet or reaching the duodenum might be more important than the amount of
fat as an energy source in the diet. The fatty acid composition of animal products
such as meat or milk is correlated with fatty acids reaching the duodenum and their
absorption in the small intestine. Moreover, fatty acids ingested with dietary fat
undergo transformation in the reticulo-rumen through bichydrogenation processes
that derive desirable conjugated isomers of linoleic acid (Bessa et al., 2000).

The aim of this study was to investigate the effect of different energy sources in
the diet for sheep on fatty acid composition in duodenal digesta and their influence
on microbial protein synthesis in the rumen.

MATERIAL AND METHODS
Animals and diets

The experiment was carried out on four sheep of 40+4 kg body weight fitted
with permanent ruminal and duodenal cannulas in a 4x4 Latin square design with
16-day periods. The sheep were housed in individual cages with frec access to
fresh water and fed a 900 g daily ration in two equal portions at 08.00 and 18.00.
The basal diet for control animals consisting of 40% concentrate and 60% mea-
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dow hay and containing 5.04 MJ NE and 132 g crude protein per kg was supple-
mented with 54 g of rape seed oil, 54 g saccharose or 54 ¢ starch, as additional
sources of energy. The animals were adapted to the diet for 14 days and in the last
2 days of each period samples for analysis were collected.

Sampling and analysis

Feeds were sampled weekly throughout the experiment. Samples of duodenal
digesta representing 10% of total digesta passage were collected continuously from
sheep for 2 d starting at 08.00 h on day 15 of each period. Composed samples were
thawed, homogenized and lyophilized for analysis for fatty acid compaosition and
2,6-diaminopimelic acid (DAPA) content. Samples of rumen fluid were taken be-
fore feeding, 3 and 6 h after feeding, using a simple device described by Szuma-
cher-Strabel et al. (1998). In the rumen liquid samples taken before the morning
feeding, 3 and 6 h after feeding, pH was measured potentiometrically, ammonia
concentration according to Conway (1962} and volatile fatly acid concentration
and their proportions according to Ziotccki and Kwiatkowska (1973) using gas
chromatography Chrom 5 equipment. DAPA acid concentration in duodenal di-
gesta was analyzed as a marker of bacterial protein content according to Czauder-
na and Kowalczyk (1999) using an HPLC method with pre-column derivatization,
Long-chain fatty acids were determined in duodenal digesta according to Czauder-
na at al. (2001).

Statistical analysis

All data were analyzed using SAS procedures (User’s Guide, 1990).

RESULTS

The mean concentrations of rumen NH,-N, VFA and pH were affected by the
diets (Table 1). All supplemented energy sources significantly decreased ammonia
and VFA levels in the rumen liquids (P<0.05) but the pH value was only slightly
higher compared with that of the control group. The proportion of propionate to
acetate in the rumen liquid of animals receiving starch as an energy supplement
was higher than in the remaining groups, but the proportion of butyrate to acetate
was higher in the rumen of animals receiving diets supplemented with saccharose
or starch than in the rape seed oil or control group.

The concentration of all determined long-chain fatty acids (unsaturated and
saturated) in duodenal digesta was significantly lower on the diet supplemented
with starch (P<0.05) whereas the diet supplemented with rape seed oil caused an
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TABLE 1
Tetal and individual volatile fatty acid, ammonia-N concentration, mmoVl/L, and pH of the rumen
lquid of animals {ed diets supplemented with different sources of energy

Group
Energy source
control rape seed oil saccharose starch
Ammonia N 41,7 15.6* 17.50% 233
pH 6.11 6.50 6.59 6.47
Total VFA 110.2% 79.9 73.3¢% 83.6¢
proportion, %
acctate 69,92 52.1° 43.6 49 (¢
propionate 18.9¢ 14,2¢ 11.6° 15.8
butyrate 16,7 10.5° 13.3¢ 15.0¢
isobutyrate 1.3%¢ 0.8 Q.7 1.3
isovalerate 2.3k 1.4 3.0 1.6%
valerate 0.9 0.8 0.9 0.9

sbede yalues with the same letters are significantly different (P<0.05)

increase in the concentration of PUFA n-3, MUFA and SFA (P<(0.03; Table 2). The
fatty acid content in duodenal digesta of animals fed the diet with saccharose was
similar as in control group.

Duodenal flow of microbial protein with digesta was similar in all experimen-
tal groups and higher, but not significantly (P>0.05), than in control animals. The
percentage of DAPA in duodenal digesta protein was also slightly higher in expe-
rimental animals than in control groups (Table 3).

TABLE 2
Long chain fatty acid concentration in duodenal digesta of sheep fed diet supplemented with diffe-
rent energy sources, mg/100g digesta

Group
conirol rape seed oil saccharose starch
PUFA'n-3 42.2% 53] 44.6% 28 .6bd
PUFA n-6 3340 3250 3150 165
PUFA 376 378 360¢ 194:2be
MUFA? 4030 6340 505+ 265
SFA® 519 1506 5690 33pue

sbede values with the same letters are significantly different (P<0.05)
! polyunsaturated fatty acids

z monounsaturated fatty acids

* saturated fatly acids
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TABLE 3
Content of 2,6-diaminopimelic acid (DAPA) in duodenal digesta and protein
Group
control rape seed oil saccharose starch
DAPA, g/d? 0.33 0.42 0.32 0.36
DAPA in protein, % 0.69 0.82 0.79 0.79

DISCUSSION

Dietary fat enhances energetic efficiency in high producing ruminants by in-
creasing total energy intake generating ATP more efficiently than carbohydrate-
origin volatile fatty acids or protein, by direct incorporation into the product, and
by promoting nutrient partition toward milk production (Palmquist, 1994). How-
ever, the use of large amounts of fat, in contrast to easily fermentable carbohy-
drate, for ruminants is limited by numerous factors such as the inhibitory effect on
rumen microorganism growth, changes of rumen fermentation pattern, decrease of
fibre digestion and nutrient absorption {Kowalczyk et al., 1977).

Dietary fat supplementation increases the encrgy density of the diet, but its
influence on nutricnt supply to the animal depends on the digestibility of the fat
source and on the effects of the added fat on intake, rumen fermentation, and di-
gestibility of other dietary components (Khorasani and Kennelly, 1998). Similar
reactions are found with other cnergy sources.

The results of Kalscheur et al. (1997) indicated that the flow of trans-C-18:1
into the duodenum was higher for cows fed diets supplemented with fat than for
cows fed a control diet (283 vs 64 g d'!). The present experiment confirmed this
result, as addition of rape seed oil into the diet caused a significant increase of the
amount of all fatty acids entering the duodenum compared with controls. Also
Elliot et al. (1999} ohserved that flows of total fatty acids were greater by supple-
mental fat and were even greater than their intake. This effect confirms that fat is
rather poorly absorbed from the forestomachs. A different effect was obtained
when starch, as a source of energy, was added to the diet as the amount of fatty
acids entering the duodenum was in this case smaller than in animals fed a control
diet, indicating that part of the fat provided with feed was already utilized in the
developed stomach of ruminants before reaching the duodenum. The amount of all
fatty acids entering the duodenum of animals fed a diet supplemented with saccha-
rose was similar compared to the control diet (Table 2). The results obtained in this
experiment clearly demonstrate that the type of energy provided to ruminants with
the feed ration may affect the amount of unsaturated and saturated fatty acids rea-
ching the duodenuim.
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Duodenal flows of bacterial N were not significantly affected by the diet but in
all experimental groups DAPA tended to increase in comparison with the control
group (Table 3). The results of the experiment carried out by Husscin et al. (1996)
also indicated that fat supplementation from canola seed (at 3% of dietary DM), in
either form, had no effects on ruminal N metabolism or flows of amino acids to the
duodenum and suggest that treated whole canola seed may stimulate ruminal bac-
terial protein synthesis. In our previous experiment on sheep given different ener-
gy sources, we did not find a deleterious effect of fats on microbial synthesis,
which tended even to be slightly higher than in animals fed control diets (Szu-
macher-Strabel, 1998). These results indicate that the energy available from the
controi diet was not a limiting factor for microbial synthesis in the rumen.

The concentrations of ammonia N and VFA in the rumen were significantly
depressed by the experimental diet related to the controls, but the pH of rumen
fluid did not differ significantly between the groups of sheep (Table 1). All values
of indices obtained for rumen fluid fell well within physiological values. Similarly
as in experiments on sheep carried out by Kowalczyk et al. (1977) and Schauf et
al. (1992), we also observed a tendency to depress rumen ammonia concentration
by dietary energy sources, The lowest ammonia level in the rumen of sheep fed the
diet supplemented with fat compared with other groups of sheep was caused by
relatively high addition of rape seed oil. A similar effect was found on the dict
containing saccharosc, which is fermented, delivering energy for bacterial synthe-
sis in the rumen faster than starch, therefore the ammonia level differed signifi-
cantly. The concentration of total VFA in the rumen was significantly lower in
sheep receiving the experimental diet compared with the respective values in the
control group, and corresponded to the lowest pH value.

The molar proportion of acetate was similar in the rumen fluid of sheep fed
control and rape seed oil-supplemented diets and higher than in those fed diets
with saccharose or starch, but the butyrate proportion was the lowest (Table 1) in
the rumen fluid of sheep fed the control diet, which indicates a different type of
fermentation in the rumen of animals fed diets with different sources of supple-
mental energy.

CONCLUSIONS

The resuits of this experiment indicate that supplementing about 6% of fat or
easily fermentable carbohydrate, saccharose or starch, as energy sources to diets
for sheep depresses ammonia and volatile fatty acid levels m the rumen fluid but
does not significantly influence the amount of bacterial protein reaching the duo-
denum, More saturated and unsaturated fatty acids are delivered to the duodenum
with digesta when rape seed oil than when saccharose or starch arc added to the
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diets as an energy source. Supplementing diets for ruminants with vegetable oils
containing desirable unsaturated fatty acids creates the possibility of their passage
to the small intestine and their absorption, with possible improved meat and milk

quality.
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STRESZCZENIE

Wplyw roznych Zrédel energii w dawkach na przeplyw kwasow tluszczowych i kwasu
2,6-dwuaminopimelinowego w dwunastnicy owiec

Doswiadczenie przeprowadzono w ukladzie kwadratu facinskiego 4x4 na czterech tryczkach
z kaniulami do Zwacza i dwunstnicy. Zwierzeta Zywiono dawkg pokarmowa ztozong z siana i mie-
szanki tresciwej (60:40%) w grupie kontrelnej lub uzupcetnionej dla grup doswiadczalnych dodatka-
mi energetycznymi ~ olejem rzepakowym, sucharozg lub skrobia w iloéci 6% suchej masy dawki.
Dawke dzielono na dwie rowne czesci i skarmiano w dwoch odpasach o gedzinie 0800 i 1800.
W probach treéci zwacza oznaczano poziom azotu amonowego, lotnych kwaséw thuszczowych oraz
pH. W probach tredci dwunastnicy reprezentujgcych dobowy przeplyw tresci eznaczano wyZsze kwasy
thuszczowe oraz zawartos¢ kwasu 2,6-dwuaminopimelinowego w celu okreslenia rozmiaru syntezy
bialka bakteryjnego w zwaczu. Zastosowane dodatki energetyczne obnizyty istotnic {P<0.05)
poziom azotu amonowego i lotnych kwasdw tluszezowych w Zwaczu, nie miaty natomiast wplywu
na poziom pH 1 syniezg biatka mikroorganizméw. Thuszez dodany do dawki zwickszyl doplyw kwa-
sow thiszczowych do dwunastnicy {(P<0.03), podczas gdy dodatek skrobi obnizyt go. Sacharoza
dodana do dawki nie miala wplywu na poziom kwasow tluszczowych w dwunastnicy.



