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DRY MATTER INTAKE, RUMEN FERMENTATION AND MICROBIAL

NITROGEN SUPPLY IN PELIBUEY SHEEP FED LOW-QUALITY

RATIONS AND DIFFERENT LEVELS OF CORN OIL

José Herrera-Camacho, Jorge A. Quintal-Franco, Gary L. Williams,
Rosario Quijano-Cervera, and Juan Carlos Ku-Vera

Introduction

Animal and vegetable fat
and oil represent important
energy sources in rations for
domestic animals. They also
contain essential nutrients,
such as fatty acids, of which
linoleic acid may be the most
important for better reproduc-
tive efficiency. Recent evi-
dence indicates that fat sup-
plementation may be em-
ployed to modulate some
physiological processes in the
ovarium of the cow, regard-
less of energy intake (Tho-
mas, 1994).

Palmquist (1991) suggested
that fat supplementation in ru-
minant rations should not ex-
ceed 5% of the dry matter
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(DM) since rumen microbial
fermentation of some dietary
components (i.e., crude fiber,
crude protein) may be nega-
tively affected. Fat is fre-
quently added in ruminant ra-
tions to increase energy den-
sity, but unsaturated fatty ac-
ids inhibit rumen microbial
activity and can decrease fiber
fermentation (Jenkins, 1993).
However, fat in oilseeds is
more ruminally inert when
fed whole than when given as
crushed seeds or free oil, ap-
parently because of the slower
release of fat from the whole
seed. Nonetheless, Glenn et
al. (1977) indicated that fat
supplementation may be an
efficient method to reduce
protein fermentation in the

rumen. In some studies, the
efficiency of microbial protein
synthesis in the rumen was
not affected by supplementary
fat (Elliot et al., 1997). The
present work was aimed at
determining the effect of the
level of incorporation of corn
oil in the concentrate on DM
intake, rumen fermentation
and microbial nitrogen supply
to small intestine of Pelibuey
hair sheep fed low-quality
Guinea grass (Panicum maxi-
mum) hay.

Materials and Methods

Location and climate

The present  work was
carried out at the Faculty of

Veterinary Medicine and
Animal Science, University
of Yucatán, Mérida, México,
from June to August 1999.
The local climate is hot-hu-
mid, or AW0 following the
classification of Köppen as
modified by García (1987).
The area has a mean annual
rainfal l  of  953mm, mean
annual  temperature of
26.5ºC and relative humid-
ity of 66% during April and
85% during September
(Duch, 1988).

Animals and feeding

Eight Pelibuey hair sheep
with a mean live weight of
45 ±2.2kg and cannulated
in the dorsal sac of the ru-

SUMMARY

Eight Pelibuey hair sheep (45 ±2.2kg body weight), cannulated
in the rumen and kept in metabolic stalls in a roofed building,
were used to determine the effect of the incorporation of corn oil
in a concentrate upon dry matter (DM) intake, rumen fermenta-
tion of DM, organic matter (OM) crude protein (CP) and neu-
tral detergent fiber (NDF), as well as microbial N supply to the
small intestine. Sheep were fed low-quality Guinea hay (Panicum
maximum) grass ad libitum and 300g daily of a commercial con-
centrate to which 0, 4, 8 and 12% of corn oil was added. Volun-
tary DM intake was measured and rumen fermentation of DM,
OM, CP and NDF neutral detergent fiber were estimated with the
nylon bag technique, after hay incubation in the rumen for 6, 12,
24, 48, 72 and 96h. Urinary excretion of purine derivatives was
determined. As oil concentration was increased, DM intake of hay
decreased (P<0.05). Rumen fermentation (a, b and a+b fractions)

of DM, OM, CP and NDF showed no significant differences
(P>0.05) between treatments, but rates of digestion (fraction c)
were higher for DM, OM and CP when oil was not included in
the supplement (4.9, 14.5 and 10.4%/h, respectively). Digestion
rate of NDF was higher (5.71%/h; P<0.05) with 8% corn oil. Mi-
crobial N supply to the small intestine showed no significant dif-
ferences (P>0.05) between treatments; however, addition of 8%
oil decreased (5.11 ±0.29 gd) microbial N supply with respect to
4% (6.18 ±0.29), and N supply was lower when the oil was not
added (4.73 ±0.27) than when it was added at 4, 8 and 12%
(6.18 ±0.29, 5.11 ±0.29 and 5.19 ±0.29, respectively). Corn oil
in the concentrate fed to sheep tended to decrease DM intake of
low-quality tropical hay without effects on rumen degradability
and microbial N supply to the small intestine.

USA. Researcher, INIFAP,
Campo Experimental Mo-
cochá. Yucatán, Mexico.

Rosario Quijano Cervera. Chem-
ist, UADY. Mexico.

Gary L. Williams. Ph.D., Univer-
sity of Arizona, USA. Re-

search Leader, A&M Univer-
sity Agricultural Research Sta-
tion, Beeville, Texas, USA.

Juan Carlos Ku Vera. Ph.D.,
University of Aberdeen, UK.
Professor, UADY, Mexico.



526 JUL 2006, VOL. 31 Nº 7

men with f lexible plastic
cannulas of 7.5cm internal
diameter (Bar Diamond Inc.
Parma, Idaho, USA) were
used in  the experiment .
Sheep were maintained in
metabolic stalls throughout
the experiment in a roofed
bui lding.  Sheep were al -
lowed ad libitum access to
Guinea grass  (Panicum
maximum)  hay and 300g/
day of a commercial con-
centrate with 16% of crude
protein (CP). Corn oil was
added at the levels of 0, 4,
8 and 12% of the amount
of concentrate given. Fresh
water was freely available
at all times.

Experimental procedure

Sheep were randomly allo-
cated (2 per treatment) and
fed once daily (08:00h). The
DM intake was determined
as the difference between
the amount offered and that
refused the following morn-
ing. Experimental periods
lasted 14 days, 7 days for
adaptation and 7 days for
measurements. Guinea grass
hay was chopped in a ham-
mer mill (2.54cm sieve) be-
fore feeding. During the first
7 days, DM intake was mea-
sured and from day 8 to 14,
urinary purine derivative ex-
cretion was measured. Dur-

degradation of dry matter
(DM), organic matter (OM),
crude protein (CP) and neu-
tral detergent fiber (NDF)
of Guinea grass. Nylon bags
(7x5cm and 50mm; Bar
Diamond Inc. Parma, Idaho,
USA) were incubated in the
rumen for 6, 12, 24, 48, 72
and 96h.  Each bag con-
tained 6g DM of grass .
Bags were kept in the ven-
tral sac of the rumen. All
bags were inserted at the
same time and were with-
drawn sequentially from the
rumen. After  being with-
drawn from the rumen the
bags were frozen until anal-
ysis were performed. After

ing the last 4 days of the
experiment,  in situ  rumen
fermentation of Guinea grass
was performed.

Chemical analysis

The chemical composition
(DM, OM and CP) of
Guinea grass was deter-
mined following AOAC
(1980) procedures, and NDF
by the detergent method of
Van Soest et al. (1991).

Rumen degradation

The nylon bag technique
(Ørskov et al . ,  1980) was
employed to estimate rumen

RESUMEN

Ocho ovinos de pelo de la raza Pelibuey (45 ±2,2kg peso
vivo) fueron  fistulados y colocados en jaulas metabólicas
para de evaluar el efecto de la incorporación de aceite de
maíz en el concentrado sobre el consumo de materia seca
(MS), fermentación ruminal de MS, materia orgánica (MO),
proteína cruda (PC) y fibra detergente neutra (FDN), así
como el aporte  de N microbial al duodeno. Los borregos
fueron alimentados con una dieta base de heno de pasto
Guínea (Panicum maximum) de baja calidad, a libre acceso,
y 300g de un concentrado adicionado de 0, 4, 8 o 12% de
aceite de maíz. El consumo voluntario de MS fue registrado
y la fermentación ruminal de la MS, MO, PC y FDN del
heno fueron estimados mediante técnica de bolsa de nylon,
después de incubación en el rumen por 6, 12, 24, 48, 72 y
96h. La excreción de purinas fue determinada. El consumo
voluntario de MS del heno disminuyó (P<0,05), a medida
que la concentración de aceite se incrementó (665,8 ±35,1,
648,8 ±35,1, 558,8 ±36,3 y 525,3 ± 36,3 g/día para 0, 4, 8

y 12% de aceite, respectivamente). La fermentación ruminal
(fracciones a, b y a+b) de la MS, MO, PC y FDN no mos-
traron diferencias significativas (P>0,05) entre tratamientos,
pero la tasa de digestión (fracción c), fue mayor en la MS,
MO y PC cuando no se incluyó el aceite en el concentrado
(4,9; 14,5; y 10,4%/h, respectivamente). La tasa de diges-
tión de FND fue mayor (5,71%/h; P<0,05) cuando se inclu-
yó aceite al 8%. El aporte de N microbial al duodeno no
mostró diferencias significativas entre tratamientos; sin em-
bargo, la adición de 8% de aceite disminuyó el aporte de N
(5,11 ±0,29g/d), respecto a la de 4% (6,18 ±0,29) y el
aporte de N fue menor cuando no se añadió aceite (4,73
±0,27), que cuando fue adicionado en 4, 8 y 12% (6,18
±0,29; 5,11 ±0,29 y 5,19 ±0,29; respectivamente). El aceite
de maíz en el concentrado dado a los ovinos tiende a dismi-
nuir el consumo de MS de heno, pero no mostró efecto so-
bre la degradación ruminal ni en el aporte de N microbial
al duodeno.

RESUMO

Oito ovinos de pelo da raça Pelibuey (45 ±2,2kg peso
vivo), foram fistulados e colocados em jaulas metabólicas
para avaliar o efeito da incorporação de azeite de milho no
concentrado sobre o consumo de matéria seca (MS), fermen-
tação ruminal da MS, matéria orgânica (MO), proteína crua
(PC) e fibra detergente neutra (FDN), assim como o acrés-
cimo de N microbial ao duodeno. Os borregos foram ali-
mentados com uma dieta base de feno de mata-pasto Guiné
(Panicum maximum) de baixa qualidade, de livre acesso, e
300g de um concentrado no qual se adicionou 0, 4, 8 ou
12% de azeite. O consumo voluntário de MS foi registrado e
a fermentação ruminal da MS, MO, PC e FDN do feno fo-
ram estimados mediante técnica de bolsa de nylon, depois
da incubação no rúmem por 6, 12, 24, 48, 72 e 96h. A
excreção de purinas foi determinada. O consumo voluntário
de MS do feno diminuiu (P<0,05) a medida que a concen-
tração de azeite se incrementou (665,8 ±35,1; 648,8 ±35,1;
558,8 ±36,3; e 525,3 ±36,3g/dia para 0%, 4%, 8% e 12%

de azeite, respectivamente). A fermentação ruminal (frações
a, b e a+b) da MS, MO, PC e FDN, não mostraram diferen-
ças significativas (P>0,05) entre tratamentos, mas a taxa de
digestão (fração c), foi maior na MS, MO e PC quando não
se incluiu o azeite no concentrado (4,9; 14,5 e 10,4%/h, res-
pectivamente). A taxa de digestão de FND foi maior (5,71%/
h; P<0,05) quando o azeite se incluiu ao 8%. O acréscimo
de N microbial no duodeno não mostrou diferenças signifi-
cativas entre tratamentos; no entanto, a adição de 8% de
azeite diminuiu o acréscimo de N(5,11 ±0,29g/d), em rela-
ção à 4% (6,18 ±0,29) e o acréscimo de N foi menor quan-
do o azeite não esteve presente (4,73 ±0,27) que quando foi
adicionado em 4, 8 e 12% (6,18 ±0,29, 5,11 ±0,29 e 5,19
±0,29; respectivamente). O azeite de milho no concentrado
dos ovinos tende a diminuir o consumo de MS de feno, mas
não mostrou efeito sobre a degradação ruminal nem no
acréscimo de N microbial no duodeno.
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thawing,  bags were me-
chanically washed with tap
water, left to drain excess
water and introduced into
forced-air and oven at 60ºC
for 48h. After 24h pellets
formed during the drying
process  were destroyed
manually and bags reintro-
duced into the oven to com-
plete the 48h drying period.
After drying was completed,
bags were weighed in an
analytical balance. Rumen
degrada t ion of  DM, OM,
CP and NDF was estimated
as the difference between
the material  incubated in
the rumen and the residue
left after incubation. Rumen
degradation data was fitted
to the nonlinear model

p = a + b (1-exp-ct)

as described by Ørskov and
McDonald (1979) to esti-
mate degradation constants,
where p: percent degrada-
tion at time t, a: intercept
representing the immedi-
ately soluble fract ion,  b:
insoluble  but  potent ia l ly
degradable fraction, c: rate
of degradation of b, and t:
t ime of incubation in the
rumen.

Purine derivative excretion

Urinary excretion of pu-
rine derivatives was esti-
mated as described by Chen
et al .  (1990a). Urine was
collected quantitatively for
seven days and conserved in
100ml of  10% H 2SO 4 to
keep pH between 2 and 3.
The ur ine was fi l tered
through 5 layers of cheese-
cloth and then diluted with
tap water (5:1). A diluted
urinary sample of  200ml
was stored in a freezer until
analysis. Urinary allantoin
was assayed by the method
described by Young and
Conway (1942)  and ur ic
acid according to Chen et
al. (1990b). Microbial nitro-
gen supply to the small in-
testine was estimated with
the models  proposed by
Chen et al.  (1990a) using
the Newton-Rapshon proce-
dure of  STATGRAPHICS
(1996). The amount of mi-

crobial purines absorbed (X;
mmol/day) corresponding to
the purine derivatives ex-
creted (Y; mmol/day) was
calculated as

Y = 0.84 X
+ (0.15 BW0.75e-0.25X)

where X: amount of micro-
bial  purines absorbed
(mmol/day) ,  0 .15:  factor
which corrects for the con-
tribution of endogenous pu-
rines, Y: purine derivatives
excreted (mmol/day), and
BW 0.75:  metabol ic  body
weight

The amount of microbial
n i t rogen  suppl ied  to  the
animal was calculated as
fo l lows  (Chen  e t  a l . ,
1992):

Microbial nitrogen (g/d) =
=70X /  (0 .83 × 0.116 ×
1,000) =0.727 X

where 0.83: digestibility co-
efficient for microbial pu-
rines, 70: nitrogen content
of purines (mg/mmol),
0.116: proportion of nitrogen
in purines relative to total
nitrogen in microbial mass.

Statistical Analysis

The results obtained for
DM intake, rumen degrad-
ability of DM, CP, OM and
NDF, and microbial N sup-
ply to the small intestine
were processed in a spread-
sheet (Microsoft, 1997) and
analyzed as a Latin-rect-
angle design experiment us-
ing the General  Linear
Models Procedure (GLM) of
SAS (1988). The differences
between means of  t reat-
ments were tested using the
Tukey test.

Results

The DM intake of Guinea
grass hay decreased as the
level  of  incorporat ion of
corn oil in the ration was
increased (Table I). How-
ever, statistical differences
were only observed between
treatments with 0 and 12%
of corn oil  in the ration.
(665.8 ±35.1 vs .  525.35
±36.3g of DM/day, respec-
tively). There were no dif-
ferences (P>0.05) regarding
kinetics of rumen degrada-
tion of DM, OM, CP and
NDF between treatments
(Table I). It was evident that
rate of digestion was nu-
merically higher when corn
oil was not included in the
supplement (4.9, 14.5, and
10.4%/h for DM, OM and
CP). The rate of digestion
of NDF was higher (5.7%/

TABLE I
EFFECT OF THE CORN OIL SUPPLEMENT ON VOLUNTARY

FOOD INTAKE AND RUMINAL KINETICS OF GUINEA GRASS HAY
IN PELIBUEY SHEEP*

Level of corn oil addition in the concentrate (% of dry matter)
0 4 8 12

Voluntary DM intake of Guinea 665.8 ±35.1a 648.8 ±35.1ab 558.8 ±36.3ab 525.3 ±36.3b

grass hay (g/day)

Rumen degradation constants
Dry matter1

Fraction a (%) 12.7 ±1.9 13.3 ±1.9 12.6 ±1.9 16.5 ±1.9
Fraction b (%) 41.3 ±2.6 43.2 ±2.6 37.8 ±2.6 41.1 ±2.6
Fraction a+b (%) 54.0 ±3.0 56.5 ±3.0 50.4 ±3.1 57.6 ±3.1
Fraction c (%/h) 4.9 ±0.8 3.9 ±0.8 4.6 ±0.8 3.3 ±0.8

Organic matter
Fraction a (%) 30.1 ±3.2 25.1 ±3.2 28.7 ±3.3 34.9 ±3.3
Fraction b (%) 36.1 ±3.1 34.2 ±2.5 30.5 ±2.9 30.2 ±2.6
Fraction a+b (%) 53.4 ±4.2 59.3 ±4.2 56.1 ±4.3 63.5 ±4.3
Fraction c (%/h) 5.8 ±1.5 6.1 ±1.5 5.2 ±1.5 3.5 ±1.5

Crude protein
Fraction a (%) 40.1 ±2.8 32.6 ±2.8 29.7 ±2.8 39.3 ±2.8
Fraction b (%) 31.9 ±3.6 39.7 ±3.6 36.0 ±3.6 31.3 ±3.6
Fraction a+b (%) 72.0 ±4.0 67.4 ±4.0 64.9 ±4.0 70.45 ±4.0
Fraction c (%/h) 5.3 ±1.5 5.7 ±1.5 6.3 ±1.5 4.6 ±1.5

Neutral detergent fiber
Fraction a (%) 15.3 ±2.4 16.4 ±2.4 9.8 ±2.5 12.5 ±2.5
Fraction b (%) 38.4 ±3.4 40.1 ±3.4 34.7 ±3.5 45.8 ±3.5
Fraction a+b (%) 53.7 ±4.9 50.6 ±4.9 44.3 ±5.0 58.4 ±5.0
Fraction c (%/h) 3.2 ±0.7a 3.5 ±0.7ab 5.7 ±0.7ab 2.7 ±0.7b

Microbial N supply to 4.73 ±0.27 6.18 ±0.29 5.11 ±0.29 5.19 ±0.29
small intestine g/N/day

* Mean ±SE.  P= a + b (1-exp-ct).
Means with different superscripts within the same row differ significantly (P<0.05).
1 Fractions of DM are a: immediately soluble fraction, b: insoluble, but potentially degradable fraction, a+b: immedi-
ately soluble fraction plus insoluble, but potentially degradable fraction, and c: rate of degradation of b.
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h;  P<0.05)  when 8% oi l
was incorporated in  the
concentrate. Microbial nitro-
gen supply to the small in-
testine showed no significant
differences (P>0.05) between
treatments; however, it was
observed that addition of
corn oil at 8% of concen-
trate DM, numerically de-
creased microbial nitrogen
supply to the lower tract.

Discussion

The reduction observed in
dry matter intake from basal
rations by sheep as a result
of oil incorporation in the
diet has been reported by
several authors. Keady and
Mayne (1999) fed cows with
silage and increasing levels
of fish oil, and observed a
trend towards a decreased si-
lage and total DM intake.
Other studies (Choi et al.,
2000) observed a similar ef-
fect and showed that the in-
creased fat concentration in
the ration (0, 30, 60, 90g/
kg) resulted in a linear de-
crease in dry matter intake.
The reduction in DM intake
recorded in the present study
as corn oil was added may
be due to metabolic control
mechanisms related to the
effect of some fatty acids on
biohydrogenation in the ru-
men, as suggested by
Doreau and Chilliard (1997),
which may interfere with ru-
men function. Other studies
report that dietary fat inhib-
its abomasal motil i ty
(Nicholson and Omer, 1983),
which may limit food intake
by distention of the reticu-
lum (Grovum, 1979).  Fat
also stimulates the release of
cholescystokinin (CCK; Choi
and Palmquist, 1996), which
may influence feed intake
centrally.  Choi and
Palmquist (1996) reported
that cows fed high fat diets
had lower DM intake and
higher plasma CCK and
pancreatic polypeptide con-
centrations when compared
with the control cows; they
postulated that the elevated
plasma CCK may have me-
diated the influence of fat
on DM intake.

The incorporation of corn
oil in the ration did not af-
fect rumen fermentation of
DM and NDF. Similar re-
sults were reported by
Keady and Mayne (1999).
Oldick and Firkins (2000)
showed that the addition of
fat (4.85% partially hydroge-
nated tallow, tallow  or ani-
mal-vegetable fat) did not
affect intake or apparent di-
gestibility of OM. In con-
trast, Whitney et al. (2000),
observed that in vitro digest-
ibil i ty of DM decreased
when 6% soybean oil was
incorporated in forage-based
diets with respect to the
control group (61.1 vs
68.8%). Nevertheless, in pre-
vious studies with lactating
cows (Pantoja et al., 1994),
hydrogenated fat sources and
tallow were fed at concen-
trations up to 5% of dietary
DM without any adverse ef-
fect on rumen NDF
fermentability. Similar re-
sults were reported by
Aldrich et al. (1995) when
steers were fed a diet con-
taining 3.4% soybean oil in
12 meals per day.

Earlier work (Kowalczyk
et al., 1977; Jenkins, 1993)
suggested that when lipids
are added in the ration at
levels above 10%, rumen
fermentation of structural
carbohydrates may be re-
duced by 50%. This reduc-
tion occurs along with a re-
duction in CH4, H2 and vola-
tile fatty acid production in
the rumen. Protein metabo-
lism in the rumen may also
be altered as fat interferes
with rumen fermentation.
Lkwuegbu and Sutton (1982)
observed a reduction in ru-
men protein fermentation
when linseed oil (13, 26 or
40ml/d) was infused into the
rumen of sheep. In the
present work, the lack of ef-
fect of corn oil incorpora-
tion on kinetics of rumen
fermentation may be attrib-
uted to the fact  that  the
level of addition did not de-
lay the rate of growth of
bacteria and protozoa in the
rumen.

Tesfa (1995) showed that
a  da i ly  supplement  of

0.5kg of rapeseed crude oil
to a basal diet did not af-
fec t  rumen pH but  de-
creased protozoa mass and
depressed rumen carboxym-
ethylcellulase and xylanase
activities, which may ex-
plain partially the reduction
observed in NDF degrad-
ability. When degradability
of  rapeseed  o i l - t rea ted
(basal diet plus 0.5 kg of
rapeseed oil) was measured
in sacco,  degradability of
DM of  grass  s i lage  and
NDF was lowered in cows
fed  wi th  e i ther  rapeseed
oil,  crude rapeseed oil or
t rea ted  rapeseed  o i l  of
grass silage prior to rumen
incubat ion .  However,
t rea ted  rapeseed  o i l  of
grass silage was not as ef-
fective in fiber digestion as
dietary crude rapeseed oil.

In another experiment,
Palmquist  (1991) worked
with rumen fistulated cows
fed diets with or without
500g/day of an animal-veg-
etable blend, calcium soaps
of tallow fatty acids,  or
whole oilseeds (cotton, sun-
flower, soybean). There were
no diet effects on digestibil-
ity; orchargrass acid deter-
gent fiber digestibility was
26.3,  40.0,  and 47.3%
(SEM= 0.631) at 12, 24 and
48h post-incubation, respec-
tively.

Rossi et al. (1999) used
rumen fistulated dairy cows
to determine the effect of fat
or soybean meal on rumen
degradation of crude protein.
The addition of 10% or 25%
fat resulted in lower DM
degradation after 8 and 24h
of incubation. Protein degra-
dation was reduced by addi-
t ion of 10% fat  at  8 and
24h, while 25% fat addition
considerably lowered crude
protein disappearance after
only 8h of incubation in the
rumen.

In the present study, the
level of oil supplementation
did not affect the availabil-
i ty of microbial  N at  the
small intestine of Pelibuey
hair sheep. These results are
comparable to  those re-
ported by El l iot  et  al .
(1997) in  s teers  supple-

mented with different types
of fats. Fat supplementation
has been reported to  in-
crease rumen microbial effi-
ciency (Zinn, 1989; Klus-
meyer et al., 1991; Pantoja
et al., 1994), but this is be-
lieved to occur only when
the source of fat decreases
the number of protozoa and,
subsequently, decreases re-
cycling of ruminal bacteria
(Jenkins, 1993). Other stud-
ies  showed that  feeding
high amounts of free oils
(unsaturated fats) to rumi-
nants often caused defau-
nat ion and a  marked in-
crease in microbial protein
supply to the lower tract
(Dewhurst  et  al . ,  2000) .
Brodiscou et al. (1994) sug-
gested that the increase in
microbial protein supply to
the small  intest ine in re-
sponse to addition of veg-
etable  oi l  is  par t ly  ex-
plained by defaunat ion.
However,  Murphy et  al .
(1987) fed full-fat rapeseed
oil meal to dairy cows and
noted an increase in micro-
bial protein supply to the
small intestine, though it
was not  c lear  whether
defaunation was involved.

Kowalski  (1998) exam-
ined the effect of calcium
soaps of rapeseed fatty ac-
ids (CSRFA) on rumen fer-
mentation, nutrient and fatty
acid (FA) f low to the
duodenum. The treatments
were a control with no fat,
CSRFA at  2% DM, and
soybean meal protein coated
with CSRFA (1:1 w/w) at
4% of  dietary DM. The
treatments did no affect to-
tal N flow into the duode-
num or efficiency of micro-
bial protein synthesis in the
rumen. In contrast, lkwue-
gbu and Sut ton (1982)
showed that protein metabo-
lism in the rumen is altered
as fat supplements interfere
with rumen fermentation;
infusion of linseed oil into
the rumen of  sheep de-
creased protein digestion in
the rumen and was accom-
panied by decreased ammo-
nia concentration in the ru-
men and increased N flow
to the duodenum. Similar
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changes occurred when
sheep were fed additional
lipids as either corn oil or
leci thin (Jenkins and
Fotouhi, 1990).

Incorporation of corn oil
in the concentrate fed to
Pelibuey hair sheep tended
to decrease DM intake of
low-quality tropical hay
without an effect on rumen
degradability and microbial
N supply to the small intes-
tine. Additional research is
needed to assess the maxi-
mum level of incorporation
of corn oil in tropical ra-
tions fed to ruminant ani-
mals.
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