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Abstract

Oil supplementation in the ruminant diet has been proven to reduce the rumen protozoa population
and maintain their low amount during supplementation. Majority of oil that contains medium chain
fatty acids are also known to reduce cellulolytic bacteria. This experiment was conducted to study
the effect of different types of oil supplementation on the protozoa and fiber-degrading bacteria
population in goats. Sixteen male goats equipped with rumen cannula were assigned to four
experimental dietary treatments. The first group acted as the control group (CON) and received the
basal diet. The second group (OL) received the basal diet with the supplementation of olive oil,
whereas the third group (SO) and fourth group (PL) received the basal diet supplemented with
sunflower and palm olein oils, respectively. The rumen content of each animal was collected for
pH measurement as well as enumeration of the rumen protozoa and fiber-degrading bacteria. The
rumen pH level was affected by sampling days (P<0.05). The total protozoa counts were higher in
the CON compared to the other treatments, which the OL group had the lowest rumen protozoa
counts and were significantly affected (P<0.05) by the diet and day of sampling. Treatment groups
did not affect Fibrobacter succinogenes, Ruminococcus albus and Ruminococcus flavefaciens
populations, but there were significantly affected (P<0.05) by day of sampling and the interaction
of treatment x day. In conclusion, dietary oils supplementation affects the rumen protozoa
population, but the effects on bacteria population are not extensive.
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Introduction

Protozoa are one of the natural microbial
populations, besides bacteria and fungi that
are found in the rumen of ruminants
(McSweeney et al., 2007). The rumen
protozoa can be divided into two groups,
namely holotrich and entodiniomorphid
ciliates. These two groups of the ciliate
protozoa occupy different metabolic niches in
response to certain dietary condition.
Holotrichs consume soluble carbohydrates
and entodiniomorphid ciliates utilize and

ferment particulate materials (Williams &
Coleman, 2012). Thus, the number of rumen
protozoa is  diet-dependent.  Animal
nutritionists have been working on improving
the nutrient utilization of ruminants by
manipulating the rumen microbial ecosystem
to enhance fibrous feed digestibility, reduce
methane emission, and reduce nitrogen
excretion (Patra et al., 2006; Pilajun &
Wanapat, 2011). Feed additives have been
shown to have direct impact on the population
of rumen protozoa. Addition of ionophores
such as monensin (Poos et al., 1979; Hino &
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Russel, 1987), plant secondary compounds
such as tannins and saponin (Poungchompu et
al., 2009; Liu et al., 2011), were found to
inhibit the rumen protozoa population. Apart
from the feed additives listed above, it has
been discovered that dietary lipids can also act
as an effective modifier of ruminal
fermentation but they are found to be toxic to
the protozoa (Machmdller et al., 1998).
Inclusion of dietary lipid in ruminant diet may
improve the efficiency of protein utilization
by reducing the intraruminal recycling of
bacterial protein (Hristov & Jouany, 2005).
However, the inhibitory effects on the
protozoa population are influenced by the
degree of fatty acid unsaturation. Some
researchers have claimed that higher
unsaturation caused more inhibitory effects on
the ruminal protozoa population (Jenkins,
1993; Roy et al., 2017). Supplementation of
sunflower oil in the ruminant diet was found
to result in a massive reduction of the protozoa
population and it is believed to be due to the
content of linoleic acid (C18:2) which inhibits
the number of rumen ciliate protozoa (Ivan et
al., 2001). Oil supplementation on rumen
microbial population is more multifaceted.
The effects depend more on fatty acid
composition and the degree of saturation in
the oils (Jenkins, 1993). To our knowledge,
there is not much information available
regarding the effect of diets supplemented
with olive oil that contains oleic acid (C18:1)
and palm olein oil that contains a combination
of linoleic acid and palmitic acid (C16:0) on
the rumen ciliate protozoa and fiber-degrading
bacteria in rumen. Thus, the aim of this study
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was to investigate the effect of olive oil, palm
olein oil or sunflower oil supplementation on
the protozoa and fiber-degrading bacteria
population in goats.

Materials and Methods
Animals and diets

Sixteen local crossed male goats equipped
with rumen cannula and aged between 20-24
mo (mean body weight of 28.32 + 1.85 kg)
were randomly assigned according to a
completely randomized design to four dietary
treatment groups, as follows: CON (basal diet
receiving no oil supplement); OL (basal diet +
6 % olive oil); SO (basal diet + 6 % sunflower
oil); and PL (basal diet + 6 % palm olein oil).
The diets were formulated to have
approximately equal amount of crude protein
(CP) and energy content (NRC, 2007). The
ingredients of the diets are presented in Table
1. Proximate analysis consisting of dry matter
(DM), organic matter (OM), ether extract
(EE), crude protein (CP), neutral detergent
fiber (NDF), and acid detergent fiber (ADF)
for all treatment diets was analyzed using
AOAC (2012) procedure and Van Soest et al.
(1991) method. The diets were offered ad
libitum to the goats at 09:00 h daily. The goats
were kept individually in separate pens and
had free access to water. The proximate
analysis of the diets is presented in Table 2.
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Table 1. Ingredients of the treatment diets with different dietary oil inclusions

. Treatments

Ingredient (as fed) CON oL Pl )
Rice straw (%) 30.8 25.8 25.8 25.8
Barley grain (%) 35.0 35.0 35.0 35.0
Soybean meal (%) 30.0 30.0 30.0 30.0
Molasses (%) 2.0 1.0 1.0 1.0
Vitamin mineral-mix (%) 0.5 0.5 0.5 0.5
Limestone (%) 13 13 1.3 1.3
Sodium sulphate (%) 0.4 0.4 0.4 0.4
Olive oil (%) - 6.0 - -

Sunflower oil (%) - - - 6.0
Palm oil (%) - - 6.0 -

Note: CON=basal diet; OL=basal diet + olive oil; PL=basal diet + palm olein oil; SO=basal diet + sunflower

oil.

Table 2. Chemical composition of the treatment diets with different dietary oil inclusions

Chemical analysis Treatments

(DM %) CON oL SO PL
DM 76.17 76.02 78.73 78.27
oM 93.60 93.34 94.96 94.61
EE 1.86 4.56 4,74 4.70
CP 15.76 15.48 16.00 15.9
NDF 63.53 58.76 51.27 58.54
ADF 17.04 18.26 21.41 20.66

Note: CON=basal diet; OL=basal diet + olive oil; PL=basal diet + palm olein oil; SO=basal diet + sunflower
oil; DM=dry matter; OM=organic matter; CP=crude protein; EE=ether extract; NDF=neutral detergent fiber;

ADF=acid detergent fiber
Sampling and analysis

The study started with 28 d of adjustment
period followed by 30 d of experimental
period. At the end of the adjustment period,
on day 28, the animals were divided into a
group of four goats and given the respective
experimental diets. Prior to this, the rumen
samples were taken on days 27 and 28 of the
adjustment period which was considered as
the initial day or at O day of experimental
period. The rumen fluids collected on days 27
and 28 of the adjustment period were pooled
and kept at room temperature and subjected
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to the protozoa count analysis. Similarly, the
rumen samples were also collected on days 2,
4, 6, 12, 18, 24, and 30 of the experimental
period. The pH of the rumen content was
measured immediately using a portable pH
meter (Eco Testr pH 1, Eutech Instrument Pte
Ltd, SGP). Five ml of the filtrates were
preserved in 5 ml of 10 % formal saline and
staining was done using brilliant green dye as
described by Dehority (1993). The holotrich
and entodiniomorphid ciliates were counted
using a Neubauer Improved Bright-Line
counting cell chamber (0.1 mm depth;
Hausser Scientific, Horsham, PA, USA).
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Each sample was counted twice, and if the regions are presented in Table 3. Real-time
coefficient of the variation was greater than PCR  amplification and detection were
10%, the counts were repeated. The total performed using CFX 96 system (Bio-Rad,
protozoa count was calculated as a sum of Hercules, CA, USA). The amplification
holotrich and entodiniomorphid ciliates reaction was conducted in a final volume of
counts. 25 pl which contained 12.5 pl Maxima

DNA from rumen content samples SYBR Green gPCR Master Mix, 8.5 ul
collected on day 0, 12 and 30 were extracted RNAse free distilled water, 2 ul of DNA
using QlAamp DNA Stool Mini Kit (Qiagen elution and 1 pl of each species-specific PCR
Inc., Valencia, CA, USA) according to the primer. PCR conditions of all species were as
guidelines provided by the manufacturer. follows: 15 s at 95°C for denaturing, 30 s at
Real-time PCR was used to determine the annealing temperature, and 20 s at 72°C for
population of prominent fiber-degrading an extension for 39 cycles. The standards
bacteria: F. succinogens, R. albus and R. used in this study were prepared according to
flavefaciens. Species-specific PCR primers the protocol described by Navidshad et al.
that were used to amplify partial 16S rDNA (2012)

Table 3. The PCR primer used for quantification of fiber-degrading bacteria in goat fed
with different dietary oils

Fiber-degrading Primer Amplicon
bacteria Forward Reverse (base Ref
pairs)
F. succinogenes 5’-GTTCGGAATTACTGGG 5’-CGCCTGCCCCTGA 121 [1, 2]
CGTAAA-3’ ACTATC-3’
R. albus 5’-CCC TAAAAG CAGTCT 5’-CCT CCT TGC GGT 175 [3]
TAGTTC G-3’ TAG AAC A-3°
R. flavefaciens 5’-CGAACGGAGATAATT 5-CGGTCTCTGTATGTTA 132 [1,2]
TGAGTTTACTTAGG-3’ TGAGGTATTACC-3’

Ref = references
1, Samsudin et al. (2014); 2, Denman & McSweeney (2006); 3, Koike & Kobayashi (2001)
#Published in Ibrahim et al., 2016.

Statistical analysis Results and Discussion

Data analysis was performed using the The mean ruminal pH as shown in Table
general linear model (GLM) procedure of 4 ranged between 6.26 (PL) to 6.80 (OL) and
SAS (2003). It was used to analyze the data was affected by the day of sampling
of rumen pH, protozoa count and fiber- (P<0.05). Different treatment diets had no
degrading bacteria population affected by the significant effect on the ruminal pH.
dietary treatments, days of sampling, and However, the OL fed group had slightly
treatments x day of sampling interaction in higher rumen pH value pattern than the other
the model. Duncan Multiple Range Test was groups (Figure 1).

used to further compare means at P<0.05.
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Table 4. Effect of basal diets and dietary oil supplements on the rumen ciliate protozoal and fiber
degrading bacteria populations

Treatment P value
Parameter CON oL SO PL SEM Treatment Day Tr:aérz;nt
pH 6.29 6.80 6.33 6.26 0.09 0.58 0.00 0.85
Protozoa count 10* mL™*
Total protozoa* 24508 10.68° 12.86° 11.09° 0.56 0.00 0.00 0.73
Entodiniomorphids 19.45%  8.64° 10.44° 844> 0.46 0.01 0.00 0.76
Holotrichs 5.058 2.04> 242° 265" 0.09 0.00 0.00 0.00

Fiber-degrading bacteria®

F. sliccinagenes 604 860 442 4730 562 006 003 0.01

x10%/ml)

R. albus(XI05/mI) 1.91 1.33 439 11.50 2.22 0.78 0.02 0.01

R. flavefaciens

(><108/ml) 2.24 7.18 3.33 6.05 1.29 0.31 0.01 0.00
Note:

CON-=basal diet; OL=basal diet + olive oil; PL=basal diet + palm olein oil; SO=basal diet + sunflower oil;
*Total protozoa; sum of holotrichs and entodiniomorhids.

#Published in lbrahim et al., 2016.

Values are expressed in mean (n = 4).
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Figure 1. Effects on pH value (means + SE) in rumen fluid of goats supplemented with dietary oils
at different days. Vertical bars are standard errors. (CON=basal diet; OL=basal diet + olive oil;
PL=basal diet + palm olein oil; SO=basal diet + sunflower oil).

21



Mal. J. Anim. Sci. 22(1): 17-24 June 2019

The effect of dietary oil supplementation
on the rumen pH did not differ significantly
among the treatments. However, there were
significant differences in ruminal pH over
days of sampling. This result suggests that the
rumen microbial population is able to adapt to
the diet given, regardless of the addition and
difference in composition of the dietary oil
supplemented (Penner et al., 2006).

Although there was no statistically
significant difference between the treatments,
supplementation of olive oil tended to
increase the rumen pH compared to the other
treatment groups, where the effect appeared to
increase on day 6. However, the values were
within normal range and did not alter the
rumen cellulolysis processes of fiber and
protein digestion (de Veth & Kolver, 2001;
Wales et al., 2004). Nevertheless, the pH
values in the other dietary treatments were
also within the normal range of ruminal pH
value.

The findings of the present study are
consistent with Anantasook et al. (2013) who
reported that supplementation of palm oil did
not give negative effects on the ruminal pH in
dairy cows. Moreover, Pilajun et al. (2010)
showed that pH values in cattle supplemented
with sunflower oil were between 6.6-6.8,
depending on its combination level with the
coconut oil.

The mean number of protozoa count was
significantly higher (P<0.05) in CON group
compared to the other treatment groups which
the OL group had the lowest rumen protozoa
population. The total protozoa count was
significantly affected (P<0.05) by the dietary
treatments and day of sampling. However,
there was no significant interaction between
dietary treatment and day of sampling. The
total protozoa count and individual number of
holotrich and entodiniomorphid ciliates are
shown in Table 4.

The protozoa number in rumen contents is
influenced by the feeding practices. Although
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protozoa form the fundamental part of the
microbial population in the rumen, their
benefit to the ruminant is still controversial
(Ishler et al., 1996). The rumen ciliate
protozoa population was found to be at low
level when the animals were fed with dietary
oil (Tesfa, 1993; Yanez Ruiz et al., 2004;
Wanapat & Khampa, 2006). Several other
studies (Cieslak et al., 2013; Patra and Yu,
2013; Benchaar et. al, 2015) also
demonstrated similar result to this study
which shows that the number of protozoa
population in the rumen tends to decrease
when the animals are fed with different
sources of dietary oils.

The decrease in total protozoa count in the
rumen fluid was probably due to the toxic
effect of the supplemented oils in the diet. It
has been postulated that the unsaturated fatty
acids are toxic to the rumen ciliate protozoa
(Newbold & Chamberlain, 1998). However,
the concentration of the dietary lipid must be
adequate to particularly affect the rumen
protozoa population because of the ability of
protozoa to absorb and metabolize lipid
unlimitedly leading to the swelling and
rupture of their cells in the high concentration
of dietary lipid (Williams & Coleman, 2012;
Girard & Hawke, 1978). Previous studies
have shown contradictory effects of different
concentration of dietary lipid
supplementation. Anantasook et al. (2013)
reported at 2% dietary lipid supplementation
decreased protozoa population. On the other
hand, Benchaar et al. (2012) did not observe
similar result even at 4% dietary lipid
supplementation. It has also been observed by
Ivan et al. (2001) and Yanez Ruiz et al. (2004)
that holotrichs were most vulnerable to the
toxic effect of the oils rich in fatty acids which
contributed to the reduced number of the total
protozoa. Apart from that, the duration of
dietary oil supplementation to the animal also
had an effect in reducing the rumen protozoa
population (lvan et al., 2001).
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The effect of oil supplementation on fiber-
degrading bacteria population is presented in
Table 4. There were no significant differences
(P>0.05) observed in the F. succinogenes, R.
albus and R. flavefaciens populations as
affected by treatment diet. However,
significant  differences  (P<0.05) were
observed for all fiber-degrading bacteria
populations which were influenced by day of
sampling and the interaction of treatment x
day.

Different responses of oil
supplementation on fiber-degrading rumen
bacteria were shown in this study. High
number of F. succinogenes recorded in OL, R.
flavefaciens in all of the supplemented diets,
and significant increase of R. albus in the PL
and SO groups compared to CON. These
results may suggest that oil supplementation
did not directly affect the fiber-degrading
bacteria population in the rumen. Similarly,
Ivan et al. (2013) observed an increased
population of R. albus and R. flavefaciens
with oil supplementation. In addition,
Yabuuchi et al. (2007) reported that the
negative effects towards fiber-degrading
bacteria were neglected in the case of high
grain feed diet. Besides types of dietary oils
supplemented, Wanapat et al. (2011) and
Marin et al. (2012) suggested that other
factors such as method of administration and
level of inclusion in the diet might also
influence the effects on rumen.

Conclusion

In conclusion, the above results suggest
that the supplementation of goat diet with
dietary oils can positively reduce the rumen
protozoa population. In addition, oil
supplementation did not have any adverse
effects on  fiber-degrading  bacteria
populations, thus did not compromise the
rumen fiber digestion activity.
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