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Study have been conducted to investigate the effects of oils with different fatty acid
profiles on rumen fermentation, microbial population and nutrient digestibility in goats.
Sixteen male goats fitted with rumen cannula were randomly assigned to four
experimental dietary treatments. The first group acted as control (CNT) and was given
basal diet; whereas the second, third and fourth groups were supplemented with 6% of
olive oil (OL), palm olein oil (PO) and sunflower oil (SF) respectively. The feed was
analysed for proximate analysis. The rumen content was collected for enumeration of
protozoa, analysis of fibre degrading bacteria and methanogens using gPCR, and
chemical analysis for ammonia and VFA. For the second experiment, sixteen male
goats were used for digestibility experiment. Approximately, 10% of total faecal
collection was sampled for chemical analysis of nutrient and their digestibility was
calculated. The GLM procedure from SAS was used to analyse the parameters. The
mean pH of the rumen fluid pH values were significantly affected by day of sampling
(P < 0.01). Higher mean of ammonia concentrations was observed in CNT (42.6 mg/L)
compared to others and was significantly affected by diet (P < 0.01), day of sampling
(P < 0.05) and diet x day of sampling interaction (P < 0.05). The mean of total VFA
concentration (mmol) was higher in SF and OL groups and significantly affected by
diet treatments (P < 0.05). Molar proportion of acetate, propionate and isobutyrate were
affected by diet (P < 0.05) and day of sampling (P < 0.05). Molar proportion of
butyrate and valerate were affected by day of sampling (P < 0.05). The mean number of
protozoa was lower (P < 0.05) in treatment groups compared to CNT. There were
significant differences in apparent digestibility of CP (P < 0.05) and EE (P < 0.01) of
treatment groups compared to CNT. Real-time PCR have been used to quantify three
cellulolytic bacteria species which are, F. succinogens, R. albus and R. flavefaciens,
together with protozoa, methanogen archeae and total bacteria for day 0, day 18 and
day 30 with significant observed on R. albus (P < 0.05) and protozoa population (P
<0.01). As a conclusion, supplementation of dietary oils improved rumen fermentation
as total VFA production increased whereas ammonia and protozoa counts decreased
significantly. Therefore, the results suggest that vegetables oil reduced and maintain
low level of rumen protozoa population during supplementation in goats and help



savings on protein supplements, reduce the excretion of nitrogen and its negative
environmental impact.
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Suplemen minyak sayuran dan minyak bijian dalam makanan boleh mengurangkan
bilangan protozoa dalam rumen dan mengekalkan populasi protozoa yang rendah
sepanjang tempoh suplementasi, menjimatkan protein tambahan serta mengurangkan
penyingkiran nitrogen dan kesan negative terhadap alam sekitar. Enam belas kambing
jantan yang dilengkapi dengan rumen kanula dibahagi secara rawak kepada empat
rawatan diet eksperimen. Kumpulan pertama adalah kumpulan kawalan (CNT) dan
telah diberikan diet asas. Kumpulan kedua, ketiga dan keempat masing-masing
menerima diet eksperimen yang ditambah dengan 6% minyak zaitun (OL), minyak
olein (PO) dan minyak bunga matahari (SF). Makanan dianalisis untuk analisis
proksimat. Kandungan rumen kambing diambil untuk kiraan protozoa, analisis serat
degradasi bakteria dan methanogen menggunakan RT-PCR serta analisis kimia untuk
ammonia dan asid lemak meruap. Untuk eksperimen kedua, enam belas kambing jantan
untuk eksperimen penghadaman. Sekitar 10% daripada jumlah kutipan telah disampel
untuk analisis kimia bagi nutrien dan peratus pencernaan telah dikira. Prosedur GLM
dari SAS telah digunakan untuk menganalisis semua parameter. Purata pH cecair
rumen telah terjejas dengan ketara oleh hari persampelan (P < 0.01. Purata kepekatan
ammonia ynag lebih tinggi diperhatikan dalam CNT (42.6 mg/L) berbanding dengan
kumpulan lain dan berkait secara siknifikan dengan diet (P < 0.01) dan interaksi diet x
hari persampelan (P < 0.05). Purata bagi jumlah kepekatan VFA (mmol) adalah lebih
tinggi dalam kumpulan OL dan SF dipengaruhi dengan ketara oleh diet (P < 0.05).
Kadar molar asid asetat, asid propionic dan asid isobutyrik dipengaruhi oleh diet (P <
0.05) dan hari persampelan (P <0.05). Kadar molar asid butyrik dan asid valerat
dipengaruhi oleh hari persampelan (P <0.05). Purata bilangan protozoa adalah lebih
tinggi (P <0.05) dalam CNT berbanding dengan kumpulan lain. Terdapat perbezaan
siknifikan pada penghadaman CP (P < 0.05) dan EE (P < 0.01) dalam kumpulan
rawatan berbanding CNT. RT-PCR telah digunakan untuk mengkaji tiga spesies
bakteria sellulolitik iaitu Fibrobacter succinogens, Ruminococcus Albus dan
Ruminococcus flavefaciens, bersama-sama dengan protozoa, methanogen dan jumlah
mikrob untuk hari O, hari 18 dan hari 30 dan terdapat berbezaaan yang ketara dalam
populasi R. albus (P < 0.05) dan protozoa (P <0.01). Sebagai konklusi, suplemen



minyak dalam makanan memperbaiki penapaian rumen apabila penghasilan asid lemak
meruap meningkat manakala ammonia dan protozoa menurun dengan ketara. Oleh itu,
suplemen minyak dalam makanan berpotensi untuk dianggap sebagai suplemen
makanan mikrob dalam ruminan.
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CHAPTER 1

INTRODUCTION

Ruminants have an important role in agriculture because of their unique ability to
convert roughages that are unsuitable for man, efficiently. They can effectively utilize
all fibrous parts of plant including by-products produced from food for human
consumption. As a result, these by-products, for example cereal by-products, stalk and
straw can enter human food chain.

Understanding the nature of ruminant nutrition and digestion are essential in order to
improve the management and production at farm. Among many approaches,
manipulating ruminant nutrition through feed formulation and feeding management is
in particular being practiced and researched over the last decade. The used of plant
extract, or plant containing secondary compound such as condensed tannins and
saponins as well as plant oils supplementation have been reported by researchers
(Cowan, 1999; Kamra et al., 2008; Sallam et al., 2009, Bodas et al., 2012).

Digestion in ruminant is characterized by fermentation in the rumen by rumen
microbial population, constituting mainly bacteria, protozoa and fungi (Takenaka and
Itabashi, 1995). The breakdown of ingested feed in rumen by rumen microbes produces
products that are utilized by the host animal such as short chain fatty acid (acetate,
propionate, butyrate and others) and ammonia.

Rumen microbes produce enzymes that digest cellulose, hemicellulose and other
fibrous components, which are not digested by enzymes of host animals.
Proportionately rumen microbe composed of bacteria, protozoa and fungi (Kamra,
2005; Hungate, 1966) with bacteria representing 10%° bacteris, 107 protozoa, 10°® fungi
and yeast per ml of rumen ligour (Buccioni et al., 2012).

However, protozoa gives negatives effects towards in term of nutrition as they are
predator of bacteria and their consumption and digestion of bacteria is a wasteful
process that contributes to the undesirable recycling of nitrogen in rumen. Since
protozoa are not essential for the animals, numerous chemical and physical methods
were applied experimentally to eliminate protozoa from the rumen (Hegarty, 1999).

Oils and fats have 2.25 times higher digestible energy compared to carbohydrates in
grains, generating concentrated sources of energy when added to animal feeds. The
inclusion of oils and fats in animals’ feeds tend to improve the physical characteristics
of the feeds such as reducing the dustiness of the feed as well as improving palatability.
Plant-based oils that are rich in unsaturated fatty acids are known to modify rumen
fermentation, depending on their fatty acids composition, origin and degree of
saturation (Szumacher-Strabel et al., 2009), where unsaturated fatty acids are found to



be more toxic than saturated ones and can inhibit rumen fermentation more extensively
(Jenkins, 1993).

The majority of dietary vegetable oil supplements reduces protozoa, however also
contain medium-chain fatty acids that are known to have a negative effect on
cellulolytic bacteria and the consequently, fibre digestion. In recent years some oilseeds
crops (for example; safflower, sunflower and flaxseed) have been genetically modified
to produce high concentration of one of the Cis fatty acids such as oleic (C18:1),
linoleic (C18:2) or linolenic (C18:3) acid in the oil. The C18:2 and C18:3 fatty acids
are known to be beneficial to rumen cellulolytic bacteria, mainly the dietary linoleic
acid which has increased the concentration of total cellulolytic bacteria species in the
rumen by over 80%. Such oils will also become in demand by the ruminant production
industry as dietary supplements when their benefits become widely known. However,
the effects of the locally produced oils from oil palms such as palm olein on the rumen
metabolism and gastrointestinal digestion of dietary fibre is not known.

Currently, the role of livestock production in increasing global warming has been
reported. The important issue highlighted was the emission of greenhouse gasses
released from livestock industry, in particular methane and carbon dioxide production
through fermentation in the rumen. Furthermore, ruminal protozoa have been shown to
exert an effect on environmental pollutant by providing hydrogen for ruminal synthesis
of methane by methanogens (methane producing organism) and excretion of nitrogen.
Thus, improvement and modification of rumen microbial environment through
elimination of protozoa was a major concern in this study.

The objectives of this study are to investigate the effects of dietary oils differing in
fatty acid composition on rumen fermentation, rumen microbial population and nutrient
digestibility in goats. The specific objectives were as follow:

1. to determine the effect of olive oil, palm olein oil and sunflower oil
supplementation on rumen fermentation characteristic in goats;

2. to investigate the effect olive oil, palm olein oil and sunflower oil
supplementation on digestibility of protein and fiber and other nutrients in goats;

3. to quantify cellulolytic bacteria, total bacteria, total protozoa and total archaea
population in the rumen of goats receiving different type of oil supplementation.



REFERENCES

Abubakr, A. R., Alimon, A. R., Yaakub, H., Abdullah, N., & Ivan, M. (2013).
Digestibility, rumen protozoa, and ruminal fermentation in goats receiving
dietary palm oil by-products. Journal of the Saudi Society of Agricultural
Sciences, 12(2), 147-154.

Allison, M. J., Cook, H. M., & Stahl, D. A. (1987). Characterization of rumen bacteria
that degrade dihydroxypyridine compounds produced from mimosine.
In Herbivore Nutrition Research (pp. 55-56). Australian Society of Animal
Production, Brisbane.

Anantasook, N., Wanapat, M., Cherdthong, A., & Gunun, P. (2013). Effect of plants
containing secondary compounds with palm oil on feed intake, digestibility,
microbial protein synthesis and microbial population in dairy cows. Asian
Australasian Journal of Animal Sciences, 26(6), 820-826.

AOAC (Association of Official Analytical Chemists). (1990). Official methods of
analysis. Association of Analytical Chemist.

Bauchart, D., Legay-Carmier, F., & Doreau, M. (1990). Ruminal hydrolysis of dietary
triglycerides in dairy cows fed lipid-supplemented diets. Reproduction,
Nutrition, Development, 187s.

Bauchart, D. (1993). Lipid absorption and transport in ruminants. Journal of Dairy
Science, 76(12), 3864-3881.

Belenguer, A., Toral, P. G., Frutos, P., & Hervés, G. (2010). Changes in the rumen
bacterial community in response to sunflower oil and fish oil supplements in
the diet of dairy sheep. Journal of dairy science, 93(7), 3275-3286.

Benchaar, C., Romero-Pérez, G. A., Chouinard, P. Y., Hassanat, F., Eugene, M., Petit,
H. V., & Cortes, C. (2012). Supplementation of increasing amounts of linseed
oil to dairy cows fed total mixed rations: Effects on digestion, ruminal
fermentation characteristics, protozoal populations, and milk fatty acid
composition. Journal of Dairy Science, 95(8), 4578-4590.

Bhatt, R. S., Soren, N. M., Tripathi, M. K., & Karim, S. A. (2011). Effects of different
levels of coconut oil supplementation on performance, digestibility, rumen
fermentation and carcass traits of Malpura lambs. Animal Feed Science and
Technology, 164(1), 29-37.

Bodas, R., Prieto, N., Garcia-Gonzélez, R., Andrés, S., Giraldez, F. J., & Lépez, S.
(2012). Manipulation of rumen fermentation and methane production with
plant secondary metabolites. Animal Feed Science and Technology, 176(1),
78-93.

Broudiscou, L., Pochet, S., & Poncet, C. (1994). Effect of linseed oil supplementation
on feed degradation and microbial synthesis in the rumen of ciliate-free and
refaunated sheep. Animal Feed Science and Technology, 49(3), 189-202.

Buccioni, A., Decandia, M., Minieri, S., Molle, G., & Cabiddu, A. (2012). Lipid
metabolism in the rumen: New insights on lipolysis and biohydrogenation
with an emphasis on the role of endogenous plant factors. Animal Feed
Science and Technology, 174(1), 1-25.

Chanthakhoun, V., Wanapat, M., Kongmun, P., & Cherdthong, A. (2012). Comparison
of ruminal fermentation characteristics and microbial population in swamp
buffalo and cattle. Livestock Science, 143(2), 172-176.

45



Chaudhary, L. C., Srivastava, A., & Singh, K. K. (1995). Rumen fermentation pattern
and digestion of structural carbohydrates in buffalo (Bubalus bubalis) calves
as affected by ciliate protozoa. Animal Feed Science and Technology,56(1),
111-117.

Coleman, G. S. (1964). The metabolism of Escherichia coli and other bacteria by
Entodinium caudatum. Journal of General Microbiology, 37(2), 209-223.

Coleman, G. S. (1979). The role of rumen protozoa in the metabolism of ruminants
given tropical feeds. Tropical Animal Production, 4(3), 199-213.

Cottyn, B. G., & Boucque, C. V. (1968). Rapid method for the gas-chromatographic
determination of volatile fatty acids in rumen fluid. Journal of Agricultural
and Food Chemistry, 16(1), 105-107.

Cowan, M. M. (1999). Plants products as antimicrobial agents. Clin. Microbiol. Rev.
12, 564-582.

Dehority, B. A. (1993). Laboratory manual for classification and morphology of rumen
ciliate protozoa. CRC Press.

Dehority, B. A. (2004). In vitro determination of generation times for Entodinium
exiguum, Ophryoscolex purkynjei and Eudiplodinium maggii. Journal of
Eukaryotic Microbiology, 51(3), 333-338.

Demeyer, D. I., & Van Nevel, C. J. (1975). Methanogenesis, an integrated part of
carbohydrate fermentation and its control. Digestion and Metabolism in the
Ruminant, 366-382.

Denman, S. E., & McSweeney, C. S. (2006). Development of a real-time PCR assay
for monitoring anaerobic fungal and cellulolytic bacterial populations within
the rumen. FEMS Microbiology Ecology, 58(3), 572-582.

Dijkstra, J. (1994). Production and absorption of volatile fatty acids in the
rumen. Livestock Production Science, 39(1), 61-69.

Dirksen, G., & Phillipson, A. T. (1970). Acidosis. In Physiology of digestion and
metabolism in the ruminant. Proceedings of the third international
symposium, Cambridge, England; August 1969 (pp. 612-625). Newcastle-
upon-Tyne: Oriel Press.

Dominguez-Bello, M. G., & Stewart, C. S. (1990). Degradation of mimosine, 2, 3-
dihydroxy pyridine and 3-hydroxy-4 (1H)-pyridine by bacteria from the
rumen of sheep in Venezuela. FEMS Microbiology Letters, 73(4), 283-289.

Doreau, M., & Chilliard, Y. (1997). Digestion and metabolism of dietary fat in farm
animals. British Journal of Nutrition, 78(01), S15-S35.

Doreau, M., & Ferlay, A. (1995). Effect of dietary lipids on nitrogen metabolism in the
rumen: a review. Livestock Production Science, 43(2), 97-110

Doreau, M., & Ferlay, A. (1994). Digestion and utilisation of fatty acids by
ruminants. Animal Feed Science and Technology, 45(3), 379-396.

Doreau, M., Legay, F., & Bauchart, D. (1991). Effect of source and level of
supplemental fat on total and ruminal organic matter and nitrogen digestion in
dairy cows. Journal of Dairy Science, 74(7), 2233-2242.

Duffield, T., Plaizier, J. C., Fairfield, A., Bagg, R., Vessie, G., Dick, P., Wilson, J.,
Aramini, J., & McBride, B. (2004). Comparison of techniques for
measurement of rumen pH in lactating dairy cows. Journal of Dairy
Science, 87(1), 59-66.

Finlay, B. J., Esteban, G., Clarke, K. J., Williams, A. G., Embley, T. M., & Hirt, R. P.
(1994). Some rumen ciliates have endosymbiotic methanogens. FEMS
Microbiology Letters, 117(2), 157-161.

FAO, 2002. Livestock: intensification and its risks, pp. 58-63. In: World Agriculture:
Towards 2015/2030.

46



Gerson, T., John, A., & Sinclair, B. R. (1983). The effect of dietary N on in vitro
lipolysis and fatty acid hydrogenation in rumen digesta from sheep fed diets
high in starch. The Journal of Agricultural Science, 101(01), 97-101.

Gerson, T., John, A., & King, A. S. D. (1985). The effects of dietary starch and fibre on
the in vitro rates of lipolysis and hydrogenation by sheep rumen digesta.The
Journal of Agricultural Science, 105(01), 27-30.

Girard, V., & Hawke, J. C. (1978). The role of holotrichs in the metabolism of dietary
linoleic acid in the rumen. Biochimica et Biophysica Acta (BBA)-Lipids and
Lipid Metabolism, 528(1), 17-27.

Gomez-Cortés, P., Frutos, P., Mantecon, A. R., Juarez, M., De la Fuente, M. A., &
Hervas, G. (2008). Milk production, conjugated linoleic acid content, and in
vitro ruminal fermentation in response to high levels of soybean oil in dairy
ewe diet. Journal of Dairy Science, 91(4), 1560-1569.

Harfoot, C. G., & Hazlewood, G. P. (1997). Lipid metabolism in the rumen. In The
Rumen Microbial Ecosystem (pp. 382-426). Springer Netherlands.

Harvatine, K. J., & Allen, M. S. (2006). Effects of fatty acid supplements on ruminal
and total tract nutrient digestion in lactating dairy cows. Journal of dairy
science, 89(3), 1092-1103.

Hecker, J. F. (1969). A simple rapid method for inserting rumen cannulae in
sheep. Australian Veterinary Journal, 45(6), 293-294.

Hegarty, R. S. (1999). Reducing rumen methane emissions through elimination of
rumen protozoa. Crop and Pasture Science, 50(8), 1321-1328.

Holter, J. B., & Young, A. J. (1992). Methane prediction in dry and lactating Holstein
cows. Journal of Dairy Science, 75(8), 2165-2175.

Hook, S. E., Wright, A. D. G., & McBride, B. W. (2010). Methanogens: methane
producers of the rumen and mitigation strategies. Archaea, 2010.

Hoover, W. H. (1986). Chemical factors involved in ruminal fiber digestion. Journal of
Dairy Science, 69(10), 2755-2766.

Hristov, A. N., Ivan, M., & McAllister, T. A. (2004). In vitro effects of individual fatty
acids on protozoal numbers and on fermentation products in ruminal fluid
from cattle fed a high-concentrate, barley-based diet. Journal of Animal
Science, 82(9), 2693-2704.

Hungate, R. E. (1975). Micro-organisms in the rumen of cattle fed a constant ration.
Canadian Journal of Microbiology, 289-311.

Hungate, R. E. (1966). The rumen and its microbes. Academic Press.

International Olive Qil Council. 2006. http://www.internationaloliveoil.org.

Ivan, M., Mir, P. S., Koenig, K. M., Rode, L. M., Neill, L., Entz, T., & Mir, Z. (2001).
Effects of dietary sunflower seed oil on rumen protozoa population and tissue
concentration of conjugated linoleic acid in sheep. Small Ruminant
Research, 41(3), 215-227.

Ivan, M., Chiquette, J., Petit, H. V., & Alimon, A. R. (2009). Effects of dietary linoeic
and linolenic acids on the rumen population of cellulolytic bacteria and ciliate
protozoa in dairy cows. In Y. Chilliard, Y. Faulconnier, 1. Veissier, & M.
Doreau, Ruminant Physiology, Digestion, Metabolism and Effects of Nutrition
on Reproduction and Welfare. Proceedings of the XIth International
Symposium on Ruminant Physiology (pp. 220-221). Wageningen Academic
Publication.

Ivan, M., Petit, H. V., Chiquette, J., & Wright, A. D. (2013). Rumen fermentation and
microbial population in lactating dairy cows receiving diets containing
oilseeds rich in C-18 fatty acids. British Journal of Nutrition, 109(07), 1211-
1218.

47


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_cdi=271182&_issn=03778401&_origin=article&_zone=art_page&_plusSign=%2B&_targetURL=http%253A%252F%252Fwww.internationaloliveoil.org%252F

Jalc, D., Certik, M., Kundrikova, K., & Namestkova, P. (2007). Effect of unsaturated
C18 fatty acids (oleic, linoleic and a-linolenic acid) on ruminal fermentation
and production of fatty acid isomers in an artificial rumen. Veterinarni
Medicina, 52(3), 87-94.

Jalg, D., & Ceresnakova, Z. (2002). Effect of plant oils and malate on rumen
fermentation in vitro. Czech Journal of Animal Science, 47, 106-111.

Jenkins, T. C. (1993). Lipid metabolism in the rumen. Journal of Dairy Science,
76(12), 3851-3863.

Jenkins, T. C., & McGuire, M. A. (2006). Major advances in nutrition: impact on milk
composition. Journal of Dairy Science, 89(4), 1302-1310.

Johnson, D. E., Hill, T. M., Carmean, B. R., Lodman, D. W., & Ward, G. M. (1991).
New perspectives on ruminant methane emissions. Energy Metabolism of
Farm Animals. C. Wenk, and M. Boessinger (Eds.). ETH, Zurich,
Switzlerland, 376-379.

Jouany, J. P. (1994). Manipulation of microbial activity in the rumen. Archives of
animal Nutrition, 46(2), 133-153.

Jouany, J. P. (1996). Effect of rumen protozoa on nitrogen utilization by
ruminants. The Journal of Nutrition, 126(4 Suppl), 1335S-46S.

Kamra, D. N. (2005). Rumen microbial ecosystem. Current Science, 89(1), 124-135.

Kamra, D. N., A. K. Patra, P. N. Chatterjee, K. Ravindra, A. Neeta and L. C.
Chaudhary. (2008). Effect of plant extract on methanogenesis and microbial
profile of the rumen of buffalo. A brief overview. Aust. J. Exp. Agric. 48, 175-
178.

Kepler, C. R., Tucker, W. P., & Tove, S. B. (1970). Biohydrogenation of unsaturated
fatty acids IV. Substrate specificity and inhibition of linoleate 612-cis, 611-
trans-isomerase from Butyrivibrio fibrisolvens. Journal of Biological
Chemistry, 245(14), 3612-3620.

Khosla, P (2006). Palm oil: A nutritional overview. Agro Food Industry Hi-Tech 17
(3), 21-23.

Koike, S., & Kobayashi, Y. (2001). Development and use of competitive PCR assays
for the rumen cellulolytic bacteria: Fibrobacter succinogenes, Ruminococcus
albus and Ruminococcus flavefaciens. FEMS Microbiology Letters, 204(2),
361-366.

Kongmun, P., Wanapat, M., Pakdee, P., Navanukraw, C., & Yu, Z. (2011).
Manipulation of rumen fermentation and ecology of swamp buffalo by
coconut oil and garlic powder supplementation. Livestock Science, 135(1), 84-
92.

Kucuk, O., Hess, B. W., & Rule, D. C. (2008). Fatty acid compositions of mixed
ruminal microbes isolated from sheep supplemented with soybean oil.
Research in veterinary science, 84(2), 215-224.

Machmdller, A., Soliva, C. R., & Kreuzer, M. (2003). Effect of coconut oil and
defaunation treatment on methanogenesis in sheep. Reproduction Nutrition
Development, 43(1), 41-55.

Maczulak, A. E., Dehority, B. A., & Palmquist, D. L. (1981). Effects of long-chain
fatty acids on growth of rumen bacteria. Applied and environmental
microbiology, 42(5), 856-862.

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(4), 303-314.

48



Manso, T., Castro, T., Mantecon, A. R., & Jimeno, V. (2006). Effects of palm oil and
calcium soaps of palm oil fatty acids in fattening diets on digestibility,
performance and chemical body composition of lambs. Animal Feed Science
and Technology, 127(3), 175-186.

Mao, H. L., Wang, J. K., Zhou, Y. Y., & Liu, J. X. (2010). Effects of addition of tea
saponins and soybean oil on methane production, fermentation and microbial
population in the rumen of growing lambs. Livestock science, 129(1), 56-62.

Marin, A. M., Gomez-Cortés, P., Castro, A. G., Judrez, M., Alba, L. P., Hernandez, M.
P., & de la Fuente, M. A. (2012). Short communication: Linear discriminant
analysis and type of oil added to dairy goat diets. Journal of dairy
science, 95(7), 4045-4049.

Marin, A. M., Gomez-Cortés, P., Castro, A. G., Judrez, M., Alba, L. P., Hernandez, M.
P., & De la Fuente, M. A. (2011). Animal performance and milk fatty acid
profile of dairy goats fed diets with different unsaturated plant oils. Journal of
dairy science, 94(11), 5359-5368.

McDonald P., Edwards R.A., Greenhalgh J.F.D., Morgan C. A., Sinclair L. A,
Wilkinson R.G. (2010). Animal Nutrition 7th Edition. London. Pearson
Education.

McSweeney, C. S., Denman, S. E., Wright, A., & Yu, Z. (2007). Application of recent
DNA/RNA-based techniques in rumen ecology. Asian-Australasian Journal
of Animal Sciences, 20(2), 283.

Molina Alcaide, E., Ruiz, D. R., Moumen, A., & Garcia, A. 1. (2003). Ruminal
degradability and in vitro intestinal digestibility of sunflower meal and in vitro
digestibility of olive by-products supplemented with urea or sunflower meal:
comparison between goats and sheep. Animal Feed Science and Technology,
110(1), 3-15.

Molina-Alcaide, E., & Yafiez-Ruiz, D. R. (2008). Potential use of olive by-products in
ruminant feeding: A review. Animal Feed Science and Technology, 147(1),
247-264.

Mosoni, P., Chaucheyras-Durand, F., Béra-Maillet, C., & Forano, E. (2007).
Quantification by real-time PCR of cellulolytic bacteria in the rumen of sheep
after supplementation of a forage diet with readily fermentable carbohydrates:
effect of a yeast additive. Journal of Applied Microbiology, 103(6), 2676-
2685.

Mould, F. L., & @rskov, E. R. (1983). Manipulation of rumen fluid pH and its
influence on cellulolysis in sacco, dry matter degradation and the rumen
microflora of sheep offered either hay or concentrate. Animal Feed Science
and Technology, 10(1), 1-14.

Murphy, M.R. (1984). Modelling production of volatile fatty acids in ruminants. In R.
L. Baldwin & A. C. Bywater (Eds.), Modelling Ruminant Digestion and
Metabolism. Proc. Second International Workshop (pp. 59-62).

Naik, P. K., Saijpaul, S., & Rani, N. (2009). Effect of ruminally protected fat on in
vitro fermentation and apparent nutrient digestibility in buffaloes (Bubalus
bubalis). Animal Feed Science and Technology, 153(1), 68-76.

Navidshad, B., Liang, J. B., & Jahromi, M. F. (2012). Correclation coefficients
between different method of expressing bacterial quantification using Real
Time PCR. International Journal of Molecular Sciences, 13, 2119-2132.

Nutrient Requirements of Small Ruminants. (2007). Nutrient Requirements of Small
Ruminants: Sheep, Goats, Cervids, and New World Camelids.

49



Newbold, C. J., & Chamberlain, D. G. (1988). Lipids as rumen-defaunating
agents. Proceeding of Nutrition Society, 47, 154.

NRC (1981). Nutrient requirements of domestic animals. No 15, Nutrient Requirements
of Goats.

NRC (National Research Council). (2001). Nutrient requirements of dairy cattle. 7th
rev. ed,.

Oldick, B. S., & Firkins, J. L. (2000). Effects of degree of fat saturation on fiber
digestion and microbial protein synthesis when diets are fed twelve times
daily. Journal of Animal Science, 78(9), 2412-2420.

Orpin, C. G. (1975). Studies on the rumen flagellate Neocallimastix frontalis.Journal of
General Microbiology, 91(2), 249-262.

@rskov, E. R. (1982). Protein nutrition in ruminants. Academic Press Inc.(London)
Ltd.

@rskov, E. R., & MacLeod, N. A. (1982). The determination of the minimal nitrogen
excretion in steers and dairy cows and its physiological and practical
implications. British Journal of Nutrition, 47(03), 625-636.

Palmquist, D. L., & Jenkins, T. C. (1980). Fat in Lactation Rations: Review. Journal of
Dairy Science, 63(1), 1-14.

Pantoja, J., Firkins, J. L., Eastridge, M. L., & Hull, B. L. (1994). Effects of fat
saturation and source of fiber on site of nutrient digestion and milk production
by lactating dairy cows. Journal of Dairy Science, 77(8), 2341-2356.

Parsons, T. R., Maita, Y., & Lalli, C. M. (1984). A manual of chemical and biological
methods for seawater analysis. Pergamon Press, Oxford.

Patra, A. K., Kamra, D. N., & Agarwal, N. (2006). Effect of plant extracts on in vitro
methanogenesis, enzyme activities and fermentation of feed in rumen liquor of
buffalo. Animal Feed Science and Technology, 128(3), 276-291.

Penner, G. B., Beauchemin, K. A., & Mutsvangwa, T. (2006). An evaluation of the
accuracy and precision of a stand-alone submersible continuous ruminal pH
measurement system. Journal of Dairy Science, 89(6), 2132-2140.

Pilajun, R., Wanapat, M., Wachirapakorn, C., & Navanukroaw, C. (2010). Effect of
coconut oil and sunflower oil ratio on ruminal fermentation, rumen
microorganisms, N-balance and digestibility in cattle. Journal of Animal and
Veterinary Advances, 9(13), 1868-1874.

Roy, A., Mandal, G. P., & Patra, A. K. (2013). Evaluating the performance, carcass
traits and conjugated linoleic acid content in muscle and adipose tissues of
Black Bengal goats fed soybean oil and sunflower oil. Animal Feed Science
and Technology, 185(1), 43-52.

Ruiz, R., Albrecht, G. L., Tedeschi, L. O., Jarvis, G., Russell, J. B., & Fox, D. G.
(2001). Effect of monensin on the performance and nitrogen utilization of
lactating dairy cows consuming fresh forage. Journal of Dairy Science, 84(7),
1717-1727.

Ruiz, D. Y., Moumen, A., Garcia, A. M., & Alcaide, E. M. (2004). Ruminal
fermentation and degradation patterns, protozoa population, and urinary
purine derivatives excretion in goats and wethers fed diets based on two-stage
olive cake: Effect of PEG supply. Journal of Animal Science, 82(7), 2023-
2032.

Russell, J. B., & Jeraci, J. L. (1984). Effect of carbon monoxide on fermentation of
fiber, starch, and amino acids by mixed rumen microorganisms in vitro.
Applied and Environmental Microbiology, 48(1), 211-217.

50



Sallam, S. M. A., I. C. S. Bueno, P. Brigide, P. B. Godoy, D. M. S. S. Vitti and A. L.
Abdalla., (2009). Efficacy of eucalyptus oil on in vitro ruminal fermentation
and methane production. Options Mediterraneennes 85, 267-272.

SAS Institute Inc., (2003). SAS User’s Guide, Version 9.1, second ed. SAS Institute
Inc.: Cary, NC.

Scollan, N. D., Dhanoa, M. S., Choi, N. J., Maeng, W. J., Enser, M., & Wood, J. D.
(2001). Biohydrogenation and digestion of long chain fatty acids in steers fed
on different sources of lipid. The Journal of Agricultural Science, 136(03),
345-355.

Sirohi, S. K., Pandey, N., Singh, B., & Puniya, A. K. (2010). Rumen methanogens: a
review. Indian Journal of Microbiology, 50(3), 253-262.

Shingfield, K. J., Chilliard, Y., Toivonen, V., Kairenius, P., & Givens, D. I. (2008).
Trans fatty acids and bioactive lipids in ruminant milk. In Bioactive
Components of Milk (pp. 3-65). Springer New York.

Staroscik, A. Retrieved from Calculator for determining the number of copies of a
template. http://cels.uri.edu/gsc/cndna.html.

Sutton, J. D., Knight, R., McAllan, A. B., & Smith, R. H. (1983). Digestion and
synthesis in the rumen of sheep given diets supplemented with free and
protected oils. British Journal of Nutrition, 49(03), 419-432.

Sutton, J. D. (1985). Digestion and absorption of energy substrates in the lactating
cow. Journal of Dairy Science, 68(12), 3376-3393.

Szumacher-Strabel, M., Cieslak, A., & Nowakowska, A. (2009). Effect of oils rich in
linoleic acid on in vitro rumen fermentation parameters of sheep, goats and
dairy cows. Journal of Animal and Feed Sciences, 18(3), 440-452.

Tajima, K., Aminov, R. I., Nagamine, T., Matsui, H., Nakamura, M., & Benno, Y.
(2001). Diet-dependent shifts in the bacterial population of the rumen revealed
with real-time PCR. Applied and environmental microbiology,67(6), 2766-
2774,

Takenaka, A., & ltabashi, H. (1995). Changes in the population of some functional
groups of rumen bacteria including methanogenic bacteria by changing the
rumen ciliates in calves. Journal of General and Applied Microbiology, 41(5),
377-387.

Tripoli, E., Giammanco, M., Tabacchi, G., Di Majo, D., Giammanco, S., & La Guardia,
M. (2005). The phenolic compounds of olive oil: structure, biological activity
and beneficial effects on human health. Nutrition Research Reviews, 18(01),
98-112.

Van Houtert, M. F. J. (1993). The production and metabolism of volatile fatty acids by
ruminants fed roughages: A review. Animal Feed Science and
Technology, 43(3), 189-225.

Van Nevel, C. J.,, & Demeyer, D. I. (1996). Control of rumen methanogenesis.
Environmental Monitoring and Assessment, 42(1-2), 73-97.

Van Soest, P. V., Robertson, J. B., & Lewis, B. A. (1991). Methods for dietary fiber,
neutral detergent fiber, and nonstarch polysaccharides in relation to animal
nutrition. Journal of Dairy Science, 74(10), 3583-3597.

Varga, G. A., & Kolver, E. S. (1997). Microbial and animal limitations to fiber
digestion and utilization. The Journal of Nutrition, 127(5), 819S-823S.

Veira, D. M., Ivan, M., & Jui, P. Y. (1983). Rumen ciliate protozoa: effects on
digestion in the stomach of sheep. Journal of Dairy Science, 66(5), 1015-
1022.

Visioli, F., & Galli, C. (2002). Biological properties of olive oil phytochemicals.
Critical Reviews in Food Science and Nutrition, 42(3), 209-221.

51


http://cels.uri.edu/gsc/cndna.html

Voigt, J., Kuhla, S., Gaafar, K., Derno, M., & Hagemeister, H. (2006). Digestibility of
rumen protected fat in cattle. Slovak J. Anim. Sci, 39, 16-19.

Wachira, A. M., Sinclair, L. A., Wilkinson, R. G., Hallett, K., Enser, M., & Wood, J.
D. (2000). Rumen bhiohydrogenation of n-3 polyunsaturated fatty acids and
their effects on microbial efficiency and nutrient digestibility in sheep. The
Journal of Agricultural Science, 135(04), 419-428.

Wales, W. J., Kolver, E. S., Thorne, P. L., & Egan, A. R. (2004). Diurnal variation in
ruminal pH on the digestibility of highly digestible perennial ryegrass during
continuous culture fermentation. Journal of Dairy Science, 87(6), 1864-1871.

Wallace, R. J., Broderick, G. A., & Brammall, M. L. (1987). Microbial protein and
peptide metabolism in rumen fluid from faunated and ciliate-free sheep.
British Journal of Nutrition, 58(01), 87-93.

Wallace, R. J., McEwan, N. R., Mclntosh, F. M., Teferedegne, B., & Newbold, C. J.
(2002). Natural products as manipulators of rumen fermentation. Asian
Australasian Journal of Animal Sciences, 15(10), 1458-1468.

Wanapat, M., & Khampa, S. (2006). Effect of Mineralized Solid Palm Fat and Feeding
Pattern on Ruminal Ecology and Digestibility of Nutrients in Dairy Steers Fed
on Urea-Treated Rice Straw. Pakistan Journal of Nutrition, 5(4), 319-324.

Wanapat, M., Mapato, C., Pilajun, R., & Toburan, W. (2011). Effects of vegetable oil
supplementation on feed intake, rumen fermentation, growth performance, and
carcass characteristic of growing swamp buffaloes.Livestock Science, 135(1),
32-37.

Wang, J., & Fung, D. Y. (1996). Alkaline-fermented foods: A review with emphasis on
pidan fermentation. Critical Reviews in Microbiology, 22(2), 101-138.
Williams, A. G. (1986). Rumen holotrich ciliate protozoa. Microbiological

Reviews, 50(1), 25.

Williams, A. G. (1989). Metabolic activities of rumen protozoa. In The Roles of
Protozoa and Fungi in Ruminant Digestion (pp. 97-126). Penambul Books,
Armidale, Australia.

Williams, A. G., & Coleman, G. S. (1997). The rumen protozoa. In The Rumen
Microbial Ecosystem (pp. 73-139). Springer Netherlands.

Williams, V. J., & Mackenzie, D. D. S. (1965). The absorption of lactic acid from the
reticulo-rumen of the sheep. Australian Journal of Biological Sciences, 18(4),
917-934.

Wolin, M. J., Miller, T. L., & Stewart, C. S. (1997). Microbe-microbe interactions.
In The Rumen Microbial Ecosystem (pp. 467-491). Springer Netherlands.

Yabuuchi, Y., Tani, M., Matsushita, Y., Otsuka, H., & Kobayashi, Y. (2007). Effects of
lauric acid on physical, chemical and microbial characteristics in the rumen of
steers on a high grain diet. Animal Science Journal, 78(4), 387-394.

Zhang, C. M., Guo, Y. Q., Yuan, Z. P., Wu, Y. M., Wang, J. K,, Liu, J. X., & Zhu, W.
Y. (2008). Effect of octadeca carbon fatty acids on microbial fermentation,
methanogenesis and microbial flora in vitro. Animal Feed Science and
Technology, 146(3), 259-269.

52





