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FERMENTATION IN GOATS 

 
 

By 
 
 

THAYALINI A/P KATHIRASER 
 
 

November 2015 
 
 

Chairman : Assoc. Prof. Halimatun Yaakub, PhD 
 
Faculty  : Agriculture 
 
Improving production is important in ruminant industry and to solve this 
problem, much effort has been carried out to manipulate the rumen ecosystem 
as it plays an important role in ruminant nutrition. The use of herbal by-products 
has been considered in order to maximize the usage of herbs and to reduce 
feed cost. Black cumin seed meal is the by-product of Nigella sativa seed that 
has been pressed to produce oil and is also believed to contain nutrients that 
are not fully removed from the whole seed. As such, the present study was to 
evaluate the effect of black cumin seed meal supplementation on nutrient 
digestibility, rumen fermentation characteristics, rumen fatty acid profiles and 
rumen total protozoal counts of goats fed with black cumin seed meal-based 
feed. 

In the first part of the study, proximate analysis, fatty acid profiling and 
determination of saponin and flavonoid of the black cumin seed meal were 
conducted. In this study, total of five rumen fistulated mixed breed male goats 
between 18 kg to 20 kg of body weight were used. All goats were fed on 1.5% 
dry matter (DM) of body weight with formulated concentrate diets 
supplemented with four levels of black cumin seed meal and 1.5% DM of body 
weight guinea grass hay as basal diet. The four levels of black cumin seed 
meal were fixed at 0% (BC0), 0.8% (BC8), 1.6% (BC16) and 2.4% (BC24). The 
goats were subjected to a three week cycle consisting of two weeks adaptation 
and one week of experimentation. After one week of washout period, the cycle 
was resumed. The feeding regime consisted diets supplemented with different 
levels of black cumin seed meal with guinea grass hay, ad libitum feeding. 

Results had shown that the black cumin seed meal had 31.2% crude protein, 
19.2% crude fat, 56% linoleic acid and 0.41% linolenic acid. The saponin 
content in the black cumin seed meal was about 0.139 mg /100 g while 
flavonoid content about 3.0 mg / 100 g. The pH of rumen in goats fed with 
dietary treatments ranged from 6.5 to 7.0 throughout the study. The 
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supplementation of black cumin seed meal had no effect (P>0.05) on all the 
fatty acid proportions. There were also no significant differences (P>0.05) 
between dietary treatments on the total VFA concentrations, molar proportions 
of individual VFA, or ratio of acetate to propionate. The total mean protozoa 
numbers were also constant throughout the study. In conclusion, the 
supplementation of black cumin seed meal at 0.8%, 1.6% and 2.4% in the diets 
did not affect nutrient digestibility, rumen fermentation characteristics, rumen 
fatty acid profiles and total protozoa counts of the goats. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk Ijazah Master Sains 
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November 2015 
 
 

Pengerusi : Prof. Madya Halimatun Yaakub, PhD 
 
Fakulti  : Pertanian 
 
Peningkatan dari segi pengeluaran adalah penting dalam industri ruminan. Untuk 
mengatasi masalah ini, pelbagai usaha dalam memanipulasikan ekosistem 
rumen telah dilaksanakan kerana ia memainkan peranan penting dalam nutrisi 
ruminan. Penggunaan bahan sampingan herba telah dikaji bagi 
memaksimumkan penggunaan herba dan mengurangkan kos sumber makanan. 
Hampas biji jintan hitam merupakan produk sampingan dari biji Nigella sativa 
yang telah ditekan untuk menghasilkan minyak dan juga dipercayai 
mengandungi nutrien yang tidak sepenuhnya dikeluarkan daripada keseluruhan 
biji. Tujuan utama penyelidikan ini adalah untuk menilai kesan hampas biji jintan 
hitam sebagai makanan tambahan ke atas pencernaan nutrien, ciri-ciri 
fermentasi rumen, profil asid lemak rumen dan jumlah protozoa dalam rumen 
pada kambing yang diberi makanan berasaskan mil biji jintan hitam.  
 
Sebelum kajian ini dimulakan, analisis proksimat, profil asid lemak rumen dan 
penentuan saponin dan flavonoid telah dilaksanakan untuk mil biji jintan hitam. 
Untuk kajian ini, lima ekor kambing jantan baka kacukan yang rumen berfistula 
dengan berat semasa antara 18 kg hingga 20 kg telah digunakan. Semua 
kambing diberi diet yang mengandungi 1.5% berat kering mengikut peratus berat 
badan diet konsentrat yang disuplementasikan dengan empat tahap mil biji jintan 
hitam dan 1.5% berat kering mengikut peratus berat badan berasaskan diet 
rumput guinea kering. Empat diet tahap mil biji jintan hitam ditetapkan pada 0% 
(BC0), 0.8% (BC8), 1.6% (BC16) and 2.4% (BC24). Semua kambing tertakluk 
kepada kitar selama tiga minggu yang merangkumi dua minggu untuk adaptasi 
dan satu minggu untuk eksperimentasi. Selepas satu minggu washout, kitar 
pemakanan kambing diteruskan. Rejim pemberian makanan mengandungi diet 
suplemen dengan mil biji jintan hitam pada tahap berlainan, dengan rumput 
guinea kering secara ad libitum. 
 
Keputusan menunjukan mil jintan hitam mengandungi 31.2% protein kasar, 
19.2% lemak kasar, 56% asid linoleik and 0.41% asid linolenik. Kandungan 
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saponin dalam mil jintan hitam adalah 0.139 mg /100 g dimana kandungan 
flavonoid adalah 3.0 mg / 100 g. 
 
Kesemua kambing yang diberi makan rawatan diet mempunyai nilai pH rumen 
dalam lingkungan 6.5 hingga 7 untuk keseluruhan hari. Suplemen mil biji jintan 
hitam tidak memberi kesan signifikan (P>0.05) kepada semua bahagian asid 
lemak. Selain itu, tiada perbezaan (P>0.05) antara rawatan diet pada 
keseluruhan kepekatan asid lemak meruap (VFA), perkadaran molar VFA 
individu atau nisbah asetik kepada propionik keseluruhannya.  Malah, jumlah 
protozoa tetap iaitu tidak berubah sepanjang masa 
 
Kesimpulannya, suplemen mil biji jintan hitam pada 0.8%, 1.6% dan 2.4% dalam 
diet tidak memberi kesan terhadap pencernaan nutrien, ciri-ciri fermentasi 
rumen, profil asid lemak rumen dan jumlah protozoa pada kambing. 
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1 

CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 
 
The ruminant livestock industry plays an important role in the production of 
both meat and milk as an essential source of protein for human consumption. 
Earlier than cattle or sheep, goats are among the smallest domesticated 
ruminants and have provided much service to mankind. They can be found all 
over the world owing to their nutritional and environmental adaptability. With 
proper attention, they maintain good health and are easily manageable 
(Mirzaei, 2012). Small scale goat farming has been known to give significant 
benefit for families all over the world. Goats worldwide are mostly owned by 
poor rural families who lack modern management skills, and thus have poor 
feeding and housing practices with insufficient adoption of technologies which 
are important to improve productivity. 
 
The importance of goat as a source of meat is increasingly accepted by the 
societies. However, animal production with desired properties for consumption 
can only be achieved by ensuring the animals are healthy and care is taken in 
terms of improvement in feed quality, hygiene, potable water and management 
(Saxena, 2008). 
 
There are numerous investigations that focused on utilization of natural plant 
extracts as feed additives in animals (Frankic et al., 2009). In addition, due to 
the wide variety of active components, different herbs results in different effects 
on the digestion processes (Frankic et al., 2009). 
 
Addition of herbal feed additives in the form of natural plant products in animals 
feed may also help to stimulate the immune response (Khosravi et al., 2010) 
and improve digestibility of the feedstock, thereby enhancing quality of locally 
available feed source which in turn, helps to increase the production of goats in 
our country. Some of natural plant produced products compounds such as 
essential oils, flavonoid and saponin. Essential oils are naturally formed by 
aromatic plants as secondary metabolites and are volatile, natural, complex 
compounds which give out strong odour (Bakkali et al., 2008). In fact, essential 
oils are found in all parts of plant, which include roots, bark, flowers, petals, 
leaves and fruit bodies (Hirasa and Takemasa, 1998).  
 
Among the well-known herbal additives include Nigella sativa or black cumin 
which is small herbal plant of 30 to 60 cm height, and belongs to the 
Ranunculaceae family. In the Middle East, it is known as "Habbah Al-Sauda”. 
The seed is rich in various nutritional properties such as protein, 
carbohydrates, essential fatty acids for example linoleic acid; vitamin A, B1, B2, 
C and niacin as well as minerals. The oil from black cumin seeds also has 
many medicinal properties and is known to improve the immune system. The 
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seed is believed to be a rich source of linoleic acid (Matthaus and Ozcan, 
2011). The black cumin seed has been used as feed additives, especially for 
poultry as growth promoters, in view of its therapeutic values and high 
nutritional content.  
 
Many studies have highlighted the use of the whole black cumin seed but not 
the oil-extracted cake or meal (in the pressed form), as a supplement in 
ruminant diets. The aim of adding fatty acid supplements to control the 
antimicrobial effects of fatty acids so that the addition of these supplements will 
not disrupt the ruminal fermentation and digestion while regulating the 
biohydrogenation process so that the performance of the animal will be 
improved (Jenkins, 1993). This black cumin seed meal is also believed to be 
high in phytochemical properties like saponin and flavonoid. Furthermore, the 
information on the use of black cumin seed meal in diet of goats was not 
available. 
 
 
1.2 Hypothesis 
 
It was hypothesized that the supplementation of black cumin seed meal in 
goats would improve feed digestibility and rumen fermentation while reducing 
rumen biohydrogenation and total protozoa counts. 
 
 
1.3 Research Objectives 
 
Therefore the main research objective of this study is to investigate the effects 
of black cumin seed meal supplementation on goats. The specific objectives of 
this thesis are:- 
 

 To determine the composition and to quantify linoleic and linolenic acid 
contents in the pressed black cumin seed meal. 
 

 To evaluate the apparent digestibility of nutrients and rumen 
fermentation characteristics of goats fed diet supplemented with black 
cumin seed meal. 
 

 To determine rumen fatty acid profiles and total protozoa counts of 
goats fed diet supplemented with black cumin seed meal. 

 
 
1.4 Thesis Organization 
 
This thesis consists of 5 chapters including introduction in this chapter. Chapter 
2 summarizes the recent aspects on use of herbs in veterinary medicine, and 
highlights the importance of utilizing herbs especially in ruminant production. In 
addition, an overview of the digestive process in ruminants is covered, along 
with special focus on black cumin seed and its use in livestock, especially 
ruminants. The main focus of Chapter 3 is to present the methods, results and 
discussion of the proximate analysis and fatty acid analysis of black cumin 
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seed meal, digestibility trial and volatile fatty acid analysis of goats 
supplemented with black cumin seed meal. Moving on, the main focus of 
Chapter 4 is to present the methods, results and discussion on rumen fatty acid 
profiles and total protozoa in goats supplemented with black cumin seed meal. 
Chapter 5 presents the general discussion, main conclusions of this thesis as 
well as recommendations for future research. 



© C
OPYRIG

HT U
PM

 

50 

REFERENCES 
 
 

Abbas, E.E.T., and Ahmed, M.E.  (2010). Effect of supplementation of Nigella 
sativa seeds to the broiler chicks diet on the performance and carcass 
quality. International Journal of Agriculture Sciences 2, 9-13. 

 
Abdel-Aal, E.S.M., and Attia, R.S. (1993). Characterization of black cumin 

(Nigella sativa L.) seeds. Chemical composition and lipids. Alexandria 
Science Exchange 14, 467-482. 

 
Abdel-Magid, S.S., El-Kady, R., Gad, S.M., and Awadalla, I. (2007). Using 

cheap and local non-conventional protein meal (Nigella sativa) as least 
cost rations formula on performance of crossbreed calves. International 
Journal of Agriculture and Biology 9, 877-880. 

 
Abdo, Z. M.A. (2004). Effect of phytase supplementation on the utilization of 

Nigella sativa seed meal in broiler diets.  Egyptian Poultry Science 24, 
143-162. 

 
Abubakr, A.R., Alimon, A.R., Yaakub, H., Abdullah, N., and Ivan, M. (2013). 

Digestibility, rumen protozoa, and ruminal fermentation in goats receiving 
dietary palm oil by-products. Journal of Saudi Society of Agricultural 
Science 12, 147-154. 

 
Akhtar, M.S., Nasir, Z., and Abid, A.R. (2003). Effect of feeding powdered 

Nigella sativa L. seeds on poultry egg production and their suitability 
for human consumption. Veterinarski-Arhiv 73, 181–190. 

 
Al-Ghamdi, M. S. (2001). The anti-inflammatory analgesic and antipyretic 

activity of Nigella sativa. Journal of Ethnopharmacology 76, 45-48. 
 
Al-Harthi, M.A. (2002). Efficacy of vegetable diets with antibiotics, and different 

types of spices or their mixtures on performance, economic efficiency 
and carcass traits of broilers. Journal of Agricultural Science 27, 3531-
3545. 

 
Ali, B. H., and Blunden, G. (2003). Pharmacological and toxicological 

properties of Nigella sativa. Phytotherapy Research 21, 299–305. 
 
Al-Jasass, F.M., and Al-Jasser, M.S. (2012) Chemical composition and fatty 

acid content of some spices and herbs under Saudi Arabia conditions. 
Scientific World J 5 (Article ID 859892). 

 
Al-Jassir, M.S. (1992). Chemical composition and microflora of black cumin 

(Nigella sativa L.) seeds growing in Saudi Arabia. Food Chemistry 45, 
239–242. 

 
Allison, M.J., Mayberry, W.R., McSweeney, C.S., and Stah, D.A. (1992). 

Synergistes jonesii, gen. Nov., sp. nov.: A rumen bacterium that 



© C
OPYRIG

HT U
PM

 

51 

degrades toxic pyridinediols. Systematic and Applied Microbiology 15 
(4), 522-529. 

 
Al- Muffarrej, S.I.  (2014). Immune-responsiveness and performance of broiler 

chickens fed black cumin (Nigella sativa L.) powder. Journal of the 
Saudi Society of Agricultural Sciences 13, 75-80. 

 
Al-Mzaien, K.A. (2012). Assessment the antioxidant and hypolipidmic effect of 

black cumin (Nigella sativa L.) flavonoids in induced oxidative stressed 
male rabbits. The Iraqi Journal of Veterinary Medicine 36 (2), 163-173. 

 
Al-Saleh, I., Billedo, A.G., and El-Doush, I.I. (2006). Levels of selenium, DL-a-

tocopherol, DL-gtocopherol, all-trans-retinol, thymoquinone and thymol 
in different brands of Nigella sativa seeds. Journal of Food 
Composition and Analysis 19, 167-175. 

 
Alyemeni, M.N., Sher, H., and Wijaya, L. (2010). Some observations on Saudi 

medicinal plants of veterinary importance. Journal of Medicinal Plants 
Research 4, 2298–2304. 

 
Association of Official Analytical Chemists (AOAC). (1990). In: Helrich, K. (Ed.) 

Official Methods of Analysis 15th Edition. AOAC Arlington:VA. 
  
Association of Official Analytical Chemists (AOAC). (2007). In: Horwitz, W. and 

Latimer, G.W. (Eds.) Official Methods of Analysis 18th Edition (Rev 2). 
AOAC International: Gaithersburg, Md. 

 
Atanassova, M., Georgieva, S. and Ivancheva, K. (2011). Total phenolic and 

total flavonoid contents, antioxidant capacity and biological 
contaminants medical herbs. Journal of the University of Chemical 
Technology and Metallurgy 46, 81-88.  

 
Badary, O. A., Taha, R. A., Gamal-el-Din, A. M. and Abdel-Wahab, M. H. 

(2003). Thymoquinone is a potent superoxide anion scavenger. Drug 
Chemistry of Toxicology 26, 87-98. 

 
Bakkali, F., Averbeck, S., Averbeck, D., and Idaomar, M. (2008). Biological 

effects of essential oils – A review. Food and Chemical Toxicology 46, 
446–475. 

 
Bannink, A., France, J., López, S. Gerrits, W. J. J., Kebreab, E., Tamminga, S. 

and Dijkstra, J. (2008). Modelling the implications of feeding strategy 
on rumen fermentation and functioning of the rumen wall. Animal Feed 
Science Technology 143, 3-26. 

 
Bauchart, D., Doreau, M., and Kindler, A. (1987). Effect of fat and lactose 

supplementation on digestion in dairy cows. 2. Long-chain fatty 
acids. .Journal of Dairy Science 70, 71-80. 

 



© C
OPYRIG

HT U
PM

 

52 

Beauchemin, K.A., McGinn, S.M., and Petit, H.V. (2007). Methane abatement 
strategies for cattle: Lipid supplementation of diets. Canadian Journal 
of Animal Science 87, 431-440. 

 
Belewu, M.A., Fagbemi, T., Olatunde, B.J., and Otonekwu, I.P. (2007). 

Replacement value of Etanda africana seed meal for soybean meal in 
diet of growing West African dwarf goats. African Journal of Agricultural 
Research 2, 555-557. 

 
Benchaar, C., Petit, H.V., Berthiaume, R., Ouellet, D.R., Chiquette, J., and 

Chouinard, P.Y. (2007). Effects of essential oils on digestion, ruminal 
fermentation, rumen microbial populations, milk production, and milk 
composition in dairy cows fed alfalfa silage or corn silage. Journal of 
Dairy Science 90, 886–897. 

 
Benchaar, C., Calsamiglia, S., Chaves, A.V., Fraser, G.R., Colombatto, D., 

McAllister, T.A., and Beauchemin, K.A. (2008). A review of plant-
derived essential oils in ruminant nutrition and production. Animal Feed 
Science and Technology 145, 209-228. 

 
Benchaar, C., Petit, H.V., Berthiaume, R., Ouellet, D.R., and Chiquette, J. 

(2003). Effects of essential oil supplements on ruminal fermentation, 
rumen microbial populations and in sacco degradation of dry matter 
and nitrogen in the rumen of lactating dairy cows. Canadian Journal of 
Animal Science 83, 637-638. 

 
Bettero, V.P., Gandra, J.R., Nunes, H.V.N., Freitas Jr., J.E., Barletta, B.V., 

Carvalho, M.V., Detmann, E., and Pereira, J.C. (2013). Sources of 
omega-6 fatty acids do not alter the rumen degradation and transit of 
fibre from dairy cow diets. Journal of Animal and Feed Sciences 22, 
295-301. 

 
Bilton, P. (2011). “Herbs: Black cumin; History, culinary uses and nutrition.” 

Herbs & Herbal Supplements. https://herbs-herbal-
supplements.knoji.com/herbs-black-cumin-history-culinary-uses-and-
nutrition/ (Accessed on 18 December, 2014). 

 
Bodas, R., Prieto, N., Garcia-Gonzalez, R., Andres, S., Giraldez, F.J., and 

Lopez, S. (2012). Manipulation of rumen fermentation and methane 
production with plant secondary metabolites. Animal Feed Science and 
Technology 176, 78–93. 

 
Bowen, R. (2009). “Nutrient absorption and utilization in ruminants.” Digestive 

Physiology of Herbivores. 
 http://www.vivo.colostate.edu/hbooks/pathphys/digestion/herbivores/ru

m_absorb.html (Accessed 15 November, 2014) 
 
Bullitta, S., Piluzza, G., and Viegi, L. (2007). Plant resources used for 

traditional ethnoveterinary phytotherapy in Sardinia. 
Genetic Resources and Crop Evolution Genetic Resources and Crop 
Evolution 54, 1447–1464. 

https://herbs-herbal-supplements.knoji.com/herbs-black-cumin-history-culinary-uses-and-nutrition/
https://herbs-herbal-supplements.knoji.com/herbs-black-cumin-history-culinary-uses-and-nutrition/
https://herbs-herbal-supplements.knoji.com/herbs-black-cumin-history-culinary-uses-and-nutrition/


© C
OPYRIG

HT U
PM

 

53 

 
Buyukkamaci, N., and Filibeli, A. (2004). Volatile fatty acid formation in an 

anaerobic hybrid reactor. Process Biochemistry 39, 1491-1494. 
 
Calsamiglia, S. Busquet, M., Cardozo, P. W., Castillejos, L. and Ferret, A. 

(2007). Invited Review: Essential oils as modifiers of rumen microbial 
fermentation. Journal of Dairy Science 90, 2580-2595. 

 
Cardozo, P.W., Calsamiglia, S., Ferret, A., and Kamel, C. (2005). Screening for 

the effects of natural plant extracts at different pH on in vitro rumen 
microbial fermentation of a high-concentrate diet for beef cattle. 
Journal of Animal Science 83, 2572–2579. 

 
Castillejos, L., Calsamiglia, S., Ferret, A. and Losa, R. (2007). Effects of dose 

and adaptation time of a specific blend of essential oils compounds on 
rumen fermentation. Animal Feed Science and Technology 132, 186–
201. 

 
Castro-Montoya, J.M., Makkar, H.P.S., and Becker, K.  (2011). Chemical 

composition of rumen microbial fraction and fermentation parameters 
as affected by tannis and saponins using an in vitro rumen 
fermentation systems. Canadian Journal of Animal Science 91, 433-
448. 

 
Christie, W.W. (1993). Preparation of ester derivatives of fatty acids for 

chromatographic analysis. In: Christe, W.W. (Ed.), Advances in Lipid 
Methodology – Two. Dundee: Oily Press, p. 69-111. 

 
Cieslak, A., Varadyova, Z., Kisidayova, S., Jalc, D., and Szumacher-Strabel, M. 

(2013). Effect of diets with fruit oils supplements on rumen 
fermentation parameters, fatty acid composition and methane 
production in vitro. Journal of Animal Feed Science 22, 26-34. 

 
Cowan, M.M. (1999). Plant products as antimicrobial agents. Clinical 

Microbiology Reviews 12, 564-582. 
 
Crozier, A., Jaganath, I.B., and Clifford, M.N. (2006). Phenols, polyphenols and 

tannins: An overview. In: Crozier, A., Ashihara, H., and Clifford, M.N. 
(Eds.), Plant Secondary Metabolite sand the Human Diet. Oxford: 
Blackwell Publishing, p. 1–31. 

 
Das, T.K., Banerjee, D., Chakraborty, D., Pakhira, M.C., Shrivastava, B., and 

Kuhad, R.C. (2012). Saponin: Role in animal system. Veterinary World 
5, 248-254.  

 
Dehority, B.A. (2003). Rumen microbiology. Nottingham University Press: 

Notthingham, UK, p. 372. 
 
Dehority, B.A. (1984). Evaluation of subsampling and fixation procedures used 

for counting rumen protozoa. Applied Environmental Microbiology 48, 
182-185. 



© C
OPYRIG

HT U
PM

 

54 

 
Denli, M., Okan, F., and Uluocak, A.N. (2004). Effect of dietary black seed 

(Nigella sativa L.) extract supplementation on laying performance and 
egg quality of quail (Coturnix cotnurnix japonica). Journal of Applied 
Animal Research 26, 73-76. 

 
Dilzer, A., and Park, Y. (2012). Implication of conjugated linoleic acid (CLA) in 

human health. Critical Reviews in Food Science and Nutrition 6, 488-
513. 

 
Doreau, M., and Ferlay, A. (1994). Digestion and utilization of fatty acids by 

ruminants. Animal Feed Science Technology 45, 379–396. 
 
El-Dakhakhny, M., Mady, N.I., and Halim, M.A. (2000). Nigella sativa oil 

protects against induced hepatotoxicity and improves serum lipid 
profile in rats. Arzneimittel Forschung - Drug Research 50, 832-836 

 
El-Deek, A.A., Al-Harthi, M.A., Attia, Y.A., and Hannfy, M.M. (2003). Effect of 

anise (Pimpinell aanisum), fennel (Foeniculum vulgare) and ginger 
(Zingiber officinale Roscoe) on growth performance, carcass criteria 
and meat quality of broilers. Archive Fur Geflugelkunde 67, 92-96. 

 
Emery, R.S., Liesman, J.S., Herdt, T.H. (1992). Metabolism of long chain fatty 

acids by ruminant liver. The Journal of Nutrition 832-836. 
 
El-Nattat, W.S., and El-Kady, R.I. (2007). Effect of different medicinal plant 

seeds residues on the nutritional and reproductive performance of 
adult male rabbits.  International Journal of Agriculture & Biology 9, 
479–485. 

 
El-Rahman, A.H.H., El-Nomeary, Y.A.A., Shoukry, M.M., and Mohamed, M.I. 

(2014). Effect of substitution of cotton seed meal by two various protein 
sources on productive performance of fattening crossbred calves. 
American-Eurasian Journal of Agricultural & Environmental Sciences 
14, 811-816.  

 
Erwin, E.S., Marco, G.J., and Emery, E.M. (1961). Volatile fatty acid analyses 

of blood and rumen fluid by gas chromatography. Journal of Dairy 
Science 44, 1768-1771. 

 
Eryavuz, A., and Dehority, B.A. (2004). Effects of Yucca schidigera extract on 

the concentration of rumen microorganisms in sheep. Animal Feed 
Science and Technology 117, 215–222. 

 
Ferdous, A. J., Islam, S. N., Ahsan, M., Hasan, C. M., and Ahmad, Z. U. (1992). 

In vitro antibacterial activity of the volatile oil of Nigella sativa seeds 
against multiple drug-resistant isolates of Shigella species and isolates 
of Vibrio cholera and Escherichia coli. Phytotherpy Research 6, 137-
140. 

 



© C
OPYRIG

HT U
PM

 

55 

Fiorentini, G., Messana, J.D., Dian, P.H.M., Reis, R.A., Canesin, R.C., Pires, 
A.V., and Berchielli, T.T. (2013). Digestibility, fermentation and rumen 
microbiota of crossbred heifers fed diets with different soybean oil 
availabilities in the rumen. Animal Feed Science Technology 181, 26-
34. 

 
Folch, J., Lees, M., and Sloane Stanely, G. H. (1957). A simple method for the 

isolation and purification of total lipides from animal tissues. The 
Journal of Biological Chemistry 226, 497–509. 

 
Firkins, J.L., Yu, Z. and Morrison, M. (2007). Ruminal nitrogen metabolism: 

perspectives for integration of microbiology and nutrition for dairy. 
Journal of Dairy Science 90, E1-E16. 

 
Francis, G., Kerem, Z., Makkar, H.P.S., and Becker, K. (2002). The biological 

action of saponins in animal systems: A review. British Journal of 
Nutrition 88, 587–605. 

 
Frankic, T., Voljc, M., Salobir, J., and Rezar, V. (2009). Use of herbs and 

spices and their extracts in animal nutrition. Acta argiculturae 
Slovenica 94/2, 95-102. 

 
Frater, P. (2014). Feed additives in ruminant nutrition. Agriculture and 

Horticulture Development Board 1-38. 
 
France, J. and Siddons, R.C. (1993). Volatile Fatty Acid Production. In: Forbes, 

J.M. and France, J. (Eds.), Quantitative aspects of ruminant digestion 
and metabolism. Wallingford: C·A·B International, p. 107-121. 

 
Galicia-Jimenez, M.M., Rojas-Herrera, R., Sandoval-Castro, C., Murialdo, S.E., 

and Magana-Sevilla, H. (2014). Chemotactic responses of the rumen 
bacterial community towards the daidzein flavonoid. Livestock Science 
167, 121-125. 

 
Gargouri, Y., Pieroni, G., Rivière, C., Lowe, P. A., Saunière, J. F., Sarda, L., 

and Verger, R. (1986). Importance of human gastric lipase for intestinal 
lipolysis: an in vitro study. Biochimica et Biophysica Acta (BBA)-Lipids 
and Lipid Metabolism 879, 419–423. 

 
Gilani, A.H., Jabeen, Q., and Khan, M.A.U. (2004). A review of medicinal uses 

and pharmacological activities of Nigella sativa. Pakistan Journal of 
Biological Sciences 7, 441-451. 

 
Ghasemi, H.A., Kasani, N., and Taherpour, K. (2014). Effects of black cumin 

seed (Nigella sativa L.), a probiotic, a prebiotic and asynbiotic on 
growth performance, immune response and blood characteristics of 
male broilers. Livestock Science 164, 128-134. 

 
Goel, G., Makkar, H.P.S., and Becker, K. (2008). Effects 

of Sesbaniasesban and Carduus pycnocephalus leaves and fenugreek 
(Trigonella foenum-graecum L.) seeds and their extracts on partitioning 



© C
OPYRIG

HT U
PM

 

56 

of nutrients from roughage and concentrate-based feeds to methane. 
Animal Feed Science Technology 147, 72–89. 

 
Goiri, I., Indurain, G., Insausti, K., Sarries, V., Garcia-Rodriguez, A. (2010). 

Ruminal biohydrogenation of unsaturated fatty acids in vitro as affected 
by chitosan. Animal Feed Science Technology 159, 35-40. 

 
Greathead, H. (2003). Plants and plant extracts for improving animal 

productivity, Proceedings of the Nutrition Society 62, 279–290. 
 
Guarrera, P.G., Salerno, G., and Caneva, G. (2005). Folk phytotherapeutical 

plants from Maratea area (Basilicata, Italy). Journal of 
Ethnopharmacology 99, 367–378. 

 
Guo, F. C. (2003). Mushroom and herb polysaccharides as alternative for 

antimicrobial growth promoters in poultry. Wageningen University: 
Netherlands. 1-281. 

 
Harfoot, C.G., and Hazlewood, G.P. (1997). Lipid metabolism in the rumen. In:  

Hobson, P.N. and Stewart, D.S. (Eds.) The Rumen Microbial 
Ecosystem (2nd Edition). Chapman & Hall: London, UK, p. 382-426. 

 
Haron, H., Grace-Lynn, C. and Shahar, S. (2014). Comparison of 

physicochemical analysis and antioxidant activities of Nigella sativa 
seeds and oils from Yemen, Iran and Malaysia. Sains Malaysiana 43, 
535-542. 

 
Harrison, D.G., and McAllan, A.B. (1980). Factors affecting microbial growth 

yields in the reticulorumen. In: Ruckebush, Y. and Thivend, P. (Eds.), 
Digestive Physiology and Metabolism in Ruminants. MTP Press: 
Lancaster, England, p. 205-226. 

 
Hart, K.J., Yanez-Ruiz, D.R., Duval, S.M., McEwan, N.R., and Newbold, C.J. 

(2008). Plant extracts to manipulate rumen fermentation. Animal Feed 
Science and Technology 147, 8–35. 

 
Hashemi, M. (2014). The effects of use medicinal plants on rumen fermentation 

parameters in ruminants. International Journal of Advanced Biological 
and Biomedical Research 2, 1318-1327. 

 
Hassan, M.S.H., Taleb, A.A.M., Wakwak, M.M., and Yousef, B.A. (2007). 

Productive, physiological and immunological effect of using some 
natural feed additives in Japanese quail. Egyptian Poultry Science 27, 
557-581. 

 
Hassan, S.M. and Alaqil, A.A. (2014). Effect of adding different dietary levels of 

black cumin (Nigella sativa L.) seed on productive performance of 
laying hens.  Asian Journal of Poultry Science 8, 41-48. 

 
Health Natural Guide (2014). “Black cumin seeds cure HIV and Hepatitis?” 

Natural and Healthy Life Guide with Natural Remedies. 



© C
OPYRIG

HT U
PM

 

57 

http://www.healthnaturalguide.com/2014/03/black-cumin-seeds-cure-
hiv-and-hepatitis.html (Accessed on 21 December, 2014). 

 
Hess, H.D., Kreuzer, M., Diaz, T.E., Lascano, C.E., Carulla, J.E., Soliva, C.R., 

and Machmuller, A. (2003). Saponin rich tropical fruits affect 
fermentation and methanogenesis in faunated and defaunated rumen 
fluid. Animal Feed Science Technology 109, 79–94. 

 
Hirasa, K., and Takemasa, M. (1998). Spice Science and Technology. Marcel 

Dekker: New York, p. 1-232. 
 
Holtshausen, L., Chaves, A.V., Beauchemin, K.A., Mc Ginn, S.M., McAllister, 

T.A., Odongo, N.E., Cheeke, P.R. and Benchaar, C. (2009) Feeding 
saponin-containing Yucca schidigera and Quillaja saponaria to 
decrease enteric methane production in dairy cows. Journal of Dairy 
Science 92, 2809–2821. 

 
Hosseinzadeh, H., Tafaghodi, M., Mosavi, M.J., and Taghiabadi, E. (2013). 

Effect of aqueous and ethanolic extracts of Nigella sativa seeds on milk 
production in rats. Journal of Acupuncture and Meridian Studies 6, 18-
23. 

 
Hostettmann, K., and Marston, A. (1995). Saponins, Chemistry and 

Pharmacology of Natural Products. Cambridge University Press: 
Australia, p. 584. 

 
Hristov, A.N., Kennington, L.R., McGuire, M.A. and Hunt, C.W. (2005). Effect of 

diets containing linoleic acid-or oleic acid rich oils on ruminal 
fermentation and nutrient digestibility, and performance and fatty acid 
composition if adipose and muscle tissues of finishing cattle. Journal of 
Animal Science 83, 1312-1321. 

 
Hristov, A.N., McAllister, T.A., Van Herk, F.H., Cheng, K.J., Newbold, C.J., and 

Cheeke, P.R. (1999). Effect of Yucca schidigera on ruminal 
fermentation and nutrient digestion in heifers. Journal Animal Science 
77, 2554–2563. 

 
Hu, W.L., Liu, J.X., Ye, J.A., Wu, Y.M., and Guo, Y.Q. (2005). Effect of tea 

saponin on rumen fermentation in vitro. Animal Feed Science and 
Technology 120, 333-339. 

 
Innis, S.M. 2005. (2005). Essential fatty acid transfer and fetal development. 

Placenta 26, 570-575. 
 
Ivan, M., Mir, P. S., Mir, Z., Entz, T., He, M. L., and McAllister, T.A. (2004). 

Effects of dietary sunflower seeds on rumen protozoa and growth of 
lambs. British Journal of Nutrition 92, 303-310. 

 
Ivan, M., Mir, P.S., Koenig, K.M., Rode, L.M., Neill, L., Entz, T., and Mir, Z. 

(2001). Effects of dietary sunflower seed oil on rumen protozoa 

http://www.healthnaturalguide.com/2014/03/black-cumin-seeds-cure-hiv-and-hepatitis.html
http://www.healthnaturalguide.com/2014/03/black-cumin-seeds-cure-hiv-and-hepatitis.html


© C
OPYRIG

HT U
PM

 

58 

population and tissue concentration of conjugated linoleic acid in 
sheep. Small Ruminant Research 41, 215-227. 

 
Ivan, M., Neill, L., and Entz, T. (2000). Ruminal fermentation and duodenal flow 

following progressive inoculations of fauna-free wethers with major 
individual species of ciliate protozoa or total fauna. Journal of Animal 
Science 78, 750-759. 

 
Jenkins, T. C., Wallace, R. J., Moate, P. J., and Mosley, E. E. (2008). Board-

Invited Review: Recent advances in biohydrogenation of unsaturated 
fatty acids within the rumen microbial ecosystem. Journal of Animal 
Science 86, 397–412. 

 
Jenkins, T. C. (2002). Lipid transformations by the rumen microbial ecosystem 

and their impact on fermentative capacity. In: Martin, S.A. (Ed.), 
Gastrointestinal Microbiology in Animals. Research Signpost: Kerala, 
India, p. 103-117. 

 
Jenkins, T.C. (1993). Lipid metabolism in the rumen. Journal of Dairy Science, 

76, 3851-3863.  
 
Jenkins, T.C., and McGuire, M.A. (2006). Major advances in nutrition: impact 

on milk composition. Journal of Dairy Science 89, 1302–1310. 
 
Jenkins, T.C., and Bridge, W.C. (2007). Protection of fatty acids against 

ruminal biohydrogenation in cattle. European Journal of Lipid Science 
and Technology 109, 778-789. 

 
Jia, Z., Tang, M., and Wu, J. (1999). The determination of flavonoid contents in 

mulberry and their scavenging effects on superoxide radicals. Food 
Chemistry 64, 555-559.  

   
Jouany, J. P., Demeyer, D. I., and Grain, J. (1988). Effect of defaunating the 

rumen. Animal Feed Science and Technology 21, 229 – 265.  
 
Khan, N., and Sultana, S. (2005). Inhibition of two stage renal carsinogenesis, 

oxidative damage and hyperproliferative response by Nigella sativa. 
European Journal of Cancer Prevention 14, 159-168. 

 
Khan, M.S., Jabbar, T. H., Choudhuri, M. S. K., and Ghafur, M. A. (1999). 

Analgesic and anti-inflammatory activity of Nigella sativa Linn. 
Hamdard Medicus 42, 22-29. 

 
Khan, M. A. 1999. Chemical composition and medicinal properties of Nigella 

sativa L. Inflammopharmocology 7, 15-35. 
 
Khosravi, A., Boldaji, F., Dastar, B., and Hasani, S. (2010). Immune response 

and performance of broiler chicks fed protexin and propionic acid. 
International Journal of Poultry Science 9, 188-191. 

 



© C
OPYRIG

HT U
PM

 

59 

Kim, E.T., Guan, L.L., Lee, S.J., Lee, S.M., Lee, S.S., Lee, I.D., Lee, S.K., and 
Lee, S. (2015). Effects of flavonoid-rich plant extracts on in vitro 
ruminal methanogenesis, microbial populations and fermentation 
characteristics. Asian-Australasian Journal of Animal Sciences 28 (4), 
530-537. 

 
Kim, E.J., Huws, S.A., Lee, M.R.F., and Scollan, N.D. (2009). Dietary 

transformation of lipid in the rumen microbial ecosystem. Asian-
Australasian Journal of Animal Sciences 22, 1341 – 1350. 

 
Klita, P.T., Mathison, G.W., Fenton, T.W., and Hardin, R.T. (1996). Effects of 

alfalfa root saponins on digestive function in sheep. Journal of Animal 
Science 74, 1144-1156. 

 
Kolte A.Y., Ravikanth K., Rekhe D.S. and Maini S. (2009). Role of polyherbal 

formulation in modulating rumen biochemical and growth performance 
parameters in calves. International Journal of Veterinary Medicine 9, 
125-133. 

 
Kumar, O.M. (1991). Effect of Liv-52 syrup on broiler performance in North 

Eastern Region. Indian Poultry Review 31, 37–38. 
 
Landau, S.Y., Muklada, H., Abu-Rabia, A., Kaadan, S., and Azaizeh, H. (2014) 

Traditional Arab ethno-veterinary practices in small ruminant breeding 
in Israel. Small Ruminant Research 119, 161 -171. 

 
Lands, W.E. (1992). Biochemistry and physiology of n-3 fatty acids. FASEB 

Journal 6, 2530-2536. 
 
Lee, S. S., Ha, J. K., Kim, K. H., and Cheng, K. J. (2000). Effect of grass lipids 

and long chain fatty acids on cellulose digestion by pure cultures of 
rumen anaerobic fungi, Piromycesrhizinflata B157 and 
Orpinomycesjoyonii SG4. Asian-Australasian Journal of Animal 
Sciences 13, 23–30. 

 
Leng, R.A., Bird, S.H. and Burggraaf, W. (1980). The role of rumen protozoa in 

the nutrition of ruminants. Recent Advances Animal Nutrition 4-9. 
 
Liyana-Pathirana, C.M., Shahidi, F., and Alasalvar, C. (2006). Antioxidant 

activity of cherry laurel fruit (Laurocerasu sofficinalis Roem.) and its 
concentrated juice. Food Chemistry 99, 121–128. 

 
Longato, E., Meineri, G. and Peiretti, P.G. (2015). Nutritional and zoo-technical 

aspects of Nigella sativa: A Review. The Journal of Animal & Plant 
Sciences 25, 921-934. 

 
Lu, C.D., and Jorgensen, N.A. (1987). Alfalfa, saponins affect site and extent of 

nutrient digestion in ruminants. Journal of Nutrition 117, 919–927. 
 



© C
OPYRIG

HT U
PM

 

60 

Mahmoud, M. R., El-Abhar, H. S. and Saleh, S. (2002). The effect of Nigella 
sativa oil against the liver damage induced by Schistosoma mansoni 
infection in mice. Journal of Ethnopharmacology 79, 1-11. 

 
Makkar, H.P.S., Siddhuraju, S. and Becker, K. (2007). Plant secondary 

metabolites. Methods in Molecular Biology. New York: Springer, p. 93-
100. 

 
Malhotra, S.K. (2012). Nigella. In: Peter, K.V. (Ed.), Handbook of herbs and 

spices. Woodhead Publishing Limited: Cambridge, UK, p. 391-416. 
 
Maia, M.O., Queiroga, R.C.R.E., Medeiros, A.N., Costa, R.G., Bomfim, M.A.D., 

and Fernandes, M.F. (2010). Intake, digestibility of nutrients and blood 
parameters of crossbred moxotó goats supplemented with licuri or 
castor oils, Ciencia Rural 40, 149-155. 

 
Maia, M.O., Susin, I., Ferreira, E.M., Nolli, C.P., Gentil, R.S., Pires, A.V. and 

Mourao, G.B. (2012). Intake, nutrient apparent digestibility and ruminal 
constituents of sheep fed diets with canola, sunflower or castor oils. 
Revista Brasileira de Zootecnia 41, 2350-2356. 

 
Manasri, N., Wanapat, M., and Navanukraw, C. (2012). Improving rumen 

fermentation and feed digestibility in cattle by mangosteen peel and 
garlic pellet supplementation. Livestock Science 148, 291–295. 

 
Mandal, G.P., Roy, A., and Patra, A.K. (2014). Effects of feeding plant additives 

rich in saponins and essential oils on the performance, carcass traits 
and conjugated linoleic acid concentrations in muscle and adipose 
tissues of Black Bengal goats. Animal Feed Science and Technology 
197, 76-84. 

 
Matthaus, B. and Ozcan, M.M. (2011). Fatty acids, tocopherol, and sterol 

contents of some Nigella species seed oil. Czech Journal of Food 
Sciences 29, 145-150. 

 
McIntosh, F.M., Williams, P., Losa, R., Wallace, R.J., Beever, D.A., and 

Newbold, C.J. (2003). Effects of essential oils on ruminal 
microorganisms and their protein metabolism. Applied Environmental 
Microbiology 69, 5011-5014. 

 
McMurphy, C.P., Sexten, A.J., Mourer, G.L., Sharman, E.D., Trojan, S.J., 

Rincker, M.J., Coblentz, W.K., Lalman, D.L. (2014). Effects of including 
saponins (Micro-Aid®) on intake, rumen fermentation and digestibility in 
steers fed low-quality prairie hay. Animal Feed Science and 
Technology 190, 47-58. 

 
Michel, C.G., El-Dine, N.S., Fahmy, S.M., Ezzat, S.M., Nesseem, D.I., and El-

Alfy, T.S. (2010). Phytochemical and biological investigation of the 
extracts of Nigella sativa L. seed waste. Drug Testing and Analysis 
DOI 10.1002/dta.225. 

 



© C
OPYRIG

HT U
PM

 

61 

Mir, P.S., Ivan, M., He, M.L., Pink, B., Okine, E., Goonewardene, L., McAllister, 
T.A., Weselake, R. and Mir, Z. (2003). Dietary manipulation to increase 
conjugated linoleic acids and other desirable fatty acids in beef: A 
review. Canadian Journal of Animal Science 83, 673-685. 

 
Miron, J., Yosef, E., Ben-Ghedalia, D., Chase, L.E., Buman, D.E. and Solomon, 

R. (2002). Digestibility by dairy cows of monosaccharide constituents in 
total mixed rations containing citrus pulp. Journal of Dairy Science 85, 
89-94. 

 
Mirzaei F. (2012). Effect of herbal feed additives on performance parameters of 

ruminants and especially on dairy goat: A review. International Journal 
for Agro Veterinary and Medical Sciences 6, 307-331. 

 
Mirzaei-Aghsaghali, A., Syadati, S.A., and Fathi, H. (2012). Some of thyme 

(Thymus vulgaris) properties in ruminant’s nutrition. Annals of 
Biological Research 3, 1191-1195. 

 
Mohsen, M.K., Bassiouni, M.I., Gaafar, H.M.A., El-Shafiey, M.H., and El-

Sanafawy, H.A. (2011). Effect of whole sunflower seeds 
supplementation on performance of Zaraibi goats. Slovak Journal of 
Animal Science 44, 154-161. 

 
Moran, J. (2005). How the rumen works. Tropical dairy farming: feeding 

management for small holder dairy farmers in the humid tropics, 
Landlinks Press: CSIRO Publishing, p. 41-49. 

 
Mould, F.L. and Orskov, E.R. (1983). Manipulation of rumen fluid pH and its 

influence on cellulolysis in in sacco, dry matter degradation and the 
rumen microflora of sheep offered either hay or concentrate. Animal 
Feed Science Technology 10, 1-14. 

 
Muschler, R. (1912). A manual flora of Egypt. R. Friedlander UnSohn, Berlin, 1, 

p. 369-371. 
 
Najafi, S., and Taherpour, K. (2014).  Effects of dietary ginger (Zingiber 

ofjicinale), cinnamon (Cinnamomum), synbiotic and antibiotic 
supplementation on performance of broilers. Journal of Animal Science 
Advances 4, 658-667. 

 
Nanon, A., Suksombat, W., and Yang, W.Z. (2014). Effects of essential oil 

supplementation on in vitro and in situ feed digestion in beef cattle. 
Animal Feed Science and Technology 196, 50-59.  

 
Nasir, K.H.B., Takahashi, Y., Ito, A., Saitoh, H., Matsumura, H., Kanzaki, H., 

Shimizu, T., Ito, M., Fujisawa, S., Sharma, P.C., Ohme-Takagi, M., 
Kamoun, S., and Terauchi, R. (2005). High-throughput in planta 
expression screening identifies a class II ethylene responsive element 
binding factor-like protein that regulates plant cell death and non-host 
resistance. The Plant Journal 43, 491–505. 

 



© C
OPYRIG

HT U
PM

 

62 

Newbold, C.J., McIntosh, F.M., Williams, P., Losa, R., and Wallace, R.J. 
(2004). Effects of a specific blend of essential oil compounds on rumen 
fermentation. Animal Feed Science Technology 114, 105–112. 

 
Newbold, C. J., El Hassan, S.M., Wang, J.M., Ortega, M.E., and Wallace, R.J. 

(1997). Influence of foliage from African multipurpose trees on activity 
of rumen protozoa and bacteria. British Journal of Nutrition 78, 237-249. 

 
Ngamsaeng, A., Wanapat, M., and Khampa, S. (2006). Effects of mangosteen 

peel (Garcinia mangostana) supplementation on rumen ecology, 
microbial protein synthesis, digestibility and voluntary feed intake in 
cattle. Pakistan Journal of Nutrition 5, 445–452. 

 
Oldick, B.S., and 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, 2412-2420. 

 
Orskov, E.R. (1982). Protein Nutrition in Ruminants. Academic Press Inc.: 

London, p.1-155. 
 
Orskov, E. R., and Ryle, M. (1990). Energy Nutrition in Ruminants. Elsevier 

Science Publishers Ltd.: Essex, UK, p. 1-145. 
 
Oskoueian, E., Abdullah, N., and Oskoueian, A. (2013). Effects of flavonoids on 

rumen fermentation activity, methane production, and microbial 
population. BioMed Research International. ID 349129, 1-8. 

 
Paarakh, P.M. (2010). Nigella sativa Linn- A comprehensive review. Indian 

Journal of Natural Products and Resources 1, 409-429. 
 
Palmquist, D.L. (2010). Essential fatty acids in ruminant diets. Proceedings of 

the 21st Annual Ruminant Nutrition Symposium Gainesville, Florida, 
USA, p.127-141. 

 
Palmquist, D. L., and Jenkins, T. C. (1980). Fat in lactation rations: Review. 

Journal of Dairy Science 63, 1–14. 
 
Patra, A.K. (2011). Effects of essential oils on rumen fermentation, microbial 

ecology and ruminant production. Asian Journal of Animal and 
Veterinary Advances 6, 416-418. 

 
Patra, A.K. and Saxena, J. (2009). A review of the effect and mode of action of 

saponins on microbial population and fermentation in the rumen and 
ruminant production. Nutrition Research Reviews 22, 204-219. 

 
Patra, A.K., Kamra, D.N., and 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 Technology 128, 276–
291. 

 



© C
OPYRIG

HT U
PM

 

63 

Penner, G. B., Aschenbach, J. R.,Gabel, G., Rackwitz, R., and Oba, M. (2009). 
Epithelial capacity for apical uptake of short chain fatty acids is a key 
determinant for intraruminal pH and the susceptibility to 
subacuteruminal acidosis in sheep. Journal of Nutrition 139, 1714–
1720. 

 
Polviset, W., Wachirapakorn, C., Al-Haidary, A., Mohamed, H.E., Beynen, A.C., 

and Yuangklang, C. (2010). Rumen fermentation and nutrient 
digestibility in beef steers fed rations containing either cotton seed or 
sunflower seed. Research Journal of Biological Sciences 5, 204-208. 

 
Provenza, F.D., Meuret, M., and Gregorini, P. (2015). Our landscapes, our 

livestock, ourselves: Restoring broken linkages among plant, 
herbivores, and humans with diets that nourish and satiate. Appetite 
doi: 10.1016/j.appet.2015.08.004. 

 
Rajion, M. A., McLean, J. G., Cahill, R. N., and Cahill, R. (1985). Essential fatty 

acids in the fetal and newborn lamb. .Australian Journal of Biological 
Sciences, 38, 33-40. 

 
Rasmussen, T.B., Bjarnsholt, T., Skindersoe, M.E., Hentzer, M., Kristoffersen, 

P., Kote, M., Nielsen, J., Eberl, L., and Givskov, M. (2005). Screening for 
quorum-sensing inhibitors (QSI) by use of a novel genetic system, the 
QSI selector. Journal of Bacteriology 187, 1799-1814. 

 
Richards, D.J., Ivanova, L.K., Smallman, D.J. and Zheng, B. (2005). 

Assessment of waste degradation using acid digestible fiber analysis. 
International workshop “Hydro-Physico-Mechanics of Landfills”, LIRIGM, 

Grenoble 1 University, France. 
 
Rochfort, S., Parker, A.J., and Dunshea, F.R. (2008). Plant bioactives for 

ruminant health and productivity. Phytochemistry 69, 299–322. 
 
Ros, E. (2000). Intestinal absorption of triglyceride and cholesterol. Dietary and 

pharmacological inhibition to reduce cardiovascular risk. 
Atherosclerosis 151, 357 – 379. 

 
Salem, A.Z.M., Olivares, M., Lopez, S., Gonzalez-Ronquillo, M., Rojo, R., 

Camacho, L.M., Cerrillo, S.M.A., and Mejia, H.P. (2011). Effect of 
natural extracts of Salix babylonica and Leucaena leucocephala on 
nutrient digestibility and growth performance of lambs. Animal Feed 
Science and Technology 170, 27– 34. 

 
Sanbongi, C., Osakabe, N., Natsume, M., Takizawa, T., Gomi, S. and Osawa, 

T. (1998). Antioxidative polyphenols isolated from Theobbroma cacao. 
Journal of Agricultural and Food Chemistry 4, 454-457. 

 
Santos, G.T., Lima, L.S., Schogor, A.L.B., Romero, J.V., de Marchi, F.E., 

Grande, P.A., Santos, N.W., Santos, F.S., and Kazama, R. (2014). 
Citrus pulp as a dietary source of antioxidants for lactating Holstein 



© C
OPYRIG

HT U
PM

 

64 

cows fed highly polyunsaturated fatty acid diets. Asian-Australasian 
Journal of Animal Sciences 27, 1104-1113. 

 
Santra, A. and Karim, S. A. (2003). Rumen manipulation to improve animal 

productivity.  Asian Australasian Journal of Animal Science 16, 748-
763. 

 
Saxena M.J. (2008). Herbs – A safe and scientific approach. International 

Poultry Production 16, 11–13. 
 
Shea, K.M. (2003). Antibiotic resistance: What is the impact of agricultural uses 

of antibiotics on children’s health? Pediatrics 112, 253-258. 
 
Shoieb, A. M., Elgayyar, M., Dudrick, P. S., Bell, K. L. and Tithof, P. K. (2003). 

In vitro inhibition of growth and induction of apoptosis in cancer cell 
lines by thymoquinone.  International Journal of Oncology 22, 107-113. 

 
Silvia, D., Masturah, M.F., Aris, Y.T., Nadiah, W.A.W., and Bhat, R. (2012). The 

effects of different extraction temperatures of the screw press on 
proximate compositions, amino acid contents and mineral contents 
of Nigella sativa meal. American Journal of Food Technology 7, 180-
191. 

 
Simopoulos, A.P. (2002). The importance of the ratio of omega-6/omega-3 

essential fatty acids. Biomedicine Pharmacotherapy 56, 365-379. 
 
Sogut, B., Inci, H., and Ozdemir, G. (2012). Effect of supplemented black seed 

(Nigella sativa) on growth performance and carcass characteristics of 
broilers. Journal of Animal and Veterinary Advances 11, 2480-2484. 

 
Spanghero, M., Zanfi, C., Fabbro, E., Scicutella, N., and Camellini, C. (2008). 

Effects of a blend of essential oils on some end products of in vitro 
rumen fermentation. Animal Feed Science and Technology 145, 364-
374. 

 
Sultan, M.T., Butt, M.S., Anjum, M.F., Jamil, A., Akhtar, S. and Nasir, M. (2009). 

Nutritional profile of indigenous cultivar of black cumin seeds and 
antioxidant potential of its fixed and essential oil. Pakistan Journal of 
Botany 41, 1321-1330. 

 
Sun, Y., Bu, D.P., Wang, J.Q., Cui, H., Zhao, X.W., Xu, X.Y., Sun, P., and Zhou, 

L.Y. (2013). Supplementing different ratios of short- and medium-chain 
fatty acids to long-chain fatty acids in dairy cows: Changes of milk fat 
production and milk fatty acids composition. Journal of Dairy Science 
96, 2366-2373. 

 
Szumacher-Strabel, M., Cieslak, A., and 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, 440-
452. 

 



© C
OPYRIG

HT U
PM

 

65 

Tagang, A., Ishaku, K.P., and Abdullahi, A. (2010). Volatile fatty acids 
production in ruminants and the role of monocarboxylate transporters: 
A review. African Journal of Biotechnology 9, 6229–6232. 

 
Takruri, H.R., and Dameh, M.A. (1993). Study of nutritional value of black 

cumin seeds (Nigella sativa). Journal of the Science of Food and 
Agriculture 76, 404-410. 

 
Tekeli, A. (2014). Nutritional value of black cumin (Nigella sativa) meal as an 

alternative protein source in poultry nutrition. Journal of Animal Science 
Advances 4, 797-806. 

 
Tollba, A.A.H. and Hassan, M.S.H. (2003). Using some natural additives to 

improve physiological and productive performance of broiler chicks 
under high temperature conditions. 2. Black cumin (Nigella sativa) or 
garlic (Allium sativum). Egyptian Poultry Science 23, 327-340. 

 
Ueda, K., Ferlay, A., and Chabrot, J. (2003). Effect of linseed oil 

supplementation on ruminal digestion in dairy cows fed diets with 
different forage concentration ratios. Journal of Dairy Science 86, 
3999-4007. 

 
Valdez, F., Bush, L., Goetsch, A., and Owens, F. (1986). Effect of steroidal 

sapogenins on ruminal fermentation and on production of lactating 
dairy cows. Journal of Dairy Science 69, 1568–1575. 

 
Van Soest, P.J., Robertson, J.B., and Lewis, B.A. (1991). Methods for dietary 

fiber, neutral detergent fiber and non-starch polysaccharides in relation 
to animal nutrition. Journal of Dairy Science 74, 3583-3597. 

 
Viegi, L., Pieroni, A., Guarrera, P.M., and Vangelisti, R., (2003). A review of 

plants used in folk veterinary medicine in Italy as basis for a databank. 
Journal of Ethnopharmacology 89, 221–244. 

 
Wallace, R.J. (2004). Antimicrobial properties of plant secondary metabolites. 

Proceedings of the Nutrition Society 63, 621-629. 
 
Wallace, R.J., McEwan, N.R., McIntosh, F.M., Teferedegne, B., and Newbold, 

C.J. (2002). Natural products as manipulators of rumen fermentation. 
Asian- Australasian Journal of Animal Sciences 15, 1458–1468. 

 
Wanapat, M., Cherdthong, A., Phesatcha, K., and Kang, S. (2015). Dietary 

sources and their effects on animal production and environmental 
sustainability. Animal Nutrition Journal, Doi: 
10.1016/j.aninu.2015.07.004. 

 
Wanapat, M., Kang, S., Khejornsart, P., and Wanapat, S. (2013). Effects of 

plant herb combination supplementation on rumen fermentation and 
nutrient digestibility in beef cattle. Asian- Australasian Journal of 
Animal Science 26, 1127-1136. 

 



© C
OPYRIG

HT U
PM

 

66 

Wencelova, M., Varadyova, Z., Mihalikova, K., Jalc, D., and Kisidayova, S. 
(2014). Effects of selected medicinal plants on rumen fermentation in a 
high-concentrate diet in vitro. The Journal of Animal & Plant Sciences 
24, 1388-1395. 

 
Yalcin, S., Yalcin, S., Uzunoglu, K., Duyum, H.M., and Eltan, O. (2012). Effects 

of dietary yeast autolysate (Saccharomyces cerevisiae) and black 
cumin seed (Nigella sativa L.) on performance, egg traits, some blood 
characteristics and antibody production of laying hens. Livestock 
Science 145, 13–20. 

 
Yalçın, S., Yalçın, S., Erol, H., Buğdaycı, K.E., Özsoy, B., and Çakır, S. (2009). 

Effects of dietary black cumin seed (Nigella sativa L.) on performance, 
egg traits, egg cholesterol content and egg yolk fatty acid composition 
in laying hens. Journal of the Science of Food and Agriculture 89, 
1737–1742. 

 
Zanouny, A.I., Abd-El Moty, A.K.I., El-Barody, M.A.A., Sallam, M.T., and El-

Hakeam, A.A.A. (2013). Effect of supplementation with Nigella sativa 
seeds on some blood metabolites and reproductive performance of 
Ossimi male lambs. Egyptian Journal of Sheep and Goat Sciences 8, 
47-56. 

 
Zeweil, H.S., Ahmed, M.H., El-Adawy, M.M., and Zaki, B. (2008). Evaluation Of 

substituting Nigella seed meal as a source of protein for soybean meal 
in diets of New Zealand white rabbits. World Rabbit Congress, Nutrition 
and Digestive Physiology, 863-867. 

 
Zhong, R.Z., Yu, M., Liu, H.W., Sun, H.X., Cao, Y., and Zhou, D.W. (2012). 

Effects of dietary Astragalus polysaccharide and Astragalus 
membranaceus root supplementation on growth performance, rumen 
fermentation, immune responses, and antioxidant status of lambs. 
Animal Feed Science and Technology 174, 60–67.  


	DIETARY SUPPLEMENTATION OF BLACK CUMIN SEED MEAL ON RUMEN FERMENTATION IN GOATS
	ABSTRACT
	xTABLE OF CONTENTS
	CHAPTERS
	REFERENCES



