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Condensed tannins (CT), which are secondary metabolites of Leucaena leucocephala, 

have both beneficial and harmful effects on ruminants. CT levels that do not exceed 5% 

dry matter (DM) could prevent bloat as well as provide bypass-protein to the animal. 

However, high levels of CT could reduce the nutritional value of Leucaena, decrease N 

digestibility and depress rumen digestion of fermentable carbohydrates. L. leucocephala 

hybrids, which are resistant to psyllid infestation, have been found to contain high CT 

levels and exhibited low digestibility in ruminant. It has been suggested that the low 

digestibility is attributed to the high CT content. However, it is not known whether the 

cellulolytic anaerobic rumen fungi, which play a major role in the digestion of fibrous 

feed materials, are affected by the CT from L. leucocephala hybrids. Thus, the 

objectives of this study were to determine the effects of a L. leucocephala hybrid (Bahru) 

containing high CT level on the population and cellulolytic activity of rumen fungi. The 
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animals used in the study were eight Boer cross Saanen male goats. Four goats were 

randomly assigned to one of two diets: (i) control diet without L. leucocephala hybrid-

Bahru and (ii) treatment diet containing 30% L. leucocephala hybrid-Bahru, which was 

equivalent to 1.8% CT of dietary DM. The goats were fed with 2.7% DM of mean body 

weight per day. The experiment was carried out twice using a cross over design and each 

experimental period was 30 days. Total rumen fungal population (expressed as fungal 

biomass) was estimated using real-time PCR. The results showed that the cellulolytic 

rumen fungal population of goats fed with L. leucocephala hybrid-Bahru decreased 

significantly at days 5 and 10 (12.38 µg/ml and 8.63 µg/ml), and then increased 

drastically at day 15 (157.00 µg/ml). However, the rapid growth was not sustained and 

the rumen fungal population decreased again at days 20 and 25 of feeding, and at day 30, 

the fungal population of treatment goats was not significantly different from that of the 

control goats. These results showed that growth of the cellulolytic rumen fungi was 

inhibited by the CT of L. leucocephala hybrid-Bahru during the initial period of feeding, 

but after this period, the fungi could have adapted to the CT and thrived, resulting in an 

enormous increase in fungal growth at day 15. However, the rapid growth was not 

sustained with prolonged exposure to CT of L. leucocephala hybrid-Bahru. Further 

studies using pure CT extracted from L. leucocephala hybrid-Bahru were then carried 

out to determine the effects of pure CT on the enzyme activities of some isolated 

cellulolytic rumen fungi. One hundred and twenty rumen fungi were isolated and 

identified to the genus level based on gross morphological characteristics. All the rumen 

fungal isolates identified belonged to two genera only, namely, Neocallimastix and 

Piromyces. Four highly cellulolytic fungal isolates were then selected based on their rate 
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of degradation of ball-milled filter paper (one Neocallimastix and one Piromyces 

isolated from treatment goats at day 0, and one Neocallimastix and one Piromyces 

isolated from treatment goats at day 25). The four selected highly cellulolytic 

Neocallimastix and Piromyces isolates were further identified to species level using 

detailed morphological and molecular characteristics, such as sequence analysis of the 

18S rRNA gene and ITS1 region. The two Neocallimastix isolates were identified as 

Neocallimastix frontalis (NGL 01 from day 0 and NGL 25 from day 25 of feeding, 

respectively) but the two Piromyces isolates could only be identified as Piromyces sp. 

(PGL 01 from day 0 and PGL 25 from day 25 of feeding, respectively). Enzyme assays 

were carried out to estimate the effects of pure CT on the cellulolytic enzyme activities 

and fermentation end products of the four isolated fungi. Four enzyme activities were 

studied. They were carboxymethylcellulase (CMCase), filter paperase (FPase), xylanase 

and β-glucosidase. The results showed that enzyme activities of cellulolytic rumen fungi 

isolated from goats fed L. leucocephala hybrid-Bahru at day 25 (N. frontalis NGL 25 

and Piromyces sp. PGL 25), and had been exposed to CT in the rumen, were 

numerically or significantly more than those of cellulolytic rumen fungi isolated from 

goats not fed with L. leucocephala hybrid-Bahru (N. frontalis NGL 01 and Piromyces sp. 

PGL 01) at all levels of CT inclusion, which indicate greater tolerance of CT in 

cellulolytic rumen fungi isolated from goat fed L. leucocephala hybrid-Bahru at day 25 

(N. frontalis NGL 25 and Piromyces sp. PGL 25). In conclusion, CT from L. 

leucocephala hybrid-Bahru could affect population and cellulolytic enzyme activities of 

anaerobic rumen fungi. 
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Tanin terkondensasi (CT), adalah metabolit sekunder dari Leuceana leucocephala, yang 

mempunyai kedua-dua kesan bahaya dan juga bermanfaat pada ruminan. Tahap CT yang tidak 

melebihi 5% jirim kering boleh menghalang pengembungan serta membekalkan protein pintasan 

bagi haiwan. Walau bagaimanapun, tahap CT yang tinggi boleh mengurangkan zat makanan 

Leucaena, keupayaan penghadaman nitrogen dan merencat penghadaman fermentasi karbohidrat 

pada rumen. L. leucocephala hibrid, yang rintang terhadap serangan psyllid, didapati 

mengandungi tahap CT yang tinggi dan menunjukkan penghadaman yang rendah pada ruminan. 

Didapati bahawa tahap penghadaman yang rendah dianggap berpunca daripada kandungan CT 

yang tinggi. Bagaimanapun, ia tidak diketahui sama ada selulolitik kulat rumen, yang memainkan 

peranan utama dalam pencernaan bahan makanan berserabut, akan terjejas oleh CT daripada 

hibrid L. leucocephala. Oleh itu, objektif kajian ini untuk menentukan kesan hibrid L. 

leucocephala (Bahru) yang mangandungi tahap CT yang tinggi, terhadap populasi dan aktiviti 
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selulolitik kulat rumen. Haiwan yang digunakan dalam kajian ini adalah lapan kambing jantan 

kacukan Boer dan Saanen. Empat kambing dibahagikan secara rawak kepada satu daripada dua 

diet: (i) diet kawalan tanpa L. leucocephala hibrid-Bahru dan (ii) diet rawatan mangandungi 30% 

L. leucocephala hibrid-Bahru, atau persamaan dengan CT 1.8% CT DM pemakanan. Kambing 

diberi makanan mengandungi 2.7% DM daripada min berat badan setiap hari. Eksperimen 

dijalankan dua kali menggunakan reka bentuk pindah silang dan tempoh setiap eksperimen adalah 

30 hari. Jumlah populasi kulat rumen (dinyatakan sebagai biojisim kulat) dianggarkan 

menggunakan ‘real-time PCR’. Keputusan menunjukkan populasi selulolitik kulat rumen pada 

kambing yang diberi makanan L. leucocephala hibrid-Bahru menurun dengan signifikan pada hari 

5 dan 10 (12.38 µg/ml and 8.63 µg/ml), dan kemudian meningkat secara drastik pada hari 15 

(157.00 µg/ml). Walaubagaimanapun, pertumbuhan pesat tidak berkekalan dan populasi kulat 

rumen menurun semula pada hari 20 dan 25 pemakanan, dan pada hari 30, populasi kulat rumen 

dari kambing rawatan tidak berbeza secara signifikannya daripada populasi kambing kawalan. 

Keputusan ini menunjukkan bahawa pertumbuhan selulolitic kulat rumen telah dihalang oleh CT 

daripada L. leucocephala hibrid-Bahru semasa tempoh permulaan pemakanan, tetapi selepas 

tempoh itu, kulat mungkin telah menyesuaikan diri dengan CT dan bertumbuh dengan pesat, 

mengakibatkan peningkatan yang besar dalam pertumbuhan kulat pada hari 15. Walau 

bagaimanapun, pertumbuhan pesat berkekalan dengan pendedahan yang berlanjutan kepada CT 

daripada L. leucocephala hibrid-Bahru. Lanjutan kajian menggunakan CT tulen yang diekstrak 

daripada L. leucocephala hibrid-Bahru kemudian dijalankan untuk menentukan kesan CT tulen 

pada aktiviti enzim daripada beberapa selulolitic kulat rumen yang terpencil. 120 kulat rumen 

yang terpencil, dikenal pasti kepada tahap genus berdasarkan ciri-ciri morfologi kasar. Kesemua 

kulat rumen yang terpencil dikenal pasti berasal daripada dua genera, iaitu Neocallimastix and 
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Piromyces. Empat berkemungkinan selulolitic kulat rumen akan diplih berdasarkan kadar 

degradasi pada media kertas turas (satu Neocallimastix dan satu Piromyces yang dipencil daripada 

kambing rawatan pada hari 0, dan satu Neocallimastix dan satu Piromyces yang dipencil daripada 

kambing rawatan pada hari 25). Empat berkemungkinan selulolitic kulat rumen Neocallimastix 

dan Piromyces yang terpencil akan dikenal pasti secara terperinci kepada peringkat spesies 

menggunakan ciri-ciri morfologi dan molekul, seperti analisis urutan gen 18S rRNA dan rantau 

ITS1. Kedua-dua Neocallimastix yang terpencil dikenal pasti sebagai Neocallimastix frontalis 

(NGL 01 daripada hari 0 dan NGL 25 daripada hari 25) tetapi, dua Piromyces yang terpencil 

hanya boleh dikenal pasti sebagai Piromyces sp. (PGL 01 daripada hari 0 dan PGL 25 daripada 

hari 25). Ujian enzim telah dijalankan untuk menganggar kesan CT tulen pada aktiviti enzim 

selulolitik dan produk akhir fermentasi kulat rumen terpencil. Empat enzim akan dikaji. Ia adalah 

karbosimetiselulase (CMCase), filterpaperase (FPase), xilanase dan β-glukosidase. Hasil kajian 

menunjukkan aktiviti enzim pada selulolitik kulat rumen yang terpencil pada hari 25 (N. frontalis 

NGL 25 dan Piromyces sp. PGL 25), yang telah terdedah kepada CT dalam rumen, adalah lebih 

tinggi secara signifikannya daripada selulolitik kulat rumen  yang terpencil daripada kambing 

yang tidak diberi pemakanan dengan L. leucocephala hibrid-Bahru (N. frontalis NGL 01 dan 

Piromyces sp. PGL 01) pada semua peringkat CT, di mana menunjukkan rintangan yang lebih 

tinggi kepada CT pada selulolitik kulat rumen yang telah dipencil daripada kambing yang diberi 

pemakanan L. leucocephala hybrid-Bahru pada hari 25 (N. frontalis NGL 25 dan Piromyces sp. 

PGL 25). Kesimpulannya, CT daripada L. leucocephala hybrid-Bahru boleh mempengaruhi 

populasi dan aktiviti selulolitik enzim pada aktiviti anaerobik kulat rumen. 
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PCR Polymerase chain reaction 

ITS1 Internal transcribed space 1 

CMC Carboxymethylcellulose 

CMCase Carboxymethylcellulase 

FPase Filter paperase 

BW Body weight 

DM Dried matter 

CP Crude protein 

CF Crude fiber 

ADF Acid detergent fiber 

NDF Neutral detergent fiber 

ADL Acid detergent lignin 

EE Ether extract 

GE Gross energy 

β Beta 
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CHAPTER 1 

INTRODUCTION 

 

A major problem facing farmers in tropical regions, including Malaysia, is poor 

livestock productivity due to poor quality feedstuffs. Low nitrogen and high fiber 

contents of tropical grasses and crop residues are insufficient to promote growth and 

productivity of livestock. Feeding of legume forages, which are usually characterised by 

high crude protein and mineral contents, has been practised as a cheaper option in order 

to increase nitrogen intake and digestibility (Fondevila et al., 2002). The legume forages 

can be degraded rapidly in the rumen, supplying fermentable nitrogen and carbohydrates 

to the host animal. 

 

Leucaena leucocephala, a tropical legume which contains high amount of crude protein, 

is widely used as a protein supplement for ruminants in tropical regions. However, an 

outbreak of psyllid insects (Heteropsylla cubana) in the 1980s almost wiped out the 

plants in the region. In Malaysia, a psyllid resistant L. leucocephala hybrid was 

developed by crossing L. leucocephala and L. diversifolia (Wong et at., 1998). However, 

high levels of tannins and low digestibility were detected in the hybrids fed to ruminant 

(Khamseekhiew, 2006). Tannins are classified into two groups, hydrolysable tannins and 

condensed tannins, based on their chemical and structural properties. Hydrolysable 

tannins can be easily hydrolysed by enzymes or acids into simple monomers. Condensed 

tannins are not susceptible to enzyme degradation (McSweeney et al., 2001a) and have 

the ability to bind with proteins to form tannin-protein complexes. Condensed tannins 

have both beneficial and harmful effects on ruminants. Levels of condensed tannins 
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which are lower than 5% dry matter are beneficial to the animal in preventing bloat and 

providing valuable rumen bypass-protein by reducing rumen degradation of protein in 

the form of condensed tannin-protein complexes which are resistant to rumen microbial 

degradation. However, high levels of condensed tannins (10-15% dry matter) can reduce 

the nutritional value of Leucaena, decrease nitrogen digestibility and depress rumen 

digestion of fermentable carbohydrates (Khamseekhiew, 2006). 

 

The rumen consists of complex microbial populations comprising predominantly 

bacteria, fungi and protozoa which are involved in the digestion of feed materials. 

Among the rumen microbes, anaerobic rumen fungi are considered as the primary 

colonisers of fibrous plant materials (Gordon and Phillips, 1993). Anaerobic rumen 

fungi have the ability to utilise major plant cell wall polysaccharides for growth. They 

produce a wide range of cellulolytic enzymes to hydrolyse the components of plant cell 

walls. They are able to metabolise the plant cell wall and penetrate the cuticle more 

efficiently than rumen bacteria (Joblin et al., 1989).  Although Khamseekhiew (2006) 

suggested that the lower digestibility of L. leucocephala hybrids was probably due to 

their higher levels of condensed tannins, it is not known whether condensed tannins 

from L. leucocephala hybrids have adverse effects on cellulolytic rumen microbial 

populations, particularly the rumen fungi and their cellulolytic activities.  
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Thus, this study was conducted to investigate the effects of a L. leucocephala hybrid 

(Bahru) containing high condensed tannin level on the population of anaerobic rumen 

fungi in vivo and their cellulolytic enzyme activities in vitro. 

 

The specific objectives were: 

(1) to estimate the population of anaerobic rumen fungi using molecular technique, 

such as real-time PCR assay, in goats fed with or without L. leucocephala hybrid-

Bahru, 

(2) to isolate and identify anaerobic rumen fungi based on morphological and molecular 

characteristics, such as sequence analysis of the 18S rRNA gene and ITS1 region, 

and 

(3) to study the effects of pure condensed tannins extracted from L. leucocephala 

hybrid-Bahru on cellulolytic enzyme activities and fermentation end products of 

some anaerobic rumen fungi selected from (2) above.  



© C
OPYRIG

HT U
PM

REFERENCES 

 

Akin, D.E. and Borneman, W.S. 1990. Role of rumen fungi in fiber degradation. 

Journal of Dairy Science. 73: 3023-3032. 

 

Akin, D.E., Borneman, W.S. and Windham, W.R. 1990. Degredation of leaf 

blades and stems by monocentric and polycentric isolates of rumen fungi. 

Animal Feed Science and Technology. 31: 205-221. 

 

Association of official analytical chemists. 1990. Official methods of analysis, 

15
th

 Edition. AOAC. Arlington, Volume 6. 

 

Bae, H.D., McAllister, T.A., Yanke, J., Cheng, K.-J. and Muir, A.D. 1993. Effects 

of condensed tannins on endoglucanase activity and filter paper digestion by 

Fibrobacter succinogenes S85. Applied and Environmental Microbiology. 

59 (7): 2132-2138. 

 

Bamualin, A., Weston, R.H., Hogan, J.P. and Murray, R.M. 1984. The 

contribution of Leucaena leucocephala to post ruminal digestible protein for 

sheep fed tropical pasture hay supplemented with urea and minerals. 

Proceedings of the Australian Society of Animal Production, 15: 255-258. 

 

Barahona, R., Sanchez, S., Lascano, C.E., Owenc, E, Morris, P. and Theodorou, 

M.K. 2006. Effect of condensed tannins from tropical legumes on the 

activity of fibrolytic enzymes from the rumen fungus Neocallimastyx 

hurleyensis. Enzyme and Microbial Technology. 39: 281-288. 

 

Barry, T.N. and McNabb, W.C. 1999. The implications of condensed tannins on 

the nutritive value of temperate forages fed to ruminants. British Journal of 

Nutrition. 81: 263-272. 

 

Bauchop, T. 1979. Rumen anaerobic fungi of cattle and sheep. Applied and 

Environmental Microbiology. 38: 148-158. 

 

Bell, T.A., Etchells, J.L., Singleton, J.A. and Smart Jr., W.W.G. 1965. Inhibition 

of pectinolytic and cellulolytic enzymes in cucumber fermentation by 

sericea. Journal of Food Science. 30: 233-239. 

 

Bowman, B.H., Taylor, J.W., Brownlee, A.G., Lee, J., Lu, S.D. and White, T.J. 

1992. Molecular evolution of the fungi: relationship of the basidiomycetes, 

ascomycetes, and chytridiomycetes. Molecular Biology and Evolution. 9: 

285-296. 

 

Bradford, M.M. 1976. A rapid and sensitive method for quantification of 

micrograms quantities of protein utilizing the principle of protein-dye 

binding. Analytical Biochemistry. 72: 248-254. 



© C
OPYRIG

HT U
PM

123 

 

Brooker, J.D., O’Donovan, L.A., Skene, I. and Sellick, G. 2000. Mechanisms of 

tannin resistance and detoxification in the rumen. In: Tannins in Livestock 

and Human Nutrition, ed. J.D. Brooker, pp. 117-122. ACIAR Proceedings. 

 

Brooker, J.D., O’Donovan, L.A., Skene, I., Clarke, K., Blackall, L. and Muisiera, 

P. 1994. Streptococcus caprinus sp. nov., a tannin-resistant ruminal 

bacterium from feral goats. Letters in Applied Microbiology. 18: 313-318. 

 

Brookman, J.L., Mennim, G., Trinci, A.P.J., Theodorou, M.K. and Tuckwell, D.S. 

2000. Identification and characterization of anaerobic gut fungi using 

molecular methodologies based on ribosomal ITS1 and 18S rRNA. 

Microbiology. 146: 393-403. 

 

Butler, L.G. 1992. Antinutritional effects of condensed and hydrolysable tannins. 

In: Plant Phenols, ed. R.W. Hemingway and P.E. Laks, pp. 693-698. 

Plenum Press, New York. 

 

Chen, Y.C., Tsai, S.D., Cheng, H.L., Chien, C.Y., Hu, C.Y. and Cheng T.Y. 2007. 

Caecomyces sympodialis sp. nov., a new rumen fungus isolated from Bos 

indicus.  Mycologia. 99 (1): 125-130. 

 

Chiquette, J., Cheng, K.J., Costerton, J.W. and Milligan, L.P. 1988. Effect of 

tannin on the digestibility of two isosynthetic strains of birdsfoot trefoil 

(Lotus corniculatus) using in vitro and in sacco techniques. Canadian 

Journal of Animal Science. 68: 751–760. 

 

Darma., J. and Sutikno, I. 1990. Secondary metabolites in Leucaena affecting 

resistance to Heteropsyllid cubana Crawford. In: Leucaena Psyllid: 

Problems and Management, ed. B. Napompeth and K.G. MacDicken, pp. 

62-70. 

 

Dehority, B.A. and Tirabasso, P.A. 2000. Antibiosis between ruminal bacteria and 

ruminal fungi. Applied and Environmental Microbiology. 66 (7): 2921-2927. 

 

Del Campillo, E. and Shannon, L.M. 1982. An α-galactosidase with 

hemagglutinin properties from soybean seeds. Journal of Plant Physiology. 

69: 628–631. 

 

Denman, S.E. and 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: 572-582. 

 

Dore, J. and Stahl, D.A. 1991. Phylogeny of anaerobic rumen Chytridiomycetes 

inferred from small subunit ribosomal RNA sequence comparison. 

Canadian Journal of Botany. 69: 1964-1971. 

 

Eckart, M., Fliegerova, K., Hoffmann, K. and Voigt, K. 2010. Molecular 

identification of anaerobic rumen fungi. In: Molecular Identification of 



© C
OPYRIG

HT U
PM

124 

 

Fungi, ed. Y. Gherbawy and K. Voigt, pp. 297-313. Springer Berlin 

Heidelberg, Berlin. 

 

Filion, M., St-Arnaud, M. and Jabaji-Hare, S.H. 2002. Direct quantification of 

fungal DNA from soil substrate using real-time PCR. Journal of 

Microbiological Methods. 53: 67-76. 

 

Fleigerova, K., Mrazek, J., Hoffmann, K., Zabranska, J. and Voigt, K. 2010. 

Diversity of anaerobic fungi within cow manure determined by ITS1 

analysis. Folia Microbiology. 55 (4): 319-325. 

 

Fondevila, M., Nogueira-Filho, J.C.M. and Barrios-Urdaneta, A. 2002. In vitro 

microbial fermentation and protein utilisation of tropical forage legumes 

grown during the dry season. Animal Feed Science and Technology. 95: 1-

14. 

 

Frumholtz, P.P., Newbold, C.J. and Wallace, R.J. 1989. Influence of Aspergillus 

oryzae fermentation extract on the fermentation of a basal ration in the 

rumen simulation technique (Rusitec).  Journal of Agricultural Science. 

113:169-172. 

 

Frutos, P., Hervás, G., Giráldez, F.J. and Mantecón. A.R. 2004. Review. Tannins 

and ruminant nutrition. Spanish Journal of Agricultural Research. 2 (2): 

191-202. 

 

Garcia. G.W., Ferguson, T.U., Neckles, F.A. and Archibald, K.A.E. 1996. The 

nutritive value and forage productivity of Leucaena leucocephala. Journal 

of Feed Science and Technology. 60: 24-41. 

 

Goldstein, J.L. and Swain, T. 1963. Changes in tannins in ripening fruit. 

Phytochemistry. 2: 371-383. 

 

Gordon, G.L.R. and Phillips, M.W. 1993. Removal of anaerobic fungi from the 

rumen of sheep by chemical treatment and the effect on feed consumption 

and in vivo fibre digestion. Letters in Applied Microbiology. 17: 220-223. 

 

Gordon, G.L.R., Wong, H.K. and Phillips, M.W. 1995. In vitro degradation of 

[
14

C] lignocelluloses by polycentric and monocentric ruminal anaerobic 

fungi is inhibited differently by phenolic monomers. Annual Zootechnology. 

44: 152-160. 

 

Griffith, G.W., Baker, S., Fliegerova, K., Linggenstoffer, A., Giezen, M., Voigt, 

K., Beakes, G. 2010. Anaerobic fungi: Neocallimastigomycota. IMA 

Fungus. 1 (2): 181-185. 

 

Hall, T.A. 1999. BioEdit: auser-friendly biological sequence alignment editor and 

analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series. 

41: 95-98. 



© C
OPYRIG

HT U
PM

125 

 

Harper, E.G., Welch, R.P., Contreras Lara, D., Chang, J.S. and Calza, R.E. 1996. 

The effect of Aspergillus oryzae fermentation extract on the anaerobic fungi 

Neocallimastix frontalis, EB 188, Piromyces communis DC 193 and 

Orpinomyces spp. RW 206: generalized effects and component analysis.  

Applied Microbiology and Biotechnology. 45:817-821. 

 

Hespell, R.B., Akin, D.E. and Dehority, B.A. 1997. Bacteria, fungi, and protozoa 

of the rumen. In: Gastrointestinal Microbiology, ed. R.I. Mackie, B.A. 

White and R.E. Isaacson, pp. 59-100. Chapman and Hall, New York. 

 

Hibbett, D.S., Binder, M., Bischoff, J.F., Blackwell, M., Cannon, P.F., Eriksson, 

O.E., Huhndorf, S., James, T., Kirk, P.M., Lucking, R., Thorsten Lumbsch, 

H., Lutzoni, F., Matheny, P.B. Mclaughlin, D.J., Powell, M.J., Redhead, S., 

Schoch, C.L., Spatafora, J.W., Stalpers, J.A., Vilgalys, R., Aime, M.C., 

Aptroot, A., Bauer, R., Begerow, D., Benny, G.L., Castlebury, L.A., Crous, 

P.W., Dai, Y.C., Gams, W., Geiser, D.M., Griffith, G.W., Gueidan, C., 

Hawksworth, D.L., Hestmark, G., Hosaka, K., Humber, R.A., Hyde, K.D., 

Ironside, J.E., Koljalg, U., Kurtzman, C.P., Larsson, K.H., Lichtwardt, R., 

Longcore, J., Miadlikowska, J., Miller, A., Moncalvo, J.M., Mozley-

Standridge, S., Oberwinkler, F., Parmasto, E., Reeb, V., Rogers, J.D., Roux, 

C., Ryvarden, L., Sampaio, J.P., Schubler, A., Sugiyama, J., Thorn, R.G., 

Tibell, L., Untereiner, W.A., Walker, C., Wang, Z., Weir, A., Weiss, M., 

White, M.M., Winka, K., Yao, Y.J. and Zhang, N. 2007. A higher-level 

phylogenetic classification of the fungi. Mycological Research. 111: 509-

547. 

 

Ho, Y.W. and Barr, D.J.S. 1995. Classification of anaerobic gut fungi from 

herbivores with emphasis on rumen fungi from Malaysia. Mycologia. 87 (5): 

655-677. 

 

Ho, Y.W. and Bauchop, Y. 1991. Morphology of three polycentric rumen fungi 

and description of a procedure for the induction of zoosporogenesis and 

release of zoospores in cultures. Journal of General Microbiology. 137: 213-

217. 

 

Ho, Y.W., Abdullah, N. and Jalaludin, S. 2000. The diversity and taxonomy of 

anaerobic gut fungi. Fungal Diversity. 4: 37-51. 

 

Ho, Y.W., Wong, M.V.-L., Abdullah, N., Kudo, H. and Jalaludin, S. 1996. 

Fermentation activities of some new species of anaerobic rumen fungi from 

Malaysia. Journal of General and Applied Microbiology. 42: 51-59. 

 

Ho, Y.W., Khoo, I.Y.S., Tan, S.G., Abdullah, N., Jalaludin, S. and Kudo, H. 1994. 

Isozyme analysis of anaerobic rumen fungi and their relationship to aerobic 

chytrids. Microbiology. 140: 1495-1504. 

 



© C
OPYRIG

HT U
PM

126 

 

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: 189-225. 

 

Hungate, R.E. 1966. The rumen and its microbes. Academic Press, New York. 

 

Hungate, R.E. 1969. A roll tube method for cultivation of strict anaerobes. 

Methods in Microbiology. 3B: 117-132. 

 

Hungate, R.E. 1975. The rumen microbial ecosystem. Annual 

Review of Ecology and Systematics. 6: 39-66. 

 

James, T.Y., Letcher, P.M., Longcore, J.E., Mozley-Standridge, S.E., Porter, D., 

Powell, M.J., Griffith, G.W. and Vilgalys, R. 2006. A molecular phylogeny 

of the flagellated fungi (Chytridiomycota) and description of a new phylum 

(Blastocladiomycota). Mycologia. 98(6): 860–871. 

 

Joblin, K.N., Campbell, G.P., Richardson, A.J. and Stewart, C.S. 1989. 

Fermantation of barley straw by anaerobic rumen bacteria and fungi in 

axenic culture and in coculture with methanogens. Letters in Applied 

Microbiology 9: 195-197. 

 

Jones, G.A., McAllister, T.A., Cheng, K.-J. and Muir, A.D. 1994. Effects of 

sainfoin (Onobrychris viciifolia Scop) condensed tannins on growth and 

proteolysis by 4 strains of rumen bacteria. Applied and Environmental 

Microbiology. 60: 1374-1378. 

 

Kamra, D.N. 2005. Rumen microbial ecosystem. Current Science. 89: 124-135. 

 

Khamseekhiew, B. 2006. Characteristics and protein binding affinity of 

condensed tannins in Leucaena species. PhD Thesis. Universiti Putra 

Malaysia, Serdang, Malaysia. 

 

Krause, D.O., Denman, S.E., Mackie, R.I., Morrison, M., Rae, A.L., Attwood, 

G.T. and McSweeney, C.S. 2003. Opportunities to improve fiber 

degradation in the rumen: microbiology, ecology, and genomics. FEMS 

Microbiology Reviews. 27: 663-693. 

 

Leinmuller, R., Steingass, H. and Menke, K.H. 1991. Tannins in ruminant 

feedstuffs. Biannual Collection of Recent German Contributions 

Concerning Development through Animal Research. 33: 9-62. 

 

Li, J. and Heath, I.B. 1992. The phylogenetic relationships of the anaerobic 

chytridiomycetous gut fungi (Neocallimasticaceae) and the 

Chytridiomycota. I. Cladistic analysis of rRNA sequences. Canadian 

Journal of Botany. 71: 1738-1746. 

 



© C
OPYRIG

HT U
PM

127 

 

Li, J., Heath, I.B., and Packer, L. 1993. The phylogenetic relationships of the 

anaerobic chytridiomycetous gut fungi (Neocallimasticaceae) and the 

Chytridiomycota. II. Cladistic analysis of structural data and description of 

Neocallimasticales ord.nov. Canadian Journal of Botany. 71: 393-407. 

 

Lievens, B., Brouwer, M., Vanachter, A.C.R.C., Cammue, B.P.A. and Thomma, 

B.P.H.J. 2006. Real-time PCR for detection and quantification of fungal and 

oomycete tomato pathogens in plant and soil samples. Plant Science. 171: 

155-165. 

 

Loffler, J., Hebart, H., Schumacher, U., Reitze, H. and Einsele, H. 1997. 

Comparison of different methods for extraction of DNA of fungal pathogens 

from cultures and blood. Journal of Clinical Microbiology. 35 (12): 3311-

3312. 

 

Makkar, H.P.S., Singh, B. and Dawra, R.K. 1988. Effects of tannin-rich of oak 

(Quercus incana) on various microbial enzyme activities of the bovine 

rumen. British Journal of Nutrition. 60: 287-296. 

 

Mangan, J.L. 1988. Nutritional effects of tannins in animal feeds. Nutrition 

Research Reviews. 1: 209-213. 

 

McAllister, T.A., Bae, H.D., Yanke, L.J. and Cheng, K.-J. 1994. Effect of 

condensed tannins from birdsfoot trefoil on endoglucanase activity and the 

digestion of cellulose filter paper by rumen fungi. Canadian Journal of 

Microbiology. 40: 298-305. 

 

McMahon, L.R., McAllister, T.A., Berg, B.P., Majak, W., Acharya, S.N., Popp, 

J.D., Coulman, B.E., Wang, Y. and Cheng, K.J. 2000. A review of the 

effects of forage condensed tannins on ruminal fermentation and bloat in 

grazing cattle. Canadian Journal of Plant Science. 80: 469-485. 

 

McSweeney, C.S., Denman, S.E. and Mackie, R.I. 2005. Rumen bacteria. In: 

Methods in Gut Microbial Ecology for Ruminants, ed. H.P.S. Makkar and 

C.S. McSweeney, pp. 23-37. IAEA, Netherlands. 

 

McSweeney, C.S., Palmer, B., Bunch, R. and Krause, D.O. 2001a. Effect of the 

tropical forage calliandra on microbial protein synthesis and ecology in the 

rumen. Journal of Applied Microbiology. 90: 78-88. 

 

McSweeney, C.S., Palmer, B., Kennedy, P.M. and Krause, D.O. 1998. Effects of 

Calliandra tannins on rumen microbial function. Proceedings of the 

Australian Society of Animal Production. 22: 289.  

 

McSweeney, C.S., Palmer, B., McNeill, D.M. and Krause, D.O. 2001b. Microbial 

interactions with tannins: nutritional consequenses for ruminants. Animal 

Feed Science and Technology. 91: 83-93. 



© C
OPYRIG

HT U
PM

128 

 

Miller, G.L. 1959.Use of dinitrosalicylic reagent for the determination of reducing 

sugars. Analytical Chemistry. 31:426–428. 

 

Mitchell, J.I. and Zuccaro, A. 2006. Sequences, the environment and fungi. 

Mycologist. 20: 62-74. 

 

Mountfort, D.O. 1994. Regulatory constraints in the degradation and fermentation 

of carbohydrate by anaerobic fungi. In: Anaerobic Fungi: Biology, Ecology 

and Function, ed. D.O. Mountfort and C.G. Orpin, pp. 147-168. Marcel 

Dekker, Inc., New York. 

 

Mountfort, D.O. and Asher, R.A. 1985. Production and regulation of cellulase by 

two strains of the rumen anaerobic fungus Neocallimastix frontalis. Applied 

and Environmental Microbiology. 49: 1314-1322. 

 

Mountfort, D.O. and Asher, R.A. 1989. Production of xylanase by the ruminal 

anaerobic fungus Neocallimastix frontalis. Applied and Environmental 

Microbiology. 55: 1016-1022. 

 

Norton, B.W. 1994. Tree legumes as dietary supplements for ruminants. In: 

Forage Tree Legumes in Tropical Agriculture, ed. R.C. Gutteridge and H.M. 

Shelton, pp. 192-201. CAB International, Wallingford, Oxford, UK. 

 

Odenyo, A.A. and Osuji, P.O. 1998. Tannin-tolerant ruminal bacteria from East 

African ruminants. Canadian Journal of Microbiology. 44: 905-909. 

 

Orpin, C.G. 1975. Studies on the rumen flagellate Neocallimastix frontalis. 

Journal of General Microbiology. 91: 249-262. 

 

Orpin, C.G. 1976. Studies on the rumen flagellate Shaeromonas communis. 

Journal of General Microbiology. 94: 270-280. 

 

Orpin, C.G. 1977a. Rumen flagellates Piromonas communis – its life history and 

invasion of plant material in rumen. Journal of General Microbiology. 99: 

107-117. 

 

Orpin, C.G. 1977b. The occurance of chitin in the cell walls of the rumen 

organisms Neocallimastix frontalis, Piromonas communis and 

Sphaeromonas communis. Journal of General Microbiology. 99: 215-218. 

 

Orpin, C.G. 1994. Anaerobic fungi: taxonomy, biology, and distribution in nature. 

In: Anaerobic Fungi: Biology, Ecology and Function, ed. D.O. Mountfort 

and C.G. Orpin, pp. 1-45. Marcel Dekker, Inc., New York. 

 

Orpin, C.G. and Joblin, K.N. 1988. The rumen anaerobic fungi. In: The rumen 

microbial ecosystem, ed. P.N. Hobson, pp. 129-50. Elsevier Applied 

Science Publishers, London, U.K. 



© C
OPYRIG

HT U
PM

129 

 

Ouwerkerk, D., Klieve A.V. and Forster, R.J. 2002. Enumeration of Megasphaera 

elsdenii in rumen contents by real-time Taq nuclease assay. Journal of 

Applied Microbiology. 92: 753-758. 

 

Rezaeian, M., Beakers, G.W. and Parker, D.S. 2004. Distribution and estimation 

of anaerobic zoosporic fungi along the digestive tracts of sheep. 

Mycological Research. 108 (10): 1227-1233. 

 

Russell, J.B., and Rychlik, J.L. 2001. Factors that alter rumen microbial ecology. 

Science. 292: 1119-1122. 

 

Scalbert, A. 1991. Antimicrobial properties of tannins. Phytochemistry. 30: 3875-

3883. 

 

Sekhavati, M.H., Mesgaran, M.D., Nassiri, M.R., Mohammadabadi, T., Rezaii, F. 

and Maleki, A.F. 2009. Development and use of quantitative competitive 

PCR assays for relative quantifying rumen anaerobic fungal populations in 

both in vitro and in vivo systems. Mycological Research. 113: 1146-1153. 

 

Selma, M.V., Martínez-Culebras, P.V. and Aznar, R. 2008. Real-time PCR based 

procedures for detection and quantification of Aspergillus carbonarius in 

wine grapes. International Journal of Food Microbiology. 122: 126-134. 

 

Sidahmed, A.E., Morris, J.G., Radosevich, S.R. and Koong, L.J. 1983. Seasonal 

changes in composition and intake of chaparral by Spanish goats. Animal 

Feed Science. 8: 47-61. 

 

Smart, W.W.G., Bell, T.A., Stanley, N.W. and Cope, W.A. 1961. Inhibition of 

rumen cellulase by an extract from Sericea forage. Journal of Dairy Science. 

44: 1945-1946. 

 

SPSS Inc., 2002. SPSS for window (Release 16.0) Standard Version. SPSS Inc. 

Headquarters, 233 S. Wacker Drive, 11
th

 floor Chicago, Ilinois 60606, USA. 

 

Sridhar, M., Kumar, D., Anandan, S., Prasad, C.S. and Sampath, K.T. 2007. 

Occurrence and prevalence of Cyllamyces genus - A putative anaerobic gut 

fungus in Indian cattle and buffaloes. Current Science. 92 (10): 1356-1358. 

 

Sridhar, M., Kumar, D., Anandan, S., Prasad, C.S. and Sampath, K.T. 2010. 

Morphological and molecular characterization of polycentric rumen fungi 

belonging to the genus Orpinomyces isolated from Indian cattle and 

buffaloes. Research Journal of Microbiology. 5 (7): 581-594. 

 

Tajima, K., Aminov, R.I., Nagamine, T., Matsui, H., Nakamura, M. and Benno, Y. 

2001. Diet-dependent shifts in the bacterial population of the rumen 

revealed with real-time PCR. Applied and Environmental Microbiology. 67: 

2766-2774. 



© C
OPYRIG

HT U
PM

130 

 

Tamura, K., Dudley, J., Nei, M. and Kumar, S. 2007. MEGA4: Molecular 

evolutionary genetics analysis (MEGA) software version 4.0. Molecular 

Biology and Evolution. 24: 1596-1599. 

 

Terrill, T.H., Rowan, A.M., Douglas, G.B. and Barry, T.N. 1992. Determination 

of extractable and bound condensed tannins concentrations in forage plants, 

protein concentrate meals and cereal grains. Journal of Sceince and Food 

Agriculture. 58: 321-329. 

 

Theodorou, M.K., Gill, M., King-spooner, C. and Beever, D.E. 1990. 

Enumeration of anaerobic Chytridiomycetes as thallus-forming units: novel 

method for quantification of fibrolytic fungal populations from the digestive 

tract ecosystem. Applied and Environmental Microbiology. 56(4): 1073-

1078. 

 

Trinci, A.P.J., Davies, D.R., Gull K., Lawrence, M.I., Nielsen, B.B., Rickers, A. 

and Theodorou, M.K. 1994. Anaerobic fungi in herbivorous animals. 

Mycological Research. 98: 129-152. 

 

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 Diary Science. 74: 3583-3597. 

 

Waghorn, G. 1996. Condensed tannins and nutrient absorption from the small 

intestine. Proceedings of the 1996 Canadian Society of Animal Science 

Annual Meeting, Lethbridge, Canada, pp175-194. 

 

Waghorn, G. 2008. Beneficial and detrimental effects of dietary condensed 

tannins for sustainable sheep and goat production-Progress and challenges. 

Animal Feed Science and Technology. 147: 116-139. 

 

Waghorn, G.C. and Jones, W.T. 1989. Bloat in cattle 46. The potential of Dock 

(Rumex obtusifolius) as an antibloat agent for cattle. Proceedings of New 

Zealand Society of Animal Production. 47: 25-30. 

 

Waghorn, G.C. and Woodward, S.L., 2006. Ruminant contributions to methane 

and global warming-a New Zealand perspective. In: Climate Change 

andManaged Ecosystems, ed. J.S. Bhatti, R. Lal, M.J. Apps, M.A. Price, 

pp.233-260, Taylor and Francis, Boca Raton. 

 

Waghorn, G.C., Reed, J.D. and Ndlovu, L.R. 1999.  Condensed tannins and 

herbivore nutrition. Proceedings of the 18th International Grassland 

Congress, Vol. III. Association Management Centre, Calgary, AB, Canada, 

pp. 153-166. 

 

Wang, H.R., Wang, M.Z. and Yu, L.H. 2009. Effects of dietary protein sources on 

the rumen microorganisms and fermentation of goats. Journal of Animal 

and Veterinary Advances. 8 (7): 1392-1401. 



© C
OPYRIG

HT U
PM

131 

 

Warner, A.C.I. 1981. Rate of digesta passage through the gut of mammals and 

birds. Nutrition Abstract and Reviews. B 51: 789-820. 

 

Wheeler, R.A., Chaney, W.R., Butler, L.G. and Brewbaker, J.L. 1994. Condensed 

tannins in Leucaena and their relation to psyllid resistance. Agroforestry 

System. 26: 139-146. 

 

William, A.G. and Orpin, G.C. 1987. Polysaccharide-degrading enzymes formed 

by three species of anaerobic rumen fungi grown on a range of carbohydrate 

substrate. Canadian Journal of Microbiology. 33: 418-426. 

 

Wong, C.C., Chen, C.P. and Hutton, E.M. 1998. Development of acid/psyllid 

tolerant Leucaena hybrids for ruminant production. In: ACIAR proceedings 

No 86, Leucaena-Adaptation, Quality and farming System, ed. H.M. Shelton, 

R.C. Gutteridge, B.F. Mullen and R.A. Bray, pp. 132-135. 

 

Wong, M.V.L., Ho, Y.W., Tan, S.G., Abdullah, N. and Jalaludin, S. 1995. 

Isozyme and morphological characteristics of the anaerobic fungus 

Piromuces mae isolated from the duodenum, rumen and faeces of sheep. 

FEMS Microbiology Letters. 134: 9-14. 

 

Yang, L.Y., Chen, J., Cheng, X.L., Xi, D.M., Yang, S.L., Deng, W.D. and Mao, 

H.M. 2010. Phylogenetic analysis of 16S rRNA gene sequences reveals 

rumen bacterial diversity in Yaks (Bos grunniens). Molecular Biology 

Reports. 37: 553-562. 

 

Yarlett, N. 1994. Fermentation product generation in rumen chytridiomycetes. In: 

Anaerobic Fungi: Biology, Ecology and Function, ed. D.O. Mountfort and 

C.G. Orpin, pp. 129-146. Marcel Dekker, Inc., New York. 

 

Zuhainis, S.W., Abdullah, N., Alimonb, A.R. and Ho, Y.W. 2007. Effects of 

phenolic monomers on the enzymes activities and volatile fatty acids 

production of Neocallimastix frontalis B9. Anaerobe. 14 (2): 118-122. 



© C
OPYRIG

HT U
PM

132 

 

BIODATA OF STUDENT 

 

The author, Kok Ching Mun, was born on 6
th

 December 1985 in Ipoh, Perak. She 

obtained her Bachelor of Science degreemajoring in Microbiology (Second Class Upper 

Honours)fromUniversiti Putra Malaysia in 2008. In July 2008, shepursuedher Master of 

Science degree, majoring in Applied Microbiology at the Institute of Bioscience, 

Universiti Putra Malaysia. In the same year, she was awarded the Graduate Research 

Fellowship by the School of Graduate Studies, Universiti Putra Malaysia. She has 

published 4 papers in Proceedings of Conferences, National and International, and 

Seminar. 



© C
OPYRIG

HT U
PM

133 

 

LIST OF PUBLICATIONS 

 

1. Kok, C.M., Sieo, C.C., Zuhainis, S.W., Liang, J.B. and Ho, Y.W. 2010. Effects of 

condensed tannins from Leucaena on rumen fungi and their cellulolytic enzyme 

activity. National Postgraduate Seminar, 30 December 2010, Universiti 

Kebangsaan Malaysia, pp. 56-58. 

2. Kok, C.M., Sieo, C.C., Zuhainis, S.W., Liang, J.B. and Ho, Y.W. 2010. Effects of 

condensed tannins from Leucaena on population and cellulolytic activity of rumen 

fungi. 31
st
 Annual Conference of Malaysian Society of Animal Production, 6-8 

June 2010, Kota Bharu, pp. 136-137. 

3. Kok, C.M., Sieo, C.C., Zuhainis, S.W., Liang, J.B. and Ho, Y.W. 2009. 

Identification of an anaerobic rumen fungus using 18S rRNA gene and ribosomal 

ITS1 region. Proceedings of Second Internatinal Conference of Sustainable 

Animal Agriculture for Developing Countries, 8-11 November 2009, Kuala 

Lumpur, pp 255-256. 

4. Kok, C.M., Sieo, C.C., Zuhainis, S.W., Liang, J.B. and Ho, Y.W. 2009. 

Identification of an anaerobic rumen fungus using partial sequence of 18S rRNA 

gene. 30
th

 Annual Conference of Malaysian Society of Animal Production, 2-5 

June 2009, Sabah. 


	03 Abstract
	04 Abstrak
	05 Acknowledgement
	06 Approval sheet 1
	09 Table of Content
	10 Chapter 1 Introduction
	11 Chapter 2 Literature Review
	12 Chapter 3
	13 Chapter 4
	14 Chapter 5
	15 Chapter 6 General discussion and conclusions
	16 References
	17 Biodata
	18 List of publications



