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\ B lIt \ 1 

'uti\; lout in Jiji ga and lIr lim Weredas (Jijiga Administrative Zone) of the Somali 

r identifying and quantifying functional rumen 

III Bill 'khl.:ad gaden p under natural grazing system and analyzing 

I 'Illi\ l.' Illtltltil), )1' iucntifi u mi r bial groups of Blackhead Ogaden Sheep in 

nl and s 'as )ns. ) umen Ouid amples were collected from Black Head 

hrul s '0 \ rl.:d gnlling land ( roupl) and open grazing land (Group 2). 

I 111 till.: l.'ntin I samp\cs were al c \I cted from G2 (DG2 and WG2). Total 

Nea y Blood and Tissue Kit. Using DNA 

II ' '11 t ':1 'Ii 1I1 un I Hio Rat! I T-P R t chnique, amplification was performed 

III I '1\1hi ' run 'i t'r)\11 e tra ' ted g n mic DNA. All targeted ruminal microbes 

lu I) 'r HI! S I.: cq t mi ' ' ing I m thanogen from a single sample of 

, )Illpat is)11 )\ mi ' r bia l rei tiv proportion against general bacteria, 

fungi and F.SlIccinogens were higher in sheep kept in 

'r;.lIin 1 land ' (p<O.05). In seasonal comparisons, sheep 

I l.' hit itl.: I higher PI' p rti n [anaerobic fungi than sheep grazing in 

how significant variation in means, all 

.. 'cpt 111 -than)g n ' \ ere D und in a little bit greater quantity in 

e in open grazing land. Reduction of total 

II l'11l0'l'1/\ \\i.l also obsl.:n.ed D r hifting of sheep grazing from dry to wet 

n lui' I Ir)ln thi stud) that ' hrub covered grazing land favored abundance 

. R j1 /I i/Clt il'IICC and anaer bic fungi in the rumen of Blackhead Ogaden 

ti n - t - I I )l1linantly in natural grazing y tern. Seasonal shifting from wet to dry 

th' IU I1\lil )1' ruminal ana 'r )bi fungi ignificantly. 

l ) \\ II I d : HI k h a i I!,ld~n, Rumen, Microbe, Characterization, Molecular, Season, 

viii 



1 I I ROOl ( 110 

I h' \ i I,,~ I'ami l) ( ,000 million head) i the most diverse group (ISS species) and includes 

1h \\ri' III .lIltdlIP~ anti buffa lo, ~attl c, heep and goats. Nutritional strategy and adaptation 

lit ha\'l: pla}l:tI a maj )r role in the evolution of modern herbivores (Van Soest, 

1 h f\llIIillllll .lllilllal'i pia} an important r I e pecially in the livelihood of farmers in the 
milk and meat, animal traction, manure for crop 

r their products and a safety net of capital assets 

1111111 Illlllln~ 111 har'ih ~ 11\, ironmenL (Del gado el al ., 1999) 

r 1" I I • 0111 C'i lin I'lllninanh, parti ~ ul arl y in arid and semi-arid areas are fibrous 

, , Ill' .... and ... IHuh ... and ~ rop re. iduals (Leng, 1991). In ruminants, more 

III 1111\11 Ii, .... Iilln ami in 'i )m ~ diets such a straw, as much as 90% takes place in 

th nlln'l\ (J 111.111., II)l) I), I hl: 1l1111l:n i'i a hi nhly pccialized, pre-peptic adaptation of the 

1I 'lr '1111 II 1'.1 ililal~'" Ihc "lnrag~ and mi r bial pr ce sing of a large quantity of plant 

11111 nil (\ lUll '.11', I )~~), I h' digcsti n of' plant material and subsequent conversion of 

prtllll1 I Il1lill, I I \(l III 'h lIch ,I'" \o latil ' fa tty a id (VFA) for energy requirements to the 
microbial cell s are performed through a 

I 1,lml I '0"'1 Ie s) mh l oti~ r ' Iati onship of billions of microbes within the rumen 

I h' illlalilll1 has also npl:ned to the ruminant food resources not available to 

\ I maid ('/ ell .. 199_). 

,IIH.I phcnOI) pi' di'vcr it) f the major functional groups of ruminal 

i idcntili'd in different ruminant species and geographical regions (Hespell 

IIi ,hi) dl\cr'iilied rulllen micr bial ecosystem consisting of bacteria (1010-

ml \1\ I r'l n: 'ntlng. more than 50 genera); ciliated protozoa (104- 106/ml, from 25 

ull!!i (I O~ 10: lOO ' p re 1m I, representing 5 genera) and bacteriophages 

1 



In luminal Il: d di e.esti on and nutrient conversion process, bacteria and fungi contribute for 

III XIlO II II the die.estion acti it) and protozoa balan(;e the rest (Dijkstra and Tamm inga, 

-) . U 11//\'('/(/('/('1/.\. j '/!Jro /wcl(Jr slIccinogenese, Ruminococcus albus, and Butyrivibrio 

II /'Iw/l ('1/\ . an.: n:"ardeo as the primary fiber degrading bacteria in the rumen (Krause et al. , 

I ' : \\ 'illl 'I' ('{ III. 19(9). 

()/1 th 11111 'I' hand. methane production by methane-producing archaea (known as 

Ih 

is anolhel detcrm inant phenomenon in rumen microbial ecosystem. 

I) II II II r 111 ' Ihane III itted by rum inants is produced in the rumen (Austral ian 

1.1I 'l' I "llllr C Ill' a 'm:ultural greenhouse gao emissions, which accounts for about 

.IIIlIlI pllcl it.: mcthane emissions (Boadi. D el aI, 2(04) . Moreover, 

ill I Ill' IlIIllCl1 rcprcsent'; a 2 12% cnerg) loss of intake (Giger-Reverdin and 

r the dietary fiber passes through the 

U\ II 1'1 ill .111 II Illk" I aded 1<'1I'In 'heme) el al., 1991). 

1111111 J II illlpr 1\ ill ' l'lli 'icll' 01' post-in .estion dige tion of feeds and ultimately to improve 

U\ II .. ill 111111ill'lIlls. s '\cra l direct ph sico-chemical treatment of the feed (Chesson, 

all 'I. 199_: , chwab, 1995) and various indirect biotechnological 

I 111111 '11 ("lIncl1l(111011 <II" currentl) being employed to modify the composition 

f Ill' !llln'l1 1111 'robia l population. increasing propionate concentration in the 

1111:lhane produ·tion and decreasing dietary protein degradation by 

\ all 1 " ' I al1d Demeyer. 1977: Flint and Scott, 2000). 

1\ cnl illl1s il1to e ITeet. characterizati on of microbes and various rum inal 

I I dietal~ c mdition i cruc iall y important task (Zoetendal et aI" 

111' n.lrI) lime or rumen micr biology, microbial diversity and enumeration 

, 'I''' 111 )niton:d b) culli\ation ba cd techniques . But due to limitations inherent in 

th hniqu '( I '\\ art el (/1 .. 19(7). molecular-based approaches have been adapted recently 

• ullin J in I1HI h more comprehen i e description of microorganisms. Researchers have 

h \ nth II thi Ic hili jU' 'an he used L1eees fully on samples extracted from rumen contents 

I III nit r I pul, ti n in the rumen ([ ajima el al .. 200 I; Klieve et al., 2003). 

2 



II \\ \ I.:r . ..,inu; the issue is ) et growing and the in fancy stage of new techniques, studies have 

h' '11 ) ~I lim hell to some ad anccd reg ions (countries). Scope of most studies is focusing on 

11\.' 01 1\\ ()) m ieroorgan i. m separately than includ ing more major functional groups or 

mi I l,i·t! oll1ll1unit) at nce: and the monitoring is with respect of testing specific dietary 

lri I (n 1:llion nllln aheat! or establi hing thorough knowledge of rumen under natural 

n liliUIl III dilll:n:llt t'eographica l region . The microbiota of rumen is highly responsive to 

It n 'e ill di 'I in 'Iullin I add it ives. ho t. and health of the host animal , geographic location 

rpin. 1997) 

siems or the 'icmi -a rid areas. ruminant animals in general and particularly 

141 Il'cp t'I.IIC e\.tcn'iive ly on low quality naturally growing forages as the 

1(\\ ilkills, 2 ()()()) . I h ' ljualit) ant! quant ity or the e forages become more critical in 

Iher 'b) illllosi ng more cri oll s constraint to the development and 

animals ( I 0PP'i. 1992). Their digesti on in the rumen is slow and a 

r '1'lllioll-lilllC limils thc Iccd intak.e (Orskov. 1995). Different from diets in 

lilll.lle , Iropi '<I I di'ls arc t pi 'a lly limited in protein and fermentable energy 

1990). The nutritional status of 

umrn 1111 I 'P 'ntis Ill.lilli. 011 Ihe abilit or rumcn fermentation by microbes (Preston and 

\ \ r I' \ lri 'I) III IlIuh.., ilntl trees 'ipccies arc r und being the most vi sible forms in many of 

, rl I. Ild ', ,, '.., (\1 ' ''ell. 19HO). I heir importance increases in arid areas (Getachew, 

I "i' in Ih' illlIple sites belonged to thc lowest height cl asses (i.e. < 5m), which 

ith low tocking rate, sheep rely on browsing up 

il n el al., 1975). The utilization of many is rather 

(Killlall ('I Cli. 2(00). any r the hrubs and trees are problematic as feed 

h' ',1l1 ,til ') ( lu~n 'onta in anti-nutritional compounds such as tannins, saponins 

n t n 11-, n t ,in Imino a'ids. \\ hich are ei th r tox ic to rumen microbes or to the animal by 

r th 'il melaholic pr duct (D'Mello. 1992; Lowry et al., 1996) . 

n th th 'r h. Ill!. lhi i.., gO d fale ince plant extracts with high concentration of secondary 

III r g \ i 'undidaks for achiev ing one or more of the objectives of manipu lation 

rum n mi r bini e' )s)slcm h) mit igating methane emission and by enhancing nitrogen 

3 



n;lillil h) rum inants ( I cfcredcgn, 2000) . However, some studies show that the rum inant 

lik th~ Il:ral goats, 'iheep and camel, which continuously feed upon tanniferousus diets 

u uall) 1'\~lor to lerant micron ra (Wity awan et a1. , 1999;_Teferedegne et al. , 1999;_Odenyo 

III I ) llii. 11)1)7). HlI~ ur i e under cares, lignified and anti-nutritive enriched plants by 

pr \ i lill' llbslan lial U'ies for the Ii elihood of pa toralists for long period of time. Based on 

Ih . llliln'l iluations. it in . pires t hypothe ize that Blackhead Ogaden Sheep could have 

di ersity and composition for the sake of adaptation to 

• I) i l'llld) and quanlil) func tional rumen microboal groups of Blackhead Ogaden 

h "I IIIl I I nalural 'I a/illl' S) stcm: 

• II \II,d) / ' \ \Iri,lbilil) nI' n.: lati ve quantity of identi tied microbial groups of Blackhead 

() • I I n Sill' 'I' in l ilk r~ nl 'f<ving lands and sea onal classes. 

4 



· 1.1'1 I.R n l IU REVIEW 

•. t RUlllen l'colog) 

I h Illllla~11 wnsisls of non secretary forc tomach and a secretary stomach abomasum). The 

I 1111 a 11 (rdil:ulul1l. rumen and ma um) erves as a microbial fermentation vat of 

in I' II IlIlinl) I) 11) tlrol) sis and <lnaer bic oxidation. Abomasum is largely concerned with 

of' prllll:in b) pepsin <Ind acid mcdium ( Kellcms and Church, 1998). The rumen is 

III II II d 1I,II11i ', sl"bk. a \CI) di el" c and complcx microbial ecosystem. As of the 

,\lid ph '1101, pi ' l1lounling evidcncc, diver ified major functional groups of rumina I 

III all: hll ... l·d in d i I'krent rum inant spcc ies and geograph ical regions. (Hespell 

t II, II) )7 

n ONGLANDt,)l.M REGION 

cow 
J r J""DIC REGION 

1 ill III ~ t , h 'l11al i . diagl,11ll 01 111 ' chambered stomach (A II ison. I 993) 

I h rum 1\ "") t'l11 cOlllprlSe!'> a di er e popu lation of obi igately anaerobic bacteria, fungi 

n t I r I 17 'I , nd il i d 'fined b) the intcn e elective pressures of the rum inal environment. 

I' , l1li r I ial ) I11binnls arc adaptcd to urvival under conditions of anaerobiosis, high 

iluti " ,It, . hi .. h 'II densities and protoLoal predation, and have evolved the capacity for 

or 'omp!c"\ and recalcitrant plant polymers such as cellulose and 

h mi lIul e. J) ').!r,ldation ,lI1d utilization of ingcsted plant material by ruminants IS 

r ulll t b) pi 1111. animal and l11i 'robinl factors (Forsberg C.W. and Cheng K.-J. 1992). 

5 



tu Ik ha\' slHm n that during rumen development, ingested microbes colonize and establish 

In I l'lincd and rrogre . .,ive cquence of obligatory anaerobic, facultative anaerobic and 

I 'I bi~ ha~t 'ria (\1orvan .13. elol . . 1994) .Microbial colonization of the digestive systems of 

n '\\ I lIll ruminants I"ollow, a t) pical ecological succession in that bacteria proliferate in the 

fluid I h.I l: inlll1l:diatel) aner birth, colonize the digestive tract tissue and facilitate the 

uh ljlll'lll ~ 'qu 'ntial coloni/ation of the nuid by fungi and protozoa (Cheng et al., 1991). 

\ til - IllIlll'n I '\ lops the I'veI'> of Facultative anaerobes and aerobes decrease and the 

I I ulltioll (II Ilblil',lte ana'robe., increa e. a result, the composition of the ruminal 

rnl 1 ,1111,1 in adlilt animals is quite difrerent to that in pre-ruminants (Krause 0.0 et aI, 

Ot ), 1'" 11IIIIhltillil or eomp\c' multi-specie consortia is a prerequisite to the microbial 

11\ -" th iti' in rnalllr' rllminants (F )Ilty ' I 01 .. 1988;). Hungate, et al. (1988) described 

th r,Iti\ ' h(l t-Illi Tobial s)mbiosis in ruminants in which the microbes produce and 

t lihl' \\ it" '11/) Illes not produ ed by the host animal (Faichney G l ,et aI, 1997). 

requires certain 

d h) the host. I heo.;e include retention of digesta and ruminalmicrobes for 

or time, anaer )hiosis, con tant temperature (39 CO), neutral to slightly 

III pi I ( _ -7 OJ, ,Ind I' 'nw\al or cnd pr ducts ( ' teven et aI., 1980). Reduction of carbon 

Il,t III th,11I b) lI"in' h)drol!en as the electron donor maintains the low partial pressure 

h. It'll III thl' rllm 'n and promoteo.; the production of hydrogen and other products by the 

n n l11,th,lIlI J'l1i • Il:rlllcnt,\tl\e Illi -robial comm unity (Wolin et al., 1997). In most 

7 

11\ ironment is c10sel contro lled by mechanisms such as the type and 

I om,lIm' I. s,III\'<.\ o.;e'retion during eating, mixing via ruminal contractions, 

11 "1'1111101 materials (urea, bicarbonate) into the rumen; absorption of end products 

II } III I ,a al!l: or undigcsted re idue and microbial cells out of the rumen (Leng, 

V" In rUlllill, 111 .111\ rc than 00/ 0 ol"the t tal dige tion and in some diets such as straw as much as 

I Ike ,1,\ ,in thc rllmen (.I lIan • 1994). RlIminalmicrobes are well adapted to ferment a 

IrD )h)dr.lles in -illding . 1Igar, tarches, and the complex polysaccharides in plant 

-1I111\) " hC1111 ·ellulos',. pectin etc.). The end products of fermentation of 

.t! P )plliati n frllminalmicroorganisms are the three primary VFA 

6 



-
-
- (acetic. hut)ri' .In I pn I i nl' a id nd b) pr du t u h I II, III th. n nd 

too (Van 'I. 1<)1) ). 

portion or thl.: dida!) protein i also de 'rad d und I~rtn nte I b) rllminal mi r 
\\ ith th • 

id 
resultant production of Idditional V\-t\ and of" mallcr amount 

(isovakrate. isobut)ratc and 2-meth)lhut)rate) and ammonia (Van 
t. 199 ). I r III the 

s)mhiotic lkgradation of injesta pr )cess. both mimhc and ht sting animal b 'nelit lor 

nutrients (I aiehne) (d.et al. 19(7). 

1 n gencral. ahoul r% of" the energy in the fermented '>uh trate (earboh) drate) is rCeQ\ en;d as 

(l I) all el 0/ 1(75) and pro\ ide S{)-800,o 01 the lotal melabol isahle enen.!.) a\ ai lable to 

the ho~t heing absorbed in the rumen. (\lkrchen and Bourquin. 1(94).Digc tion b) 

fermcntation is a costl) since Illlcrobial metabolism or earboh)drate to produce \ I \ i. 

accompan ied b) sign i fieant losse'> of energ) as methane and hcat (Reid el 0/.. 1980). 

Methanogenesis in the rumen represents a 2 12% energ) loss of intak.e «Jiger-Reverdin and 

'auvant. 20(0). part from the ab e mcthanogenc i !o 'c. greater than -()% r thc dictar) 

fiber passes through the digesti e tract in an un degraded form (Cherne) et 0/. 19(1) cv ral 

method arc currentl) empl )cd to manipulate rumen fermentation to cnhance po t-ingc lton 

nutriti e valuc or fibrous forages through u col' bi tcchnolog) including inoculant of native 

and recolllbinant rumen microorganisms. natural adaptation and microbial fe.:d Cnl) mes 

(I-lint and. eotl. 20(0) 

2.2 Functional microbial groups in the rumen 

I he diverSIty or l11icroorgani'>I11'> in the rumen I. e. ten,>i\e and compn,>es ba tena. fungi. 

prott)Joa (Ikspell et al. 19(7). and even phage (I\.I icve \ . Bauchop '(. 199. ). 

2.2.1 'ellulol) tic Bacteria 

'I he majtlr eellulol) tic bacteria in the rumen arc Rutrri\"l/Jrio /ihl'i\O/rl'II\, RII/IlI/I0( on'lI' 

(///1/1.\, Rllllli//()( (Jccus. /7< lI'e/ocit' 1 1\. and fo"ihrohoclcr \UC('illO~t'/I(,' I he lir t three pecic an: 

(Jram p )siti\c hut F 'U( cil1ogC'l/<' , i'> Jran1-l1e!!ati\c and to"cthcr \\ ith the rumim)ct c ian: 

thl.: most libml) tic and can potcntlall) hc maniplllatl.:d gcncticall), or C '01 gi 'all). fl r 
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im:n:a,>ed ruminal ·ltulol) i . ( hen J. l'l (/1, (1) . I h' number ( 

10 inen.:a'>c on inclca ill' high ' IH:rg) ( ncellir. Ie I di~t inlh' rali n 

In eeltulo,>e de .radill • bae!l.:ria. the pn:senee of' ma. imull1 numhd 01 \\ r rcprc cntc I b) 

RIIIIIII1()COCCI/\ ulhl/\ and R /lurl.!jucwm (-9 .8%) 8m lertl/de, w( (II/II ' ell {hhm/J{I( ( 'r 

\llCClf1Ogel1e.\) (19 .2%). !Jlllyril'ihrio /lhriw/n'l/\ ( 11.1 'Vo). ( 'IO\(ridllllll 1m hhl.!wlll C' .8% and 

(' longnportllll (1.3%). I he stud) on bulTaloes sho\\ed that the eeltul }se-degradin,!, bacteria 

get stimulated (57.4% higher numbers than that in control) \\ hen bullbloc arc led 

Sacc!wroJlH'Ce\ ce/'{'I'/\I0e \\ ithin their diets ("-umar l !. dol .. 19(7). In the '>tud) of "-rause. 

et 01 (1999). the total combined signal rr m R olhll\ , R jl(l\'e/llciem. and I,. \lIccinogene.\ \\a 

4.0% of the total bacterial 16~ rR . Ihese data \\cre in general agreement \\ ith total 

cellulolytic counts (".2% or total culturable count or 3.1% 01 direct counts) . In the tud) of 

Michalet-Doreau el III (200 I). /. \'lIccinogenes and R. jh/l'e/aclem \\ere more enriched in 

PAS and lirml) adherent P B populations \\hen compared \\ith the total bacteria (\\hi h 

from R. albu \\as comparable in all pha'>e'> 
included F 13). \\hereas rR 

Rum inococcus <;pecies 

Cellulolytic ruminococci arc gram-po iti e and can be di ided into t\\O main pecic: R. 

alhlls and R.jlare/oclens (I\espelt R B. et al., 199j. It i'> difficult t di\ide these t\\O . pecics 

on the basis or morpholog) or phenotype but the abilit) of R. Ilavefaciens to produce 

succinate as a major end-product seems to be con i tent \\ ith their ph) log,enetic position 

(Krau'>e D () .el of , 19(8). the abilit) to dig,et dry maller (D I) or neutral detergent fibre 

( DI' ) of rhodes gra'>s (Chlorts gaywllI). spear grass or lucerne (\ledlcl/go salim) of 

ruminococci '>trains \\as found \aried greatl) (Krall<;e D ) . e/ (1./, 1998). rhe "true" 

ruminoeocci i'> the t)pe of celtlllol)ti ,>train R. jhll'ej(lclC!I1S ('9-1 ("-rallse I ). el al .. 1998). 

Ihe) arc placed \\ ithin clu<;ter I of the coloslnc!w ( ' ollins el (II .. 1(94) \\ ith R. a/hilS, and R 

c(/lliclll~. But. several apparenti) non-cellulol) tic ruminocoeci (R /On/lle.\, R. g/ll/l'lIs. R. 

o!Jellll1, and R. jJl'oc!lI"llI\) arc in cluster I . I tal cellulol)tic Rumin co· LIS ha\C been 

c timatcd to be het \\ een 4% (Latham M. J. el 01. 1971). and I 1% (I atham J. I!( (/1 .. 1(72) 

of the total rllminal population. II) briditation t rR \ from sheep led a pred minantl~ 
tropical gras'> diet (Rhodcs grass) indicated that rllmino 'occi \\ere appro imatel) 5% of thc 

poplliation . 
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I'iool~\ 'tl:r \I cin • lie 

lJni\l:r~al ha'tcrial prillll:r <llllplilil:d thl: t6 rl) \ 

,I. 

cultun.:s or this ~pl:ck consi ll:ntl) (I ajima el Cli . ttl!)!} : I 

.wccino}!,el/('\ had a hi .hl:r thrl:shold C)ck (l:\l:n ao Hl:I:th c)c1c) Ir 

chain rl:Llction (P( R) than other badcria. Ila l:U on Ikhal't-I 

suc inogenes was detectcd using spl:eitie primer. out }- /lCire/lIe/l.!m haH! been p r1) 

repre'>ented or \irtua\l) devoid in c\onl: lioraril: constructl:d using uni\cr al primcr (I aflll: 

('/ al. 20(4). 

I he ab ence or /'. \//('c/tJO}!,e/lI.!.\-lih.e sequenccs in clone lihraril:s is not due to the lack or this 

species in the rumen sample or due to mismatches of primers. ' I he unlkr-rl:prl:sentation or 

the,>e microbe .... particularly /' .flal'e/llclem. in man) clone libraries or rumcn fluid would be 

that Iluid associated bacteria (I ' 13) to be les ... enriched WIth Iibrol)w.:s than \\Oltld the pani Ie 

associated bacteria (P 13) (I irkin ... J.t and Yu L. 2007). 

Butyri ibrio Iibrisol ens 

BlIlyril'iiJrios werc firSl isolated b) Ilungate R. (1950) and fermented cellulo e p rI). 

Bryant M.P and l3urh.c) L.A (1953) sub equentl) chara teri/cd imilar isolat' a gram-

r more recent 16 rD anal) s\ . the 0 -0 
negati c. but) rate producing rods. 
h) bridi/ation results that B jihriso"'ens i polyph) leti; (I r<;tcr RJ el al .. 1996) and all 

or the coloslm/1lI « ollin ... el al .. 1994) r 
strain sequenced so rar rail \\ithin clu. ter 

fn m ... heep. decr and attle 
which most arc non cellulolytic. Vvhen hybridi/cd \\ith rR 

consuming high forage diets. H. fihrosolvens made up less than I ~o or the populali n (I 'orster 

et al.. 199~). Reccntl) the e same probe ,>howed that B jlhriso"'em \\ as less than 2% 01 the 

ruminal population inheep cating a tanninifer u ... did (I ' orster el 01 .. 1996). '1 radili nal 

microbiological enumeration estimates or B. /ihnsoll'em in rumen \ar) from 2°'0 on a hi!!h 

concentrate diet to as high as 8% on high rorage diet (Latham I J.elol .. 1972), Ill)\\e\er. 

culturab1c numbers ha e probably been overestimatcd and studies ha\l: u cd gnwth n 

glycerol tribut)rate (Latham 1 J. el lIl .. 1971) )r mOlilit) ( an J)!s\\)k .(. 1970) to 

presumptiyel) identif) B.jihnso"·enl \\ hen a group or 22 8 Idl/'/\()/\,I'I/\ train \\l:rc 

a scsscd for their ability to di!!csl spear grass (llelel"OjlogolI wIIIOrll/ l
) fc" 'lllid dige t m )rl: 

9 



than IOU 0 r th ' 

libml) tic acti\ it .. 

2.2.2 ethanoUrib 

.. 1 () X \\ hi hindi t th Ir \ \ 'r r \' In 

1cthane-producing /\chaea (kn()\\ n as methanogcns) is a distinct gn up of lrgani m \\ hich 

arc a normal componcnt of the animal gut microbial ecos)stl.!m . :\.kthano 'I.!n rl.! idin \! in th ' 

animal gastrointl.!'>tinal tract bl.!long to the genera Met!mnobacteriul1l . kthanobrl.!\ ibactl.!r. 

Methano'>phaera \I1ethanom icrobium, ethanogen iUJl1. and . kthanosan.: ina (~1 il ler and Lin. 

2002). I he most prl.!dominant species 01 methanogl.!ns in the animals ' gut arl.! relatl.!d to the 

genu,> Methanobrl.!\'ibacter (Clarcia III 01 .. 20(0) . In u'>tralian hel.!p gra/ing at pa<;ture morl.! 

d i er,>i lied methanogen<, had been found than sheep fed either the oaten hal or lucerne hal 

diet ( ndre '-Denis Cl . '\A . ('I 01 .. 20(3) 

I\. cellulolytic bacterium strain of Ruminococcus fla eraciens \\a<; round to form s)ntrophi 

associations \\ ith l1letham)lens b) produ ing I h ('\A olin ('I al.. 19(7). fe\\ non­

l11ethanogcni ' '>pecics of group Aclwea have also been isolated from animals (Boopath). 

1(96). Population densitie · reached around 104 mcthanogen per gram at I \\ cd.. of age and 

increa. ed in an e:-..ponential manner to a ma:\imum of 108 109 per gram at .., \\ ed.. of age . 

Methanogen,> cOl11pri'>e appro il11atel) 0.5 to 3% of the total population of microflora in 

teers. cows. ,>heep. pig'>. and goats (Lin el al .. 19(7). 10st methanogcn obtain energ) b) 

reduction of carbon dio\.ide. to methane b) using h)drogen as the electron donor 

Mcthanogene<,i,> accounts lix 2 - 12~0 of the dietar energ) 10'>'> 111 rllmtnant'> (Cliger-Re\ erdin 

and .. allvant. 20(0) . 

2.2. Rumen prot()loa (ciliate) 

./ '1 he ciliate prot()loa arc the dominant cla'>s of t tal pr tolna and natural I) occurring ones in 

all d I11c'>ticated ruminants (William,> and 'oleman. 19(7). ' illatl.! pn tOI a bl.!C()mc 

ctablished in the rumcn of )oung animal<, in the first \\I.!eh.s of lili; thwugh maternal contact 

and b) transfer from other member,> of thc flock or herd (C hen!.!.. ('11I1 •• 19(1) . 
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ProtO/Oil ar' Ie I1Ill11ell u th,1Il the b'l t ria out a IInl fI r -00
0 lh t I I rum n mi r bial 

ma ....... 1m ill" tn the ir I.lr 'e i/e (I(wall) am! I 

catej.'IHi/ed a ... elltl dillilll1111rph ... a Ill! hlliotrich 0;\ ed 

mdaholisll1. I he clltlldilHllllllrph form the majllrit) of the pn to/( .. I 

nd 

(about9 .3% the prot%a population) Il:ed prineipalt) h) engulfment of parti ulale maller 

like bacteria (\\hi<.:h sel"\e as the major protein source). I he) IHI\C al en/)Ille that attack 

cellulose. hemil:ellllioses. Iiolotrichs depend on nonstructural pol)sa charides. c p ·ciall). 

starche'>andsolublesligars( Illson.e/ol .. 1993). 

i\ppro\.ill1atci) one quarter to one-third of fibre degradation in the rumen of normal I) 

faunated animal'> is due to prot%a (Orpin. 1984).1 he prot%a arc considered to ha\c an 

important role in deterll1 ining the densit) or SOl11e III icrobial groups I ike I11cthanogcn: and 

cellulol)tic bacteria and the transformation state of die tar) in the rUll1en e os)stell1 through 

either directl) their O\\n cn/)Il1C'i or indirectl) a a con'>equcn e of their cITe Is on 

engul rment of other librol) tic III icroorgani III pre 'ent ithers. 1991) 

2.2.4 !'ungi 

Five gcncra of anaerobic chhytridomycctou fungi ha\c been i olated rroll1 the rumen: 

,1 nCierolll I'ces. CoecOIIII'Ce\. eocallolllCl\'lrx, Orpinolll),c(!s and Pirol1l),c(!\ (110 and Barr. 

1995) and arc considercd to be in 01 ed in fibre refractor) degradation (1Ie<;pelt e/ (/1., 1997). 

Cellula es and \.) lanascs arc the en/) ll1e'> produced b) the'>e rungi and arc the mo')t acti\l~ 

fibrol)tic cn/)ll1es (Innci (!/ al .. 1994). Rell1arkaol) high a ti\it) xylwllI\(!\ ha\e becn 

isolated froll1 \eocol/ll1I{f\/lX /JalnCf(fJ'1II1I and //'0111 O'IJ1I1O/lll'C(!\ jOrf)lIii (eilbert (!/ (/1 .. 1992) 

hlllgi arc stricti) anaerobic and their life Cycle include a motile phas' (as a /oospore) and a 

vegetative phase taltus ('iporangiull1) ( rpin. 1977). During the \cgetati\e pha e. thc) be ol11e 

c. tablished on Il:ed particle,> using rhi/oids. \\hi h can penetrate 'ell \\alls (Orpin and Joblin. 

1997). RUll1en fungi account tor appro\.ill1atel) 8°(0 or the mlcrohlal biomass in the rUll1en 

ba. cd on /oospores count (Orpin and Joblin. 1988). i3a'ied on the oligolllll..k tid' pr~ be~ 

de eloped for fungi (I aichne) 1.'/ (/1 .. 1997) anal)'iis. the rUl1len anaerobl lungl con titutcd 

onl) 1-4% of microhial biomass. \\ hich i'i !C,> than it \\as originally thought to he (8~0). Real 

time P R peri"orl11ed on a I () nanogral11 (ng) or fungal genoll1i l) at each tllll' point 
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produced a on i t~nt ) k thrc h II 

pol)centric isolate and I L7 t 0.27(11\ an 

Denman and (hrislllpher . ~1c \\ceney ,) 

, atue r t . 2 

I . I) t r th' III 

.0 m n r lh 

IU rt ( . 

1 he unique f'um:tional role of fun gi appears to he their ~apacit) to ucgrauc thc plant uti ' k . 

\\hich is a protecti\e harrier on the outside of the urfuce of ku\es anu tem (t\kin and 

Rig. by, 1987). '\ hi presumahl) enahks ruminal fungi to gain a cs'> to plant p 

not avai lable to cclluloly ti hacteria. Rum inal fungi pos'>ess e. tremel) acti\ e ellu la es and 

hemicellulases ( ountfort and 'iher, \989) . Fungi attac\" the re alcitrant cell \\all I' plant 

fibre using rehi/oids (monocentric 'ipecic'i) or rhi/omycelia (polycentric spe ics) that 

penetrate the tibre and e:-.tract cell wall omponents ( kin and Benner. 1988). I he rumen 

fungi also pO'isess proteol) tic activ ity . ' \ he proteoly tic action of fun gi faci litates the bacterial 

penetration of proteinaceou'i plant tis 'ue by the e:-.pcne of fungal rhizoid'i (\\ralla and 

Joblin, 1985); thi'i layer i \"n \\n to prevent the ccllulolytic bacteria from gaining a ce to 

the secondary cell wall (I.:.ngel and Brice, 1985). The abilit) to penetrate and colonize fibre 

and the producti n of highly degradati e enzyme. trongly ugge t that ruminal fungi could 

have an important role in the dige tion of fibrou feed of ruminant. 1 he contribution of the 

rumen fungi to the fermentation of ~ ed in vi 0 ha not yet been quantified: ho\\e\er. the 

pre ence of anaerobic rumen fungi \\a found to increa e dige tibility of fibre by up t 40% 

compared t animals \\ithollt rumen fungi ( ordon and Phillips. 199 ). 

2.3 Interaction of microbes 

It ha been \"no\\ n lor some time that protol a predate lIpon and compete forub trate \\ ith 

the Bacteria a'i \'vell as having syn rgi tic relation hips \\ith the l11ethanogenic Archaea 

( illiams & C leman, 1992), but the mple\.ity f interacti ns among these mi robe, ha 

not been \\ell characterj,~cd in vivo. 13a ed on in 'vitI' e\.perimcnts. <;ome prot loa e\.hibit 

etc tive predation on different spe ie ' of ba teria (Dehorit). 200 ) including preference 

to\\ard cellulolytics (Koenig 1'10/, 2000). Def'aunati n of sheep. though. did n)t ignifi anti. 

hange numbers of culturablc celluloly tic bacteria. \\ hereas refaunation de reas'd the 

cellulolytics belm\ those obser'ved in the original faunati( n penod (t--.oenig ('I (//. 2(00). I he 

[3 has been proposed to be physically more susceptlbk to predation than P \13 (1\,.1 \lli tcr 

el 0/ .. 1(94). \\hich tend to contain more adherent cellulol)tics . l' Intera tions hct\\ccn 
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protozoa 'Illd ba tria mi ·ht h III r III pi' III 1\ th n in \ Itr Illrb nn' pr r) 1 

h. C \\'\1 ) ntr phi population b(lth c tr.l- Hn l Intr.I- ·lluhrl,. pI 

interaction" \\ ith baeteria and e peeiall) methan I n (II 'g.lrt). Il) » , 

'I hc metabolic and Predatol -pre) interactions bct\\cen dilterent rumen mi n b' • n: c ntial 

in sustainil1l.'.the rUlllen microbiall:Ommunity and its eollecti\e actidt) (\\ )Iin. 1990). In 

"real eeos) "tcms" 111 icroorganisl11s e. ist and interact as 111l:l11bers or con ortia .• lIld it i til' 

phcnot)pe'> c:'l.pre'>'>ed a'> members Or consortia thatultimatc1) determine funeti( nalit) 

(Caldwell D.I . el 01 .. 1(97) . 

s the rumen is inhabited \\ ith a dcnse and diverse :Jroup or microorganism that ha\'e 

different mctabolic capabilitic<,. the interactions bet\\een the rganbms is om pie. , 'I he 

nature of inter'>pec ics interactions and the e'.tent of mutual dependence \ ar) en rmousl). 

ranging from simple metabolicall) cros -feeding to vcr) speciali/ed total dependence for 

nutrients, such as vitamins, ,carbon and energ) ource<, (\1\-olin el lIl.. 1997). The 

engu I fment and digestion of bacteria by protOLOa i the m st ob\ ious predator -pre) 

interaction in the rumen (William and oleman, 1992). 

rhe fibr I)tic activit) of rumen fungi i enhanced b) hydrogen-utili/ing methanogen 

(Jobl in. 1990). \\ h ich decrease the repres ive effect of h) drogen pres,>ure in the rumen ( rpin 

and Joblin. 1(88). cellu lol)tic bacterium train of RuminQe.Q eus na\efa _ ien \\a found to 

form syntroph ic a'>sociations \\ ith meth(!nogens bI producing 11 2 (\1\- olin el lIl , 1997). rhe 

10\\ generation time and repres ive effect of some bacteria lil--e Ruminoeoccu" spe ie on the 

gro\\th of fungi (Stc\\art el al., 1992) might be the reason for their lo\\er number. in rumen . 

correlation \\a'> ob,>erved between the numbers fmethan gen' and thosc of cellul I) tic 

mier organi'>ms in fresh rumen amples f sheep. cattle. deer. llama, and cecal ntent from 

horse'> ( lorvan el ctl., 1996). 

2,4 Factors affecting ompo. ition of rumina! microbes 

The compo,>ition and proportion or micr bes an.! influenced b) e:\ternal III tor u h a diet. 

feeding rrequenC). age. geographical location.ea on and ruminant ho t intera ·tion and 

other'> (I ajima el (/1..200 I). 
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2.1.1 I cl:d 

I Illp iti n an I pr p rti n mi bi.1 mmunil) . 
'I) pc and statu 

cquelll;c~ clu~tcrill" 01 J"n'I}/JI/('IIIC1 (SJ1I1"t)( //(/e/l' \ ph) hllll) \\l:rC (un I nl) in hfl) 

diet. and tllO~e du~tering \\ ith RIIIlIlIIolw(/('f" CIIIIY/(}1'/II/I1\ (/'ro/ oht/ I('I"W ph) lum \\ r 

greatl) increased in CO\\s leu a grain-based diet (KOl:h rgin \i:U)U e/ Cll . _oOt . ct I 

n teu increa eu t'n:quencie ... or equences ... imilar to kno\\n la tate-pr uUl:ing and hcUlte-

utili/ing bacteria three da)!'> alter a shirt to a high-grain uiet. e\eral iated \\ ith 

cellulol)tic ruminococci in \\ere detected prior to the did shih. but non \\ere detecleu 

thcreatler or their number decreases as 'I ajima reported. uantit) of" th' e libml) tic bacteria 

is higher during fibrous t"ceus and lo\\er in hifting to concentrate rich reeu ~tun,.,. F. 

sliccinog£'l1e,\ (rormerl) /3o('/erollle\ slIcc:inogene\). R. /lm'efiu: ie/l.\ and R, alhlls generall) 

con idered to be primaril) responsible for uegradation of"plant cell \\a\1s in the rumen ( heng 

K. J. el 01.. 1(91). I he phase of rumen content. being solid or fluid also influences / 

distribution or some I B or P B bacteria due t ub trate aninit). In in \ itro e\.periment f 

fibrc fennentaton. I ajima et al .. (1999) noted lo\\er prevalence of hrllliclIle\ in rllmen fluid 

where as Prevolella\ were found fairl) and equall) di tributed bet\\een solid and liquid 

pha e. dditionall). onl) olids re caled R. {lm·efociem. and onl) the tluid re\'ealed S 

rll/ninonlill/II and Proleohacleria. In the trend of" feeding roughages increasingly re. ulted III 

the detection of" more RlIminococclIs and BII1J'I"il'I1mo.\O/lle e nndar) olonllers apparentl) 

ue degradation producb from primar) coloni/ers as substrate (\\ ells el 01 .. 199 -). 

In arious stlld ies. 1'01 iage ( c\\ bold el 01, 1997:0den) 0 el (/1.. 1997 and I eferedegne el 

01.,1(99) as \\ell as fruits of tropical multipurpose trees( MPl') ( I less el al .. _00 and Patra el 

aI, 2006) ha\ e been reported to be able to suppress rllm inal prot%a population due to re'>ult 

of their plant seconuar) metabolites( Ilu el 01 .. 2006). potential methane-suppre . ing elTe t 

of specific tropical plants could result frol11 uirect ciTe ts on the methane-l"ormll1g microbe. 

the methanogenlc arc/well. or from indirect crfects on thc ruminal pr t%a populallon \\ hich 

are. besides thc cellulol)tic bacteria. the malor h)urogen supplier ... to the methanogens 

( shida andJouan). 1(96). \\ ang C'l 1I1 .. (2000). additional I) (~)und that cellulose digesllon b) 

RUl11inoCI ccus ... pp. and N/JmlwC1C'f" \/IccillogC'I/(!\ IS inhibited h) ... appnnins, J\O()thcr 

potentiall) \cr) important obsenation is that the anaerobic rumen I'ungi. "!\'eoc£lIIill/(/\lir 

jrOIlW/i\ and Il/mIllYCC',\ rlll:ill/lo/(/. arc highl) sensiti\e to rilL ([ (huhg ' ret tWang l'l ClI .• 

20(0). 
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Rt:t:cnt nwlc ul , r ,'pproa h ' h, ' 

gastrnintt:~til1al all \at " \\ itll Ii 'n:nt di I . B) 

gnlline sht:t:p had h '1:11 round ' rcat 'r mctln," ' n dh 

or I u<.:t:rl1l: ha) (\\ Ii ,Ill el ell • .. 00 I) . Di ci t b 

In iIi n 

IUl11aratc. \\ Ili ch an: p ten I i, I pre lit s r of pre pi nat . or but) rnt 

compeling "ilh mcthan gcn f r th :l\ ai lnblc 112 ( 

III 

p lur-

decrease in prot%al nurnht:rs has been reported in the rllmen or sheep int'll cd \\ilh pure 

lucerne 'iaponins (Olienyo eI 01 .. 1997) and [' nterolobiulll c)clocarputll ( 'a\a - amacho ('I 

01 .. 199) . In contrast to these finding'i. an c\cl & Demt:)er (1990) ha\e fund no 

indication 01 an) to,;ic eflccts or eflccts of sarsaponin on proto/)a gro\\th or protein 

brcakdo\\ n in vitro . In the presenct: of lucerne saponins the hactt:rial nUlllber remained 

unaffected. but the population is changed from a morphological I) -d i\ eN! one to r'\\ er 

morphot) pes (I LI C'I 01 . 1987). I n other stud). Lucerne . aponins ha\e been found t cause a 

decrea e in the erticienc) of mi robial protein s)nthesis in sheep. becausc the gr \\th of 

bactcria a<; well a<; that of proto/ a is dcpre cd (Iu & Jorgen cn. 1987). 

In vitro cxpcriment of Sas/JanlO sesba/J f, liage fcrmentation b) adding rumen Ouid fr m 

shcep of K and Hhiopian breed. inhibition of prot%an acti\it) occurred in the form r but 

not in thc latter (I eferedegne el al.. 1999). nle) ha e dcmonstrated elearl) the timc 

dependence of the detoxification pro c . 'ho\\ing that adaptation occurs in animal re ei\ ing 

dietary S. ses/wf) such that the anti proto/ al comp nent is destroyed mon: qUI kl) than in 

control sheep. I actors sLlch as Iceding frequency might inlluence in vivo response ( Idick & 

Firkins. 20(0). It \\as found that anaerobic rumen fungi ( RI) \\ere not detectahle on ulpher 

(. ) deficient DI,!!,II(//'/o \jJ ( J rdon el al. 1984). Calcium 'ieems to ht: essential for th gro\\th 

f Fi!Jro!Jocler (formerl) I-.no\\n a<; Bac/eroulC'\) mcclllo,!!,£'IIC'\ and to stimulate gr \\th or 

other spe ies particularl) the fibre I tic organi<;ms b) supp )rting a c.reater producti n of the 

i oacids. isobut)rate and isO\a\cratc.( orth arolina tate Uni\ersit~ Repl)ft. 2004-200-) 

2.4.2 I lost factor (genot)pe.pecie ·. age) 

Ilost specifi it) has heen demonstrated to affect the ~ol ni/ation aht1lt~ or 'ertain mi ' roll ra 

since one microorganism or strain rrom one animal ma~ fail to ~olnni/~ another anima\. In 
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ud) r' i I niz Ii n 
spitl: of allll: I r' • I. me in Ii, i lual r I in 

Il in 
(I lorin 1.'1 (// • 200!)) . 1 he n . 'ati,c 

ti, I) c luld indi It 

oml! COI11POllIlll... that all: prc cnt in 'll trointc lin.tl tr 

mdhanogl!ns . 1' 01' l: ampk. kthatHltnil:robilltll tllobile r 

a\ailabk In h(l\im: rLll11l!n tluid (I tlnnl!r 1.'1 (// .. 19KK) . I a h reI (I/.. (1971) .tl I(HIIl(.! th t 

. a gro\\ th I'<u:tor prl!senling in rumcn t1uid . i c ntial t r or \\ th r 
COl!n/y ml! 
.\lelllllt1ohl'l.'dh(/CIl'1' I'lIf11illllfllilllll . ge dilTercnce also alkets colonizatil n of rumen h) 

different microorganisms. 

2.6 Isolation and Quantification Method ... 

2.6.1 Traditional enumeration orruminalmicrobes 

Microbiologists in the 1950· ... to 1980' worked out culti\ati n procedures to gro\\ ba teria 

from the rumen (Dehority, 2003) and specific gro\\th factors. pr ducts formed. and other 

landmark types or inrormation have been gleaned using thi approach. lan) t) pe of ro . -

feed ing and S) nergistic relati nhip ha e been idcnti lied (\\ 01 in el 0/.. 1997). But mo. t 

examples of communit) ecolog) really can't be mimicked u ing standard is lation pro edure ' 

(Taj ima e/ (I/.. 1999). ampl ing from the rumen is probabl) c\ en more di fficult than for 

bacteria because of the c)clic chemota:-.is of some prot%a. cspc iall) /wll'iclllds. to\\ard 

sugars after the animal i ... fed. rollo\\cd b) settling to the \entral rut11en or reti ulutn 

(Dehorit), 2(03). thl! ... ite rrom \\ h ich sampl ing is harder. particularl) rrom ... heep 0\\ ing to 

have smaller rumen si/e. De ... pite the standardi/ation of counting procedures. \ariation in 

prot%al counts among animals is high . 10rphol g)-based speciation and cnum ration i. 

al a er) difficult a ... enormous but functi nail) minor microbial speell::s can be fund thIS 

method. :ome prot()/oa species ma) impl) t ha\e onl) morpholl gical \ art ants of the ame .y 

ample dilution to ) ield a targeted number or \ 

ell<; might result in inaccurate and imprecise enutneration of min)r speck ... hecau e thl.: lattcr 

operational ta\.onotn ic un it (Dehorit). 1994). 

arc oftcn so diluted out that the) arc infrequentl) detected per microscopic licld rc ulting in 

reduced and quite \ariable in prot%a cell number to biomass ratio. Iknce. prot loa 

enumeration in the rumen sti II is problematic 
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I'numl:ratil Il f h. -t'ri II I 

"'l:\erallimitati Il t I.. ill III lilt' I 

r 'r up b d n 
h 

200 ). ) inahillt) to 'm\\ 'iOnh: or pl!r1mp the tHai rit) or p i in I b r ltOr) mcdi \\.1\ 

& Ru'> ... dl. 19(6). I) the tatbtieal \ttriation inherl!nt \\ ith culti\ ati noha ·u pr Jur. 

Ian) authors ha\l! assuml!d that the dilTerl:nce bl:t\\l:l:1l t( tal dirl:d c unt ,nd total d bit! 

counts of bactl:ria is largely attributed to nonculturabk bactl!ria in th' ample (\\ dl 

Russell. 1996: loetendal el lIl .. 2004) becau'ie of potentia II) conllHlnding f'a tor'i like not Ion I 

cnough incubation prior to gro\\th scoring (colony c unting) ( i)ehorit). 200 ) and I)ses dUl: 

to inappropriate amount... of ... ubstrate (\Vells & RU5scii. 19(6) btimates of the e,\tl:nt of' 

ruminal bactl:rial di\:ersit) cultured i ... as little as 10% ("'rause I .0 .. and Russell J.B .. 1996). 

In contrast. "'rause el (II. (I (99) argued that celluloly tic mosl-probabk number (~IP ) 

probably overl!slilllates the trul) ccllulolytic population because of the pre 'cn c 01 

cellulodextrin degrader thai cannot degrade pol)llleri cellulosc. lP enumeration. \\hile J 
being much more agrecable Il)r u, c in animal cl\.perimcnL. had les,> precision than a tual 

counting mcthods (Dchorit) el af.. 1989) and can lead to inaccuracy in quantification of 

bacterial population'>. depending n the type ofMP tali tic u'>ed ( 1cBride el 01. 2003). 

Although much uscl'ul information has been gencrated from co-culture,> of ba tcria. 

el\.trapolation 01 data to in \ iva situations might not be appropriate (Dehority. 200 ). lor 

pol) mcri . ce I lulose a<; <;ubstrate. bactcrial grO\\ th rate i<; probably dependent on the urfacc 

area f r baclerial adhe<;ion (held,> el lIl .. 20(0). whIch incrl:a<;l:S and then de rcases after 

pro\ision of ... ubstrate. I he gro\\th rate (~l) depends on the substrate 'oncelltration ( ) and thl: 

affinity to\\ard that <;ubstratc ('" ) bcsldes to the ma"imull1 gnmth rail! (~l ) (Dijk Ira ('11I1 .. , rna 

1998) indicating tluctuati n of microbial numb r n<;isten y dlll: to gro\\th media f'a tor. 

part from thi .... a small portion ofthc ruminal bacteria can ml) be gn\\n in laborat r) media 

( tcwart el 1I1 .. I (97). I he inability to gro\\ all ruminal 111Icrobe has therefore limited 

undcfstamling or ruminal microbial communities. such as di\er'iit). populatinl1 omp sition. 

and functionalit) 
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2.6.2 <)lIantifi .lIi n I mi r biall pul. Ii n b) 111 I, 1I1 r t I I 

I hI: circlIlll\clllion of culti\uti 11 limit ti 11 r qllir uhur -in ' 'n 'nl III lh 

mob.:ular appro .. he In\ C pn \ id·d an altern,lli\ • III an 

ceoS) stcm \\ ilhollt ha tl:riolo 'kall:llltlirc mcth( d II g) (I 

nll). 

and mann (2001) argued that "chl:mota OnOlll) hould be II 1 in njlln ti n \\ ilh 

genomic inrormutioll li)r a mml: complete "ph) lo-phcncti " h,lr,lI.:teri ati n I I mi r inl 

populations, (oncl:rning ph)lo"en) sorting. the lar'e suhunit (I. · l ) rih 111 a I R \ (rR A) 

and the intergenie spacer region bet\\een the I l and small sUhUlllt ( l) rR t\ pr hahl. 

contain more ph) logenctie inf<mnatlon than rR '\ (RoseI16- lora anti Amann. 200 I). 

But. the latter recei\ed much more atll:ntlon becau e 01 earlier selfuen ing limitation and 

~ub~cquent accumulation or large numbers of l rR \ sequences dep) ited in public 

databases. 1 he large amount of ~ l rR or the corresponding !!I.:ne (r)) ' 1\) equcnet.! 

information continues to dri\e current research approaches . I he combination u age 0(' 

molecular biolog) techniques b) cloning and random selection of clom.:s for sequencing of 

rR A genes \\ ith other emerging techn logics (Poll el 01 .. 200 : loetcndal et al. 2004). 

ha been used more frequentl) to date tunc vcr di\cr it) of microbe.., III the rumen (f ir"'in 

J.L..Yu /.., 20(6). 

I he mC\jorit) or microbcs in the rumen eludc pure culture. and theIr e. i..,tence i~ identified 

onl) from ph) logenetic mar"'er sequence. (almost c. lu~i\el) rR or its codingequcnce. 

rD ). Sequcncing of ~<';L rR gcne'> has be me a ..,tandard procedure ler the 

identification or isolates and it IS no\\ impo. sible to adequatel) de ' nbc ml robial 

communities \\ithout ~l rR ,>equence data. Dendrograms rr()Ill rR '\ or rD \ 

..,equence" !!enerall) prmide relau\d) "table clustl.:r'o. although the relati\e degree of 

branching depends on the method used (RosscIl6- lora ' ,\mann. 200 I). t\ peeles ha been 

defined an) \\here het\\ecn 95 and 991l/o ' U rR \ sequence Identit) (It etendall.'llIl.. 2004). 

Ros<,ell6 and 111 111 an (200 I) discussed ,>tandardi/ation of a 'opecies at 70% D \ il11ilarit). 

\\hich corresponds \\ ith appro'-.il11atel) 97% rD silnilarit). although the) cautioned that a 

species should not be distinguished solei) on rR or rD \ 'ot.!quence infilrillali n. Relati\c 

abundance of some microbe pecies i'o variahle \\hen col11rarin' rR f\ and RD, 1\ data 

alllong studies. Dif'iCrence'o among studies could be e. plaincd b) th' \ari)u P R conditi( n 

( I aj ima ('I 01 .. 200 I). IIlcluding ' hoice of prllller or clonin' \ ect()r (\ (n \\ intzin!!er dc 1.'1 

£II . 19(7). or frolll ho t fa tor'o that di ncr alllong e periments. 
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I\n incn;a ill,l) Illf'" IIll urll 

f'acilitate idenlili 'Ii n I I rR \ 

almost all eqlll:n es d rhed lrolll Iheil 

but mall) of'these dataha e 'qucl1ces \\ere derh 

.. Iii. bl ' III puhll 

thal 

20(0) . As of' Krau e ('/ 0/ .• (199» genot) pi anti phenoL) pi 

Ruminocm:eu., strains of' R. ol/lIt, and R jlm'ejoC'/em, 01 the 2~ train i 'nili anti) hang d 

the grouping \\ hen the data \\ere ba ed on digestibilil) or cellulo . highli .Ilting the ne~d fI r 

characterllation of' integrated techniques lor un ultured .,trains. 

By gene., sequencing and random selection or clones. selected data arc rep rted sho\\ ing the 

diversit) and communit) composition (Krause and Russell. 19(6). rD ph) logeni clu ters 

arc constructed rrol11 Rumen fluid (\\ hitronj 1.'/ a/ .. 1998).and from fractionated rumen fluid 

and particle 'iamplcs uSing clone libraries (Larue ('Ill/ .. 20(4) . 

Varioll R _ and [) -ba.,ed approache'> have been used and arc 'ontinuing to cvol\e to 

provide the tools to change and improve our pcrspe tive. about ruminal micr blal 

communities in IVO. rhe particle-as ciated bacteria (I' B) are con 'idered the mo t 

important group or bacteria mediating fibr I)si in the rumen but also arc the harde. t from 

\ hich to obtain a trul) reprcsentati e ample, \vhich i needed to accuratel) quantil)' bacterial 

now to the duodenum ( olden, 1999). lolecular-based pro edures can help v ri f) that 

the P B samples collected using various burrer trul) rcpresent the entire I' B P pulation. 

including those that \\on't detach \\ ithout ignilicant I)sis (Balcells el a/ . 19(8) 
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'I ahlc I : I dhl 

fed .11&1 ... 

PAIl 

• ,mil adhCfCl'll P n b) r 
Ind" tun 

and' 1 t.1I b4CI 

rl m rum n 

,R pi 

,RN pi be 

II ,.... fed p:IS I"", ... , ond ~A11 Ral UmI P('ll 
gr,."ull, "Itched, 7 ,0I1t<! b .. 1 I I 10 I I I I cd mI 

Bacterial samples were collected from fluid ·associated bacteria (FAB) or particle- assocI a ed bacteria (PAB). 

2.6. Quantilicallnn nf'microbial populations b) m lecular techniqucs 

Quantification of important groups or specie' u ing molecular based procedures an help 

explain their role in ruminal metabolism but also to prov ide perspecti\e for more qualitati\e 

approaches than gene sequencing (Rosello- ra and 
man. 200 I). In particular. 

methodological limitation., of pol)ph)logen) (loclendal ('I al ... 20(4) and the need for 

,>equences for adequate characterl/ation of the true ml r bial 
hundreds of thousands of rR 
diver it) and communit) composition (l.arue l!1 01 .. 2004). the need or efll:ctive utili/ation of 

molecular-based procedures lor quantitative purpose. in ruminant nutritilm tudies i. e .. t:ntial 

Ithough the technique is Ill;\\. some projects on the characteri/ation of' rumen micr bial 

di ersit) and rclated rUlllen ecnlog) parameters havc been carried out b) international atomic 

) in collaboration v\ith different ountries usinp, real time PC R. But till the~c 
agenc) (I 
a tivities arc )cllimited to specili ' i sues of methanogt:n~ and to .,ome e tent al ut cellul~tic 
microbes and the) arc done dis n;tel) . As of' pro 'cedings 01' 1,\ /\( .... 0(7) Rep fled frolll 

Bra/it. olombia and I-thiopia inJicated effect of tannin ri ' h plant ami l' nut l il 'an 

result in reduction of' quantit) of' prlto/(KI .l1lethan )gens . /. \//('( /I/()~{, I/ • • \11<1 rohi fungi a 

indicated in table 2. 
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t tim R 
Table 2: Rclati\ • pn p lrti n mi r bi. t mmUnil) I rum n b r 

\ 

amplilicatilll1 te ' hniqll~ pi ·sl.:nt db 'in' ull1l1nril 'd .md n\ nl.:d in 0 • 

()rt~/I1 (If ( I CI/ ('ra / 

gel/omlc f) \11 boc; (er/a 

Colombian cattle 

\ 
Colombian cattk 

\ 

O.OOR I 0.0027 0.003 -

with coconut oil 

treatment l 
\ 

\ P value 0.0126 0.9167 < 0.1172 0.0001 

i 
Ethiopian sheep 

, 
17.13 \ 0.0122 I O. 787(0.74) 1 0.122(0.-4) 

\ 
(0.7) ( I. 14) - -I-I 

\ OT(2.0) 
Eth iopian heep 20 ."'9 \ 0.069- 3.57(2.96) 

with coconut oil (0.65) (2.00 

\ \ treatment -1-
Bra/il sheep fed 0.000 I 1 0.0095 0.000 I 10

.
00

01" 
\ 

uv 
"heep animals \\ ith super ... cript numhers \\ere used as control group. I cattle f d \\ ith urea 

and molasses treated ha). 2 ... heep led \\ ith-ha) and \\ heat hran and 1 ... heep pro\ ided \\lth-

Le IICOC.' /1(/ Ie IIC()ce 11/w10 (LUJ) treatmcnt. 

Real time P R or quantitati\e PC R is a variation f the standard peR tcehnique lIsed to 

or messenger R \ (mR ) in a sample \cr the la t 10 )car '\cral 
quanti f) [) 
molecular tee niques ha\e heen de\doped for to anal)s' natural micn rgal1l m 

(\\ intlil1gerode ('/ 01. 1997). I he anal)si or mierohial CCOS)stcms ha chan!.!cd III rc and 
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m r t w rd m I ular bioI Ii I m th d .R 

polygenelic marker or relllledm' , \ h tween j\OllIl d (mei WIL 1I1Il1rl!(/.lh 

amplified fr metra t'd I s with a et of prim r hindin' to c n T"\ d rc 

U ing equ n c ,pccific primer, the rclati\-c number f c pies of a p rti 'uhr I 

equence against h us kc ping g n an he d tcrmincd. uantificuti 1n amplifi d pr xlu t 

obtained u ing flu rc ' 'cnt pr h nd sp iali/cd machincs th. t measur ' whil 

performing temp ratur hangc nc d d ~ r th P R cycle'. :tandard curve ~ r real-tim 

prepared by rially diluting a kn wn am unt frO A pics ( ) Ivcst r el al., 2004 . When add d 

ive diluti n rcquir a I ng r cy I to rca h th' thr h Id ign I 

(fluorescence unit ab e background unit ). Th fir t cycle ab ve thi thrc h Id i the thr~ h Id 

cycle. PCR is the m t n itive technique t detcct equ n that arc pre nt in vcl) I w 

concentration in the environment. It i P ible to determine quantitati 1 rD 'A or rR A f 

the target microbe u ing P R. Although RT-P R till ne d to pr yen, uitabl D r anal)Zing 

complex rumen microbial communitie thi application I ok promi ing b cau e microbial target 

in very low concentration can b quantified which ar difficult u ing other approa h 

to a PCR reaction each ucce sive dilution require a longer cycle to reach th thr h ld ignaJ 

(fluorescence units above background unit ). 

~Rn '~------------------~ PIa .. 

~. 

Figure 1; Amplification curve 



tl!mplatl!s ('. '.. . )1") tHlIlll 

10(-l / lopl!) I ( tnt g 01.: 

\) In n;alit~. P R pr Oll t lImlil ti n 
C)cle~. I hl! P( R l:lIicil:nl:~ 

)'itcm In-.truction 1anual, I i.l Jolla. ( 

decreasc'i amI then eea'ies ouring later c)c\e \\ hen the rea'l:nt b \.: Ill\.: limiting (P II 

Cavanaugh. 1(98) tan) factors can intluencl: the amplification reaction. ano lin Jl!rprinting 

techniques alonc do not provioe quantitative oata (\\ intllnllrooe l'I lIl .. 1(97). Pol/ and 

Cavanaugh (1998) noted the increasingl) bias of the fn;quenc) of P( R proouct rl!lati\e t) 

initial template a'i P( R C)cles progrcsscs to higher rl:plications \e\cl. I he) uggesteo that 

pooling of PCR rcplications might pro\ Ide enough P( R product from onl) - ) k-. (\\ ith 

less bias than more C) c les) \\ hi Ie also rl!ouci ng \ ariation as 'ociated \\ ith repli atl.: 

amplification'i. IIllilarl). a'i'iul11ing a constant eniclcnc) of amplification of \) '\ template. 

the product accumulation can bc cstimatcd Llsing thc formula (I P) n as logarithmi ba ·terial 

gro\ th can be assessed mathematicall) as 2 • \\ herc " repre'ients the number of divi~i n 

cyclc. I represent the proportion of initial opic and P i-. the fra tional amplifi ation 

enicienc) I' copies of cach cycle (n) (Dchorit). 199 ). 

is difficult (k..rause el al .. 1999b) and variable. depending 
Quantitativc amplification of R 
on it concentration relativc to othcr carrier bioma~~ (Rash.in et al. 1(97) demanding usagc of 

rD .. Krause I!I (/1 .. (2000) cstimatcd that Bacteria rR \\as about 60 to 70% I' the total 

rR signal. 1 he total I uh.arya signal was Ies~ than 10° 0 \rchaea signal \\.1 not mea-.ured 

dircctl). but. b) dil'lcrcncc. it-. -.ignal \\ould be about 2"° 0 • \\hi h is much higher than the 

ArclwC!(/ signal dlfl:dl) quantified In ruminal contents (/lemer t'l III . 2000) or e\cn e p' ·ted 

from micro-.copic count data (Krause et al. 1999b) .. Pnces-.ing methol pri r t \ 

c:\traction ha'i a profound clkct on diversit) results. I espite the establi hed imp rtance 01 

onl) a fe\\ main bacteria in fibcr degradation (k..rau'ic el (// .. 2003). 

23 



2.9 on- t C, r1~ I - ha '(1 prolilin ' 

Mo ... t clIltlir -illd I 'II I 'lit I~ hniqu II II mmunitt' 
n 

thl.: I.:lJlIcn c di\ 'r it) t Ie) rR ,\ . II \\c\ r. dctcrminin' 

slH.:ee ...... li.lIl) (ilolhell ('/ cd .• 200 I). pr 

t.!treet \\ ithoul an) ampli Ii ation ~tcp . 110\\ c\ er. the id ntili ,ti n ba t'ria u ing th 

.hifh in the prolilc, is difficult, hccuu c the data lack ... ph) I 'cndi In rIO ti n. 

24 



3. t\l A'IIIH \ 1 • ~IC lll ()I) ' 

3.1 . tud ) area 

"I h~ sur\~) \\as cllndllch:d in Jiji 'a and (lUI' llill \\er d I (Jiji 'll .llmini trati 
th 

~ol11ali R~gional ' tal~ ot I ~ lhi )pia (I ' igur~ 3). I he oll1.tli R ·i n I 

eastern parlOr the countr). It is locat~d to 11 0 north latitude and HI t< S C(I t I ngitmlc . 

I he altitude rang~s hct\\c~n -00 and 1.600 mct~rs ab)\~ .s..:a Ic\cl. I h~ total ar~a the 

regional state is eslil11al~d to h~ ar Hind 2 thousand I\m
2

, I he top )graph) ot' lhe n:gion i 

mainl) 10\\ land. Ilt)\\~\~r, ther~ ar~ s )111~ n:lati\d) high spots, I h~ 1~ll1p~ralur~ oflh~ area is 

related to altilud~ t Jljiga. area or hi .h~r ~lcvation. th~ a\~rag~ monthl) tell1paatur~ \'ari~.., 
bet\\een 16 to 0 CO \\herea.., at Degahabur \\ith lo\\er altitude. it is ablul 2) to 26 0 . (he 

rainfall is erratic and bimodal \\ ith an annual u\erage rang~ of 300ml11 to -OOmm. '1 he 

population leads it's I i\el ihood on I i\estocl\ under pastoral or agropastoral rarm ing . ) stem 

(MOARD-P \)~ 200'+). 

Jijiga adminitrative lonc borders hinilie admini trativc lone to the north. thc Ilararghe 

high lands or Oromia Rcgion to the \\C L Dagahabur t the south. and omalia to the ca 1 

( ('1.- K el 01 .. 200 I). Jijiga administrativc I nc an be di\ ided into three eparate rood 

economy lones (I Lis). namcl). sedentar) agriculturalists. agro pastoralist and pastorali Is 

gropastora lism is a dominant production s)slem In Jijiga lone. I h~ agro-ecologlcal 

lassificalion or th..: lone includes I (arid lone om:). /\ 2 (arid lone t\\o). \ I ( . 'miarid 

2 (semiarid l\\O) (1( R\)-P [) . 20(4). 11lNIm IS bordered on the outh b) 
one). and 
Babille. on the \\est b) th..: Orol11ia Re!!.1 n, and m the n )rth and cast b) Jijiga. 

I he region consists 01 about 8% grassland covera!!.c and '::4(~ o bush and shrubs t\l"ro plan~ 
associated land (I R. 199~). I he \eg~tation is main I) ot a ..,ub-d~ ~rt range t)( c c msi..,ting or 
dominantl) a sparse co\er or shrubs and clos~d lhi kct of bu h Cl)\er in ome ar..:<.l , 

/ lea\'lplw frllllcosO. , leor/pllll I'Olkol1.\ii. , /cocia hWH'I. , Ie (/e/(/ hl'l! \'e'pica. I(ocia edn/l a. 

Jlcac/a /lilolica. An/("/(/ /111111ca. Acacia \t'yal. AcClc/(/ /01'1111,. , I/oc 'IJI' .. 8(//alll/n ~/(/h/'(/ and 
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Calpurnia aurea an! om' or muli-purpo hruh 

2000). 

The forage br W' d b th live t k can • c1assifi d int( t\\( main 

plant , which g rmin t and r~main gn;cn ~ r nly a ~ \\ \\c k after r'lin ' I d r nni I hmb . nd 

tree fodder ( alabr' et al .. 2 7). 

Figure;: Map of the tudy area 

3.2. Study population 

Blackhead omalil gaden h P f, und in th tudy area' v .. n; th 

indigenou to the natural habitat ( g d n ar ) in th 
J mu pia 

is also found in urr unding ar a 
of thiopia (Galal, 200 ). It i' al f, und in ncighb ring malia and cn a and th' . arc kn \\n a ' 

the Black Head malia ( 'man, 19 ). rh' sheep 'tand sc' nd in num 'r n' , t t) 'am '\ and 

contribute a great d al t the nati nal . it ha 



spl!cial mcnt ill th ~Ii Idl' I It. nd \ra 1 n untri 

\\ ith small and rather "hmt and USlt.llI) p Jlk lapp' I an: 11\ 

cars: short stin shin) \\hite hair bod) and limb c \ rug : I \\ II d 

from thc chin to thl! dll!st \\ ith fat dl!po its under thc -hin 111 I th nd t-

rump" ith its thin tip sticking "trai .hl back\\ anj or I ml!\\ hut han Jin J d \\ n ( It I I. 2007). 

Figure 4: Breed of BIIO (male and lemale) 

3.2 ample collection 

10\\ tud) 10 ations namel): bu"h co\cred gra/ing land around (lursum and open graling 

land in Jijiga. herealler named a" (Jroup I (G I) and (,roup 2 ((,-). rcspecti\cl). \\erl!elected 

ba cd on cgctation co\erage. agro ccol g) t)pe and BII p lpulation den. it). (JrlUP I I 

charactcri/ed b) more than 2. -% hrubs co\crnge. fragi Ie (ups and do\\ n hills) land -al c. 

I)ing belo\\ 1750 meters abo\e 'iea bel. and mcdium BII population ill!. \\ herca . (Jroup 

2. have featurcs of less than 3% shrubs CO\Cnl"e. planl! land. I) ing ubo\l! ,-70 mctl!r ab )\c 

ea Ie el and higher 13110 population si/c. Iksidcs to location diffcrenu:. c;}"( nul fad( r 

\\ere also considcrl!d I'm sample l!ollection in (J I (coded tI'i ()( ,I .l!1d \\ (,I . 

In group \. 18 I \I Is \\crc clectc I. Ih m \\ hi h <) \\l!rc I( r dr) ann I (Ill ther 9 \\cr - fl r 

\\ct'iCalion Imilarl) from (,roup 2. l) BIIO Imnin J hlu ehllld" (1111 - r idin!!. f; r p Irt 

\\ere random I) selectcd onl) fllr.\\Ct ea n ampling. On matlln: m le b 

Bll'Il:k Ilead Ogadcn Shecp \\a l!lcdcd fl'llll1 en h hou -h Illlll fUIl1Cn filii 
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dr~ 'U '" dmpl t d in th 

nd 

in 
each measlirin' (lb lit _Ill!. \\ 

\ <\cutainl.!r tube. Rum n flui I 

ice coolin' durin' ,"nplil1 J 

ampl i fication. 

th 'n und r -20 ' nd -7 ( until mi r bi I 

3.3 D i\ extraction 

About 50~d rumen fluid \\as pipl.!ttl.!d from liltrate (aliquot) of' I.!aell :lIllPh.: and total gel1ll11i 

o \\as i<;olatl.!d <;eparatel~ b) I.!lllplo) inl!. \) 'ea<;) Blood &. Ii uc Kit (pln- lumn 

Protocol) lQI (,I' . 2()06. o 111 I.! l11(ldi IicatiDn \\ a done t I11pr mi the 

amount 01' nuc katcd and non nuckated mIcrobes as the \\ hole t11 il.:rl bi ommunit) \\as 

treated together as described in anne 1. isolated genomic [), 'A \\as pre..,er\ed under -70 until 

o A was e:-.tracted for microbial population anal)'iis. Qualit) of the samph.:s \\u appro\'d 

at A260/ 280 and D concentration \\as adjusted tOng hd. 

3.4 Real time P R amplification 

Real-time peR a'i"a)s \\ere performed u"l\1g I·a..,t c..,IJlt \) \ ;-'la ter )- BR Jre n Light 

yclerR). I he <;et of spec i lic primers u<;ed li)r a III pi i lication \\ as targeting for gen'ral 

bacteria, Methanogcn'i. R f!(/\'i/(/cl('m, /'. IlIcciflOI!,('I1.\, total Prottli'()a and anaerobic fungi. 

General bacteria prin1l'r-template Inter run (uni\crsal prtmer) \\as u<;ed as p )Sltl\e c ntrol t< ). 

The designed primer" (provided b) I I' .1 hermo ekcm n orp )ration .(,mbll. ertllan) 

u ed for the real time P R arc described in anne\. 2. \ total 01 I R9 rotor \\ell - lilled \\ ith 

P R mi:-.ture of stud) groups and negative control \\ere rlln in ~ rounds \\ ith real time P 'R. 

Amplification \\".., petiimm:d using personal opticol1 version .1 ( t\\ar I r gr,lIllmed Hi) 

Rad-lherl11oc\c!cr-(P( R 111 trument) lRnchc I\pplicd cicnl.:c.200:). I he thre hold \\a 'I 

to 0.1. I he temperature transition rate \\as et It 20 eO/ ec lIld. ( plimil Ilion or a a) 

condition" \\as perlormed for primcr meltin 1 lempemlure (Ill I) anti hl Id time in pre 
et t 0 

incubation period and annealin 'l segt1ll.!nt as indicatctl in I abk -.P H pm 'ram \\ 

cycles. 
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'I ahle 3: Rc< I tilll 1'( R mi tm 

( 'o/llPIJ/lell/ 

HR- lastel mi 

I'-primer 

R-primer 

gC 1.2 

I bO (I' R grade) 

1 emplate 

Final olume 

( ' /lIIC I II/ral/Oll 

10 

0, -

0.: 

~ 1m 

30ng 

1.6 

12. 

2 

20( ~LI) 

Product of each tan.!,ct microbial grnup \,as al11plilied or quantified u ing Iluore ent prob' 

and speciali/ed machll1es (thermal c}cler platform mini opticl1n apparatu and opti on 

man itor3 soft ware) that mea,>un: fluorescence \\ hi Ie perform ing temperature change needed 

for the peR cycles. mplicon specificity \\a ... not performed sin'e amplification run \\a'> done 

for different targets at once. Melting curve anal)si ... \\as omItted since it \\as imp sible to 

apply for mi:-.ed microbial c mmunit} . I he cycle conditi ns \\er~ conditioned a ' indicated in 

Table 4. \. Iuorescence detection \\as performed at the end of each denaturation and e\:tensi)n 

tep . 

Table 4: • etup of aPR amplificati n pr cess 

.1nu/I's/.\ II/odc Pro,\!./'{//I/ 'C~II/(' I1/ 1 c/IIpC!/'{/lI/re C) 

- - --
Pre-incubation 

9 -

Denaturing 9-

mplifieation ,\nnealing -6 

I: tension 72 

ooling 
40 

* IS dependant of nucleotide 

lIo/d //I/Ie 

20 

• lope 

('f) H'L'O/lc! 

---

20 

0.1 

,1I1d melting 
annealing temperature 

temperature \\as optimi /ed to possible Ie\el a cordingl .• 2 in'uhath n timc \\<\ limiletllO­

second to increase specilicit~ ofprimcr binding. 
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A. Data llIal1a ~~ Illl'llt alld :111,11) 

pattern 01 amplilication un d tl 

amplification. I he n:I.ltiH: pI' p 

). 

r bill 

percentage to the e~timated ahundance of gen ·r.tI b.1 t'rial 16 rib 

as gene hnusekecpin I). I hu .... the n.:lati\e pn P Jrtil n of tar' t 
bial 'f up \\ a 

calculated b) suhtraeting their ct \alues Ir 11ll rc",pl:eti\c t r 'cn fdl b. t -ria: 

Acl cl .Cl ,h. and then the result \HIS calculated from 100(2 .. I ) \\ here .' tand f r 

targcted microbe and (,b stands Illf 'cneral bacteria. 

Dircct chan~e of' et 01 general bacteria \\ as also used in com pari ( n or tud~ group .... \) La 

\\erc entered in the \i1 icro'>oft e cel (2007) lor dcscriptiv . ,>tati ... ties and preparation of graph . 

P ' (er,>ion IS. 20(6) \\<1'> used to test statistical significance of dilkrence among the 

different group ... b) independent t-test. 
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4.R LT 

4.1 Identification of ruminal micr()()q.!,ani III 

From a total of 189 rotor \\ell filled with P R.. a) mi. tun; nd n g ti\ nlr I run in 4 

round, 18 ampli ns or pr duct f 0 template Were identificd. 

ignal f 

general bacteria \.\a del ct d at vcry carl} ct tage follo\\cd mo lly by total protozoa. 

As display d in the amplification curve in hgur 6. 11 re ence 'ignal of g n ral ba tria. F. 

succinogens and R. jla\'ijaciens clevated up more exponentially per cy Ie than oth rs. neral 

bacteria and total pro ozoa r ached plateau pha c b fore the pr gram \Va completed. 

0.3 

5' o 0.25 

~ 
~ 
~ 

~ 
i= 

0.2 

0.15 

0.1 

~ 0.05 

o ....,.~. «_'~!M~HU~~:' ""':;';;;""':--'--''-'-~--r-'''--' 

1 3 5 7 9 11 1315171921 2325272931 

THRESHHOLD CYCLE(CT) 

Figure 5: Amplificati n cune of micr bial mmunity f rumen 

The amplifi ation efficiency \\a ' above 20% ~ rail 

microbial group ex cpt .66% and I % efli icncie ' 

METC1 

PROTC2 

G SAC C3 

ANE .FUNC4 

F.SUC 

R.FLAV C6 • 

pIes r umplic n. f targded 

methanogen belonging t W 2 ample. mpli n like gem:ral bacteri . antler i fungi. R. 

jlavijacience and F. sliccinogen 5h \\'cd bettcr amplificati n efticicllcy \\ ith I w r variability 

(SE) while protoz a and methanogens \\cr c. press'd mparativdy with I wcr effi ien y and 

fluctuation (Table 7). 



' I ah le.: \IllJ lifi' ti 

RIIIIIII/o/mic rill! '\ rror 

Prot%a 

dhanogen 22.7'> .1 

(Jeneral bacteria 1 .2 1 .71 

naerobic J'un ' i 12.20 1 

R /lol'l./oci£'11 .7. 1 
•• 1) • 

I'~ slIccil1ogel/.\ .2.R2 

4.2 . Qua ntifica tion o f th e identi fi ed r umina l mi ' r ohe 

rhe relati\e proportion or targeted microbial communit. from the \\ hole tud) .. ample or 

tud} population showed the presence of % (±6%) Prot%a. 0.74 % 

(± 1.2%).F.slIccil1ogen\ 0.2 ·0/0 (+0.270/0). anaerobic fungi 0.0 6% (±0.07%). R./ll1vi{lIci('1/\ 

and 0.0022 0 '0 (±O.OO 180/0) Im:thanogens in 1311 (Iable 6 and l·igun.: 6Y Relati\e prop rtion 

of general bacteria \\a<; not computed in terms of exponentIal valuc becau. c or la king 

reference genetic material ('or it. But based n the fact that genom i . [) \ sample \\ ith general 

bacteria emerged early meant to represent better quantit}. reiatiH: pr portion of [) J 1 \\ J I • 

G2. 

Table 6: Relative prop )Ition ormicrobial COl11l11unit) oJ'rul1lcn in BIIO 

RlImil1a/lIl/cm/}£'\ I)(i 1 Wei 1 /1'(;2 ()rero/! (. 'E) 

(Jeneral ba teria 16.7 1-._: ( 1.6) 

R jl(/I'ijc/c/('tI 1/2 Act n.o 161 0.0 18 0.0-88 0.0 :(, (0.0714 

I· SIICCl/log('!1\ I 2 Act 1.1 ~62 O. 428 0,7186 O.T9_ (1.178-) 

ethanogen 1/2 Act 2.111·-0 2.721:-0. 1.841--{L 2.21'·0 ( 1,871-·0~) 

Pr t%a 112 Act 11.6891 0.9064 3. 16- - . T (6.) 

naerobic fungi 112 A t 0.281 0.0 I 0.1166 O. 

• (,t:nt:rul h.Kll:ri.1 IS rl:prc t:nlt: I h> I:l 
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a.,Q e-a.e 
" " .! I: 
~ " III Il1O 
ti~ 
GC 

10 
8 
6 
4 

2 

0 

OG 

WG1 

WG2 

• Total avo 

Repre entati n of R.I'· Rumino ·occu. jlavifaciem . F. F ihrojacter 'iU cinoJ{en ; 

M TH=Methanogen ~ PR T T tal pr t z Ana r bi fungi and 112 Act tand fi r 

computed microbial quantity in % 

Figure.l: Relative pr p rti n f rumen mi r . in mi ed tud gr up 

4.3. Comparison of ruminal microbe by tudy group 

Compari on of micr be by tudy gr up indicat d that sampl fr m BH reared in dry ea · n 

of open grazing land h w d 12, 6.9 and 3.4 fi Id higher abundan eft tal pr t I a, ana r bi 

fungi and Fsuccinogem'(r P cti ely) than that f imilar micr bial gr up f BH managed in 

wet ea on. Rever I) , methan gen and R.flavifllc:ien. in df) . 'a ' n \\- 'rc Ii und l.~ and 1.5 

fold lower than that of id ntical microbe ' in wet -cas n. 

Table 1: Ratio ofrelati e pr p rti n fmicr ial c mmunit fBU b) pain;d ·tud gr up. 

Ruminal microbes W~ ' J WG2 

R. flavifacien 112 ~ ct 0506708 0.540438 

F succinogens I 12 ~ 3.372582 0.47706 

Methanogen 1 12 ~ ct 0776625 1.479429 

Protozoa 112 ~ ct 12.89554 0.265317 

Anaerobic fungi 112 ~ ct 68623 0099334 

ompari on tw en 1 cati n, pen gr<lllng land mpl . pr> -' d 1. fi Id m r 

methanog n than hru c er d grazing land f . imil r \ 



quantit) th ' r mi r bl,ll 'r lip In I 11<) k in u h 

nllllkrall.: I) lIpl:ri I th n til 

'I able 8: lallstical om pari Oil oi'rlllllinalmi t\\ up1 

Micrllbi"l/:rtlIlPI 
f)(,/(JlJJ(, I) 

1I(,I ( lll/ , I} I'· 

lu 

:\lrOln 1.:\ I \1 In 

(,~ncr,11 b,l~lCII,1 I I I 0 \16 
0 7 

R tla\lhICICn o Olh ()OO 1)2 00 I 00 

I succlllog~n' I I " 
o 121- 0 12& 00 7 

1clhanogcn () OO:! I 000 )6 00027 000 I 

10Lal proLO/oa 11 /),'1) I 7 63 0<)0114 0 7 00 

,\nacroblc Iun 'I 0 11 6 00 111 0 

In com pari 'ion of dirferent 'ieason but falling in the sumc local it) (I) J I anti W J I). nl) 

relative proportion of anaerobic fungi sho\\ed signi ficant di fTcn:ncc (p< 0.0 -). \\ hcre u 

mean' or thers \\crc not significantl) dirferent (p >O.O-) 

Table 9: (ol11parison ofruminall11icrobes bet\\ecn locations of'thc 
ame 'ca,>on 

Microbial Jf'(, I (.J!.I/G,J) 
l \/J P. \'lilt.' 

\\can 
groups can 

G.bactcria 14 . 6~ .5 - 1672 . 22~ 0.02: 

R.lla\iracies 0.0. 18 0.006 00' 88 n.o-l 0.02-1 

I .succinoges 0.3428 0.0 7. 0.7186 0.7 0.06 ~ 

ethan gcns 0.0027 0.000 ~ 0.0018 0.0008 . 82 

10talprotO/a 0.906-1 O. 976 164 I.: 0.070 

naerobic ru i 0.0414 0.0066 0. 1166 0.061 0.000 

omparison of' microhes quantit) bet\\cen Il cation indicatl:d i 'nitieant \ariahilit) {r 
anaerobic fungi. R !lClI'i!Clciel/\ and 'l:nl:ra I b.ldcria (p (U) - ) \\ ith inten it. r \ l:r) hi 'h to 

optimal signili ancc 1c\l:1. n:"pcctiH:I) . 
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_ . Di ·u., ion 

I he l11anncr of 1l1ldlialilll1 I al11plili lion 

reaction condilionin' . Ikllcr amplili Iii n 

set at iueal reaction 'omlition . I he p 

b t\\ 

sample., could be 0 curn.:u b) 0 111' d \ iati n 01 r mm 'n I d nn alin' t m 

bubble trapping in lhe capillal) tip r~ pedi\ I . 

ir 

Ihe reaction \\tIS perllmned il1\olving difll:rcnt primcrs (multi I rim 'r) em. nding 

heterogonou., annealin" temperature at once to reate a\era 'C \\1 rkin' illl ti n r r all 

targeted member., or microbial comlllunit). I he reeo11l111endd annealin' tcmp mturc r 

primers 01" total prntolOa ami 111clhanogen., \\as a lillie bit de\ i \led Il r the • kc )1" 

compromising tempcrature r~qlrc111ent 01" others I his \\ (lulu h' duc to lheir highcr tarting 

genomic J) concentration as the assa) is quickl) out competeu b) higher concentration 

tarting genomic J) and due to too high number of C)cles than that ould he et I" r them . 

Thre hold ofg.bacteria orBl1 elm:rged at (I .2- 1.6) in \\hole sampk: at 14.4 in 1 ,I at 

14.63 in v..GI and at 16.7 In \\ ,2 . 1 he greater ct values )I'op'n grazing lanu and the hma t 

alue. in shrub" area 01" general ba tena ma) indicate as there could pr~ .... ent more prop )rtion 

of bacterial spicies and non 0/,(,(,0/ methanogens 111 the lirst group hut \\ ith lo\\er quantit) in 

the second group probabl) being inhibited b) plant metab )Iitcs I:. pre ........ ed quantit) or 

methanogens in the groups is inueed supporting as the) coulu b' one or! or factor lor the 

general bacterial quantit) dilleren e 

There is scarcit, or documcnted report to 0111par~ ct \aluc .... ami reIati\c prop ni n or m ) t 

functional ruminal microbe., quantified \\ ith Real lime P R Ie ' hnique . ,\n pcrim~l1laltrial 
tesleu n I:thiopian highland sheep b) sehab\ (2007) rep lrted diurnal ~I\~ra"e t \alu' \ I' 

(17.1 0.7)I"rol11 sc(nlr Ignup(n 2)Il:d\\ithha)anu\\hcalbranand20.'9( O.6:)trlm 

c conut oil trcateu shcep (n 2) ror general bacteria. uanlit 01 'cneral ba ' tcria in II 

8110 is higher than that 01 highland sheep kept on tation \\hik quanti!) 1)1 • 'ner.,\ h. 't ·ri.1 

in \\ -;2 is clnsl:r to ~alul: 01 thl: \;llntrnl group or hi ·hlan I h~l:p . I hi 111<1 h IpP n 

c"istence nl" 111()1"l: <Inu dhl:rs ba ll:rial p~ il: in BIIO ~r~\lin'" 1'1\ 
p'l1 'razin' 

de lination of bactl:rial P lpulatilln and a it \\ uld h' attributed t inhihill r .. 
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mctab )1 it . ()r •• p.lrl r III t 

thi ... dilkrl:I1'e. \ h.I'\\ U 'd 

On ' ~LI. I he sample sil ' 01 hi \ 

Ba ... ed on obsl:nation 01 d' ripthe re ult 

... upported probabl) because 01 muller IImpl 

prott)loa particularl), and F . \II( C /l11I 'e//\ as \\ell de 

nl 1 pr 

II 

ali 

\).. ith the samc intcrprctation. hrub ... cmcn:d 'I.lfin' I- n I 

all targetcd rumcn microbes c. cept mcthano 'cn in BII() ,I 

as long as both 100:ation ... arc in raining sea on. I h gnm Ill' 01 ea nal hrub. tree and 

~ rbs \\ hich arc cnriched \\ ith antinlltrihc It I tors. in 01" n 'r~\lin' land during raining peri c.I 

ma) uppre ...... some rumial microbes like total protO/oa.l·, 'lI('clf/ogel/\ '\I1lcrobi ' fungi and 

R.jlal'i[aclel1S \\ hl:rc as presencc of' shrubs throughout most month in hrub cndl)\\ cd 

gra/ing land sccm ... to bc ,Idaptcd b) those ftl\orcd(as mcntioned earl)) ruminal mi r bia! 

groups. 

Reduction or total prot%a ma) bc 0 curred becaue or fcedin n or ... hecp on 'ca onall) 

emerged antinutriti\c enriched 'ihrubs Jrces and lorbs in raining timc amI a con equencl: or 

their suppress elTect. vanou", studies indeed reported that l'oliage ( e\\b )Id et (// .. 

I 997:0den) 0 et 0/ . 1997 and I cferedegne et (//., 1999) as \\ ell a ... rru ib ( lies ... et (// .. 200 and 

Patm et 0/ . 20(6) or tropical multipurpose trees( It> 1 could ... uppre ruminal protoloa 

population due to re ... ult or their plant sec mdar) metabolites( Ilu t't (// .. 2006) Reduction I' 

and anaerobic rumen fungi ma) also be due to inhibitit n dll:ct or antinutriti\C lactor like 

apon\l1<, containing plants as reported b) \\ ang et (// .. (2000). ( r the reductit n )(' 

Flhrohacter slIcdl/og('I/(!' and increaslI1g or R. f'(/w/acie", and \ i .. \er a trend re ult in 

this stud) rna) be happened bec<1u e or potential c mpetition interactit n almmg cellulol) ti 

bacteria as R (///)//\ and R. /lol'e/ociell.' produ e inhibilt)r that uppre s 'ft \\ th r R 

fl!l\
l
ejocie!1S and /. \If( ('il/ogel/e,. respe ,ti\el) (.Iunqin Ch 'n) . Inten it. of ' 

cellulol}ti' bacteria is also ini1uenced b) pre ... elKe )(' non- 'lIulll)tic r~cie likl! , ',I 

/'1111111/(//1111/1/1 \tldltionall •. higher quantit. or anaerobic lun ,j and I,' lit IIlllgetl ' \ in dr" 

gra/ing time rna) he attribute I to their ' )mp ,titi\em: 

or anal:robic t'unl!i to plant pl I. aCl.:haride'i 0) its lIniqll~ lun 

and het11icellulasl: s en/)t11e and p'nl:tration or thl.: libr~ b r'hil.l id r rh il 1ll)1.: Ih Ill.) 

help anaerobi' rungi to e. i ... t in larger quantit) in ur -op 
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el1\ 1rl1l11l1cnl. I h P pI In d u h 

19H9) alld ( \kill an I B nn'r, I 

\erse 

intera tion 01 dkd I'the h 1 III r ml th' 1.llter U it \\ 

(1992). I he rea Oil Il'lIulllltit) libr I) ti h.1 tria 

could be as a result 01' it IihlOl tic Ip.1 it) 

elal .. ( 19(1) e peri me Ill. 

Int rt 

n 

b, (hn ,K. 

n 

pt 
Shrubs co\ered 'r,lIin' land prol11otes presell e 01 II tar'd d nun n 

methanogens in m 10 as Clll1lpan:d to open gra/ing b th I in 

raining 'iea'>on. I he gn)\\ inc 01 ea'ional hrubs, trees an I f rbs \\ hi ' h Ir' cnd he I \\ ith 

antinutrit\e fi.lclOrs. in opcn gra;ing land during raining p rit d 11)") uppr 

microbe,> like total prot%aY .. \IIccil1ogel/\ anaerobic fungi and R 11m', {/( ill. \\ hcn;, 

pre'>cn c of shrubs throughout most months in shrub emlo\\ cd gr,ving land nUl) bl.: ad pt d 

by ruminalmicrobial groups. 

ome tudics abo show that the ruminants like the feral goats. shecp and came\. \\ hich 

continuousl) feed upon tannifcrollsus diets usuall) devel)p tolerant microllora l\\ ir).<man el 

01. 1999: I eleredepne (II lIl .. 1999: Otknyo and Osuji. 19(7). t\b ence or pre encc of 

prot%an inhibition In I· thiopian shecp and l" heep breed and rate of deto ilication 

proccs<; in time pro!.'.ression bet\\een animab al t) lIldieated the adaptation re P)J1 r 
anima'" I'or carl) e. posure or anti, wt )foal component ( I cf'crede 'ne ('I (II. 1999) frequent 

feeding of BIIO\ on feedstulfs eontatning l1letab )Iites Iml) dc\clop adaptation resp)J1 e t) 

th rumeinal microbes and It is eonlirl1led b) In \iH) c . perimcnt(Oldi k • lirldn .2000). 

Ithough most identified microbes \\as seen to \ar) b) their quantit) b t\\ en tud) 'r lip 

when it is looked based on des ripti\e p lint 01 ,ie\\, (nl 'en 'ral b,l ~ teria, R 

and anaerobic I'un!.'.i \\ere I()und si .nilicantl) in dilkrent liUlIllit, I t\\ 'cn BII( 

p pulation groups var)ing for gral:in' land t\P' ea nnal hillin' flllll \\d t 

increases ruminal anaerobic lun 'i in BlIO I ·nlllcantl . I he m.ll1'l thl.' 
ing m an 

less ilnd pos ible prc 'nel: 0(' e r 'rimental em r in Hlr tud 

differcnee at signili ance I \cl \\1: 

c\.peril11ental error" \\otJld confirm t,Hi '.111, ,nriabilit. f th 
b~ III i ling quantit. 

\ariation in samples . 
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6. ( 0 (I l : 1O 1 10 «) 1 II 

It can he cllm:lud 'd It III thi 

I!.cm:ral hacteria. N }lOI'/ ClC/('II,e In I alii r t i 

sheep population reared domin'lIltl) in nutllral 

dr) increased the quantit) ( f rllminal anaer hi ntl . . 

Based on the abo\ e cllnclu illn. the (()lIm\ in ' lire r 'cOllllllcn I I: 

n 

hi in r 111 ·t t 

• hlrther research should b' 'arrkd out in dincrenl hrecds of he'p k pt unocr oil erent 

feeding s) stem using Real lime P R technique. On tat ion ( (nil' Ilk I) ,lI1d n 1:1fI11 

e:\periments shall he done to generate more information: 

• Characterllation of rumen ecolog) and microbial di, er it) \\ ork hOlllo be perf rmed 

using standardi/ed methodologies: 

• l~va l uation on interaction of' a range of various forage shrub / trees and fun ti( nal 

rumen microhes including parameters of rumen ecolog) shall be broadl) tudico: 

• Lscf'ul (()rage species that enhance cfTicienc) of rumen fl:rmentation and rcou e 

methane emission hall be screem:d and proper!) utili/cd ror produ th it) 

imprO\ement orhardshlp resistant ruminants like BlackheJd ( gaden sheep. 
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