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Abstract

A cross sectional study was conducted from Noven##9 to April 2010 on 210 cattle in Addis-Ababa
abattoir, originating from every corner of the ctrynincluding Addis Ababa for the aim of quantifgin
functional rumen microbial groups and looking a¢ tlactors affecting the ruminal environment. Durithg
study, the randomly selected animals were restlalme the assistants and the specimen was colldnyed
inserting the stomach tube until it reaches the emumlLikewise collecting the rumen content was done
immediately after the animals get slaughter. MBnd&he rumen content were examined for their color,
consistency, cotton thread breaking ability andrtaetivity (denoted by motion) of the protozoamitroscopic
glass slide. Up on doing the above examinationsgheace of 77.8% (87/210), 82.8% (30/210) was meor
from color content of green and yellow-brown regpety with statistically significant difference €®.05).
Prevalence of 75.9% on slight viscous, 71.4% exttgrand 2% milky were also recorded when lookedhan
consistency. Furthermore, the pH and Celluloset@@dbreakage ability) were statistically signifitg§R<0.05)
with the prevalence of 75.1% (basic) and 4.8% f{axicand 82.4% (unbroken cotton) and 7.5% (broken)
recorded respectively. In conclusion, this studg hadicated that there is a serious decrease innbiie
protozoa number, especially those of medium sizetl large sized with over dominance of the smalediz
protozoa. This is the basic base line data for rudigestion environment and for future further stsd
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1. INTRODUCTION

The bovidae family (3,000 million heads) is the mdierse group (155 species) and includes thecafri
antelope, buffalo, cattle, sheep and goats. Nomdlli strategy and adaptation to feed resources payed a
major role in the evolution of modern herbivol&s.

Rumen contains a vast number of anaerobic eukargiatl prokaryotic microorganisms, which break down
ingested feed materials to short chain fatty atfids$ are absorbed, to be used by the host animainiergy/?*!

It has a major influence on the health of the ahirsa understanding the composition and functiorthef
ruminal microbiota will also help to improve thealté and welfare of the livesto&i:*®

The rumen microbiome consists of a complex micdole@mmunity composed of bacteria, archaea,
protozoa, and fungi. The metabolic activity of #maricrobial symbionts converts complex fibrous $tates
into volatile fatty acids (VFA) and microbial pratethat are used by the ruminant host for mainteaagrowth
and lactatio?® Although the rumen is one of the most effectiystems for degrading plant cell walls, less
than 50% of cell wall carbohydrates are digestddvnquality forages such as straf.

Microbiome of rumen is a dynamic system that rapichhanges with diets. The type of forage alters the
rumen microbial community composition mainly due its specific fiber structure, which determines
fermentation products and ruminal p®?!  Change in microbial community could provide usclear
understanding of interaction between forage anéhalmicrobed®”

Rumen protozoa may represent up to 50% of micrdhimiass and play a key role in ruminal N and
carbohydrate metabolisff!! In contrast to bacteria, protozoa have been shtwimave very little host
specificity 4

The ruminant animals play an important role espigaiathe livelihood of farmers in the developiagrld,
providing substances as milk and meat, animalitnactanure for crop production, energy, cash inedram
sales of their products and a safety net of capitaéts to face risks and misfortune in harsh enmient”

Examination of rumen content is often essentiagsist in determination of the state of rumen emvirent
and digesta after rumen content was obtained mdiaiy slaughtered animal and sometimes by rumenppum
via stggfach tube. The major relevant notice dudoliection is avoiding contamination of the sampligh
saliva:

The microbial protein synthesis in the rumen depend the growth of microorganisms and on the
efficiency of using energy and nitrogen substratdsch is the main constituent of animal's body,ahdrefore,
vital for maintenance, growth and reproduction psses. The net result of these reactions going treirumen
is res)p:[g)lr]]sible for the bioconversion of feed insteh form that is utilizable by the animal as arseuof
energy:

Color of rumen fluid of apparently healthy cattlaries according to feed type, from gray and oliwe t
brownish green; green in grazing cattle, grey msthgiven fodder beet, yellowish-brown in thosesgivnaize
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silage or straw. Rosenberger (1979) reported tadrenal color like are milky grey can be observedhie time
of acidosis. Normal consistency of rumen fluid aftle is slightly viscous. Extremely viscous sarspheay be
composed chiefly of saliva, in which case anotlaengle will have to be takéff!

The pH of rumen fluid ranges from 5.5-7.0 in appéyehealthy cattle on a balanced ration. A pH pape
with half unit sensitivity is sufficient to diagn®@suminal acidosis or alkalosis. Cattle on highbohrydrate diets
have lower pH than those on roughage diets. Acidgs than 5.5 in ruminants indicates ruminal asiglavhile
ruminals%ﬁ greater than 7 indicates ruminal alkisloSimple ruminal inactivity or anorexia resultsruminal
alkalosis.

Gram stained smears from rumen fluid samples caprépared for the identification of rumen bacteria.
Mainly gram negative bacteria will dominate in pioysgic rumen fluid but in ruminal acidosis gramsjtive
streptococci and lactobacilli predomin&fé.

Rumen fluid of apparently healthy cattle has a ladduna while the abnormal fluid have sluggismor
movement in case of acidosis (Smith, 1886)And hence this motility of ciliate protozoa isaemined in a fresh
film under magnifying microscope. And their motilits judged as highly mobile and very crowded (+++)
motile and crowded (++), sluggish motility and lowmber (+), no or alive infusoria (0) (Rosenberd&79).

The rumen is an open, dynamic, stable, a very sivand complex microbial ecosystem and is highly
specialized, pre-peptic adaptation of the digedtizet that facilitates the storage and microbialcpssing of a
large quantity of plant materi&f! The digestion of plant material and subsequentesion of primary ruminal
products such as volatile fatty acids (VFA) for myyerequirements to the host ruminant and compounds
incorporated into microbial cells are performedtigh synergistic act and a complex symbiotic ietehip of
billions of microbes within the ruméff! As of the genotypic and phenotypic mounting evigerdiversified
major ;%']Ctional groups of ruminal micro-organisare hosted in different ruminant species and ggdical
regions:.

Highly diversity rumen microbial ecosystem consigtdf bacteria (more than 50 genera); ciliated qroa
(more than 25 genera); an aerobic fungi (represgritigenera) and bacteriophages are found in thernti! A
comparison of numbers and relative volumes of bectnd protozoa indicated that while protozoafardess
numerous than bacteria, they are so much largerttfebacteria that they may occupy a volume neaqbal to
that occupied by the bacteria. The most importantinal protozoa are anaerobic ciliates that aremiftiated
on the basis of morpholody’

These microbial symbionts are adapted to survivaleu conditions of anaerpbiosis, high dilution sate
high cell densities and protozoa predation, ancehewolved the capacity for efficient utilization ebmplex
plant polymers such as cellulose and hemi-cellufbse

Microbial digestion and synthesis of microbial campnts in the rumen requires certain conditions
provided by the host. These include retention gkstia and ruminal microbes for prolonged periodsnoé,
anaerobiosis, constant temperature °¢39 neutral pH (7.0), and removal of end prodifétsin most
circumstances, this environment is closely corgrblby mechanisms such as the type and quantitpad f
consumed, saliva secretion during eating, mixirg reiminal contractions, absorption of end prod(etBA,
NH,) and passage of undigested residues and micreddlalout of the rumeR”

Aiming at improving efficiency of post-ingestionggistion of feeds and ultimately to improve prodtitti
in ruminants, several direct physico-chemical treatt of the fedd and various indirect biotechnological
manipulation of rumen fermentation are currentlyngeemployed to modify the composition and actiwitfy
rumen microbial population, increasing propionatnaentration in the rumen, depression of methane
production and decreasing-dietary protein degradaty bacteri&®**®1 To bring such interventions into effect,
characterization of microbes and various ruminabpeeters under different dietary conditions wasiedly
important task®

Knowledge about microbial (Protozoa) populations whtained by microscopic observations, pH of the
sample collected and by performing some tests. ddwwpic observation helps in evaluating the nunavet
activity of rumen flora and was used in monitorthg severity of the indigestion. The activity ofiren flora
was mainly looked by their motility. Accordinglyrfmormal activity of rumen flora ciliates and fldigées were
found at rate of >6 organisms per field with smékge and medium sized protozoa being the largee on
dominant. However, in condition of indigestion tlaege protozoa start dying primarily following madi and
small sized protozoa. Molecular based approachee baen adapted recently and resulting in much more
comprehensive description of micro-organisth&®! The objectives of this study were: To quantify dtional
rumen microbial groups (Protozoa’s) in cattle atisdAbaba abattoir and to assess factors affetti@guminal
environment.

2. MATERIALSAND METHODS

2.1. Study area
The study was conducted in Addis Ababa area fromeNter 2009 to April. Addis Ababa has topography of
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540knfand it is 2500m above sea level and receives thaffa800nT in bi-modal pattern. Its long rainy season
extends from June to September. Its annual avemsigemum and maximum temperatures are 10.and
23.£C respectively?”

2.2. Study population

The study animals were 210 local breeds of cafflee exact age and previous history of managemen¢alth
status of the cattle were not known. However, dllttem were clinically normal during ante mortem
examination. These animals originated and broughhé¢ abattoir from different area of the countrgliding
Addis Ababa. It was impossible to trace back irdiindl animals to their source of origin becauseagk lof
identification and reluctance of cattle dealers amers to provide information. Some of the catéalers don’t
even know the initial origin of their animals. Adhe cattle slaughtered were males, adult and betbrig
indigenous breeds.

2.3. Study design and sampling strategy

2.3.1 Study design

A cross sectional was under taken to identify thangity the normal flora from the stomach of thétleaand to
develop a base line data for normal rumen fluidifioiigenous breeds and later all it can be utilifmdfurther
therapeutic purposes. Each week a two days vistmede and after ante mortem and postmortem exaarina
rumen contents was collected from different randosdlected slaughtered cattle. Samples were laheded
the animal code number and the specimens were imtegdtransported in an ice box to the laboratfmy
examination.

2.3.2. Sample collection

Each study animal was individually identified amdtrained by an assistant and kept fixed. Aftepkegfixed
the mouth gag was put inside the mouth of the anifteen after the stomach tube was inserted wmilen odor
come out. The sample was replaced in to the stesifgainer to which 0.3 ml of 10 % glucose was adte
After labeling, the container was kept in an ic& bad transported to the laboratory.

Likewise following the slaughter of the identifiexhimal, collection of the specimen was held. After
slaughter, immediate collection of the rumen conteas also done by cutting the rumen. The rumen was
churned to have an equal distribution of the flaad collected to labeled contains. Again the samnibe above
0.3 ml of 10 % glucose was added to the specinmenthe abattoir samples were immediately examired t
color of the rumen content and the pH using theadg paper. Again in the laboratory the samples were
immediately examined by direct microscopic smeappration to look at the motile protozoa and prepar
cellulose digestion tests.

2.4. Sampling methods
The animals were selected using systematic ran@ompling using regular interval to study rumen flaralysis
of cattle presented in Addis Ababa abattoir fouglaer

2.5. Study methodology

Ante mortem examination: In this abattoir ante mrtexamination was performed before slaughter amichgl
this time body condition scoring, tick infestatiamd any other abnormalities were observed and dedor
During ante mortem examination each study animal marked for the identification by writing a codentber
on its gluteal region by using permanent (not whkank. The animals which passed ante mortem éxation
were then selected for rumen content collection.

Post mortem rumen content collection: In the posttem examination all study cattle were examinad fo
lesions. Those animals which did not reveal anysgriesion were selected for sample material cidiect
Immediately after slaughter in the eviscerationgstathe fore stomachs were carefully removed fréwn t
abdominal cavity and opened and explored for ababouontents as well as for the presence of anyigore
materials by visualization and palpation. Then raroentent was taken by gentle squeezing of indesia the
rumen manually. The rumen content so collectedimasediately transported to laboratory for furthaakysis.

2.4. Protozoa examination

2.4.1. Microscopically examination

The rumen content in the container were thoroughiyated and mixed. Then a drop of specimen weraszd
on the microscope glass slide, covered with colgrasd examined under 10x magnification power pscope.
From the slide we are going to look the motile prota dominating the slide. Accordingly we were tifesd
small medium and large sized protozoa on the miois glass slide.

2.4.2. Color of the content

Since color of the rumen content is among the atdie for some conditions, it was examined by nakge
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after collection. The color of the specimen vadagheir feeding behavior and disease condition.

2.4.3. Cellulose digestion test

This test is among the useful procedures in examimaf the rumen environment. 10ml specimen wasedd
into test tube together with 0.3ml of 10% gluco$ben a cotton thread was immersed in to the test tu
containing the specimen. Finally introduce into $78C incubator for 48hr to look at the breaking powethe
protozoa on the cotton.

2.4.4. Viscosity of the content

The contents viscosity was examined after collgctime specimen either after slaughter of the anionaby
using stomach tube. Accordingly we can appreclaecontent as slightly viscous, extremely viscausatery.

2.5. Data analysis

All the results were recorded for each study anirAllldata collected during the study period wenéeeed and
stored in Ms excel worksheet. Before subjectedtatistical analysis, were analyzed using SPSS Mito
software versions 16.0. Descriptive statisticallgsia was used to summarize the data and presenddta
collected.

3.RESULTS

In this study, a total of 210 cattle were examibgdaking their rumen content. Different resultsswacorded
when we were looking the motile protozoa in relatio consistency, color of content, pH of the cahtnd the
test held. In general from the 210 samples 1431¢68.contain small sized protozoa’s 5 (2.4%) comdin
medium sized; 22 (10.5%) large sized, when obseiwegreen, milk, yellow-brown and brown color rumen
contents respectively. The prevalence of influenfethe factors (color content) is displayed in &aidl.
Statistically significant difference was record€e(.05) among different color content of the feedsumed by
the animal, the highest being 77.8% followed by8&2from green and yellow-brown respectively.

Table 1: Prevalence of color content in rumen environment in cattle

Color of | Number animal | %
content (n) Number of motile protozoa (%)
Small size Medium | Large All die Small &

medium

Green 20 95 | 877.8%) 0(1%) 10(8.8%) 3(2.7%) 11(9.7%)

Milky 18 8.6 | 2(11.1%) 0(%) 0(0%) 16(88.9%)]  0(0)

Yellow-brown | 113 53.8| 38R.8%) 5(10%) 10(20%) 2(4%) 3(6%)

Brown 59 28.1| 24(60% 0(0%) 2(6.9%) 1(3.4%) 2(6.9%)

Total 210 100 | 143(68.1%) | 5(2.4%) | 22(105%) | 22(10.5%) | 16(7.6%)

P-value=0.000, df=15

The study has also revealed that statisticallyiggmt difference (P<0.05) in consistency of tlantent,
the highest being in slight viscous (75.9%) followby extremely viscous (71.4%). The prevalence of
consistency was described in table 2.

Table 2: Prevalence of consistency in motile protozoa in cattle rumen content

Consistency Total examined animal
(n) Number of motile protozoa (%)
Small sized Medium Large All die Small & mexhiu
Slight viscous 88(75.9%) 2(1.7%) 10(8.8%) 3(2.7%) 11(9.7%)
Extremely 210 55(71.4%) 3(3.9%) 10(20%) 2(4%) 3(6%)
Watery 0(0%) 0(0%) 2(6.9%) 1(3.4%) 2(6.9%)
Total 210 143(68.1%) 5(2.4%) 22(10.5% 22(10.5%)  16(7.6%)

P-value=0.000, df=10

The study has also revealed that statisticallyiiggmt difference (P<0.05) in pH of the rumen camit
occur. The prevalence was highest being in basid #8) followed by acidic (4.8%) (Table 3).
Table 3: Summary of PH in motile protozoa in cattle rumen content

PH Total number
examined (n) Number of motile protozoa (%)
Small sited Medium Large All die Small & medium
Acidic 1(4.8%) 0(0%) 1(4.8%) 17(81%) 2(9.5%)
Basic 142(75.1%) | 5(2.6%) 21(11.1%) 5(2.6%) 14(7.4%)
Total 210 143(65.1%) 5(2.4%) 22(10.5%) 22(10.5%) 16(7.6%)
P-value=0.000, df=5

Likewise statistically significant association wagorded (P<0.05) for cellulose digestion test,hiyhest
record being in un-broken of cotton (82.4%) andl#ast in broken (7.5%). Summary of the celluloggstion
in relation to motile protozoa was given below [(¢ad).
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Table 4: Cellulose digestion test based prevalencein cattle

Cellulose Total number
digestion test examined animal (n) Number of motile protozoa (%)

Small sited | Medium Large All die Small and

medium

Breakage off 210 3(7.5%) 1(2.5%) | 22(55%) 1(2.5%) 11(27.5%)
cotton
Unbroken cotton 140(82.4%) | 4(2.4%) | 0(0%) 21(12.4%) 5(2.9%)
Total 210 143(68.1%)| 5(2.4%) 22(10.5%) 22(10.5p6) 16(7.6%)

P-value=0.000, df=5

4. DISSCUSSION
There is luck of documented report in this studgaaim order to compare the obtained results arativel
proportion of most functional ruminal microbes.

Despite the standardization of counting procedwasations in protozoa counts among animals wegk.h
Morphologically based speciation and enumeratiorevedso very difficult as enormous but functionaiiynor
microbial species can be found this method. Sonmopoa species may simply have only morphological
variants of the same proportional taxonomic thit.

Type and status of feed influences composition pmaportion of microbial community. Microbial
organism may found in rumen, predominating onelaroivhen animal feed at a particular feed type. Soray
be isolated from animals fed hay or cluster of aigas may be found in animal fed a grain based ttigtas
also found that increased frequencies of occurrendactate-producing and lactate utilizing ba@ethree days
after a shift to a high-grain diet. Likewise quantf these fibrolytic microbes was high duringrbbs feed and
lower in shifting to concentrate rich feed stutfs.

Statistically significant difference was recordel<Q.05) among different color content of the feed
consume. Therefore, the occurrence in number ofl sized motile protozoa, as indicated in the waris
dominantly found in green (9.5%), yellow-brown &%) and brown-green (28.1%) color contents. Howé@ver
milky colored rumen content only 8.6% of prevalemess evident. The green, yellow-brown and browrorcol
contents may be the result feeding at pasteurnwstrad hay respectively which have large volumeiloért
However, the milky color may arise from concentrfged or grain-diets. Concentrate and grain-diegshaghly
responsive for lactic acidosis, then after giving teed a milky colof*®

In most of the cases the colors of rumen conterd fbbserved were yellow and brownish green which
were in agreement with Rosenberger (1979) who &psrted that color of rumen fluid of apparently Ittea
cattle varied according to feed type, from gray alide to brownish green; pure green in grazingleagrey in
those given fodder beet, yellowish-brown in thoseig maize silage or straw and the color may beoahally
milky in grain over feeding. In the present stuthge test of ruminal contents showed that mostlgehenimals
that were slaughtered must have been fed with gtesg and concentrate. However, Jasmtiral. (2011)
reported that ruminal color was milky with rumenidasis. The differences in the color of ruminalidiu
observed may be due to the different proportiorthefse feeds, fed to the animals which were hedfihy
condition at the time of slaughter.

The isolation of medium sized and large sized pwdoget decrease when looked in the cattle wifleraifit
color content, for instance green (8.8%, largellpyebrown (20% for large and 10% for small). Thigy arise
from the condition of starvation as the animalsvarat the abattoir after traveling long distand¢haut feed
and water. Death of all protozoa where encountaredimen content colored milky (88.9%). Milky codat
rumen content may arise from feeding of the aniwitli grain-diet or concentrate feed. Since graiedfe (with
carbohydrate) are highly fermentable they markexdiignge the microbial environment in to acidic (<pHp)
causing death of protozoa and paradoxically flgr@fuactobacilli.

The phase of rumen content, being extremely visomatery or slightly viscous also influences dtstition
of some microbes due to substrate affifify Accordingly the consistency was found significantbrrelated
with distribution of microbes (protozoa) being blity viscous (71.4%) and watery (2%). As the visigos
normal the microbes may get an access to the sitbsind move free, however in the watery consigtent
number of motile protozoa gets zero that may betduweath of all microbes by the lactic acid prasthiin the
rumen. The rumen fluid from healthy slaughteredreats was observed to be mostly viscous in congigterhe
consistent viscous consistency observed in theepte®sult is in the agreement with Smith (1988)who
reported that it could be due to the presence tifeacumen micro flora. The viscous consistency whserved
in most of the cases followed by frothy and waternen fluid which indicate the normal rumen enviramt
containing adequate population of ruminal florgeista and varying quantities of digestive fluids.

The frequency of isolation of large and medium &ipeotozoa gets decreased during examination of the
consistency. For instance, in slight viscous 8.64d 4.7% for large and medium protozoa respectiaay
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compared to the 75.9% for small sized protozoasThay be due to the reason that the animals mostly
prohibited from taking feed until they get reachtie abattoir, so death of the large sized followgdnedium
sized protozoa will be evident. Likewise as Tajistaal. (20015” indicated, starved animals produce large
volume of saliva hinder the protozoa from theirsudite affinity.

Microbial digestion and synthesis of microbial campnts in the rumen requires certain conditions
provided by the host. These include retention gési and ruminal micros for prolonged period ofetjrmonstant
temperature (3€) and neutral pH (7.0) to slightly acidic (5'%5).The study was significant as showed in the
table 3 above that the PH was significantly cotezlavith the presence of motile protozoa. Accorljing.8%
acidic and 75.1% basic pH was found. This may ketduthe animal coming to abattoir was a littledtérved,
and there were a lot of production of saliva. Thi®duced saliva enters to rumen changing the rumen
environment to basic because saliva contains largeunt of NaHC@Q The remain 4.8% may be due to the
feeding of the coming animal with concentrate feedjrain diets which precipitate development atitaacid
production by the developing lactobacilli bacteria.

The distribution of protozoa with the pH, frequatgath of all protozoa in acidic (81%) and in basic
(75.1%) predomination of the small-sized protozaes wvident. Acidic ruminal environment (pH <5.5)swabt
favorable for the growth of protozoa rather for sognam positive bacteria. However, in case of gdmedia
the decrease in isolation of the large and mediaedsprotozoa were may be due to starvation oftfimal and
therefore death of mainly large and medium sizeatgzoa. In the present study, the pH of the runheidd
examined was found to be mostly between 5.5-7 Bastbeen reported that the pH of rumen fluid rarfgem
5.5-7.0 in apparently healthy cattle on a balanein (Rosenberger, 1979). Slytaral. (1970) have also
stated that rumen microflora prefered a rumen phiveen 6-6.7.2. A pH of 5.50 was considered a<ctite
point between normal and abnormal by Nordlund aad& and Garredt al, (1999) who reported it as the best
cut-point to distinguish normal and fiber-deficierations. Nordlund and Garret (1994) a@advens (1998)
reported that the rumen fluid pH was dropped imeahs when fed with large quantities of concentratethe
present study, the rumen fluid pH was found to eaingm 5.5-7.0 which may be considered as norms tiae
value for the local breeds on available feeds.

, The prevalence of occurrence of cellulose digestigrihe ruminal microbes was also found significant
From the 210 taken sample only 7.5% was seen wiéhkage of by the small sited protozoan, 55% |artpsl
protozoa. But the majority of test was found wittbtoken cotton with prevalence of 82.4%.

The breakage of the cotton may mainly occur bypttesence of large sited protozoa which can destnect
feed consumed mechanically or by the productioremdyme. However, in the unbroken, the small sized
protozoa were found dominating the specimen. Sz, fize and their immaturity to produce enzyme medgrd
them from cutting the cotton containing high celké.

5. CONCLUSION AND RECOMMENDATIONS
The result of this study revealed that small-sineatile protozoa found dominant on cattle. Most leé small
sized motile protozoa were identified from rumemtent of green color and with small amount fromgwish
brown and brown respectively. Likewise, rumen conteith slight viscous was found to contain largeoaint
of small sized protozoa (mainly) than extremelycwiss and watery. Moreover measuring the rumen otste
pH indicated, basic and with rear percentage afiacbeing small-motile protozoa dominantly foundthe
basic medium. Finally the result also showed thalsmotile protozoa dominating the rumen contentenaith
power of breaking of the cotton thread. Based erathove conclusion, the following points are forheat:
» Further research should be carried out in diffebeaeds of cattle.
» Characterization of rumen ecology and microbialedsity works should be performed using
standardized methods.
» Useful forage species that enhance efficiency ofemu fermentation and reduce methane emission
should be further screened and properly utilized.
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