MediaVeteriner 1997. Val. 4 (2) Artikel Asli

METHODOL OGICAL APPROACHESIN RUMINANT METABOLIC
RESEARCH'

PENDEKATANMETODOL OG| DALAM PENELITIAN
METABOLI|SME PADA RUMINANSIA

DjokowoerjoSastradipradja’

ABSTRACT

Climatic factors of high temperatures and humidities of humid tropica countries, dongsidewith
the occurrence of diseasesand parasites have created a complex Situation in termsof the effect on
anima production. Studies on quantitetive relationships for better understanding of digestion,
metabolism and related areas are lacking. There are however a number of appropriate
methodologies available for conducting onfarm metabolic research aming at giving better
understanding of anima production and hedth in the humid tropics. The paper discusses
methodologies and experimenta approaches developed in the authorss laboratory on growing,
drafi, pregnant and lactatingr uninant s. Severa examplesdf the resultsare presented.

ABSTRAK

Faktor-faktor suhu tinggi dan kelembaban lingkungan tropika lembab, digabungkan dengan
tingginya kejadian penyakit dan parasit menciptakan situasi yang kompleks yang berpengaruh
negetif terhadap upaya produksi ternak. Pendlitian-penelitian mengena aspek kwantitatif fungsi
pencernaan, metabolisme hewan dan bidang-bidang terkait boleh dikatakan sangat minim.
Meskipun demikian, sebenarnya cukup tersedia metodologi yang sesuai untuk melaksanakan
“onfarm metabolicresearch” yang bertujuan memperoleh pemahaman yang mendalam mengena
produks dan keschatan ternak di daerah tropika lembab. Makalah ini membahas beberapa
metodologi dan pendekatan percobaan yang dikembangkan di laboratorium penulis pada hewan
ruminansia yang sedang tumbuh, bunting, laktasi dan temak kerja. Beberapa contoh hasil
pendlitian disajikan untuk ilustrasi.
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INTRODUCTION

Food is necessary to built up tissue and to act asasourceof energy. Food hasto be digested
into absorbable units in the gastrointestinal tract. Metabolism is the process refered to all the
chemica and energy transformationsthat occur in the body.

The humid tropical countries have specia and often unique problems associated with
anima production. Both imported and indigenous animals used to build the livestock industry
shows variation in adaptability to the existing agro-ecological setting of the region. The countries
have dietary materids available, particularly for ruminants, which in many ingances have not
been evauated for their ability to support the desired production. Humid tropica countries have
adverse climatic factors of high temperaturesand humidities and, in addition, there are a wide
variety of diseases and parasites which reduce production. Direct effects of these factors and
interactions between the factors have created a complex Stuetion in terms of the effect on
production.

As qualitative knowledge increased, detailed consderation is given to develop quantitative
relationshipsto increasefurther understandingand integrate various agpects, e.g. to bring together
quantitative approaches concerned with elucidating mechanisms, used in the study of digestion
(monogastric and ruminant), metabolism and related areas. In his addressto the 1 1% Symposium
on Energy Metabolism of Farm Animas on "Pagt Achievements and Future Perspective in
Energy Metaboliam™, the late Sr Kenneth L. Blaxter (1989) made the following remarks:
"Current world literature did not contain much information which relates to climatic and
seasonal or exogenoushormonal effects on metabolism, pregnancy in mammals, egg secretionin
birds and effects of muscular work have not been considered. Nor has the compar ative aspect of
metabolism been considered On the practical Side we need these are items of comerce. \We also
need, more accurate and rapid methods for estimating the energy values of fee& sice; to take
into account breed and grain differences in' animal requirements. Better estimates of the
compostion of body gains (retentions) are required. New demands will arise as a result of
modern techniques of genetic manipulation of livestock and the use of exogenous hormones
derived through, biotechnology, to increase reproductive performance and the rate and
composition of growth. On the fundamental side, we must explore aspects of adaptation of
metabolismto under nutrition, season and climate at the cdll, organ and whole animal levels and
unravel the complexity of the endocrineeand neural control mechanisms involved focussing on



the roles of the sympathetic nervous system and growth factors. New techniques must be
explored sincethey maywell enable studies to be made in narural environmentsrather than the
laboratory. Biochemical methods of assessing the energy status of animals demands attention”.
These hold true for the humid tropica situation as well.

Brody (1945) stated that growth is the basis of and closdly rlated to many animd
productive processes, which includes egg, milk, fat and other production. He defined growth as
the congtructive and assimilatory synthesis of one substance at the expense of ancother, i.e.
nutrient which undergoes dissmilation. Growth, and hence anima production, is biological
synthesis, production of new biochemica units and it is the aspect of development concerned
with the increase in living substance or protoplasm and includes one or al of the following
processes, e.g. cell multiplication, cell enlargement, and incorporation of materia taken from
the environment. From the practical point of view of quantitative measurement of growth of the
organism as a whole, nonprotoplasmicinclusionsin the body must be considered as parts of the
growth process.

The aforesaid processes are more dramatic during periods following starvation and injury.
Seasonal variations in animd feed supplies often cause interrupted patterns of growth in young
animals due to feed regtriction resulting from seasonal variations or other causes. A subsequent
restoration of feed supplies causes the animas to exhibit enhanced gain in weight called
compensatory growth. The underlying physiological processes of growth are complex involving
feed utilization, viscerd tissue mass and carcase protein and fat deposition, variation in energy
requirements according to a particular condition and also in other nutrients, to meet maintenance
and body performance, partition of nutrients, endocrine control, etc. So defined, growth (which
includes production) is inseparablefrom metabolism.

Our studies on the responses of ruminant (and other livestock) animalsto different rations
or related treatments rely basicaly on traditional balance methods aongwith proximate analysis
of foodstuffs and waste. To measure the transfer of substances within the intact anima and their
partition to organs and tissues, tracer isotope methodologies are used in combination with
experimental approaches such as the gpplication of the Fick principle and dilution techniques.
The datarange over awide field area and include important consi derations as the energy cost of
maintaining animals, of transforming feed into body tissue and the desired animal products. Data
on body composition enable assessment of growth responses to changes in nutrition or in the



environment. The studies are reviewed in this presentation highlighting on experience in the use
of methodol ogiesappropriate to the existingconditions.

The methodologies and experimenta gpproaches presented are based on the work on
growing animas. As the discussions proceed to touch on other animal productive states, the
appropriate methodol ogieswill be inserted.

GROWING RUMINANTS

Animal Balance Trial

The baance trial provides information related to the requirementsof nutrients for growth,
maintenance and production and the availability of nutrients from feedstuffs. It is used to show
changesin percentage absorption of nutrientsas a function of the level of nutrientsin the diet. For
energy balance, the energy categories of feed, i.e. gross energy (GE), faecal energy (FE),
digestable energy (DE), urinary energy (UE), Energy loss with digestive gas production (En-
CH,), metabolizable energy (ME), energy expenditure (EE) = hedth production (HP) and
retained energy (RE), should be calculated. Energiesin feed, f aeces and urine are determined by
bomb caorimetry or caculated from organic ingredients multiplied by their respective caoric
equivalents, e.g. UE may befound from g urinary-N.d" x 34.0 kJ, but energy in gasesand CH, is
rather difficult’ to measure. It could be reasonably well approximated from gas test results or
amply taken as 810 % of GE, or usng Blaxter’s equation En.CH, = 4.28 + 0.059 D
Kcal/100Kcal GE (D = digesti biIit’y of energy, %). For the energy baance, data on HP and RE
are needed. When physica exercise is absent, it is safe to use the relationship ME = HP + RE.
Since ME is found from GE substracted by all energy found in waste, either HP or RE should be
determined while the other could then be calculated by difference from the ME. If HP should be
measured, a suitable technique of anima calorimetry is required. On the other hand if RE is
choosen to be determined, the daughter technique or a suitable in vivo body composition
technique should be used. Alongside energy baance, protein (or N) baance could be
smultaneoudy measured.



Whole Animal Calorimetry and Body Compesition
All magjor components of the body are in a continuous state of flux: intakes, excretions,

degradations and resynthesis. All endproducts of digestion not only act as subdtrates for the
accretion of body tissue (anaboliam), but 0 serve as precursors for the production of the high-
energy compounds needed (catabolism) for maintenance and to provide the energy for the
synthesis of the macromoleculesof the body. In addition, there s an extensive interconversion of
metabolitesand the rate of productive processesin the body is governed by the complex interplay
between the intermediary metabolism of the various nutrients and the rete of synthesis and
degradation of tissue lipid, protein, nucleic acid and carbohydrate stores.

1, Measurement of Whole Body HP by Carbondioxide Entry Rt € Technique

Dueto unavailability of respiration chamber calorimetry for large animals, but on the other
hand we havein our laboratory at our disposal radioisotope detection equipment, Carbondioxide
Entry Rate Technique (CERT) using tracer "C-bicarbonate is the method of choice to measure
whole body energy expenditure of smal ruminants (Sastradipradja, 1992). The method involves
primed continuous infusion of the label solution into a blood vein and after reaching steady state
condition of isotope concentration in body fluid bicarbonate, serial blood samplesare withdrawn.
The CO, production rate (rCO,) is calculated by dividing the rate of label infused by the plateau
specific activity of blood bicarbonate. At an accepted RQ vaue, the rCO, vdue is converted into
its energy equivalent which is HP. Double polyethylene catheters are implanted in the jugular
veins for minima disturbanceto the animal, easy ddlivery of isotope and convenient seria blood
sampling. It isimportant to measure the specific activity of CO, over a sufficiently long period of
time (e.g. 12h or longer) to ensure a more representative mean value of specific activity. For such
long trials, instead of blood, samplesaof any body fluid can betaken (e.g. salivaingtead of blood).
To get fagter attainment of stable specific activity we apply the primed-continuous infusion
technique and our experience shows that the ratio between primer dose and infusion rate per
minuteis 80 to 1 giving satisfactory results. Primer doseis 1 mi of MaH™ 0, = 40 uCi ddivered
within 1 min. followed by continuous infusion at 0.5 uCi/min. The CO, production can be
edimated firam the plateau specific activity according to theequation (Corbett et d., 1971):

rateof tracer bicarbonate infosed
iy =

plateau specific activity of CO;



The advantage of CERT is that the animal is free to move around without restraint. The
ue of CERT also enables measurernent of gluconeogenesis involving **CO, fixation. Another
advantage of CERT is the ability of measuring glucose kinetics during the same tria by
administering*H-glucose at the same time with the bicarbonatelabel.

2. Measurement d HP asthe Difference Between ME and RE

In our work with swamp buffaloes during the last four years, we have calculated HP asthe
difference between ME and RE included physical work (Mahardika et al., 1997) with satisfactory
results (see exercisemetabolismbdow).

3. Heart Rate as A Predictor of HP
We are ill devel oping thistechnique on smal ruminants and cattle following the success
of longterm heart rate measurement in swamp buffal oesusing the Polar Sport Tester (Finland).

4, Edimation d Body Composition in vivo
4.a Urea Space Technique(Rule & al., 1986)

Ureais used as a marker for body water. A measured amount of ureain salineis injected
into the jugular vein within one minute. Exactly 12 minutes after the injection, a sample of
blood is withdrawn from the jugular vein and the concentration of ureadetermined. Ureaspace
isfound by dividing the dose (mg) of urea infused by the increment of blood urea concentration
followingthe infusion from the preinfusion vaue times body weight times 10. The empty body
water (EBW, %) = 59.1 + 0.22 US (%) - 0.04 BW, while empty body fat (%) = 195 - 0.31 US
(%0) + 0.05 BW. The choice of thistechniqueis necessary considering the hazards involved in
the use of radioisotope labelled water on large ruminants and the costly daughter technique
with ruminant livestock animals. We have introduced this techniquein our work with goats and
sheep. Validation of the in vivo body composition method using US was separately done on
four goats by doing daughter technique (ST) analysisin addition to the in vivo calculaionson
the same animalsin question (Arta Putra et al., 1997). EBW egtimated accordingto Rule ez al.
(1986) resulted in an underestimation of 4.2% from the EBW value by ST. Therefore, the use
of USin goats required a correction factor of 1.044. For use with small ruminants, Panaretto’s
equation for body protein (Panaretto, 1963) and for body fat (Panaretto and Till, 1963) are



based on EBW. The use of our corrected vaues in aforesaid sguations resulted in good
agreement with our ST results. Theresu ts are presented in Table 1.

Table 1. Bady Composition (% BW) According to Saughter Technique Anadysisand
in vivo EquationsEstimated from Four Femae Growing Goats

Bnd:rm |
5T | I

IE.1+5 7 | 1".r s-Hn ua

5T = slaughier techniges snadywis

. 1=EBW according to Ruleaal. (1986) USequation multiplied by 1.044,
Eq: 1 = Pansrottn [ 1963} body protcm cquathon wing EBW vales from Eq. 1,

E. 3= Panaretto and Till (1963) body fat equationusing EBW value frem Ey 1.

Vdidation results with the Javanese thin tail (JTT) sheep (Saka and Sastradipradja,
unpublished deta) revedled that only the equation which relate EWB with US was significantly
different from the regression equation accordingto Rule et a/. (1986), asfollows

"EBW (%)= 64.1 - 21.1U5% - 0.378BW
(P<0.05; §,, = 2.185; R" = 0.425)
Consequently, only this equation can be used for sheep with correction factors respectively for
the intercept, US and BW to be 1.0846, -95.9091 and 9.45. From our studies with femae

swamp buffaloes, the equation of Rule et a!. (1986) if gpplied for working buffaloes should be
modified to:

Fat = 1369-0.21US+008 BW Protein= 197 +008 US +0.11 BW.

4.b Body Density Method (Kleiber, 1961)

Applicationof thistechniquein smal ruminants and cattle is being conducted after it has
been succesfully practiced in the swamp buffalo. Contrary to the Situation in swamp buffaloes
who love wading in water, other livestock animalswill resstto immersionin water. Therefore,
asolid frame should be congtructed where the anima can be immobilized and the whole device
including the animal can be subsequently lowered in the water tank leaving the heed above
water level.



Qupporti ng Mieaswremsents on Metabolism and Digestion

Glucoseisan important murieni for all tissues, especialy it isindispensableas energy source
for nerve cellsand for foetusin pregnant animas, for the synthesisof lactose, fat and providing
carbon skeleton for others. An important component of grewth is fat synthesis. Glucose is
required during growth, in particular for the supply of the NADPH via the pentosephosphate
pathway for fat synthesis. A lower amount is required for protein synthesis. The major portion of
glucose available to the ruminant is supplied by gluconeogenesis. Additiona demands for
glucogenic precursors oceur during |actation, namdy for the lactose secreted inthe milk and for
the reducing power needed te provide energy for milk synthesis. Impaired gluconeogenesisis
believed to contribute to various metabolic disorders frequently seen in ruminants, such as
acetonaemiain dairy cows and pregnancy toxaemia or twin lamb disease in sheep. In ruminant
studies, glucose metabolism warrantsattention.

Successful operation of whole anima metabolism requires low levelsto function properly.
Many metabolic peculiarities of ruminants gem from the proper functioning of the splanchnic
region. It is understandablethat specid attention should be given to metabolism in this region.

A great deal of research has been carried out on the digestive system of the ruminant giving
understanding of the characteristic metabolism which cope with the peculiar products of
microbia digestion. We attempted to measure products of rumind digestion and integrate it for
our overal understanding of animal performance.

1. Gluconeogenesis I nvolving CO, Fixation

Tracer labeling of the bicarbonate pool (CERT) may enable one to estimate gluconeogenesis
(GNG) from carbon transfer involving CO, fixation into the glucose pool. The rationale involves
using the transfer quotient (TQ) between CO, and glucoseto assessthe extent of CO, fixationin
GNG from precursors like propionate and lactate. The TQ in question is calculated as the ratio
between the plateau specific activities (per at. C) of *C in glucose (product) and in bicarbonate
(precursor). The rate of GNG involving CO, fixation is found by multiplying the value of the
glucose flux by the TQ times 6. Measurement of the glucose flux and pool size is done
simultaneoudy with the CERT infusion in the same anima by pulse injection with tritiated
glucose (Sastradipradja, 1992).



2. Metabolism of the Portal Drained Viscera

Many metabolic peculiarities of ruminants gem from the viscera, thet is a group of organs
whose blood supply drains into the porta vein. Quantification of nutrients in the splanchnic
region is useful to understand the metabolism in this region. We have experience to study this
aspect in smdl ruminants by the arteriovenous difference technique (Katz and Bergman, 1969)
involving surgical proceduresto obtainsamples from the mesenteric, portal and hepatic veinsand
of any artery (Astuti, 1995; Sadtradipradja et al., 1997). Porta blood flow were measured on
unaesthetized animals (i.v. injection of xylazine 0.05 ml/kg BW, followed by i.v. injection of
ketamine 0.11 mlkg BW). Lidocaine (1 ml/ animal) was applied localy on the site of incison.
The primer dose of PAH-"H was 5.75 uCi ddivered in one minute via the jugular vein followed
by continuous infusion at 0.6 uCi/min into the right mesenteric vein. After around two hours of
infusion, blood samples were collected for analysis of blood gasses (CO,, O,, VFA) and other
relevant constituents. Metabolism of the region and absorption ratesof nutrients can be measured.
The technique is invasive however, which need appropriate skills to perform. So far we haven't
been successful in placing permanent catheters in aforesaid blood vessdls. Feasible techniquesto
measure rumina fermentation production rates would be an alternative approach to measure the
nutrients' supply to the animdl.

3. Invitro Techniquesfor Ruminal Fermentation

Thetechniquesclosely Smulate in vivo conditionsespecidly for rumen fermentation studies:
rate of formation of endproducts (VFA), rate of release of NH;, production rate of microbia
protein and gas production.

3.d Microbial Protein Synthesis (Suwandyadtuti et al ., 1985)

A shortterm incubation of rumen contents a 39 °C in an artificial rumen: test t ubes, glass
syringesor fl asks. The anagrobiosisis maintained by introducingN, gasreplacing theair in the
artificial rumen above the incubation mixture. ®P is used as tracer for measuring microbial
protein synthesis(MPS).

3.b Incubation of Rumen Contents in Glass Syringes (gas test) (Menke and Steingass, 1980)
The amount of gas which is released when feedstuffs are incubated in vitro with rumen

fluid measuresCO, and CH, production. It is closdy related to digestibility and consequently

to the energetic feed value of feedstiuffsfor ruminants. The incubation Mxt Ure consists of feed



sample, main and trace dement solution, buffer solution, rezazurin solution (indicator),
reduction solution and rumeen fluid. Hundred ml syringes are used preheated at 39 °C. The
syringes phus contentsfiree of ar bubbles are incubated in a (39 °C) prehesated incubator. The
volume of gas in the piston is read off eight hours after the start of the incubation (V).
Incubation is continued and thefinal reading is done after 24 hours{V34). Regressionequations
will be derived relating ME with gas production, feed nutrient componentsand digestibilities.

3.c VFA Production Retes Zerotime in vitro Method (Whitdlaw et al ., 1970)

A sample of rumen contents is taken and subsamplesincubated in vitro under anaerobic
vonditions. The rate of production of individua and tota VFA is caculated from the
incrementsin acid concentration obtained by incubating the subsamples for different periods
and extrapolating back to zero time incubation to give the rate of VFA production per unit
volume at the time the sample was removed. Equations for performing the calculations are
given by Whitelaw et al. (1970). The rumen volume should be known in order to calculate tota
rumina production.

3.d Use of Nylon Bags I ncubated in The Rumen (IAEA, 1985)

The digegtibility test requires animals fitted with permanent rumen fistulae. Nylon bags
should have a pore size 20 - 40 mm, dimensons 15 x 8 cm, sample size 3-5 g of air-dry feed,
ground through screen 2-5 mm, incubation times up to 24h for protein concentrates, up to 72h
for roughage feeds. The technique can describe both the rate and the extent of degradation,
affected by the ramen environment such as ammonialeve, pH, type of feeds, trace minerds,
€tc.

4. Invivo Estimation of Digestion
Evaluation on theintake and digestion characteristicsof feedstuffs, needs quantitative datato
describe the movement of digesta al ong the gastrointestinal tract.

4.a Edtimation of Rumen VVolume (IAEA, 1985)

The volume of rumen iiquid is estimated from the dilution of *'Cr-EDTA tracer introduced
intraruminally by way of a syringeand needle in a period between rumen contractions. After 1
hour and then every hour up to eight hours, sample/withdraw representative ramen contents by
vay of a tomach tube. The anima should receive a (nearly) continuous feeding regime. Plot



log concentration agai nst timeand find the interceptto givet he *'Cr concentration d zero time.
Rumen volume is calculated as dose devided by zero time concentration. Flow of rumen
content is obtained from the kinetics data. *'CrCly, obtained from Amersham UK, mixed with
Na-EDTA will easly form *'Cr-EDTA. Alternatively, the volume of rumen can aso be
estimated from per oral administrationof an aiquot of labeled water (*H; 0 or D,0) and follow
thetracer disappearance with timein rumen water (Mac Farlane et al., 1974).

4.b Determination of Rate of Passage

A practica method to determine the rate of passage of digesta isto use an appropriate
marker introduced with the feed offered and follow its appearance in the faeces. The resulting
marker concentrations are plotted againg time of collection, and the appropriatecurve derived
can be mathematically analyzed to determine the outflow rate constants. A suitable externa
marker isthe PAG (polyamide granules) (Becker et al., 1992).

EXERCISE METABOLISM

Draft animals have been an integra part of agricultural development throughout Indonesia
for centuries but mechanisation is now being introduced in some areas as a consequence of the
scarcity of human labour and anima power at peek periods of land preparation. There is a great
demand for additional power which could be met by providing more draft animds, especidly in
aress where tractors cannot operate and in transmigration areas. The large number of animas
used for draft power and their importance to agricultural development in Indonesia makes it
imperative that they are used efficiently by providing adequate diet. To provide the required
amount of energy for optimum performanceand production, it is necessary to know the energy
expenditure of draft animals under the conditions in which they typicaly work. The actua
expenditure is proportional to the type of work and work load. To edimate requirements,
expenditure must be measured over a range of workloadsand the predicted requirement related to
work output. Expenditurefor any given workload will vary with breed and will be influenced by
the prevailing environmental conditions. There are presently no reliable figures framwhich to
predict the energy requirements of draft animalsin Indonesia. We used the following techniques
on female swamp buffaloes in addition to balancetrials.



Appropriate Methodologies on \Working Animals.

1. Relation Between AR and E£ of (Growing)Working Female Svamp Buffaloes

Using Polar Sport Tester, continuous long term (up to 36 hours) HR monitoring has been
used successfully on swamp buffaloes in Indonesia (Mahardika et al., 1995). Smultaneoudy
calculation of energy expenditure was carried out by the factorial method of measuring work
output on exercising animals. Increase in energy expenditure wes related to increase in HR
following the equation: EE = 17.22 + 0.23HR (r = 0.95). Results also reved that it is not
advisableto impose awork load exceeding 15 % of liveweight on femaleswamp buffaloes.

The heart rate monitoring is sturdy and relatively inexpensiveand our experience has shown
that the necessary equipment can be usad religbly in field studies. But, athough the method
shows great promise, it has yet to be vdidated in the field. For this purpose, an appropriate
method would be measuring EE as the difference between ME and RE. The inviva body density
method was used to estimatebody compositionand RE.

2. Body Density (Water Displacement) Method

The swamp buffalo prooved to be a suitable anima for the water displacement method. 1t
attempted to estimate longterm EE of working buffaloes from energy baance within a fortnight
experimental period and benefiting from the relationship EE equalsto ME minus RE. Measuring
in vivo body composition with this body densty technique showed that the fat content of
buffaloes ranged from 16.8to 18.7 %, and the protein ranged from 17.4t0.18.7 %. Trestment
with 3-hours work for 14 days did not have a significant effect on body composition, athough
there was a tendency that the fat content decreased in the working buffaoes. Non-working
buffaloeshed fat retention of 0.07 kg/day, whereas working buffa oesshowed negative retentions
(Table 2) (Mahardika et al., 1997).

Similar results aso happened to protein retention. However, negative retention of protein
only occured in buffalo with 3-hourswork/day. The decreased content of fat and protein resulted
from the use of both substances as energy sources for work. Fat degradation would occur earlier
than protein's. Both decrements of body condituents are exponentid in nature. For the
caculation of HP, RE should be corrected by dividing it by the efficiency coefficient for the
formationof body tissue. Thisaternative method of HP measurement was used for the validation
of the heart rate monitoring technique and will be routingly applied with ruminants in our
laboratory. Equationsfor swamp buffaloes relating componentsof leen (water, bone, protein and



meat) and fat was made by Mahardika et. . (1997) who usad t he data found in Natasasmita’s

PhD dissertation (Univ. of Mebourne, 1978). Although the method is rather laborious, facilities:
are easy to build and is not too coslly. The method is attractive to be developed for other

ruminant Species.

Table 2 . Retentionsof Fat, Protein and Energy for Working Buffa oes Subjected to
Different Working Duration

Variables Treatment

2-hour work

3-hour work

Fat Retention (kg/day) 007 . -0.08> 009
Protein Retention (kg/day) 011 008 0.01° -0.10°
Energy Retention (MJ)/day) 496 0.03° 275 492

Note: The values with different |etters on the same line are Significantly different (P<0.05) (Source: Mahardika ef Ol .,
1997)

PREGNANT AND LACTATI NGRUMINANTS

The indigenous small ruminant breeds of Indonesa are adapted to the humid tropica
environment. They show independence of photoperiodicity for breeding and are generaly
believed to be prolific. In the free living state, they feed on grasses or poor roughage without
being given any feed supplement. ME supply with such diet is insufficient to support energy
retentionand ADG, the morefor pregnant animals. The conceptus dependslargely on glucose for
its energy supply and demands high maternal glucose production rates (Sestradipradja et al.,
1994). The rapid increasein foetal growth in late pregnancy imposes a progressive limitation on
the use of poor quality roughage as the sole feed. Concentratesupplementationimproves ME and
protein supplies (Katipana and Sastradipradja, 1994), however, such feeding needs long training
for theanimal's acceptance.

ME use for lactation is conddered in generad more efficient than for fettening and tissue
gain. Total amounts of specific nutrients available within a lactating anima that are utilized for
milk production, and other productive processesin the body, are not equa to amounts absorbed
from the digestivetract. Therefore, a balance modd of milk synthesisof the indigenousfemdeis
neaded to evaluate carbon and nitrogen flowsinto and out of the gland, which generatessufficient



energy and reducing power t0 meet synthethc requirements. Calculated uptakes of metabolites,
energy requirements of the gland for synthesis of milkk components and other related quantitative
data are needed to evaluate effects of changing nutrient availability and metabolic control
mechanisms

Qr studieswith pregnant and lactating small ruminants requires measurementsof the same
metabolic parameters as required for the growing animd, e.g. baance trids whole animal
calorimetry, glucose kinetics and activity of the splanchmnic bed. For the studi es on the lactating
animal, additional data are nesded on milk production mmd composition, and the metabolic
activity of the mammary gland.

1. Mitk Production and Composition

Prior to weaning, the development and growth performance of the young is dependent upon
the milk supply from the mother animal, hence the amount of milk produced is an important
parameter to be looked at for judging milk performance of the mother animal. Production can be
measured after handmilking, usualy oxytocin isinjected prior to milking. Samplesof milk can be
andyzed for milk components, e.g. lactose, fat, crude protein and citrate. Direct measurement of
milk yield may fail to provide an accurate estimate of milk production, especially for non-dairy
animas where production is very limited. Therefore, an gppropriate dilution method (deuterium
oxide) for the determinationof milk yield of such animaswould be useful. The principle steps of
this procedure includes injection of the D,O into the body of the infant, collection of blood
samples, separation of the water moiety, determination of the D,O content, caculation of water
turnover and calculation of water intake (Prawirodigdo and Sastradipradja, 1992).

2 Mammary Gland Metabolism

2a Mammary Blood Flow

This physiologica parameter is essential in basc trias for the calculation of nutrient
utilization in lactating animas. Mammary blood flow (MBF) is estimated by a variety of
techniques. For our purposeswe choose an indirect techniqueemployingthe Fick principleand
initialy used total N in milk, arterial and venousblood for the cal cul ations(Astuti, 1995). Later
measurements applied a technique according to Cant et al. (1993) using AV difference of
phenylalanine and tyrosine, and their contentsin milk protein. Thus,



MBF (liters perbour) = {(FY3 X .965) + F¥g}/{F¥ v},
where

FYs = Phe + Tyr output in milk protein (molesper hour),

FYr = free milk Phe + Tyr (moles par hour), and

FYav=Phe + Tyr AV difference(moles per hous).
2b Metabolite Uptake, Oxygen Uptake

Data on blood and plasma metabolite concentrations is needed and using the Fick

principle, extraction percentages and uptake by the nanmary gland can be calculated.
Metabolites of interest are oxygen, glucose, acetate, betahydroxybutyrate (BHBA), lactate,
glyceral, triglycerides (TG), other lipids, aminoacids. Oxygen uptake and CO, production
providethe basisfor estimating substrate oxidation.

2.c Biochemical Analyss

Conventional chemica methods for the determination of concentration levels of
metabolites in body fluids can provide adequate information to the understanding of how feed
nutrients are converted into anima products and biochemicdl staius of the anima. Such
laboratory work includes determination of total and individual Volatile ity Aeid (VFA),
ruminal ammonia-N, blood glucose, FFA, TG, apha-keto butyric acid, urinary allantein, blood
plasmaaminoacids and mineras.

3. Lactating Dairy Cons

Onfarm research with dairy cattle owned by commercia enterprisessuffers from limitations
imposed by the owners by not alowing major manipulationsto be given to the animalsor to the
exiging system. Under these cicumstrances one has to fully make use of the limited data
collected. From such limited data, Sigit (1995) managed to construct material balance of lactating
FH cowsat the Baruajak Farm, Bandung.

With minima disturbance to the animd, data were collected on body weight by measuring
the chest circumferenceaccording to Schoorl’s equation:

BW (kg) = 0.01[ chest circ. (cm) + 221,



feed intake as the difference between feed offered and refased, total collection of wastes, daily
milk production and milk anaysis, while data on digestibilities were obtained fiom in vitro
edimations.

HP was calculated asfollows:

N retention {g/d) was ca culated as amount of N digested - urinary N - milk N
C retention (g/d) was caculated asdigested C - milk C - urinary N

The vaue till contains the amount of C which would escape as respiratory CO,. HP was
cdculated fiom CO, production (Mcal/day) = [retained C - C of meat and fat which disappeared
dueto lossof body weight] x 94/1211000 (Brody, 1945).

1 moleC = 12g, producesCO, with94 Kcd. (1 Kca =4.185K]J)

EXAMPLESOF RESULTS

Dataof relevant metabolic parametersof growing femae goats(av. BW 14 kg) and lactating
does (av. BW 25 kg) fed ad libitum and restricted diets are presented in Table 3. Calculations
demonstrated that energy maintenance requirement for growing goats was 0.47 M1kg" /d while
ME,, for the |actating doe was 0.71 M/kg" ™*/d. Portal blood flow ranged from 400 - 1000 ml/min
which means about 30 % of cardiac output in growing goats. The data for lactating does were
about 15 %. We found evidencethat the glucogeniccapacity of the growing goet is adequate even
with restricted feeding and similar conclusion could be drawn for the lactating doe. Manik and
Sastradipradja (1989) found that gluconeogenesis in the lactating goat is high persumably fiom
ruminal propionate. Metabolism of the splanchnic area in growing goats seemed to be more
activethan isthe case with lactating does.

With JTT growing lambs, the effect of multiple clenbuteral injection (CB) was investigated.
It was found that there were,significant quadratic responses (P<.05) to dose of CB (X) for
average weightsof 5 individud muscles (I-Y) and 5 cut yidds (II-Y) of which the equations
were respectively :

I-Y = 196.3292 + 8.5304X - 0.3164X* (P<.05; R? = 0.8687; 5, ,= 10.4522).
max. 253.8 g for CB 1348 :g/kg BW

II-Y = 0.8194 +0.0393X - 0.0015 X (P<.05; R*= 0.7003; 5, = 0.0573).
max. 1.069 kg for CB 12.70 : g/kg BW. (Saka ¢f 4/, 1997).



Table 3. Digedtibility and Metabolism of Nutrients of Growing Female and
L actating Etawah Cross-Breed Goats

Parameter adlibtum medium low Plevd of
Sgnifican
I Energy/nutrient balances
GE (MJ/d) G 853 6.27 471
L 15.98 14.07 11.38 1
DE (MJ/d) G 52 3™ 283 =0.01
L| 1070 10.12' 8.18"° <001
CP (g/d) G 102 75 56
L 158 152 135
ME (MJ/d) G| a4 3.17™ 240 <001
L| 92 885 7.10° <001 ||
HP (MI/d) G 362 325 331 NS ,
L 6.28 5.46 521 NS ;
HP/GE (%) G 43 51 70 |
L 39.3 38 458 |
RE (MJ/d) G 085 -0.085% -091" =0.05 |
L 316 3.09 1.68 NS |
MBS (kg" ) G| 775 712 6.48 NS |
L 10.98 11.34 1045 NS
Catprot(UNx6. 2 5g/d) G| 1268 7.55" 1172 <0.01
L 39.6 29.9 332 NS
MPS (g/d) G 314 2.65% 2.29% =005
L 6.28 4.50° 4.14° = 0.05
RProt {g/'d) G| 6714 48.50° 3101 <001
L| 5995 57.81% 37.35° =0.05
Glu. Flux (mg/min) G| 212 12.20° 463" =<0.01
L 2943 24.20 14.46 NS
Cardiac min.vol.(ml/min) G 3160 3160 2880 NS
L 3670 2700 2940 NS
Organ metabolism:
3} J—— G 1032 625 394 NS :
L 500 371° 223 =005 |
HP gumennieHP (%) G 45 24 16
L 6.3 6.8 37
VFA absorp. (mM/min) G 28" 154" 86" =0.05
L 167 12.8% 7.7 <0.05
Mammary BF (mV/min) L 229 193* 128 <005

G = growing goats, source :Astuti et al. (1997)

L = lagtating docs sour ce: Astuti (1995).
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Experimental dataon pregnant ewes fed grass as the sob feed reveded that the diet vas
insufficient and the straineous effecis of pregnancy would cause maternd fat may had been
mobilized to get access to fat glycerol for endogenous glucose production, eventhough no signs
of acetonemia were chserved (Table 4). RP, RE and ADG were improved by concentrate
supplementation (Sastradipradija et al., 1991). The beneficid effect of adequate feeding has been
demondrated a S0 on pregnant does (Katipana and Sastradipradja, 1994).

Table 4. Metabolic Responsesaf Pregnant Ewesand Does to Adequate Feeding

RO Rl R2
Parameter 5] Pl P2 19) P1 P2 PO P1 P2
EWES*:
MEMId) | 311 | 312 2.88 534 | 483 505
HP (MJ/d) 4.22 585 | 6.08 375 6.00 553
RE(MJ/) | -112 | 273 | 320 | 158 | -117 | -048
EP (gid) 638 | -383 | -765 | 3502 | 21.29 | 3061

DOES**

ME (MJ/d) 309 | 599 | 606 | 551 | 11.98 | 1218
HP (MJ/d) 29 | 436 | 475 | 265 | 651 | 948
RE (MJ/d) 017 | 164 | 131 | 286 | 547 | 26611
RP (g/d) 1943 | 4719 | 4837 | 3606 | 11019 | 1128

P = pcm-pregnant, P1 = single and F2 = twin pregaancy.
o for ewes: RO = sole grass feed; R1 =grass + cancentrate, Sgnificant difference dueto ration.
** fordocs R2=Ilowdigarylevel; R3 = nedi umdietary levet,

Table5. Metabalic Responses of Lactating FH Cows Fed a Ration Supplemented
with Hydroxymethionine Andogue (Sigit, 1995)

Urinary-N (2/d)
N retention (g/d)

C retention (g/d)

ADG (g/d)

HF (M1/d) 6398

HP (MIkg>™) 0.790 0.797 0852

AO, Al and A3 were maapetivedy 0, 0.1 and 0.2% .* supplementatics with ammoniated zeolite & 3.0% level improved
ADG (+83.33 gd)




Table 5 contains data on metabolic parametersin lactating FH cowsfed a diet supplemented
with hydroxy-methionine analogue (AO, Al and A3 were respectively 0, 0.1 and 0.2 %) (Sigit,
1995). Addition of ammoniated zeolite at 3.0 % improveSADG +83.33 g/d.

CONCLUSON

There are a number of appropriate nethodol ogi es available for conducting onfarm
metabolicresearch aiming at gaining better understanding of anima productionand hedlth in the
humid tropics.
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