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ARSTHACT

Yonecereal based, two low cost ready-made complete
rations, using mtreatad/tma-troated ground whole cotton
plants (G'CP) as sole source of roughage (45%) were formulated
and processad into nmash and pellet forms, The QWCP was treated
with anhydrous ammonia (fma) at 3.5 per cent level on Aary
matter hasis at room temperature in polythena bags and preserved
for 42 days. The rations containin: intreated GWCP were made
{sonitrogenous as that of treated rations hy supplementing
with 1.5 per cent 'mea, The resulting for experimental
rations were (1) Complete fecd (mrsh) with untreated GMCP}
(?) Corplete feed (pellet) with :ntreated G'CPy (3) Complete
feed (mash) with Nig=treated G'CP and (4) Complete feed {pellet)
with ?ﬂ{a-tx'oated GWCP,

Four matabo.ic trials involving 4 permanently fistulated
mals Murrah buffaloes in & 4 X 4 latin square, a 9-day growth
trial involving 24 cross~Wrad male calves (6 in easch group) and
a metabolic trial involving 12 cross=iwred nale calves (3 from
each group of growth trial) were conduated to assess the nutrie
ent utilization, growth rate, feod efficiency and the rumen
fermentation patterns. 'itrogen oconstituents, total volatile
fatty acids and pll values vere detarmined on strained r-men
liguor of bhuffaloes taken before feeding (O hours) and at 2,

4 and 6 hours post=feeding,

Ammoniation increased the crude protein content of GWCP
from 7,8 to 16,0 per cent, Voluntary intake of dry matter,



organic matter and gross energy were improved hy ammoniation
an? their dipestibilities were improved by ammoniation as

vell As pellatization in hoth species, 'lowever, a decreased
trend in crufs protain Alg-stinility was ohservead with mzs-
treated QUCP, MNitrogen=frae extract digeatibility was improved
by ammoniation and pelleting in buffaloes as well as in calves,
Digestinhilities of crude fibre and all the Van Soest components
vore improve? by ammoniation hit not by pellstization in both
the apecies except for hemicellulose in bduffaloes. All the
animls were on positive nitrogen, caleium and phosphorus
balances, Nuffaloes showsd higher utilization of nutrients

than celves on all the rations,

Higher averapge daily gain was ohsarved in ealves fed on
rations containing "hetrented G'CP, Pelleting improved average
daily gnin only on ration containing mntrent:d 'Cr, Teed
ofriciency was improved hoth by amnonlation and pelletisation,
Amnoniation of G'WCP increased the coast of feed per kg weight
gain, The concentrations of total nitrogen, TCA=insoluble
nitrogen, residual nitrogen and foad and protozoal nitrogen
increased with ammoniation and pelletization whereas a reverse
trend was observed for ammonia nitrogen. Poth ammoniation and
pelletization dacreased the pi values of strained rumen liquor
with a eorresponding increase in total volatile fatty acids
concentrations., The concentrations of all nitrogen fractions

and total volatile fatty acids were highest at 2 hours
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post-feeding and then declined slowly except for residusl
nitrogen vhich showed paak at 4 hours post-feeding. pH
was lowest at 2 hours post-feeding and increased slowly
thereafter, These results suggest that the nutritive
value of 'CP ean be improved by 'liy-treatment rather

than urea and further improvement by pelletization,
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CHAPTSR I
INTROD'C TION

A8 per astimates of National Commission on Agriculture,
NCA (1976), only 2/3 of the fodder and 1/4 of concentrate
required for providing adequate nutrition to the present
livestock population are produced in the country. It has
been estimated (FAQ, 1979) that livestock production should
increase by 4.7 per cent annually batween 1880 and 2000 to
peet the needs of the human population, Adequate feed re-
sowces to accomplish this increase will depend upon the
proper use of forage (grased and preserved) and of crop and
agro-industrial by-products, plus greater use of feed grains
and concentrates, In many areas fesd management systems should
be developed to control misusage and proper use of range and
other faed resources and to maximize the utilization of forage
availahle to small farmer, who own maximum number of cattle
and buffaloes which will have great impact on the rural economy

of the veaker sections of the society.

T™e main drawbacks with poor quality dry fodders which
comes in the vay of utilization by ruminants are low voluntary
consumption and poor utilization., The energy content of these
materials is poorly utilized by the microbial population in
the rumen due to the presence of lignocellulose, whose compo-
nents are either indigestible (1ignin) or sct as a barrier
betwveen the potentially digestible fraction (cellumlose and
hemicellulose) and the digesting enzymes,



However, the intake and digestibility of crop residues
maey be increased by physical and chemical treatments. The
nutrient intake of low quality roughages may be increasged
by reducing particls size and increasing density as in pellet.
ing and chemioal treatments incliding the use of alkalies like
anhydrous ammonia and sodium hyiroxide, The advantage of using
NHq in comparison with HaCH 1s mainly that the increase in
the microbial requirement of nitrogen when the potential di-
gestibility 4s increased is supplied by NHy which is absorbed
by the strav, Another practical advantage is that no meshanical
processing of the straw is required bhefore treatmant, Fuorther,
an axcess of ammonia in the urine may b a useful nitrogen
fertilizer whereas an excess Na may, in the long-term provedt
harmful to soil structure. Moreover, anhydrous ammonia has
bean shown to improve the nutritive valus of low quality
forages such as corn stover, wheat strav, grass hay etc,, by

several workers all over the vorld,

The concept of complete diet systems have been introduced
in recent yesars in most of the developed countries with the
ain of simplifying the feeding high yielding dairy cows so
thet labowr is saved vhilst maintaining tighter control of
cows nutrition and also facilitate the use of least-cost
methods of formulation., Jowaver, the complete diet concept
could be exploited in most of the developing and ander-developed
countries, where there is severe shortage of feed stuffa, in-
order to utilise locally available crop residues, agro-industria!



by-products and wastes for developing low-cost ready-made
balanced feads which would s of immense use in successful
implementation of livestock development programmes amoeng
the marginal and small farmers, landless labdowr and other
veaker section of the society and also helps in augumenting
fead resources for efficient utilization nutrients for maxi-

mising livestock production,

Andhra Pradesh State 1s pgrowing cotton in a vast area
(4,36,E00 ha), The whole cotton plant after the lrnat ploking
of cotton will he thrown either as vzsta or used as firewood
in some villages. Due to introduction of new hylrid varieties
which are grown in black cotton s01ls and are being irrigeted,
such varietioes even after last picking of cotton would contain
ahout 26«30 per cent of leafy material, About one lakh tonnes
of dry matter 15 estimatod to be produced every yesr from

these vaste cotton plants,

In this study, an attempt was made to utilize dry whole
cotton plants after the last picking of cotton as sole source
of roughage in the complete faeds for ruminants by applying
different proce-sing techniauaes like anhydrous ammonia treate
ment, grinding and pellsting. The following observations were
recarded; Effect of anhydrous ammonia treatment on gro:und
vhole cotton plant on voluntary intake digestidility and nutri.
ent utilization {n Murrah haffaloes and growing eross-'rad
calves, The effect of feeding these rations on growth rate



and feod efficiency amons crons-ired calves and cost of
processing and the cost of complets fesds were also assessed,
The rumen fermentation stuiies vere also undertaken to find=
out the pettern of various nitrogen fractiona, pll and total
volatile fatty acids in the rumen liquor at 4ifferent periods
after fecding in hutfaloes,
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CHAPTER I1
REVIRW OF LITERATTRE

2.1 TTILIZATION €U COTTON PLATY W PRODLTS AS ROTTHIAGT

SOTRCE TI'' R'MINANTS

Agro=-1ndnstrial hyeproducts an? crop residues form a
potentinl ncinrce of anorgy Tor livestock, wied cotton plants
rftar lest picking or *ho cotton and the by-product from cotteon
ginning industry can 1 used as roughuge scurce in ruminants,

Prvin ard Roubicek (1968) found that cotton gin trash
vhen fod as part of roughago, wes equal to silrge in the
production of stesy gaine and that the silage=gin trash, grain
mixture produced Apsirablae gain in ateers,

Arndt g% gl. (1980) treated cotton plant by-product
(CnP) with 4 per cent NaOll and fed at 70 per cent of the total
dietary intake to growing lambs and a rumen fistulated steer,
Sodium hydroxide treatment deoroased organic matter, cellulose
and lignin content of CT> and increasad ash content, Digesti-
bility of Ary mattar, organic matter and cell walls were increast
but had no affect on calcium and phosphorus dalances.

Nen=-Ghedalia and gShefet (1980) ground cotton straw and
treated with 46 per cent NaOi Bg, ¥aC#/100 g dry straw, for
€0 days anaerobically or was untreated or treated with Wao!,
placed in a glass column and had ozone gas passed through
it for 1 how, Osone treatument increased cell contents but
decreased the proportions of ADF, cellulose and ligninj NaOH



had opposits sffects, 'iemicellulose in the ariginal untreated
stravy 11.5 per cent of organic matter vas decreased to 2,8
per cent by NaOH, to B.4 per cent by ozone and to 4.9 per cent
by ¥aOl and ozone., Digestibility of organic matter was 33,
42, 85 and 65 per cent respectively,

Latter, Ren-Chedalia gt al. (1981) reported that NH,OH
d1d not affect the lignin content but osone decreased lignin
and hemicellulose, and increased cell contents by 50 per aent,
The pH of cotton strav was reduced from 6.11 to 2,28 by osone,
probably due to the formation of organic acids derived from
the oxidized lignin, Ultraviolet absorhing suhstances, in-
clnding phenolic components were apparently released, Organic
matter digestinility was decressed hy more than 100 per cent
by the ozone treatments as a result of the partial conversion
of cell walls into cell contents and the increased degradation
of cell wall, |

Arndt and kichardson (1982) indicated that 4dry mtter
digestibility of NaQOH treated cotton plant by-product was
increased by monensin, that NaOH treated CRP waz equal to
corn silage and superior to cotton seed hulls for groving =«
finishing lambs and that WaOH treated CBP was superior to
untreated CRP for groving feedlot steers,

2,2 EFFECT OF AMMOYIA TREAMEYT OF LOW QUALITY ROUOHAGHES ON
COMPOSITION, ORO'WTH AYD WUTRIZNT UPILIZATION

Anhyirons ammonia treatment of poor quality roughages

has been shown to produce the most promising results by



improving their crude protein content amd nutritive value.

Huber and santana (197?) compared the feading value of
eorn silage treated with an ammonia solution at ensiling
with thet of wea=treatad and control silages in dairy cattle
rations, Cf all silage rations with no protein supplement,
heifers ate more of the ammoniated than the control silage
indicating a superior protein nutrition. Lactating covs
showed higher milk yleld fed ammonia and urea=treated silages
than for negative control rations with no added nitrogen, Yo
significant differences in production were noted for cows fed
control, wea-treated or ammonis=-treated silages at equal

dietary nitrogen,

The e:periments conducted by Waiss gt al. (1972) indi.
cated that optimal procesaing conditions were to treatsrice
strav vith § per cent of added ammonia (by weight) and 30 per
cant of water (by weight) for about 30 days in ambient tempe-
rature, "hder these conditions, enzymatic digestihility was
increased by 10 per cant and nitrogen content by 133 per cent,
' 1o 34¥0' digestibvility trials also showed enhianced digesti-
bility of treated strav,

Garrett ot al. (1974) deseribed improve! feed intake,
daily gain and cellulose Aigostinility by ammonia treatment
of rice strav in comparative slaighter, feeding and digestion
trials with lambs, Further, am~onia treatment improved lamb



gains by 38 per cent which was mninly due to improved cellulose
digestitility an? an increase in faed consumption,

Rounds and Klopfenstein (1974) showed improved 'in vitrg'
dry matter digestibility of corn cobs with mgon treatnent,
Combining NH OH treated cobs with corn silage promoted daily
gain and feed efficisncy in lambs equsl to corn silage,

Knapp gt &l. (1975) observed increased IVIMD and IVCWD
of fesoue hay by rma treatment, They felt that sattle will
readily consume ammoniated hay without adverse effects and
that digestibility of highly lignified materianls such as
corn stalks, corn cobs or strav might be significantly ine
greasad hy NBS treatment,

garrett gt al. (1976) reported that Nlia troatment of
rice strav fed at 72 and 36 per cent to lambs improved fecd
i{ntakes and Aaily gains compared to untroated straw,

Al-Rabbat and ‘feansy (1978) atated that anhydrous
ammonia treatment of wheat atraw increased thae digastihilie
ties of energy, nitrozen, ADI' and celluleose in mature vethers,
Performance of lamha in a growth trial indicated that the NH,
treated straw ration contained considerable productive anergy
resulting in 86 per cent higher gains and 69 par cent higher
feed oefficiency than on the untreated straw ration.

Treatment with ammonia (3% hased on the dry weight of the
substrate ) gave considerable improvement in the 'in yitro'



organic mutter digestibvility of Jerusalem artichoke tops
collected at t.ber harvest stige, sorghum grain crop residue,
whaoat chaff and poor qunlity graas hay, All the material
showed large increases (atout 2 to 4 fold) in nitrogen content
after “H, treatment (Coxworth et al., 1978).

Yorton (1978) with groving Hereford steers found hircher
intakes of “TH, treatod wheat, barlaey and ont straws, Appa=-
rert digastihilities of dry matter and eru’a fitre were higher
in ammoniated wheat and oat straw than tho corrasponding :ne
tronted straws, ‘'laither strav intake ner dry matt r digastie
bility were improved hy ammoniation when supplements ware fed
though crude {ibre digestihility was incrensed in whsat and

oat struw rations,

Kernan and Coxworth (1978) described a practical mathod
of treatine straw with anhyirous ammonia on an 'on=farm'scale,
They reported typical improvements in Yecpawa vﬁoat strav
from 3 to B per cent crude protein and from 33 to 44 per cent
digestihle organic mattor and this provided a maintenance

ration for wintering pregnant cows,

Tohria gt al. (1978) obsarvod increasa in CP content
and decrease in NDF content of rice straw and rice husk by
anhydrous ammonia treatment with increasing ammonia wpto
& or 10 per cent and with duration of treatment for 18, 30 or

60 days, Other components wers not affected,



Garrett g% gal. (1979) conducted comparative slaughter
feeding trials (sheep and cattle) with coneurrent digestion
expar iments (lamhs) to determine the value of alkali treated
(RaCH or ') rice strav In diets at 72 and 36 per cent, They
observed asirmilar general pattarn of response for lamhs and
steers, The dieta containing 72 par cent t{reated rice straw
were corsimed larger quantities and leas Teed was reqiired
per unit of zain when compared to results with untreated straw
diets, The treated straw dists also had higher net energy
valuas, Digestibility of or;anic matter, cell walls and
enargy was higher for nost 72 per cent treated rice straw
diots. Nitrogen digestihility was lower for those diets con-
taining the treatad straw at 72 per cent level, !y treatment
approximately doubled the nitrogen content of the straws bdut
the availahility of this adied nitrogaen waa not known,

Horton and Steacy (1979) obsarvod increased digestihie
litien of dry matter, orpganic matter, cruie fihre and gross
energy of rationa containing ammonin treated coreal atraws
(harley, oat and wheat) *han those containing the corresponding

untreated stravs in steers.

Solaiman gt al. (1979) studied the effect of NH OH
treatment of wheat straw with different moisture levels
(10 to 16%), stored at room temperature, for different
pariods (1 to 40 days). Days postetreatment and vater level
had significant linear effects on both IVIMD and total
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nitrogen content, NH‘OH treatment decroased strav hemis
cellulose and NDF fractions and increased d4igestibhility of
NDI'y ADF and cellulose fractions,

Lowlor and O'Shea (1979) fed untreated or ammonia
treated (3% anhydrous amonia for 30 and 66 days) wheat
strav to appotite with supplement of barley or a concentrate
mixture with 16 per cent crude protein to 12 wother lambs,
Digestibility of 'in yitrg' dry matter was 15 and '4n yive'
vas 14,2 per cent units greater with ammoniated than with
untreated atraw, With ammoniation the cruie protein in the
strav increased from 3,1 to 7,6 per cent, Intake dy lambs was

0 per cent greater for ammoniated than for untreated straw,

Marris and Mowat (1980) studied the effect of ammoniation
and grinding of corn stover in steers adding urea to untreated
rations, Ammoniation and grinding incressed the digaestibility
of dry matter and energy, Amrmoniation increased the digesti-
bility of M, OM and ND! whereas grinding decreased the
digestivility of DM; M and NDF compared to chopping.

Tohria gt al. (1980) inferred that the nutritive
quelity of roughages, in particular those containing a high
proportion of hemicellulose, may be considerably improved
by treatment with ammonia.

Rermuda grass hay untreated and treated with anhydrous
ammonia to increase crude protein from 8.83 to 15,88 was
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given to appetite for 42 days to 2 groups of 8 heifers 2
years old and veighing 776 1b, Daily gains were 0,56 and
0.75 1b for similar daily intake., Digestibility of dry
matter of untreated and treated hay was BE.8 and 612 per
cent '4in yivo' and 64.6 and 64.4 per cent 'in witrg' (Utley

unii 1980)0

7afren (1980) reported that treatment of straw with
ammonia increases its digestihility, feed value and crude
protein content, Ammonia reacts with acetyl groups of
strav to form ammonium acetate which is considered hetter
than wrea, and could replace upto 35 per cent of protein in
diets for cattle, sheep ani goats,

lorton (198l) fed a concentrate and lHg treated straw
(oat, barley or wheat) to steers at 1 per cent of body weight
for the measurement of apparent digeaubiuty.'nuniomuloao
and lignin contents tended toc be lovwer but cellulose was not
affected by Ni, treatment., Further, the pooled data showed
that ammoniation increased the digestibhility of NDF, ADF and
cellulose in the diets by 5.8, 4.7 and 5.8 percentage units,
respectively, Improvements were largest for wheat straw
diets averaging about 17 per cent and were aimilar for ocat
and barley strav diets at about 8 per cent,

Mingi ¢t al. (1981) undertaken a study to investigate
the effectiveness of anhyirous Niy, aqueous NH OH and urea



+ urease as sources of ammonia for treating maize atover,
maize and vheat straws at graded treatment rates of 0, 26

and 50 g Wia/kg DM of roughage and at 3 moisture levels of

20 and 40 per cent and allowe! to react for 15 or 30 days.
Rete of zmmonia dut not the moisture level or days of reaction
vas the most important ractor in enhancing IVIMD, IVOMD and
P, VWhile anhyiroas Ty was most effective in improving
ml‘on had a similar effact in {ncreasing IVIMD and IVAMD

of rice and wheat atraws and urea ¢ urease was the least

offective but promising.

Peterson et gl. (1981) observed higher DMD, IM intake
and cell wall digostibility with 3 per cent N, treated than
untreatad corn atalks in lamhs, Further, they also obdserved
more fead intake and weight gain in steers fed 3 per cent Nﬂa
treated than untreated corn cobds,

norhami and Sundstol (1982) reported that hoth anhy.
drous and aqueous ammonis impreoved the IVIMD, IVOMD and E4M
(3nzyme soluble orgsanic matter) of the straw as compared with
the untreated samples, liowever, aqueous ‘i caused signifi.
cantly higher improvements than did anhyirous “1"3-

Borhami ot al. (1982) concluded that spraying Wi, treated
strav vith organic acids effectively reduced the loss of
ammonia and increased the nitrogen content of the straw,
Another advantage of this was that the air pollution with
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ammonia vhich mey occur in the barn vhen the strav was not
well aired was effectively pravanted. -praying with organie
ucids had no nerativae affect on the digestihility of the
strav, The nitrogen supply and the digastibility of nitrogen
in the animal seamed to he markedly improved,

nuettner gt al. (1982) observed ammoniation of tall
fescue hay at 30 g/kg increased voluntary intake and dry
matter, cellulose and hemicellulose digestion coefficients
in lambs and cattle. Infrared spectral characteristics of
the treated and untreated hays indicated that ammoniation
significantly reduced astar hond ahsorhance in the fihre
fraction of the hay. ™ese changaa presimahly resulted
from the Woeaking of ester honds through ammonolysis. The
breaking of ester ronds hetween lignin and atruactural carbo-
hydrates mny hava heen primarily responsible for the greater
fibre digestihility of the ammoniated hay,

Ammoniation of corn cobs and husks increased the dry
matter intako and digoatibility of moat cell wvall fractions
in lambs (Cook (14 8ley 1082),

Ammonia treatment of wheat straw improved the intake
by 30 per cent and digustibility by %0 per cent (from 42 to
62%) compared with untreated atraw in wethers. Tias also
shoved very satisfactory weight gains for diets based on
treated strav with 30 par cent concentrates as barley/urea



or soyabean meal and average feed intake increased throughout
the perlod in performance trial with cross-bred lambe(Cordesse,
1982a), Sheop ate 78 to 53 per cent morae than the untreanted
stravw, Treatment incransed ™ and organic mattar digestidbility
by 10 to 13 per cent units, ‘litrogen digastihility, initially

garo, incroased to 725 to 45 per cent (Cordesss, 198%:),

Herrera - 3aldana ot al. (198?) suggested that treate
mont of vheat straw with g will improve its natritive
valua, bat supplementary energy may be required for maximum
utilization of ad’ed nitrogen, Aimmoniation increa<ed the
intake of ™M, OV, CP and G5 and aprarent Aigestihilities of

Ciy AD and g3 in steers,

Horton et al. (1982) demonstrated in steers that both
ammonia treatmaent and pelleting of shredded wheat straw
improved gains and feed afficiency by the same amount, Alkali
treatment folloved by pelleting was less effective, There
vas no interaction hstwesn ammoniation and either pelleting
or alkali treatment, Pelleting hsd no effect on organie
matter digestibility but decreased WDF and cellulose digesti-
bility. Crganie matter and DF digestibility increased
following chemical treatment., Intake, gain and feed eoffi-
ciency ware improved by 11, 34 and 17 per cent by pellating
and 12, 36 and 17 par cent by ammoniation, respectively,

Arm niation of wheat straw increased ADG, ™ intake
and gain/feed in growing steers (Nelson gt al., 1982),
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saenger gt al., (1982a) reporte? that apparent digasti-
bility of 'DF, AD", hemicellulose and cellulose was incressed
hy Nﬁa treatment of corn stalks than untreated without supple-
ment or with supplement of urea or soyabean meal, Apparent
nitrogen digestihility was less than for rations supplemented
with urea or soyabean meal, Ammoniation increased the crude
protein content, IVDMD and dry matter intake in beef heifers
of vwheat strav and soyabean rosidue (jaenger g% gl.» 1988b),

caenger gt al. (1982¢) studied the affect of ammonia
treatment of corn stover on dig.stihility, intake and pere
formance of beef cattle, The diet containing NH; treated
corn stover had a higher dry matter digestibility, orude
protein content and dry matter intake than the rations with
control stover, supplemented with soyahean meal or wea,
Weight changes Yy steers fe! all the diets were not dif-erent,

Increase in IVDMD and decrease in lignin and hemicele
lulose contents of wheat straw were ahserved by Streeter
and Horn (1082) by NHy and then with peracetic acid treatment,
Cellulose content was not affected by the action of peracetic

aaid or ammonia,

Gordon a nd Chesson (1983) determined by the nylon bag
technique in sheep that loss of nitrogen on prolonged storage
after ammonia treatment of barley straw did not affect its
digestibility of Ary matter or cellulose,
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Horn gt al. (1983) indicated that increasing tha vater
content of straw will increase ammonia retention an! the
effectivaness of ammoniation, For residues such as vheat
strav, vhich have hard cuticular surface, disruption of
the cuticular surface wo:uld appear to be a maans of incresasing
penetration of water and perhaps exposing s greater n:mbder of

hinding sites for ammonia.

Ammonia treatad harley atraw showed higher dry matter
digestivility, daily fe~d intake and “aily live weight change
than untreated strav supplemented with urea, Anhyirous or
aqueous ammonia and isonitrogenous amo'mnts of urea were
injected into largs round bags containing vhole orop harlaey
or oats collected with a forage harvester., The digestibility
of starch by steers was about 92 per cant for ammonia treated
samples and 78 per ceht for urea treated samples (Crskov

ot al. 1983).

2,3 EF?ECT OF COMPL:TE PRELLETED FB:D3 04 GRO"T! RATE AlND
NUTRIBNT DIGESTIRILITY
The use of complete ration is an efficient method of
eontrolling the ratios of the various feed ingredients and
nutrients, Likewise it is & valuable method of administer
ing minate amounts of ingredients, or ingredients that may
not be palatahle,
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Cate ot al. (1054) observed an increase in average daily
gain and feed consumption vhen they fed pelleted feed to lambs
containing timothy meal as the roughage. They ohmerved economy
in feed utilization and greatest rapidity of finishing on
pelleted rations,

Long et ale (1966) fed the ration of long hay, whale
grain in three different physical forms, nutural, ground and
ground and pellated to lamds and stodied the digestibility
valuss, They foand that the average apparent digestion coeffie
cients for organic mattar, crade protein, crude fivwre and NFE
vere significantly higher (P/ 0,01) for pelleted ration than
for the groum ration,

nell gt gl. (195€) ohserved in lambs fed on pelleted ration
containing 86 per cent roughage and 35 par cent concentrate,
increased weight gain than lambs given similar dut unpelleted
ration, Te feed wvas more efficiently utilized vhen it vas
polleted, Further, they found by feeding pellete? ration, the
protein and fat were more efficlently digested than in the
unpelleted rations, ligher proportion of concentrates in
pellets occasionally caused digestihle disturbances,

Lindah)l and Davis (1965) concluded that pelleting usually
reduced the moisture content of feed mixtures even wvhen steam

or wvater vas used in the process, There was a trend towards
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higher digestibility of other extruct and lower digestibility
of crude fitre and only slight differences if any were noted
among TDN values between the pelleted and unpelleted feeds.

Clanton gt al. (1959) studied the digostibility and effi-
ciency of pelleted and chopped rations for rroving amd fints.
shing beef cattle and fond that the dry matter and snergy in
the chopped roushage rations were more digestible than those
in the pelleted roughage rations, Oains and feed efficiency
were similar, Further, thay conclude! that pelleting d4d not
change the nutritive value of the ration for growing calves,

Hartman ot al. (1759) fed 698 lambs on pelleted and un=
pelleted rations that contained either 290 or £9 per cent alfalfa
hay, Pelleting increased gain on ths high roughage but decrossed
on the low roughapge ration. They concluded that the increased
consump tion of the polleted high roughage retion was mainly
accounted for the increased gain, BHfficiency of feed convere
sion of either ration was not significantly affected by pellets
ing.

Meyer gt al. (1969) reported a higher nitrogen digesti-
bility for the pellete! alfalfa hay than chopped hay, T™, DR,
ME and N3 eontent were not significantly different between
the pellaete? and chopped hay,

Perry gt al. (1059) found that lambs whose pellets con-
tained 60 to 40 per cent roughage to concentrate ratio grev



more rapidly (P/ 0.01) than lambs receiving ration con:aining
40 to 80 per cent roughagze %o concentrate ratio, Furthor,
they noticed that even though lamds fod 40 per cent rouchage
pellets gaine?! less rapidly (P/ 0.,08), the dressing percentage
vas greater (50,3% for 607 roughage lots Va, £2,17 for 40%
roughaze lots) than for the more rapid gaining lambs fed on
the 60 per cent roughage level pallets,

vmir o al. (1989) conducted a lamb digestion trial to
study the alfalfa in chopped and pellsated forme They ohtained
aniform protein digestibility, lov fiber digestibility, for
the pelleted rations compared to the chopped rations and
stated that pelleting did not affect the total digestible

nutrient contont of the lamb rations,

Royolds and Lindahl (1830) found that pelleting of the
hay resultad in an increase in the other extract and e decrease
in the crule fitwre digastihility., ™e digestion coefficients
for crude protein an! nitrogen froc extrast were significantly
higher in the ground or pelleted hays whan fed to sheop,

Thome gt a), (1960) foun? that lambs fed rations cone
tatning 30 and 28 per cont hay in a completely pelleted ration

me''s nmore gfficient gains as comparcd to a conventional ration,

Rrent gt gl. (1961) noticed a wide variability of per cent
nitrogen rotained hetween individual lembs in & digestion study



vwith nine lamhs fed complete pellaeted rations containing 10,
20, 30, 40, EO or 60 per cent sorghum grain and the remainder
alfalfa hay,

McCrosky et al. (1961) fed 48 steers individually in two
trials to study the effect of pelleted ration with li4 and
411 concentrate to roughage ratio on feed lot performance and
carcass merits, They observed that the rate of gain and feed
intnke was slightly increased (P/ 0,01) by pelleting 114 ration,
Pelleting the 411 ration resulted in no significant change in
feod intake, TFeed efficlency on both rations was improved
slightly by pelleting and dressing percentage was unaffected
by pelleting,

wwent gt al. (1961) conducted an experiment with nine
lambs by feeding pelleted rations containing various levels
of concentrates, They found highly signifieant (7/ 0,01)
dirfference in A{gastible aenergy with an increase in an almost
perfect linear relationship with increase of concentrates in
rations., The digestible dry matter vas correlated with iges-
tible energy on each individuml ration and highly significant

relat {onship betwesn the two measurements were found,

Alexander and Hent-zes (1962) ohserved increased intake
by cattle and sheep when hay was ground or pelleted,



Reardsley (1964) revieved the research with pelleting
and concluled that feed intake, daily gain and feed efficis
ency of cattle ard sheep generally increased when forage vas
pelleted gventhough the digeatihbility was depressed,

Moore (1964) summarised the effect of pellaet feoding in
comparison with chopred or long hay, Pellet feedins reduced
the time of prehension, mastication, saliva secretion, time
of rumination, acatate to propionate ratio and crude fihre
digestibility, On the contrary it increased the rate of fere
mentation in rumen, concentration of rumen volatile fatty aecids,
rate of digestion in rumen and rate of passage of feed parti=
cles from the rumen, The fecding value of poor quality forages
vas improved hy pellitization, whereas there was no improvement

in feading value when good quality forages were pelleted,

Fontenot and Hopkins (1965) reported that pelleting the
complete ration did not alter the feed lot performance in
lambs, However, there was a significant increase in feed

efficiency by 18 per cent.

Jordhan and Hanke (196E) reported that lambs on complete
pelleted rations containing 80 to 100 per cent roughage resulted
in an increased fesd consumption and significantly greater
gains as compared to rations containing long chopped hay or

shaolled corn.



Peacom et al, (1973) conducted expariments in growing
lamhs using rations in ground and pellated forms containing
40, 70 and 80 per cent wheat grass and reported that pelleted
feeds incroased dry mmttor intake, rate of gain and feed
efi'iciency by 15, 47 and 23 pe' cent, respectively. Further,
no significaent offect was recorded dus to level of roughage
in the ration and interaction between the ration form and

roughage level,

Thattacharya and Xhan (1973) fed pelleted rations con=
taining 45 per cent wheat straw and varied levels of wea
(0475 to 2.0%) in experimental rations with soyabean meal as
a protein supplement in the control ration to fattening sheep.
They ohserved that the avernge daily gain ant daily feed intake
447 not shovw any marked differences between groups and the

feed required was least in 1.5 per cent wrea fed group.

Viktrov g al. (19M) conducted digestion, metaholic and
growth trial in cattle using beaet pulp, ocats and maise, They
concluded that there was no difference in digestibility among
the groups but with pellets, utilization of nitrogen was better,
Deposition of calcium and phosphorus was some ¥hat poorer in
the controls than with pellets. Carcass ylelds and weights
of internal fat were greater with pellets,

Ibadov gt als (1977) in a digestibility trial with sheep
fed complete pelleted diet containing %0 to 80 per cent dry



matter replaced with cotton seed residuss and recorded greater
dipgestibility of Witrogen-free extruct and less digestihle
protein per kg dry matter with the cotton seed residues than
those without them,

Ootsulanko gt ale. (1977) 4n a trial with 400 rams over one
yeaY old, 700 young rams upto one year and 100 culled ewes,
compared pallats or sreen feeds and concentrates and recommens
ded that hest resnlts for practical feading were obtained by
giving sheep during the first month of fattening 0.8 to 1.6 kg
pellsts daily with green Mead and pallets alone towards the end,

Nabl (1977) allowed threa different breeds of sheep namely
Kashmir merino, Stavropol and Russian merino to graze on pasture
herbage exclusively for a period of 130 days and reported a
daily gain of 111.42, 110,86 and 115,40 g for the three breeds,
respectivaly. ile obsarved higheat live weight gains in all the
three bdrecds during July and early August vhen high orude pro=
tein content (17%) and lovw crudae fihre content (18%) were
found in the herbage and the live weight was negative during
October when herbage was ripe with high ocrude fihre (26.88%)
and lov crude protein (7.6%).

Rush gt 8l. (1978) comparod pelleted complate feed con-
taining 13 and 18 per cent cr:de protein, mash concentrate
containing 13 per cent CP to be fed with long timothy hay,
and pelleted complete fead formulated to meet the requirements



using lambs and concluled that pelleted complete rations are
advantapeous in a fattening lamds programme both on performance
and aconomic hasis and that there was no advantapge of increase
ing the crude protein content of the pellete? complete ration
from 11 to 18 per cant,

Ninova (1979) fed 3 groups of male lamhs for 60 days with
485 por cent lucerne hay and 8 per cent concentrates, For the
firat «royp 35 per cent of lucerne was chopped and 10 per cent
was gromd and pellated, roespesotively along with the concen.
trate, The average daily gain was 195, 200 and 265 g raespec-
tively for the thras groups. The feed converaion ratio was
474 4.6 and 3,9 for the three groups, respectively.

Leushin and Levakhin (1979) gave pelleted feed mixtures
with small quantities of roughages in a traditional fom to
Tlereford male calves, 3 to 8 months old, had no adverse effect
on physiolosical state or on growth, Calves given the pelleted
mixturea gained more weight daily than calves given traditional
fead,

raran et gl. (19°0) stuiled rumen motility in sheep given
pelletcd fends, ‘reiiency and intensity of r:men contractions
were roduced vith pellated feed bHut vithout dammge to health
or dysfunction of the digestive tract. During feeding, number
of secondary rumen contractions increansed and frequsnocy for
both groups was maximum at one houry upto one howr intensity
vas about the same with both forma of feed,



Church gt al. (19R0) fed eve and wether weanling lambs &
pelleted diet containing 60 per cent roughage and 40 per aent
concentrate for 1? hours per day and reported a dafly gain of
28E and 230 g for males and females, respectively.

xovalskii et gl. (1980) fed young cattle on complete
pelleted diet of wheat plants cut at waxy-milk ripeness stage
and found that dietery nutrients vere more efficiently utiliszed
and growth was faster than those on a control (traditional X
diet),

Mahdalik (1980) observed that when finely ground feed was
given the rumen aativity was interrupted and digestibhility and
health disorders followed and concluled that the pellets should

have a coarse structire and adequate content of fidre,

Chavranko st al. (1980) fed sheep throughout the year on
a pelleted diet and reparted that estimated morphological and
biochemical values of blood and mineral composition of hones st

various growth phases did not show any deviation from the normal

Meged (1980) repommended that feeds for young lambs should
not include more than 60 per cent of dry matter as pelle ts,

Bolko gt al. (19681) in a trial fed black pled bulls, loose
pelleted or briguetted feed mixture which contained straw treas
ted with 27 per cent caustic soda and reparted that the digesti.
bility and utilization of dietary nutrients were better with
the pelleted and driquetted mixtures than with loose mixture,



Plickova gt al. (1981) reported that the rate of gain of
calves was greater by 261 g daily when fod with the complate
pelleted feed than that of the traditional mul ti~-component
fed calves, Further, foliaceous papillae in the rumen of
calves given the complate palleted fead were poorly developed.

Reddy and Reddy (1981) observed the growth rate and di-
gostidbility of four complete mash rations containing erop
residues and agro-industrial by-products in Deecanl sheep,
Yo significant Aiffaerences were ohserved in average daily
gain and fend intake and digestihility coefficients of dry
matter, crude fihre, ether extraet and nitrogen=free extract
of control and the experimental groups. All the four groups

shoved positive nitrogen, calcium and phospharus balances,

satyanarayans (10f1) studied in yitrg digestibility of
three different feeds namely mixed grass hay, complete feed
mash and complate feod pellets using two fistulated buffalo
bulls as donors. iHe obsarved that in yiirg dry matter (IVIMD)
digestibility of mixed dry grass hay was very pcor because of
its poor nutrient make up, Significant (P/ 0,01) differences
were found in digestible dry matter, digestible energy, total
digestivle natrients and estinmated net energy values between
mixed dry grass hay, complete feed mash and complete feaed
pellets containing 65 per cent mixed dry graas hay,



2.4 UTILIZATION OF MOLA33E3 IN RUMINANT RATICYS

Molasses is an efficient, economical and a readily
available source of aenergy vwhich helps in the tilization of
non=protein nitrogenous suhstances like waea, in rations of

ruminants nni also helps in enriching fihrous crop-residuss,

#illat gt al., (1946) reported that when cane molaszses
conatituted 26 per cent of the concentrates in the ration of

dairy cows, urea was utilized very efficiently,

Knodt gt al. (1950) reported that ammoniuted cane molasses,
when used at 10 per cent of the ration of dairy calves, produced
good growth and was used as & partial substitute for protein,

Mathar and 3ender (1951) fed molassas ad libitum to
groving heifers by replacing 4 1b of grains in ration and
found that there was no significant difference in growth rate,
The molasses consummption ranged from 8,1 to 20,8 1b per day,

Mather gt al. (1953) ohserved aignificantly higher intake
of hay when sprayed with molassas bdut there was decreased intake
of silage which was sprayed with molasses in dairy cattle,

Lofgreen and Otagaki (1960) fed different lovels of molass«
to fattening steers ani found that 10 per cent level of molasses
significantly increased fat deposition but did not increass
significantly total gain, But with 26 and 40 par cent level,



they ohssrved lower rates of gains, lover fat deposition than
that of basal diet,

Komkrist gt al. (196G) fed molasses at 13 or 20 per cent
along with roughsge an! concentrates in complete mixture or
separatoly to 12 lactating cows, They found no significang
effect of the treatments on production of frnt corrected milk
or total solids, hutter fat or protein content, Ry feeding
20 per cent molasses in complete mixed feed, they observed
significantly less solidsenot-~fat and depression in daily
intake,

The same authors ohsarved increased organic matter and
nitrogen-freo axtract digestihilitios with increase of molasses
when hay, concentrates and molasses wore given in a mixturs,
But the Aigeatihility of criaie protein decreased vhen the

molasses, hay and concentrates were fed saparately,

Ell4s and Huston (17G7) reported that a dry molasses
product was propared using ground waste paper which appeared
to b palatable vhen included in the diet of lactating cows,
Yearling heifers gained 0.8 kg daily on ration which ineluded
1.1 kg of paper and 1,7 kg molassés,

msler gt al. (1967) found that incluting molasses in the
diet containing vaste paper appeared to be palatable in cows,

writton g% 4l. (1968) reported that cane molasses stimula-
ted urea nitrogen utilization and fitre digestion in vhether
lanbs fed semi-purified, all urea supplemented rations,



Hateh and ™eason (1972) fed &, 10 and 16 per cent cane
molasses by raplacing grain and found that § per cent molasses
had no significunt effect on any of the paramaters studied,
Nitrogen retention, apparent digestibility of dry matter and
energy increased significuntly (P/ 0.06) when 10 and 15 per
cent molassaes were added to the ratl on, Furthor, they observed
that tho quality and per cent of butyric acid incr ased aigni-
ficantly when 16 per cent molassys ration was fad but other
perameters did not change by nddition of 15 per cent molasses
to basal d1at, They concluda’ that the cane molasses energy

valus wnq not Infarior to corn,

white gt al. (1973) reported that dry matter, energy and
nitrogen-free extract digestibilities wvero increased vhen the
molassas content was increasad from none to 8 or 10 per aent
and from 5 6r 10 to 20 per cent, Crude fibre digeatihility
increasasd when § per cet rolasses wrs ndded but further 4ne

cremonts of molamseas gave no mera increase,

leinemann and Hanks (1977) indicated that approximately
10 per cent replacement of the concentrate was the satisfac-
tory upper 1limit for molassaes in steer finishing diets.

Rubio (1978) found that utilization of urea nitrogen
was increased by starch rather than cane molasses,

Reddy and Reddy (1979) condueted a trial on sheep with 8
per eent wrea and 10 per cent molasses supplementation to paddy



strav and tapioca residus and recommended that the ahove treated
material could be safely fed to sheep, Further, they observed
better growth rate and feed efficiency when concentrate mixture
vas supplamentad to Wea-molasses enriched paddy straw,

TJohri gt al. (1982) in a trial with calves fed 0, 14, 21
and 28 per cent molasses in the ration and found no significant
differences in dry matter intake, water intake and mean digesti-
bility of dry matter, crude protein, crude fihre and nitrogene
free sxtract hetween the . roups, The digestibhility of ether
extract was significantly low in group 2 than in the other

groups,

2,8 EFVECT OF "REA-MOLASSZS IMPREGHATION OV LOW-QUALITY
ROMIHAGES
Urea-molassas impregnation of inferior quality roughages
has bean widely reported to have a benefioial influence for

ruminants,

3atapathy and Laffel (1962) observed that lambs fed pellets
containing 75 per cent corn cobs, 25 per cent corn meal and a
supplement containing 60 per cent cane molasses; 30 par cent
watery 10 per cant wea had a significantly higher rate of gain
in a 42 day trial than lambs fod no wea in their suplement,
Molar proportions of rumen VFA were also higher in the urea
supplemented group indicating detter utilization of poor quality
roughages vhen supplemented with wrea,



Gupta (1966) reported that sonsumption of wheat bhoosa
and paddy strav in buffaloes increased by 1l per cent when
supplemented with 10 per cent molasses, A further addition
of urea at the rate of 2 per cent of the ration increased
the overall consumption by 28 per cent for wheat bhooss and
15 per cent for paddy straw,

Tehhaponani and Sidhu (1966) fnvestigated the voluntary
intake of low=grade roughages (wheat straw) feeding to oattle
and buffaloaes by addition of ifferent levels of urea, They
observed that the dry matter intake and digestion of dry matter,
crude fibre and crude protein increasod with increase of urea
nitrogen from O to 100 g pe> animal per day,

Lesch and Pieterse (1968) observed that addition of urea
to a basal diet of chaffed hay increased the intake of dry
matter, giving higher positive nitrogen balances, Te digesti-
bilities of dry matter and sther extract tended to decrease as
the intake of urea nitrogen increased.

Gupta g% al. (1969) found that vhen 2 per cent wea and
10 plr cent molasses were addedy the Intake of dry matter
increased from 1.10 to 1,26 kg per 100 kg body weight on rice
strav and from 1,08 to 1,38 kg on wheat strav,

Gupta ot al. (1971) fed three groups of growing buffalo
calves with wheat atraw fortified by 10 per cent molasses,



10 per cent molasses plus 3 per cent wea or 10 per cent
nolasses plus 5 per cent urea, respectively. They ohserved
that intake of roughage was significantly improved vhen urea
vas supplemented, The digestibility coefficients of dry
matter, cr.de fiwre and cr:de protein were significantly
{mproved vhen woea was added to vheat straw, There was
improvemont in the prowth rate when thres per cent urea was
sypplemented in s 90 day growth study. However, § per cent
urea supplement d1? not yisld any oignifieant improvement,

Thattacharya and Perves (1973) in their metabolic trials
with lamhs fod on rations containing §0 per cent vheat straw
or barley supplemented with O, 1 and 2 per cent levels of urea
and found no significant 4Cference in the digoatihility of
various nutrients, Crude fihre and ether extract digeatibility
increased npon urea supplemaentation, No significant difference
was found in nitrogen retention and motaholizarle anergy values

apong the treatments,

Coleman and Tarth (1974) indicated that the retention of
absarbed nitrogen, retention of nitrogen and net protein utie
1ization decreased as the percentage of dietary nitrogen
supplemented by urea increasad from 0.45 per cent to 2,80
per cent.

gingh and Xuswaha (1974) found that paddy strav supple-
mented with 1 per cent wea and 18 to 30 per cent molasses
with mineral anixture and vitamin A swplement, provided



minimum nutrient requirement recommended by Morrison for

mintenance of 380 kg ateers,

Moreira ot al. (1977) fed three groups of shecp either
poor pangola hay alone, hay plus molasses or hay plus molasses
plus uarsa, The udditlon of molagssos or molasses plus ures
$ncreaged significantly dry mtter and orgenic matter digestis
bility. e addition of molasnes, decreased the protein and
fitre digestibility, Addition of molasses and uwrea increased
protein digaestihility significantly and fibre digestibility
slightly, Tha addition of molasses or molasses plus urea d4id
not affect digestivility of athar extract, Nitrogerf{ree
extract and enargy digestidility increased signifieantly,

Singh and marsaul (1977) observed that the digestibility
ecooTficiont of crude protein incransed ags urea lavael inereased

from 2 to 4 per cent of vwieat straw,

Sandev gt §l. (1978) observed that nitrogen in urine/g
nitrogen intake or digeatible nitrogen tended to incroease with
pelloting for diets with urea .nd decrease with pelleting fop
diets with sunflover oil meal. The amount of nitrogen retained

dacreaged vith area diets and incroased with sunflower meal diet,

Singh and Patpayak (1980) based on their experimental
reanlts, recammended that the eostly groundnut cake could be
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replaced by addition of 50 per cent urea nitrogen (adiing
about 2,6 per cent urea in concentrate supplement) to lamh
rations safely without any deleterious effects on health,

grovth and wool production,

Vei'ra and Macleod (1980) evaluated the effeat of rolling
or grinding maize, and of the addition of O or 1.2 per ocent
urea, and noted that the inclusion of uwrea increased dietary
protein from 9,5 to 12.8 per cent, significantly increased the
growth rate from 0.72 to 1,08 kg/day and significantly decreased
the intake of feed dry matter fram 4.68 to 3.69 kg/kg gaine

Teo-Tong 'Rh gt al. (1971) fed creolex Friesian heifers
for 84 days diats with 0, 1,78, 2,80, 3,75 or 5.0 per aent
of urea in liquid molasses and ohserved that the daily live
weight gains were significantly greater with urea at 1,28,
2,80 or 3,76 per cent compared with O or 6 per cent. Further,
they found that the intakes of molasases and total dry matter
and food conversion efiiciency weroe greatest with 2,5 per cent

urea,

Had jipanayiotow (1982) sprayed chopped barley straw
vith 10 per cent urea solution, 400 ml/kg and stored in
sealed containers for 00 days. The overall increase in
digeatibility of treate! over untreatod was 11 per cent units,
Yoluntary intake amd CF and M digestidilities of treated
strav vere increased by 47, 40 and 26 per cent,respectively
over the untreated strav vwith sheep,



Lurdi and Ragzdan (1982) fed Tharparkar cows and Murrah
buffaloes on 4 levels of urea (2.26, 3,40, 4,50 and B,50%)
and 16 per cent sugarcane molasses in the cancentrate mixture
and wheat strav was the only roughags, Further, they reported
that pH of rumen content naever exceeded 7.0 in any treatment
and the pattern of fermentation in the rumen was almost same
in both the species,

2,6 NITROGEN FRACTIONS IM THE R'MEN

The ruminant animals on its natural diet of forage,
ingests a mixture of both protein and non=protein nitrogenocus
sabstancea, The ability o rumen microbes to modify, alter
or to supplement the amount of nitrogen that becomes available
to the animal has been recognised (Annison and Lewis, 1969),
The process in the rumen consists of conversion of dietary
and endogenously secreted nitrogenous compounds into degras
dation products such as peptides, amino acids and emmonia,
Some of these proiucta, aspecially ammonia may '8 absarhed
directly across the rumen wall, but under normal circumstances
most of the ammonia is used by the rumen bacteria for the
synthesis of their own bdody proteins,

2.6.1 proteplyais and Desnination

Sym (1988) demonstrated the presence of highly active
proteinases in the reticulo=-rumen and considered these ensymes



to be of microhial origin, Pearson and Smith (1943) showed
that rumen hacteria and protozoa possessed proteolytic acti-
vity, Warner (1986) concluded that atleast 80 per cent of
the proteolytic activity of reticulo-rumen was dus to bacteria

llomo

MaDonald (1848, 1962) found that ammonia was the major
end product of protein degrsdation in the rumen and recognised
{ts importance in rumen metadolism. Annison (1966) established
the presence of peptides and amino acids as and products of
proteoclysis in rumen., Measurable quantities of both amino
nitrogen and di7fusidble peptide-nitrogen were always praesent
in the rumen and their concentration increased by § to 10 fold
after feeding,

In rusinant the ingested proteins, like other feedatuffs
are subjected to microhial attack and extensively degraded
bafore passing on to the abomasum and small intestine, Ale
though degradation of dietary protein in the rumen is of
considerable importance with regard to lov quality proteins,
it may be a wasteful process with regard to good quality
proteins,

Various technigues for protesting dietary proteins from
ruminal degradation have been eatablished, These indlude heat
treatmant, use of tannins (™hargava, 1973) and formaldehyde
( aufmann, 1979). In addition, various processing teehniques



such as grinding, pelleting, flakirg , extrusion cooking etc.,
may alter the protein degradation in the rumen.

Normally most of the ammonia liderated in the rumen will
be utilized by the microhes for the synthesis of their own
body proteins, But axcegs ammonia finds its way to liver via
portal circilation acrosa the r:men wall and pets converted
into uree, a part of vhich re-enters rumen either through

saliva or across the r:umen wall,

Levis ot al. (1967) ohserved that changes in the riumen
ammonia concentration of sheep fed various diets paralleled
changes in portal hlood ammonia concentration, indicating
rapid transfer of ammonia across the rumen epithelium into
venous hlood draining the ruman, McDonald (1948) calculated
the quantities of ammonia nitrogen absorhed from the rumen to
be of the order of 4 to § g per day.

Rloomf 1e1d gt gl. (1963) observed that ammonia transfer
across the rumen epithelium 4s affected by rumen pH. Ammonia
being weak base with a PXa of 8.8 at 409C, the increased
absorption of ammonia at higher pH was probably due to ine
erease in ammonis in relation to ammonium ion which may pene=
trate 1ipid layers of miucosk more rapidly., Toamfiel! gt al.
(1968) indicated that under conditions of high protein or wea
diets, more ammonia might be absorbed from the rumen, reducing
the synthesit of microbial cells,



Kaufmann (1979) observed that at 13 per cent crude protein
level in the dry mattar of whole ration, there was no net loss
of nitrogen die to ammonis absorption in the rumen, Vhen the
dietary concentration of crude protein exceaded this level,
there vas loss of nitrogen from the rumen in the form of ammonia
absorbhed into the system which was subssquently exoretod £s urea
in wine,

2.6.3 Yicrohial Protein Srthesis

Rumen microbial proliferation rejuires energy (ATD),
a source of sulphur, branched chein fatty acids and amino
acids and or amionia in addition to other necessary carbon
skeletons, ‘uhtanan (1954) found that fermentation products
found in large amounts asuch as agetate and carbondioxide can
be used as procursors for synthesis of necessary carbon
skeletons for microhinl protain synthesis, Lewis (1965)
quastioned the involvement of amination, specifically transe
amination in the microbisl bio-synthesis of amino aciis, in
that transamination usually was associated with an active
oxidative metaholism, THe suggested that other mechanisms,
such as glutamine synthatase which effectively fix ammonia
into an organic compound could he operative in the rumen,

wWright (1967) observed that the products of initial degra-
dation of protein in the rumen, namely peptides and amine
acids can b directly incorporated into tmcterial cells,



Chalupa (1968) suggested that the main function of amino
acids in the rumen my not be to provide amino nitrogen alone
but also to provide cirbon skeletons, following their deamis
nation, 4“aldo (1968) indicated that bhalance between the
amounts and availabiiity of nitrogen and energy to the rumen
microdbial population had an important effect on utilization of
both energy and protedin, Chalupe gt gal. (1970) showed that
aninat ion an® transamination renctions appear to bhe major

mechanisms for ammonia assimilation by rumen tmcteria,

¥athison and M1llieen (1971) fomd thnt 50 to 65 por eant
bacterinl nitroren and 21 to &€ par cant o” protozoal nitrogen

was from runinal ammonin pool,

satter and slyter (1974) found that increasing armmonia
concaentration beyond £0 mg ammonia nitrogen per litre of
rawen £iuid had no offect on Jp yitrg microbial protein
synthesis, L.offler gt al.(1976) confirmed this concept by

dn yitxo stuiles.

Mehreze et al., (1977) obsarved that a minimal amonia
concentration for maximm rate of fermentation was of the
order of 236 mg per litra of shesp r'men fluid maintained en
stuly levels of amaonia concentratlion. The prodicted ammonia
concentration of 285 mg par litre of rumen f1:11 was high
when compared to Jn yitrg studiaes which showed 80 to 60 mg
per litra of rumen flui! for maximum microhial protein synthesis,



"hen nitrogen was not the limiting factor for micronial
grovth, thare uns evilenca to suygsort thet snounts of nicroe
hial protcin synthesizae wma diractly radati:d to the armomnt
of orpanic mittor ferment~d in tho r'mon. 'lor rost pi-r:ctical
situntion, arout M0 g nicro*1~1 protoin was synthasized par
oach ke of npparent @1 .atible or;nnic mattor fermantod in
the ramen (AT, 1970), ~orhnwi gt al. (1979) usinp (15 ™)
04 (30" enriched) estimatnd the mean rate of ammonia
nitroren dncerporcation into microhial cells to he M,12 mp
per howr per ki3 of rumen contant, which wia arl to 50,9 ¢
of microhinl niircgon duily. Tho nicrorial coll yield per

nole AP (IAX) was l3.6 ¢

“4zvick ¢t nl. (1980) fomd thut noneamronic nitrogon
ecncantic-tion in the ramen iner:easd hy an avar e of ™ per
cont with area suprlemontutions They showed enhanced b cterial
protcin synthosis with edded aren, Taefra gt gl. (1930) ohsorved
that vhan protoin was rrester than 12 par cent of the dlet,
thore ns no of'fact o dint on ahom:snl flow of nitropon and
meterial orinin, Thera vns no apparent affect o rman
ammonia conecentration on the rata o micronial synthasis
tnapite of low lovels (& m7 "/100 ml) ohserved uvith lov cro
protein diets,

2.6.4 Jorms of liitrosen in Human
The total nitrogen in the rumen fludd can he cetopari~ced

ag tucterinl nitrogon, amuonia nitrogen, rosidual nitrogen



and food and protozoal nitrsgen, Resid wml nitrogen consists
of hoth amino and diffusahle peptidae nitrogen along with
soluhle protiins,

The distrivition of nitrogen in the rumen fluild wis first
gt died by Mehon:ld (1962) 4in shesp fed casein and zein as
protein sowces. “hen zein was included in the diet, amronia
concentration wna oxtraemely low after fecding vhile the resis
dunl nitroron levels showed no chances In sharp contrast,
casein wns nmore rapidly depgraded with liharation of anmmonia
and the rasidual nitrocen shows? a riss of comparatively
shorter d:ration., !ebDonald (1062) concluied that slower rate
of reloagsae of amronin from zein permitied aafficiant time for
hacterin to trap tho roleasad ammonia for nicrohial protain

synthasis,

eDonnld (1962), 'arner (1966) and Annison (1986) noted
thut eddition of readily available carbohyiratos consideradly
deprossed the formulation of amnonia, Phillipson gt al1.(1969)
suggostod that the dacreasod amnonia concentration vhen starch
was added to a high protein ration, could partly bo due to
immodiata availability of enorgy neoded for micro-organisms

to trap the relensed ammonia,

Agravala gt al. (1963) made a quantitative study on the
microrial protein synthosis 4n calves, fod nataral and pwified
rations, They found that the r'men micro=organlams synthesized



33 to 109 g of protein within 6 hours after reedirg, with

area as the nitrogen socurce,

innison (1056) exanined the rutes of hreakdown of
soveral proteins asing; vashed cell sigpeonsions obtained from
shavp {ed different dlats, ‘i analysed amnonia, smino and
peptida nitrogen in ramen liquor. oth anino nitrocen and
div’fusihle peptide nitrogen were nlways present in I umen
liquor and thoir concentratio:s incrensad hy as mich as 5 to
10 fold, aftor faoding. Gray and Pilsrim (195G) and Gray,
»1lgrin nnd eller (1988) ex~ninad the nitrogen=lipnin ratios
of foed and ahomagal contents of shoop, Ted varioas diets,
™oy fond that thore was considerahle variantion in the amount
of total nitroeon renching ahomagura vith rations of alfalfa
hay and alfalfa hay + wheat hay, the valuaes boinp 40 and

6C por cent, respectirvoly,

~aller gt ale (19E8) distinguished buctaerial protein
from plant and protozoal protoin by measuring the amoant of
2y 6 dianino pimolic acid (u component of cell of most
bncteria and hlue pgroen algae and not of animals and higher
plants). Approximataly 27 per cent of rumen nltrogen vas in
the form of plant nitrogen at 2 hours, ™ per cent at 7 hours,
1G por cent at 10 hours and 11 per eent at 16 howrs and 4
hours after facding.

roora and King (1968) found that the concentration of

solubla protein and soluble non=protain nitroren in the runmen



wvore mnximum nt one hour aftor feading and then deelined /Tom
4 nlly, Tha rradiunl deelime wns nccompanied hy a concomitant
incroeise in ammonin concentration, MNut peak ammonin concens
trations vore ohtiined at © hours aftar “acding fol owad hy

a gradual dacline until tho next feeding.

“lackhirn and .iobson (1950) showad in shaap Fot cnseln
thet the docronse in noneamonin, non=protein nitrogaen was
accompanio’ by on inerense in ammoni: concentration, riges
et al. (1064) ohserved a significant increase in riminal
anronia vhen woea roplacal protoin concentrations in roughape

haaxi ratiens for cuttlo and sheepe

Chou and "alker (1964) showad that total nitrrgen and
its conatitionts, namoly ammonia, non protein nitrocen and
ronidaal nitrogen uare fairly amnifornm for a given diat,
“11iot 2and Toprs (1964) ohsorved that total nitrogen and
ar-onia concontration of runan £1149 were nositively corree
1atod with intake of crle protein, Mieronisl protein nitrogen
variad fram 45 to G8 per cent of total nitrorsen and wes nopatie

vely correlatad with am-enia nitrogen,

Davis and otalleap (1964) found thut sheop fext basal
diut alona showed vory low concentration of rumen protein,
amnonia and residual nitrojen when compared to those 'ed
oither basal dist plus cnsein or urcea diet, In latter exErie
monts Davis and Stalleup (1966) stadded tho atilization of



nitrogcen of toasted foods by fe ding cotton sacd hulls plus
soyabean moel or toasted soya flikes, They ohaerved that all
the nitrogen fractions in the rumzn including the protein
nitrosen wore hirher vith soya flakes diet, 'This was intere
preted to mean that amionia nitro-en liherated from tomsted
foxds wans utilizod more ofTectively hy r:men nicro-organisns
than that o othir diots,

reretingen (196G) axamined the e”fect of cnrhohyirata
supplementation on nitrogen atilization in wethe a, Hy estie
nating the total nitrogen, residual nitrogen and amionia
nitrozon, in rumen f1ladd. .i1s obsarvations in lcate thuat
all tho niltro:en fractions sxamined were greater, when sugar
ba:t vas inclualod in the ration, Howavar, tho syntheals of

microhial protein was mora rapid when potatoes ware added.

Thampson gt gl. (19G7) observed that steors fed mash
r-tion had greator concentration of non protein nitrogan and
amnmonin nitroren thon those foad pelleted ration, Thers was
only «1lisht incrense in protein nitrogen due to pelloting of

ration,

Langor gt al. (1969) studied the production of "CA ine
soliirle protein, ammonin an? reqid.ale’? on supply of roatrice
ted amoints of available carhohydrate in the ration of hufrale
and zoba and found that the mierobial protein synthesis from
the dietary-"1 wus higher at 2 howr after feoding in the buffalo,



vhile in the zehbu 4t wus negligihle and that the dietary
nitrogen in the zebu was mostly libherated as ammonia upto
4 hours after feeding.

Misra and Ranhotra (19692) found peak concentration of
am:onia nitrogen and TCA insoluthle protein nitrogen 2 hours
aftar feeding and from then onwards, the values rsturned to
prefeeding levels aftar 8 hours, hen additional energy was
providod in the rntion, all tha componants of nitrogen except

amr-onia nitrogon increased appreciahly.

ingh et al. (1968) studied nitrogen utilization in zehu
cattle and bhuffaloes under urea and non=wroa feading regimes,
The concentration of total nitronaen, TCA', residual nitrogen,
ammonia nitreceen and fe~d and protozoal nitropen wore higher
in animls fod urea, :xcept feed and protozoal nitrogen, the
other fractions were hirher in huffalees than in zeha cattle,
irreapoctive of thae sowce ol nitrogen, indicating that the
utiiizatian of nitrogen was better in buffaloes than in zehu,

Dror gt gl. (1970) showed that in animals maintained
on exclusively hay diet, the concentration of amino nitrogen,
dirfusible nitrogen and diffusible peptide nitrogen increased
while those maintained on concentrates alone showed markedly
lower values of various soluble nitrogen fractions, They
attributed higher concentrations of vurious soluble fractions

of nitrogen in hay fed shecp to high 'P'1 content of hay diets,
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Gupta gt al. (1970) observed an incrament in the lovel of
molasses from 10 to 1E per cent in wheat bhoosa impregnated
with 1.8 per cent urea, rasultad in reduced ammonin levels
in the rumen hesidaes the dry mattar consumption of the huffa-

loesn,

Pant and Roy (1970) studied the rumen microhial activity
o” buffaloes and zebn enttle, The conecentration of food and
protozoal nitrogen was higsher in ze%: than in btuffaloes,
whereas, the concentration of meterial nitroren was higher
in huffaloes than in cattle, The concentration of soluble
nitrogen (other than ammonia) showed no < ifferance batweon
species hut considerable variation between time of sampling
rolative to feeding time, was noticed., TIhese reasults indicate
that dbuffaloes utilize ingested protein more afficiently than

zoby cattle,

vegoluhin (1070) studied the effect of adiition of diffe-
ront starches on nitrogen utilization in ballocks. ‘'hen the
ration contained readily soluhle carhohyirates, the synthesis
of microhial protein prodominated over protein hwreakdowm,
thus resalting in very little loss of ammonia to the hoste
animal,

Ahuda gt al. (1972) obaerved higher cencentration of
nitrogen in animls fed woa than those fed non-urea rations,

The concentration was maintained at a considerably high level
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at 8 hnurs postefectins comparoed to 0 howrs focding, True
protein concentration incrrasad with increase in post feoding
tima and non-protein nitro-en increased with incrense in urea

in ration,

Streeter et al. (1973) found sustained rolense of amnmonia
in rumen duo to continuous infusion of uren, llovever, there
wag no M frorence in the efiiclency of atilization of nitros
gen betveen frenaent feoding of ures nnd twice dnily feoding

of :mrea,

rishne !"ohan and Raghavan (1974) faod three lavels of
protoin to cattle and huaffalees and stidied verious nitropen
fractiona in rmen licaor, Time of sanmpling showod sipnifie
cant differance in total nitronon and ammonia nitroren con-
contration in hoth species, Concentration of residual
nitrogon and food and protozoal nitroren did not show any
particular trond aeither in relation to the level of protein
or time of sampling, hoth the species, Reddy and Raghavan
(1076) observed a signiricant incrense in total nitrogen, TCA
insoclable protein nitrogen and ammonis concentration in buffab es
due to change in leval and time of sampling.

naldev Singh and Makkar (1975) observed that the level
of ammonia nitrogen and total nitrosen incrensad markadly in

ruren f1a4d of animals fod urea than in control group., Faater
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rate of release of ammonia from urea was raesponsible for
higher values obtained 2 hours after feeding. 3ignificantly
higher concentration of total nitrogen, in case of urea than
noneurea fed groups at nll time inte vals, cloearly showed the
dirferences in the production and the utilization of nitrogen
motaholitins, The productiocn of TCA precipitated nitrogen
decraaned significantly with urea than in control fdue to higher

production of ammonia nitroren &s apainat its utilization,

G111 and G111 (1978) fed buflaloas with urea fortified
pellets and anpellate? rations, Total nitrosen of strainad
rumen liquor (SFL) wag sinilar in all groups. Maximm values
worq obsarved at 2 hours an' declined Trom 2 to 6 hours, At
8 hours, the values werse slightly higher than pre-feuding
levels. Amnonia nitrogen vas maxi-um at 2 hours poat feeding,
ljowgver, in pelleted rations the amnonia nitrosen concentration
reached paak values from 4 to 6 hours, Time of sampling had
a signifieant offect on armonia levels. Rumen concentration
of total nitrosen, non-protein nitrosen and TCA nitrogen of

eontrol and uren fed groups did not differ significantly.

rhargava gt al. (1977) while comparing oat hay and vwheat
strav ration observed nipnificant dacrenaed amronia concen-
tration in oat hay fed croup. This was attrihited to availa-
hility of more ketoe-acids from oat hay,

Hdorton (197R8) reported that the ruminal Wi, concentra.

tions were similar whon steers ware fad with ammonia treated



straw alone or atrav plus concentrates and ahout saven times

hicher than vhen untreat~d straw faod without supplementa,

hatla gt al. (1979) ohserve? poak concentrations of
total nitroren, amronia nitropen and ‘P at 2 hours poste
faeding whereas averapae protain nitrosen wns mximal at 4 to
6 hours after “e:ding in haffaloas an?! cattla., Peak values
of rumen 'Mige'T and TPT &t 2 houra post-fea’ing, which doclined
thereafter in hoth the speciea, difered from those at other
hours of postefaading.

ttorris and Mowat (1980) reported that grinding of corn
stovers incre sed rumen nestatey, 0.6 hour preprindially or 2
hours post=;srandially in stesrs, Ammoniation increased rumen
propionata 0,5 and praprandially but did not si-nificantly

affoct tha romaining rumen parameters,

prasad (1981) atu’iad the afrect of Teading conventional
rations and whole ration in :the form of mash and pallats on
tha varicus nitrocen frectlons. The concentration of total
nitropen fractions were found to to signi“icantly higher in
the rumen fluid of buffaloes receiving pelletod rations,
Thay ware of tho opinion that highor erude protein intake

might have contribated to higher ruminal nitrosen fractions,

Leidy (1983) condacted experiments to st:dy the offect

of mash and pollst faeeding an the various nitronon fractions



in the rumen fluid of sheup. ile observed highor concentra=
tion of total nitrogon, (C4 insoluble nitroren and residunl
nitrogon 4in the rumen fluid of shecp {ad pelleted ration,
digher concontration of tho cfaresnid motaholities vere
attribhuatod to higher intakos of erwle protein in sheup iod
polleted rotion,

2,7 pil OF T kR MET ILUID

The p’l of the rumen dooes not daeviate far from neutrality
and 43 usually vithin tho ranre of § to 7. Phillipson (1049)
ohsarved that vith doersaso in the concentration of volatile
fatty aeids the p? of the rumen contonts rose ahove pi 7?7 to
a ragion close to thnt of hlood in fasting sheop, Turnor
end liodgotts (19€F) examinod the role o salivary hicarhonate
and phoaphato in buffering the rumen contents and eoncluled
that its buffaering capacity was duo principally to its hicar-

bonate content,

"rigis gt ale (1967) found a strong inverso relationship
wotwaon tho concentration of VFA and lactic neild on tho ono

hand an’ pil of the rimen content on thse othcr,

Ash an’® Dohson (1963) falt thnt tho huffering capacity
of the ruman flnid doss not daponvl entirely on thae sali a
sacreted, as exchange across the rumen vall of uneionisod
neids with bhiearronato nccounts for ahont one half of the

acids ahnorhoed,
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Pant and Roy (1971) ohservaed a significant declino in
tho daily monn values of p'i of the rumen fluid by altering
the frequency of fending from 2 to 4 timos dnily at an almost
constant dry m:ttor intake,

Redy and “air (1271) racorded the lowest bl value at
4 hours aftor feoding. Te p?! of the 2 and 6 hour SKI, was
similar. * rreater hicarhonate contont in tho 6 hours SRIL
and unequal diatribhation 0" the individnaal fatty acids in the

tuo samples were suggestod as posaibla reasons,

Orskov gt al. (1974) found that the p'l of rimen liquor
vos not changoed by fo.ding pellets of rolled or vhole barley.
7inha gt gl. (1977) found that the pil of tho rumen fluid
inerongsed with alkall treated wheat straw that remained with
in the normal physiological range. Gar.ett gt ol. (1979)
raportod that tho rumen p!i was not di’’erent duc to consump-

tion of :.1knli treatoed (fac' or '}!b) atrav in lamhs,

Rai and Pandey (1979) studied seasonal variation in
ramen p'! of browsing ani grazing poats. The p'l values were
high at zero hour and “aclined subaaquently. The decline was
mximm at 8 howrs aftor Tacding, “he p'l vrlues were sinilar

in reiny and winter socsons,

Morris and Mowat (1900) reportod highor ™A lovels

vith ammonia treatment of corn stovars in steers,



Deshmikh and 0111 (1981) obsorved a stegp fall of p!!
values botwesn zero hour and 2 hour postefecding, thareaftaer
the .alues declined gradually upto G hour postefeoding in

calves of all age groups, roceiving dirferent enasrgy laevels,

Pandey und shukla (1981) studied the o.rect of reeding
verious NCP levels and urea on r.men pli and found that the
level of XP faeading h:d no signi.'icant aeifeat on p!l while
urea incorporation upto M per cent of P significantly

increased the pile

Ped'y (1983) fo:md a signifiecant effact on p'l values of
tho ramen fluid of sheop fed complete msh and pelleted rations
at difrerent timas of feading,

N8 TCMAL VOLAIILY FATTY ACING (TUFA) ITT RMT! YLD

vost of tho Adpostintle carhohydratas fol to rumincnts
including callulose ore fermented to volatile fatty acids 4n
rumen by microhes, Tranched chain fatty acids are protuced
by deamination of amino ucids. The concentration of the
total volatilo fatty acids in the rumen {luid 1s thus depen=
dant of food intake, nature of Lhe diet, time ufter feading

and ahsorption from tho rumen.

Annison (1964) examinad the changes in VI'A content in
fasting shecp and found that [VFA level declined steadily,
but the goncentration of hranched chain VI'A's showed a slight
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increase, Later, Annison gt apl. (1967) studsed the chungaes
in the concentrations of individual fatty acids present in

rumen portal and peripheral hlood of shaeop and observed that
considerable portion of VI'A was absorhd from the rumen and

the TVIA concentration in portal hlood and rumen were correla-
ted,

I1inders and Owen (1968) ohserved that the total ruminal
VFA content as wall as "'FA per kg dry mitter post-facding
was greatar Tor hay ration than pelloted ration, ‘“right gt al.
(1963) showed that when feod intake was conatant the concene
tration of TV7A in the rumen of lamhs fed pelleted or crished
pellets was higher for lamhs fed long or coarsely ground hay.
Thompson af gl. (196E) showed that TVFA econcentration was
low in steers fed long hay than ground hay,

Langer gt ale. (1269) ohserved higher lavals of [VFA and
acetic acid and lover levels of propionic and butyric acid
in the buffalo than in the zehu at all intervalas with rations

supplied restricted amounts of availahle carhohydrates,

Rumsey ot al. (1970) studied the diurinal variation of
ruminal VFA at di7ferent intake levels, Total VFA increased
as thoe level of intake increased. A greater change d1e to
level of intake appear to occwr in TVFA and the acetic to

propionic acid ratio when concentrate bisad diets weare fed,

Pant and Roy (1971) observed a significant increise in
ruminal TVFA by changing frequency of feeding from two to



fow times a day, ‘The concentration of TVFA shoved leas
fluctuntions vhen fed four times a day as a result of even
rate of fermentation and protuction of greater amounts of
VPA., Three distinct peaks were found at 2, 6 and 10 hours
after fee'ing in TVFA concentration, Ahuja gt al. (1972)
found 1 -significant increase in TVFA concentration in animals
mintained on urea diets due to gradual accumulation of VFA
in the rumen “uge to lower rute of fermentution, Bhattacharys
and Khan (1973) 444 not find any significant difference in
rumen VFA values in sheep when wrok lavels were increasad in

the ration,

Orskov gt al. (1974) found that the TVFA concaentration
was significantly higher whaen iats were pellaeted, The pro-
portion of acetic acid Aecrensed while that of proplonic acid

incrensed when diets werae pelleted,

Al-Rahbat and Meaney (1978b) reported that the patterns
of TVFA levels resulting from feeding the !Hy treated atraw
wore similar to those usually ohtained with dieta containing
suhstantinl amounts of readily fermentable carrohyirates from

gra ins,

Bines and Davey (1978) fed corplete pellots to cows and
found that tha concentration of IVFA increased after feeding and
the changes were greatest for the diats containing no roughage,
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Horton (1978) reportcd that T/P4 concentrantions wers not
influenced hy fe-ding ammonis traated straw rather than une
treated straw, though they ware ahout 33 par cont higher when
concentrates were inclaied in the rations. Ammonintion hed
no affect on the molar proportions of individual fattya cids
in the r:man flai4,

Ahrur and gchingoethe (1079) found that the rimen A cone
centration was aimilar in cova fod soyahaan an! hent troated
soyabhuan, sSlyter at al. (1979) ohsorved lover concentration
of ViA with low nitrogaen intaka. Jayasriya 3t al. (1080)
obgserv.ad that area impregnation of rean 'orage resiltad in
sisriticantly higher i A concentration and this was atiributed

to grastar micrnblal activity due to addition of wrea,

Morris and Yowat (1980) observad highor WI'A lavels
with ""”3 treatnent and grinding of corn stover with steers
vith rice straw in lamhs (Garrett ot al., 1979) and ilereras
jaldana gt ). (1987) found no difrerence i1 TVIA levels

with ‘.',’!3 treoatment and vhant straw 1ith ataara,

prasad (1081) eonducted expariments on fistulated hife
raloes by feeding conventional ration and pelleted ration and
obhservad thet the concentration of TFA in the rumen fluid
was highor in buffaloes receiving pelloted ration than those

fed conventiomml ration,

Redcy and hieddy (1982) obvserved higher concentration of
TVia production in the rumen liquor of sheep fed complete
pallated rations contsining mixed dry grass than those of
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thae pellated ration containing tsak leaves, They concluaded
that the pellated ration containing mixed ry c~rass hay vas

more farmantable than that of toak lonves ration,

Linga Teddy (1972) raenorted hirher concentration of
NEA 4n tho ramen £1ald of sheep during all the sampling
times in tho complete rations containing wood pulp as compared
to mixed dry grass ration, The maxinum V.4 prodiction vas at

4 hours postefeoding in hoth the exparinental rationse



CHAPTER 11

Materials and Methods



CHAPTSER I1I
MATURTALY AT M3010D7
3¢l SXPERTIIPAL EATICTS

he folloving ngro-industrial by-protucts and crop re-
sdd1es vere used ag feui' in;rofionts in the formulation of
complete rationss dry ground whole cotton plant, rice

polichings, wheat Wwan, gromdnut cako, ursa and molaases,

3.1.1 Amgonin treatment of v Groun' ‘hole cotton plapt

The whole cotton plants (JQgsyplum 9p.) after the last
picking of cotton, werc ohbtained from nearby fields, Thaey
ware stacked and dried under shade for rhout 3 vacks so that
the mointure contant re’uce? from 30 to 10«12 par cent, Nried
cotton planta wera cromd in o hammer mill uwaing 5 mm sileve,
Aftor grindinp the mtarinl was tantsd for the preszence of
cyanogenatic glucosidos as per ACAT (1970} mathod and wes

formd to he free from cyanogonatic glucosides,

ir1lf of the pround whole cotton plants (G'JCP) was treated
with anhydrous am oniz ('), obtained from /9. Promier ingie
no.rings, !lyderatad, Polythane bags of 112 . 76 cm with 0,2 mm
thickneas wero use to kocp the :!1{3 troated material, The
eylinder was connected uith a hose pipe and a regulator. The
hose pipe was fnsartoed into the polythens bai; containing
woighed quantity of G''CP an? then hose pipo and the bags
vere secured tightly with tha help of string and hands,
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I"dve hundred grams of 1.13 veg dntroducad Into ovach polythene
brg 80 that tha mutarianl jots 3.6 por cant Tl on “ry mattor
hisfn, Altor injectin- *"3, the hags wvere soiled mnd kept
for 47 days, arins this poriod, the hrya wore rotatod dnily
so thet frec rasidaal 'YT-’.H pretent may cona in eontaet with
the matarial, Aftor 4° doyae, the mrioarial Crom the h gs was
romovad and wnng aersta? for 3 Aays hy koopinc the mterial

in open afr, Thia tranted motarinl was use? 4n tho computae

tion of complete r~tiors,

.1.2

sparimongnl Iationg

siperimental rations wera proceass?! nt the Pllot ead
and 1odder rcecasning Plant o Facd lsebnology section of
andnra ridash aoricdtural hiversity, lajendranagar, .lyderabad,
The plont h.s infrastructural fucilities for chop, ingy ¢rinding,
nixing nnd pallotin: of concentratas, rouazh:ges rnnd ro ghage
bnsed complete rationgs he expurimontel rations use? in

thase st'ias wvaeras

1. complotae feed (mnsh) with untreatad .C7,
"%  Completo fe~d (pallet) with untreated G UP,
Ja co~pleta faed (mogh) with ’“ls-treata«‘ P and

4. Complete faed (pollat) vith ‘I'b-troutoﬂ 0,

T™a percaentnpge componition o” tho ahova rations nra aiven
in T™arle 1, Tha evparimental r.tions were proportionad in
100 kg tatches as per the formilao indientod avcl.¥ing molrasns



Tetle 1, Poreentn-e composition of conplote rations

oromd vhole cotton plant
In )red an L T 1 T X7 T L T 1 3 -u
grodlant "mtreant o4 Anmanin trantod

T TP e W D GRS W 0 TP PG e WS T SR b e OB OB g 00 e B0 Tlkyp gu v =

*raah Pallat  *gsh Pallat

WD SR m G OUe e BEn PR T, e o L L L2 Yy L 2L 13 L LT T 3 T 1~ Tyl

Try prond wiole cotton

plint (untreated) 4r,0 4r,0 - -
Dry ground vhole cotton

plant (amrmonin troatoed) - - 4F,0 48,0
troa 1,6 1.5 - -
udroundnut cnke 16,0 10.0 16.0 10.0
“hoi.t hran 1640 10,0 10,0 10,0
t:dco polishing 17,0 17,0 18.& 18,6
"{0ln5 68 £.0 1r.0 15,0 15,0
¥inernl mi:ture® 1.0 1,0 1,0 1.0
Common salt 0.8 0.5 0.5 0.5

fovimtx™® 2 10 g/:t1,

- o es Shgy as - P us . Sy gy - e ey - Go et W enm

100,0 100.0 100,0 100,0

- --.-.---o~—--.-.n--n-—-vu-—------u--—u—----—----—------.’.--

»iqnd{fs Containaed Cn 70,87, Thosphoras 6,7y Snlt JE.87,
Iron 0,47, Iodine RO ™1, *fanganagsa 740 P,
Copper 2RO P and Sulphur 0,18,

*+ Lovirixy ontained 40,000 IT "1t.4, %0 mg. it M, and
£,00 17vit, Ny pe 2. i
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and were mi e in a horizontal mixor, ‘ol:sses was pumpad

from a storage tank to a prchoutar tank an’ the prohaeeted
molasses was wided into the mixer throush a dosage tank vhile
mixince  Foa and Lovipix were idded directly to the miser
dissolving in wator, Tae complote fo < was nized for 10 minutes

and collocto! into gumy % s,

The corplete mash Tocds 2 and 4 proparad uaing the ahove
prorafure wng dropped from the mixor into the hicket alaevator
and uag 11ftad an? conveye? into a hopper over the pellet mill,
The mosh facd was eonveye? from the hopper iato the conditioning
chrmbhar of tha pollaet mill throuth » nerew conveying syctem,
ha rate of flov 0" thae fand into the conditioning chamher was

controlled hy vheel valve,

The stoanm produce? from a hoiler (eapacity 750 1nw/hr)
attached to the plant was suprlied into the conditioning chamber
of tho pellet mill. Tho roquiroed quantity of stoam with 97° to
889C temperature w:s sip;lied into tho conditioning chamber
tirough control valve., “ho coxlitioned nnsh at 90° to 929
temporitare and with 16 to 17 por cent nmolsture was conveyed
{nto the pallat mill and extr:ded throich a ring dle with
9 mm holes. Tha pollota with 9 rm dirmotor having 83° to 86%
tempersture an' with 14 to 15 pe: cent molstire were dropped
from the pellet mill into the verticnl cooler halow the
pellot mill,

The conled pallats were collectnd into punny brgs from

the cooler, atora? and ased for experimental ferding, Te



energy consumed at virious processing points in the manufactur-

ing of complete mash and pelleted feod are given in Mkhle 2,

The density of incd{-1dual insredients used in this expe=-
riment and complete mnsh and pallets processed in this astudy
vera estimated using one cubic foot dearlwood hox designed for

this purpose,
3¢ UUPHRIMETTAL SMMNTg

“xporimenta conductad are daalt with undar the following
ho.ddngs,
1. Metabolic stiides
a) Murrah haffaloes
b) crossebred calvaes
2, Grovth stuiles

3. liumen studloes

A brief oitline of the axparimental techniques and methods
of analysis adopted durin- the courss of the pregent study is

riven halow,
3,3 METALIC 5 INIas

l'our motaholic trials wers condicted in a 4 x 4 1ntin

squre design in vhich rows, columns nnd trentments rapresented

trials, animls and diets,



Tanle 2, Average pover conswus:

methods/quintal

tion for verious processing

*athod of processing

Sxperimental rantions

1 2 (K;?.H) 4
frinding 4,07 4,07 4,02 4,07
“erav convayor 0.47 0.47 OC.47 0.47
nucket alevator 0.47 0.47 0.47 0.47
Vi)ting 0.49 0049 0049 0.‘9
Pelleting - 7,86 - 2,69
Total E.48 8,30 5.48 8,14

T - -




37,1 ixperimental Animnls

“our adqlt mnle Marrah hm“rloas with an average weizht
of 79,8 kg wera ohtainn® from tho "airy ‘xperimental “itation,
Liveatock [osenich Inetitute, 4,P.Azricdlitiral hiversity,
lajendrannpar, 'lyderats %20 and wore 1qan? ag exparimontal
animils, Tho huffaloes wera permanently fistulated uasin- ice
baga as ruman plues, T™a animals wera kept under hygienie
conditions and in a vell ventilate! stalls with cement con=
crato flooring, T[hoy were atall fed throurhout the experi-
nental period, The four experimentsl rations were randomly
elloted to the four oxparimentul animals, All the rations
vere of ferad ad lihitum. “‘ater was always made available
in clapn huckets to each animal throughout the experimental

period,

Aftor 20«day preliminary faading pariod, the anlmals
wara harnessed vith uring hegs two days hafore the comnencom
nent of actaal collactinn for adjartment nnd a 7=dny collaction
poriod was follove? for each trinl, A 7=-day switchover pnriod

wna allowed Matwaen the collections to change the dioets,

74", sampling of l'ged an’ Fged fhesiduseg

Represertative samples of aeach o the 4 rationg were
taken every day bofore offaring to the animals and were
pooled for 7-days, ground in a laboratary wiley mill and

rreserva’ in polythene bags for subsejuent analysis. Jesides,
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ropresentative samples of untreatsd and g~ treated GWCP
vere taken for proximate and Van 3oest analysis, lepraosons
tative sanplos of rosi?ies of ench ration were collected

every day for dry mrattor estimation.

.73 Collection of “mocos an' Irine

Taccos as and when void~d were collectod carefully into
seprrate containars which vere closed with tight 1145 to pree
vent drying of tho fasces, The total quantity of fasces voide
dxring ™ hours period was weighed daily at 9,00 AV, The
fanacea collected was thorouchly mixed and a reprosentative
sample was tnlen from each animal in a hottle (approximately
800 g) und carefully carried to the laboratory ror analysis,

The total wrine volded in 24 howrs bdy individual animls
a8 moasared daily and reoprosentative samplas were taken

neparately in well stopper 4 bottlos,

3.3.4 Aliguotinz and Preservation of feecas and Urdng

a) Lggcess ior nitrogen estimation, 1/700th part of the
freces voldad ench day by individaal animal was welghed, mixes
with sufricient quantity of 26 par cent sulphuric necid and
proservad in proviously veighed air tight stoppered sample
bottlet, Mrily samples vare praservad in the snme labelled
hottles, After a 7=dny collaction poriod, the weighta of

the samples ware racorded,



For dry matier estimation an aliquot of 1/70th part was
taken into the peatridishes from the individual animals sopara.
tely and dried in a hot-air oven ovornight at 100° to 105°c.
The dried samples were pooled, ground in la%tor-tory wiley

mill and stored in polythone bapa for snhse:uent aralysis,

b) Urines Zor nitrogen estimation 1/100th part of the tof
urine voi-‘ed daily by individual animal after thorough mixing
was pipatted out in d plicuta into Kjeldahl flasks contuining
30 ml of concentrnte sdlphuric aucide The aliguots thus pooled

in the fl:aks waere maointnined soparately for s.ch animal,

3imilarly, 1/100th part of aliguot was taken in duyplicats
for mineral aestimation in silica crucibles and drisd at 100°
to 106°: dnily and saven day collections woere ndi'ad to the
snme cracitles, They were ashed in mafTle furnace and
axtrneted with hy'rochloric acld and preserved for calcium

and phoaphorus estimation,
2.2.8 B 5 I5]

The gross enargy content of the rations an' faeces were
determined using the par: adiabatic oxygen homb calorimeter
{(Series 100),

Digostible energy content of the experimental rations
were eatimated by subtracting the gross energy voided in the
frnecas from thoe gross energy consumed through feed and the
percentage of the digestible energy was calculated, Metaholis
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energy content of the rations were calcnlat~d using the

factor recommended hy “FC, 1975 (7% may he converted to MD
by multiplying hy R2:),

2.2.6 Analvticad Methods

ACAC (1970) anmlytical mothods were followod for aestimae
tion of dAry mattor, orgnic mittar, craie protain, o.her
extract an' tolal ash, iHstimrtion of caleium was Aone
accordiny to tha method of talapatra gt al. (1940), Phosphoe
rus was estimatod calorimatricully as per ACAC (1970) procedure,
The G'XPy experimental rations an! fnoces were analysed for
call fractionation usins tha procedur-s of Van ~oagt and

Yoore (196€).

34347 3tatintical Analysds

The experimental data wvere analyses according to the

methods of 3nadecor and Cochran (1967),

24548 Pgwer Consumption
The power consumption for various processing methods
was calculated as per the fornula suggestced by Teraj (1965),

3.4 MITARCLIC “RUDISS 1§ CROSSRL D CALVLY

A digestion and metaholic trial was conducted on 1?2 male
cross-trad calves (3 from each group of growth trial) to assess

the nutrient utilization of the four experimental rations when



é8

the animnls were about 700 kg weight in & completely randoe
mised hlock “esign, The partic.lars of the exporimental
animls and thoir distribhution into diffaraent groups are
given 4n Tahlae 3., A 7=day collaction wns mae as detailed

in the aforesald experiments,
34,8 LT amenTg

wenty Tour mele crosaetrod calvas waighinz on an avarage
169 kp obtained from AICIP on Cattla, Lam »rn, Gmtir were
nsa?’ for the provth stuiies, A =day fecding experiment was

conductad on thuse anirals in a comploately randomised hlock

dasic:,

Twenty Zoar male Croso=bred calves of 9 to 12 months age
were selected., [he animuls were rundomly alloted to 4 rations,
such that sach groiyp had six calves, and the average body
waighta vore similer fn ll tho grops. e particualars of
the oxperimental animals and thair distrihation into diffe-

rent groaps aray given in lnble 4,

3.5.7 lousing and Mapagemeny

Al the tventy four animnls were housed in well ventilated
$nd1vidrl pons paved vith cament conerete (without bed?ing).
The animals vere dewormed at the haginning of the axpariment,

™roughout the experimental period, healthy aurroundings am



Table 3, <cheme of diztrihution of erosse’rod calves (Vataholie stiiies)

“ypordmental retions

miml el bl ebht il el il el
104 (k) 0, (k) "0 (k) 0, {ke)

2 1% 7 10 B MW B W
3 19 9 19) moow o on
; 198 1l 3N B % D 1%
o 1% 2,00 67 20,67
Bt 2,19 3,50 B8 5,37




v - o - - L -

IR &%*9 eLte 1e°0T Eadcad®
05551 05°8sT £8°49T L1°8sT uge

124

&
1
A

81 L1 ol Tt
€51 TA S 891 11 g9l
PLT o1 Lol ot 161
81 T 15T ST Yot 5 LT
133°1 6 s 1 %18 14 L5T 8 A Y

& R
§ q
- N Mmw W

LA 61 9%1 ot o1 L 3cT

) “0;: (@) *0! ) *0j. () *0:,
Jyre;. TeCE W e TedaT Y 3yite. TRITLY 3udre:. Tewpay

4 € A 1
suollel vy .a jIodr

- - D gy O -~ - - - - > O o T — - > - - - e WAl

(507im3L Y3n0dd) ST MIUL Twjuestded: e [0 UCTITLTIISIP JO aWoyds °p oldsl



proper @leanliness were maintuined in the experimental shods.
The animals were also vaccinated aguinst comnon infectious

d1iseasas,

3.5.3 Lguddng end vatering of Animals

I'ations 1 to 4 were randomly assigned to ¢ groups of animals,
The oxparimental rations vore fed gd lihitum in individual pens,
“atar wns mnde available in clean huckets to anch animal through-
out the experimental period, The ration.s ware of farod to the
animls Aaily at 7,00 A, nnd §,00 D1 The residues left ova
was vairhed in the next mornine an® 4n this way the exact qman-
tities of “ocd consmed Aally hy each animl was recorded

throywhoat the exper imental poriod,

Tha initial average veights of the culves (averagos of
three consecutiva days) are ;iven in Tahle 4, eights of
exporimental animals woro recordod at fortnight intarvals
throughout the exp.rimental period using Avery Cattle Weigh
brifge at 8,00 A.fs hofore feeding and watering, The final
avaraga weirhts of the cnlves (avernge of three consocutive

days) are given in Tahble 48,

2,6 PIMET STMIES
A hrief outline of exparimental techninues nn' mothods of

analyses usa® in rumen atuliaes ara piven helow.
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3eCo1 Zampling of Rupmen Liguor

Lumen liquor wms collocted from ench animal for 8 days
aftar tho 7 day collection poriod of esach motaholic trial,
Tho rmen “luid anmples wvere collected hy insarting an alumi-
nim dipper, <C'ra wns tuken to scera samplas of rman incenta
from the topy mi?’le an? leoer levels an’ slseo the antorior,
medim and posterior extromiting o” tha rmen., The inrosta
werag straine? thyroarh four layers of mislin cloth and resnle
tont 11qud? was designated ws strainad r moen liquer (31L).
Ahout 100 1l of thu sumple was dravn at aach colloction into a
cloon nterile polyuhene bottlee uily 4 collocticns were madao,
tho firat hotore feoading desipgnated as '¢* hour and the other 3
after feeding, at 2 hourly intervals 1.0.y a2t 2y 4 and 8 hours
aftor feoding, Fumen liaquor samplos crare collact:) at 9,00 A,
11.00 "4’y 1s00 20''. and 3,00 P2 overy day, pllof the rumen
f1luld we daterninod imnmediately hy uasing Model Iy MHCIAT glass
aloctroda p’! moter, The ammonia nitrojen present in the rumen
liquor uns estimnto’ immedintaly «ftor colloecting tha sarple.
After ad’ing 1 ml o° satirat~d merc:xric chloride solution to
chock the micronial netivity, tha stroined rimen linuor was
stared in polythane hottlas and vara properly capped and lahel-

led and stored at suh zoro tamporature for farthar analyaes,

28,7 Apalytdeal Mothods
Kumon liquor samples vera analysed for total nitrogen

(t1iero-Kjeldahl), iCa supernatant nitrogen and 5CA insoluble



nitroren (<1line et al., 176"), rosidial nitroren, food and
protozosl nitropren (“inzh gt al., 1968) am-onia nitroren
(schuartz and c:0aman, 1964) und total volatile fatty

acids (marnat and iLeld, 1084G),

Sintistienl aalysis of the datn vas done accordilig to

the procodures of cnodecor ond Cochran (10G8).



CHAPTER 1V

Results



CHAP TR IV
Linv LT3

T4o low cost non=caraul hu~ed completa rntions wore Tornus
l:ta? asing Ary grond whola cotton plants (G 4P), a crop residue
renilting from cotton crop, untrsated or "rxa-treatad, as &8 sple
sor-e of roughage 1,0,y at 45 per cent level 1in tha total ration.
These rations were procer~ed irto mash and pallat form, The
resulting 4 rations were comparad in dirastion and metaholie
expar imants along with rumen studies using 4 mile YMurrah buf aloes
and in a grovth cum motatolic study experimont using 24 male
cross=brad calves for growth and 12 for motabolic study to
agsess the natrient digoatihility, ruamen fermentation and

grovth parformance,

T™e untreataed and 'HLJ-treated GXP wus analysed for proximats
composition mi the rasults are presented in Tahle §, The colour
of the G6ICP changad from light bhrown to dark *rown, due to
anhydrous ammonia troetment and the treatsd material was less
coarse and mora pliahle ag compared to the untreated, Annonis-
tion of 0'CP increased the total nitrogen percentare from 1,76
to 2,6F, T™e n'C before and aftor Nig-tr-atment contained
90,73 and 7,88 dry matior, 7,°1 and 16,01 crude protein,

41,82 and 39,82 erude fitre, 7,08 and 1,94 ather extract,

47,06 and 35,62 nitropgen-frae extract und 6,44 and 6,61 total ash
respectively, The calciun and phosphorus contents were 1,33 and
2,15 per cent in untreatod C.CP and 1,39 and 2.18 per cent in

NHa-treated GCP, rospact ively.



Tahle £, Chemical composition of groand whola cotton plant
(s dry haais

- - - - - oo .- o

rround whole cotton plant
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Itom

. on b Anmonia
e e ______"htr"nt d troated” —_
Dry mattar 90,73 87.88
Orpanic mat oy Kl E6 .29
Crde protoin 7.81 16,01
Sthor extract ",08 1,94
cruda fibre 41,62 39.82
Total asgh 644 Ga G
“itroren=frea extract 42,08 35,67
¥itrogen 1.76 2.66
Calelum 1,33 1,38
rPhogphorua .16 2,18
Gros~ enorgy (Mcal/k) 4,12 4,18
Yap toest Cogposition
"autral deterpgent soluhles 19,27 A3
"eutrrl detarcent fihre 80,73 76.61
“"emicallalose 23,57 0,87
Acid “oterpant fidbre E7.78 56,04
Collulose 42,93 47,79
Lignin 17,96 17,16
~4114ca 1,37 1.09

G e 0 G an s o Ten @ ap e - Sgn sw Fhem -

“ground whole cotton plant treated with anhydrous ammonia
at 3.8 lavel on dry mattor busis,



The untreanted and .'ms-treated GYCP was nlso analysed
for cell fractionations as par Van soest and !oora (1966)
and the reanlts are prosented in Table & Tho '™, "N,
ATy 'lemicellulore, cellulone, lipgnin and ash contents of
untrented 0'CP were 19,27, 80,78, 57,76, M,52, 42,93, 12,96
and 1,37 and of "L-trent~d A17P were 73,19, 76,61, 5G.04,
20,87, 47,79, 17,18 and 1,09, respactively on dry matter
hasis,

Complete rations 1 to 4 vere analysed for proximate
composition an?! cell ,ructionations, The resilts are pree=
sentcd in Tahkle G, e conplote rations 1y, 2, & and 4 con=
tained 89.30, 80,4, 88,97 rnd 83,71 dry mattery 15.69, 15,98,
16,60 and 15,94 crude proteinj 26,13, 24,81, 24,04 and B,08
ere fibraj 3,76y 3.43, 3.94 and 3,79 ather extracty 43,09,
43,44, 42,67 and 42.42 nitrogen=free extracty 12,33, 17,34,
13,78 and 13,87 total ash, respectively. Caleium and phosphorus
contents of the complete rations 1, 2, 3 and 4 vere 1,45 and
0.73, 1,38 and 0,784 1.49 and 0,80 and 1,40 and 0«70 per cent,
rospectively,

The "D3, "7, ADF, 'lemicellulose, cellulose, lignin nnd
ash contents were 43,57, 56,43, 32,838, 17,68, ™,85, 8,10 and
6,90 for ration 1} 4R,60, 51,40, 37,98, 17,45, P£.4%, 7.66 and
£,87 for ration 7} 45,74, £4.76, 27,74, 16,07, P5.44, .14 and
£,16 for ration 3 and 60,04, 49,96, 38,92, 11,04, 26,08, 7.9%4
and £,93 for ration 4, respectively.



Tahle G. Chemical compozition of complete fo:ds (% dry basis)

L X L R L T T T Y R Py Y2 " Sy S G5 er Gw 2P S8 YR W 0o gu TR D G TERS G G W PY S8 B O ST 69 Sm

sxporimental rations

Item O S W P S T S G S R P B WGP S - o g O ek e a»

1l 2 3 4
vy metter £9,30 89,24 83,97 88,71
Nrganic matter 87,67 B7.86 86,76 5,13
Crude protein 15,69 15,98 15,680 16,94
“ther axtract 3.76 3.43 Se™M 3,79
Crudg fivre "5.1:3 94.81 24.04 m.98
T{trogen=frac oxtract 43,09 43,44 42,67 42,42
TOle ash 19.33 12.34 13075 ]ch
?Titrogen 2.E1 R.56 5?.50 2.5E
Calcium 1.4€ 1.36 1.49 1.40
Phosphoras 0,73 0.78 0,80 0,70
Grons aenergy (l‘cal/ksg) 3,98 4,02 4,00 4,01

tautral detergant solubles 43,67 48,60 46.2¢ 50,04
'eutral detergent fibre £5,43 51.40 £4,76 49,98

lomicellulose 17.88 12.46 16,02 11,04
Acid dagtergant fibre 38,88 38,98 38,74 38,92
Cellulose 24,85 26,42 26,44 26,08
Lignin 8.10 7.66 B.14 7.94

51l4ca 5,90 E.87 £.16 5.93

- - e e o g0 BB s 0 we Beus Wun S,
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4,1 "ULK DEMTSITING QU TRED I'0ROIINTT AN OYPIRTM MTAL BATI0NS

The *ulk Aenaities of foed {ngradients an’ axparimental
rations are presantad in Tnkle 7, Tha hilk density o feed
inpreddents used in the formilntion of the experimental rations
runged from 6.9 to 28 kg/cft, ‘The Yensities of the processed
g perimental ratios were 0,0, 14,7, 9,9 an? 16,0 f'or the rations

1, 7y 3 und 4, respectivoly,
4.2 CUsT BCUICMICS

The data on the coat ol processing of the experimantal rations
A19 riven in Mhle B, Total power consumed per two shifts of
oight howrs ench was 348,80, E31,%0, 370,00 ¢ £53,63 ¥ for
processins of rations 1, 7, 3 and 4, raspoectively, Tatual cost
0! energy rer ¢y was Rg,166,06, 23,04, 166,77 :nd ™M0,08 ror

the ratiorg 1,2, 3 n'! 4, respactively,

Avar-ga proceasing coat for varlois conpl te “eeds containing
45 por cent ry pgro.n? whole cotton plants was cilculated bhased
on two shifta of eirht hors each for 300 workineg Juys per year,
\verage production of p>’lat mill of pilot plant vas recorded as
400 and 475 kg/hr for rations 2 and 4, respe tively., 7Tot:l pro-
cessing cost was Rs,9,"l, 17,82, A,P1 and 16,97 por quintal “or

rations 1, 2, 3 anl 4, respectively.

The data on the tot.l cost of oxperimental rutions are

presented in Ttle 9, The axisting market prices wera .sed



Takle 7, 7ulk densitlos of ‘eed ingraedients and exper imental

rations
In;redents (kg/eft)
Ground whole cotton plant (untreat:d) 5.9
Ground whole cotton plant (Ammonia treated) 6.2
Groundnut cake 1G,.8
Theat hran 8.2
Eice polishings 12,5
rea 0,0
Mineral mixt we 75,0

Lxperimne ntal rations

1 (Mash) 9.0
2 (Prellet) 14.2
3 (Mash) 9,9
4 (Pellet) 16,0

- O o v o - - PG e g S 2 PO EP WSS PR P A S5 B G0 0 b = w W G ah G B W S SO 00 O 4D



Table 8, Processing cost of experimental rations

TersRaPassser e e neane

siporimental rutions
Ita 1 2 3 4
1 Direct gharges
% Q)Gratu (M) i Ls.?[l/- wr day {154) 40,00 40,00 40,00 0,00
3, Labour (adx) 7 Be,10/e par day (1s) 60,00 60400 60,00 60,00
4. Cost of diesel 3 -5,3,16/1itra (15,) - 4689 . 468, %
IT Mxed costs* k3T R A RCURB: ¢ e B . ) X
111, 1, Total expenditure/day (Mraet charpes ¢ fred
costs) (Ts,) 80,7 L1041 59,00 1,1%0,38
2, Production/duy for 2 shifts (cudntda) 64,00 04,00 6,00 63,00
¢o Processing cost/autntal (1s,) %1 18 A 16,92
* flied oty
1, Doprecieticn en huildiny and machinary
8) Depreciation 2 €. por year on 1,00 lakh on civil vorks for 1 year (is,) §,000,00
b) Depraclation «# 10, per year on 3.E lakhs on plant michingry (Ls,) 3,000,00
2, Interest ./ 10: per year on hlock fnvestment (K.4.€ lakhs) per year (is,) 45,000,00
3¢ Insurance 7 0,6, pe- year (i) 270,00
4, "aintenance ) £5,1y000/- par nonth(total par year of 00 vorkdry days) (s,) 12,000,00
Total per yeor of 300 working days (1s.) 99,70,00

Fxed costs per day (%s,) 312.3%



Tahle 9, Cost of axperirentel rations

T ""-'.‘;m;;'i”ﬂ".tﬂl rsttions—
Tt i R S

- meemmnseannaconns mressrereeresseeaneses
‘tole eotton plant {untraated) 19,00 0 M e .
‘mole eotton plant (emronts treated” E0,50 « . MT oam
aroundnut cuke 170,00 1700 12,07 17,00 17,00
haut hran 90,00 S0 000 8,00 000
ke polishings 62,00 10,06 1.0 1208 12,03
Urea %000 Jofd L . .
Molnsses 177 L9 L La LA
"inoral wist e 190,00 LY L& LA LY
Coron salt 40,00 060 0D 06T 6,9
covind/k("itindy Cosgrlasent) 161,00 161 LA L& Ll
Procensing eost/  ubnéul %1 1787 8.8 16,®»

“ote] eost/nutntal 60,8 6047 7509 &,

¢ Cpst of ahyirons areande, 8. 11.00/k,



for calelating the cost of rations, Tha cost per quintal
of rations 1, ®, ? and 4 vns 1:9,60,91, 69,47, 75,09 nn® &,D,

respecti-ely, inclisive of processin- cost,
4,3 DIGECINTIIMIY ATID MOTATOLIC AT DTN TV I ALOES
4.3,1 un i 1 ake

An average dully dry matter int ke of G472y 6,07, 7.58
and 7,70 kg vere racordaed by tho lturrah haffaloes fed rations 1,
?y 3 and 4, rospactively, e averasa total dry matter cone
smption per 100 kg hody weight recorded in this experiment
(M*le 10) was ".44, .49, 771 and 2,76 kg for hufialoes
fad rations 1, 7, 3 and 4, raospectively, The dry matter
conaumption was higher (™ 0,08) arong the sninals fed
rations containin: '!‘%—trmtod F'CP than the rations cone
tainad mtreatod 4 CP hut pelloting had no of'ect on dry

mattor consmption,

4,7,” Dpy vattor Nipesti-ility

Pry matter digestitility coefficients of the Murrah
buffaloes are presaented in Mhle 11, The average Ary matter
digoation coefficients recorded for rations 1, 2, 3 and 4 were
66433 4 0,68y 5R31 & 0471y 64,76 1 0,24 and 66,16 ¢ 0.13 per
cent, respectively. The differences in dry matter digostibilit

coeff'iciants recorded among tha four troatment groups were

highly signifieant (p/ 0.01),
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Table 10, Dry matter intake hy the Murrah hu“raloes as afrocted
by difterent rutions

. Dry matter
Ration Abimal woight ’1’,‘;{413‘; 3;; intake/100 kg
"0 body weight
kg
1 1 27,0 5.60 2,61
P 26,6 B4ED 2,68
3 298,85 7,78 2,44
4 380,0 8,40 2,921
Yann "79.5 6.79 ?0448‘
To et 0,69 0.08
n 1 29,0 5,58 0,50
n 6,5 B.30 0,48
3 noR, & 7.8 2,47
4 3P0,0 9,73 2,66
Moan 70,5 6,97 2,408
“oTet 1,02 0.03
3 1 27,0 6,02 7,70
o "1G.8 £,89 2,77
3 08 & 7,18 n,74
4 370,0 10,22 2,69
ean 0706 58 n,71P
Seived, 2600 0.01
4 1 27,0 6,40 2,87
2 216,86 £.,69 2,63
3 208,65 8,42 2,82
4 380,0 10,30 2,1
1aan 79,8 7.70 2,76P
8.3;.4_» 1004 0085

ayh - valaes with different sup-:rseripts differ asignificantly

Analysic of varinnce of dry matter intake por 100 kg hody weight

Jourca of variation a.f. Te M. e o
Animnls 3 0,07 0,007 0.47
Fations 3 0.31 0,103 6.87"
Perioda 3 0,02 0,007 0.47
Ltrror 6 0,09 0,015

Total 1& 0.44

* significant at B level,



Table 1ll. Averare dry mattor intake, outgo an' dig stihility in
Murrah huf:nlocs as affectod hy dAifrerant rations

hation Animal Intake output Mposted  Dizestihility
M

O in faeces coefficient
ke ()

1 1l £,C0 2,52 3,08 55,00
2 .69 DB 3,09 65,78
3 7.79 3,10 4.18 §7,42
4 .40 3,80 4,84 £7.87
“ann 6,72 86,338
'}.L‘;._'.'_ 0.69 0‘69

2 l E.E8 2,37 3.21 57,63
2 £,30 2.28 3,03 56,98
3 7.285 U401 4,24 5%.48
4 .7 J.87 £.86 0B
Moan G o7 E8,31b
i» 1’;01 1 002 0071

3 1l 6,07 2,14 3.88 64.46
2 5,89 2,14 3.75 3,67
a 8,18 2,88 £¢30 64.79
4 17,22 3.67 G B8 4,09
¥oan 7,68 64,26
'-'.“oi 2,03 0.

4 1 6,40 2,16 4,™ 65476
2 £.89 1.91 :é.'gg gg.g
a 2,42 2,88 . Se
4 10,30 3.49 68,81 66'126
Hean 7.% 66,158
Teter 1,04 o.}a

;,h,c,d - va;.uos with diff'm';nt superscripts differ significantly.

tnalyeis of variance of dry mtter dipastihility coafficiants

LI 2 T2 Ty Tl g

jource of variation 3.5, Fe e M3 b
Animal 3 £.42 1.8 3,85
E:t?aon: 3 263 ,E6 87,85 186,92"*
Pol‘iﬁs 3 4.47 1149 3.17
LIror 6 2.83 0.47

Total 16 76,28

0 P 40 o > 20 @0 0 w0 Wm wr 2 o WP v W0y w0

*+ qignificant at 1’ level.



4.3.3 sxgﬂ')!c t'astﬂ f)‘ogq&‘h!l::z

Avera~o orpanic matter disastihility data of the Murrah
haf’alogs arg riven in Tahkle 17, Avernsa daily organic mntter
intakes wera £,R9, .11, 5,52 and (.63 kg with rations 1, 2,

3 and 4, respectively, Avaruge organie mattor dirontihility
coefiicients wera £7,78 4 0,64, £9,60 4 0,73, 66,91 + 0,49 and
67,75 ¢ 0,33 por cent among the eninuls fed rutlons 1, 2, 3

nnd 4, respactively. There wms a siznificant diffaerence (P/0.01)
in orpanic matter digoestihility amon; the four troatment proups
Palloting and Tietreatment of G'CP incronsad orpanic matter

digoat ihildty,

4.,3.4 Crude Frotein Ninestihility

M1ily average cride protein intake, oatgo in freces and
dipostinility coo® iclanta with the Murrnh Wuffaloss are ree
corded in T™ahle 13, 4n averara crade protein intoke of 1,08,
1,11, 1,18 and 1,73 kg vith an average digestion coe”ficients
63,99 &+ 0,36y 66,70 & 0,94 , 62,10 & 0.49 and 63,89 3 0,44
per cant wera rocorded among the experimental animals fed
rations 1, 2, 3 and 4, rospactively. Crade protein ¢ijosti-
bility coofficiants recorded among the four rations were

significantly (p/ 0.06) difterent,

4.3.6 Cryde Fibre Direatdbility

naily avera;e crude fibre inteke, outgo in faeces and

digestihility coofficients data are proeasanted in Table 14.



Table 12, Organic matter digestibility in Murrah buffaloes
as affectod hy du:erent rationsg

€ A O OIS IS o o GRS Sn WGP 4% du an %8 g B SPyn -

kation m$u Intake ,O1PPUL 4y oaeq Plgestibility

. in faaces coef{' icient
_ > kg (2
1l 1 4,91 2,10 .79 88,82
2 4.9 2,13 2:.77 86,83
3 6,38 P.63 375 £8,78
4 7.36 3402 4,34 58,97
1aan .59 57,788
'30150:_ Oom 0064
2 1l 4,89 2.02 2.7 £&,69
2 4,85 1,92 ?. 4 £8.71
a 4,36 .57 3,79 £9,59
4 R 82 3,76 5.9.7 61,78
Mean 8,11 £0,69%
e i 0.99 0,73
3 1 £.19 1,76 ?!.43 66,09
o £,08 1.77 3.31 66,16
3 7.08 2,31 4,74 67.783
4 29824 § 3.07 8,74 65,18
Mean 6.53 66,01°
Yo Link 0,88 0.49
4 1 5.61 1.75 J.76 68,24
2 4.9 1.59 3.31 07.58
a ?.26 2.40 4.86 66,90
4 8.87 2.8 6,06 68,32
1fean 6.63 67,752
Se ;0!. Oom 0 33

- 0 en enan

2 ybyCyb « valuos with differant suparacripts dif for qigniﬁcantly

Analytis of variance of organic mettor dlzastihility

3ource of vnrintion defe Te e M. ?
Animals 3 E,80 183 1,87
Lations 3 m: 36 nl2 80,44
Pariods 3 3,51 1,08 1,02
srror 6 €,17 1.03

*+ cfenificant at 1% level,
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Tarle 13, Crde protein digoastihility coofficients in the
Murrah haf aloes ag affected 4y the Aiferent rations

Ration Animnl Intake Cutput Di;-'ested r‘-lg&)ﬂti“i}.ity

0. in faeces confficiant
k7, ()
1l 1 0.80 0.31 0.87 G477
n NP8 0,32 CeS6 63,64
2 1.1¢ 0442 0.72 63.18
4 1,59 0,47 Q488 4,39
Maan 1006 63.99a
‘;hui ﬂ.ll 0el38
2 1l 0.89 0.30 059 6ta 29
2 0.86 0.31 0.64 8 ¢ B8
3 1.16 0.,38 0.78 67,4
4 1,88 0.E0 1.08 67.74
"oan .11 66, 0P
n.ifut_ 0.18 e
3 1l 0,94 036 0.59 62,77
2 0.97 0e34 0.68 63,04
3 1.8 0650 0.78 60,94
4 1.59 0.01 0.98 61,64
Yean 1,18 2,102
o led, 0.16 Ce49
4 1l 1,02 0,36 0.66 4,71
o 0.91 0.34 0,57 67,64
3 1,74 0,48 0.58 54,18
4 1.8 0.89 1,08 64,02
Mean 1,78 63,80%
Teied 0.18 0,44

P O U P P OF TS D AP S P P OV TR VR U WS P W D P D W AR P SY OD B U Y O R A R o 0 O - 0 4P S W S8 W U 45 0 0 o Wigy

a,b « values vith Aiffarent quperqcrlptq diffor significantly,

inalysis of variance of crude protein dig stihility coefficients

PP 4 W A 4 Ny 98 W5 B B o 0P O B0

D 0 o - L

Source of variation Aefs Selle Mo te 3
Animils 3 6.19 1.7 1,19
ﬁﬂti&ls 3 327 10.90 7.82¢
Pariods 3 333 L1 0,77
srror 8 8.69 1.45

Total 18 49,92

* 5i-nifdcant at 5% levol.



Table 14, Cruvde fidro Aig-atihility cooffieients in the
Murreh buf 'aloes ns affacted hy dif 'arent rations

- bae LT T Y g Y Y e - e W bt L L LT T ] ]

Lation Animal  y.eape  Cutpat Digested Digetibility

10e in fagqces coei‘i‘ip ient
- kg ()
1 1 l.41 0.71 0,70 49,66
2 1.40 0.7 0.70 50.00
3 1,8 0.92 0.91 49,73
4 2,11 1.09 1.02 48.34
Mean 1,69 49,43%
'3.@-: 0.17 0.37
2 d 1.38 0.,% 0.68 49,28
2 1.31 0,69 0.682 47.33
a 1.0 0,94 0.88 47.78
4 2‘41 1. "’5 1. 16 QR. m
Maan 1,73 48,13%
’}":.3‘. 0.25 0.42
3 1 1.45% 0,62 0.83 64,14
b4 1.47 0.50 0,90 63,38
3 1.97 0,89 1.78 64,97
4 2,48 0.85 1.61 66,485
Moan 1,83 64.49P
Setleg 0478 0.48
4 1 1.8 0.54 0.99 64,71
2 1.36 0.51 0,85 62,50
3 2,02 0.74 1.28 63,37
4 2.47 0.9 1.E6 63,16
Haan 1.86 w.“b
S.L‘;.z 0.25 0046

- s asa o onan - W - e D P B S e

8,b = values with dif “erent superscripts differ significantly,

Analysis of variance of crude fitre digostihility coeif icients

L 2 T T L T T 1 g

Source of variation Aefe e Se Mo e r
Animals 3 2.69 Oom 1'34
Rations a 9727.32 309,11 461,36*"
Periods 3 2,10 0,70 1.04
Error (5] 4,08 0.67

Total 15 90B6.14

" significant at 1% level.
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Average crule finre intakes were 1,69, 1,73, 1,83 and 1,85 kg
vith an average digestion coefficients of 40,43 4 0,37, 48,13
4 0.42, 64.49 3 0.46 an? 63,44 1 0,46 per cent with the rations
1y 2y 3 and 4, roapectivaly, ™he digetibility coefficients
were aipni“ieantly hirher (n/ 0,01) in rations 3 and 4 con=
taining Tigetreated G'CP than rations 1 an? 2 eontaining
untreated 4P,

4,3,6 jther Extract Digestivility

ither extract digostibility data aro present:d in Table 1§.
An averuge daily intakes of 0.2E, 0.24, 0,30 and 0,29 kg and an
average digesticn coeflicients of 83,13 ¢ l.14, 84,10 ¢ 0.31,
B3.83 4 0,83 and 84.68 3 0,63 per cemt were recorded in the
Murreh buffaloes which raceived rations 1, 2, 3 end 4, res=
pectivaly, iither extract dipestihility cooefficiaents recorded
among the four trentment groups vore not significantly diffe-

rent.

4.3.7 Hitrogen=-free lxtract Dizgativility

Digaeatinvility data of nitrogen=free extract of the four
exper imental rations in huf mloes are presented in Tahle 16,
Average daily intakes were 2,90, 3,03, 3,28 and 3,27 kg with
an average digeation coe ficients of £8,19 ¢ 1.80, 61,87 ¢ 1,33,
66,35 + 1,11 and 70,10 0,84 per cent anong the rations 1, 2,
3 and 4, respectively., itrogen-free extract digestibility
coefficients recorded among the four treatment ;Troups were
signiricantly different (P 0.01).
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Tetle 18. ther extract digestibility coefficients in the
Hurrah baffaloes as affected by different rations

L X 1 ] L J - e e "y B SO en S GRER U 4B S8 0

Ration Animal Intake Output Mpestod Dipastihility

"0 in faeces coefficient
(4)
1 1l 0.M 0,03 0.18 85,71
? 0.7 0.04 0.17 B0 96
3 0.27 0,056 0,20 81,49
4 0437 0,08 0.™M 84,28
Maan 0,7F 83,13
’;. ’2.1 0003 1. 14
] 1 0.19 0.03 0.16 B4,21
2 0.18 0,03 0,15 g3,33
3 0,25 0.04 0.21 84,00
4 0.33 0,086 0,78 A4 ,88
Me&n 0.7 84010
’.3.: 0.03 0.31
3 1l 0.2 0.04 0.20 83,33
2 0.8 0.04 0,19 82,61
3 0432 0.0 0.27 .38
4 0,40 0,06 0.34 BE,00
Mean 04,30 8,83
I JIO"r 0.04 0053
4 1l 0.2 0,04 0.2 83,33
4] 0.22 0,03 0.19 86,37
3 0.32 0,05 0.27 84,38
4 0,39 0.08 0,33 83,62
Haon 0.7 84.68
f‘).:‘:.z. 0.04 0.63

Annlyais of variance of othor extrnet dimastinhllity coofficlents

source of wirintion defe Telle MeSe F
Animals 3 4, 1.67 04584,
Rations 3 4,8 1.64 0,58
Paeriods 3 2.88 0.95 0,33
Total 15 29,99

- e e Phaw o

FrY T ey L L DL LD ol doddad

S « Non significant,
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Tanle 16, "itrogen=froo oxtract dirastihility in the “urrsh
buf nloes as a’ gcted hy differont rations

- e AP e o W ou e o -

- o OB 40 S B b S 6 0O g 8P

Animal Cutput - Mgostibility
Hation 0, Intako in faages DJiACSted cm-"’(’!;’ient

o ENED AT U S NS S GT U M AN S D RS A S0 ISP BP.E8 S5 BN A P S B e B G S P S O e G D G B G B SO e O D o B G G S O o D U G O e G

1 1l 2.41 1.07 1,34 88,60
n a4l 1.07 1.34 66400
3 3.14 1.7 1,90 60,81
4 3,67 1,41 I} 01,06
Yoan ng 58.198
e ».1 ng 1050
o 1l 242 0,99 1.43 50,09
” 2,30 0,30 l.41 61,30
3 3.18 1.7 1,94 01,69
4 4,70 1,46 2,77 6F,.,4R
toan 3,03 6l.87Y
Teled 0Ood4 1,23
3 l DE7 0.8E 1,79 6.0
o nED 0.,R9 1.63 64,60
3 7,48 1,07 2,4) 69, 76
4 4,77 1,58 2,82 64,53
Yean 3,70 6G,35¢
"'o:»‘u: 0.44 1011
4 1 2,71 0,7 1,9 .11
n 2,41 0,71 1,70 70.64
a J.E7 1,13 Nedd 67,38
4 4,27 1,986 3.12 71.40
Maan 3,27 .10
Jevet 0444 0.64

ashycyd = valuos with different superscripts diffor significantl

Annlysis of variance of nitrogonefreo axtr.ct digestihility
coolt'icionts

S‘Q?ITCG Df Vﬂriﬂtion doi‘o Nelle 1ee I

3 21,3 7431 L7,
ntions 3 87,80 100,06 96,62
Pel‘lods 3 m.ﬁl 6087 1.62
Srror G 765,40 4,3
Totnl 15 391, &

#¢ 54pnificant at 1/ level,



4.3, h‘ngzivl[ ")1 "C'GE 1’31] 1 ;:[

The aversze dntike, outgo and digastibility of energy
in Murrah buffuloes are presentud in Table 17. An avarage
intake of 7G,74, 78,00, 30,31 and 30,89 'lcal with an average
dignation confficlents of GO,54 4 0,60, G2,60 4 0.8, 65,54 %
0.EZ and 67,27 & 0,28 por cant wore rcecorled anong the rations
1, 2 2 and 4, respoctivoly, Thero were sipnificant (P/ 0.01)
differences in enarcy digoctihility coefficients amon+ tha

four exparirontnl proups,

7«0 “aytral netargzent <olutrles ('Mi= ¢ a) T

Dnily avorarze intuke, ounteo in faecos nnd dizestirility
of "D of the Marrah ha'faloas are siven in Wbdble 18, An
averapo daily intake o 2,93, .39, 3,43 and 3,85 kg and an
averaze dige-tihility of 60,96 ¢ 1.8, 70,00 ¢ 1.36y 73490 ¢
1.11 and 77,62 4 0,36 por cent ucre recordad in the esparimens
tnl animls racelving rations 1, 2, J and 4, raespactively.

s dicest ihility coofiiclents rucorded among the fowr treate
mont groups were significantly differant (r/ 0.01).

4,3,10 i?é‘éﬁ?ﬁ Detergent  dbre (Mr-gql) wall congtitionta)

nirertihility of I of the feur rations ore proesantod in
Takle 10, 4An averepe 'YV Antuko of 2478, 3,51, 4,18 ant J.8BE kg
with an average dipgestion confficinnts of 46,79 g 0,33, 46,36 ¢
0.18, £G,7P & O.ER and £4,77 ¢ 0,46 per cent were recorded

among the Murrah buffaloes fed rations 1,7,3 and 4, respec
-+  ctscse4abe nanffinianta recorded among the



Table 17, Avernge energy intake, outgo and digestibility in
Murrah huffaloea as affested hy the different rations

Ration Animal  Intnke Cutp W  nypeated  Percenta
*10, in faoces dineat
Meoal
1l l 22,29 8,83 13,45 60,39
n on, 05 9,14 13,11 &R, 92
3 28,97 11,12 17.85 61,62
4 33,40 12,96 20,47 6l1.8
Mean 28,7 60,548
S. A:.i 2. . o. w
2 1 27,43 8,62 13,01 62,02
2 21,31 7.98 13,33 62,56
3 29,14 10,81 18,33 62,90
-3 30,11 14.40 24,7 63,18
Mean 28,00 62,66
i)l ll.: 4.09 0.?45
3 1l 24,08 8,64 16,44 64,12
2 3,56 7.84 15,72 G672
3 32,72 11.1° 21,60 66.01
4 40,88 14.18 26,70 66,31
Mean 30,31 86.64°
Se u.* 40 0.55
4 l 25,66 8.67 17.14 66,80
2] 27,89 7.50 15,32 67,13
3 33,76 10,76 1,00 83.12
4 41,30 13,.4¢€ 7,85 a7.42
‘‘en 30.89 67.37"
Se Jot_ 4,17 0. 78

D O S o 20 W w o 00 @ Tep ap 00 O S B o

ayhyc,yd - values with different superscripts difier upniricantly.

Analysis of variance of Adigestihility of energy

Source of variation d.f. Te e MG P
Animals 3 .7 1,32 2,%,
Fations 3 109,96 36,66 62,12"°
Periods 3 2.19 0.73 1.
Lrror 6 3.81 0.89

Total 15 119,62

*+ significant at 1s level.



o

Tahle 18, “eutral detergent soluhles (cell contents) digestihi~

11ty in the Murrah huffaloes as affacted hy different
rations

- ww Ererer Sures Whes Sigy. - an -

Ration Animal Intake Output Moasted  NMgeatihility

"0, in freces coa’ficlent
ke 9]
1l 1 2,44 0,80 1.64 67.21
o 2,44 0,87 1.6” 66,39
3 3.18 0.85 2,33 7,
4 3,66 0,99 2,67 72,96
Moan 2,90 69,962
-‘.;‘ li.t 0.30 1.&
2 b 2,71 0.8 1.9 70.11
2 2.68 0.78 l.80 69,77
3 3.2 0,97 2.8E 72.44
4 4.73 1.15 3468 76,69
Moan  3.39 72,00
Je I‘n‘& 0-49 1.35
3 1l 2,73 0,70 2,03 74.36
o 2,66 0.78 1,88 70,68
3 3,7 0.90 280 76,68
4 1,62 1,16 3,46 74.89
Hoean 3 043 73 .mb
’:. .r':.t. 0.46 1. 11
4 1 3. 0.70 P50 78,13
2 2,86 0.684 .71 .54
3 4,21 0. 3.98 77.91
4 5,18 1.7 3.9 7G50
Mean 3,88 77.50°
Seilet 0482 04368

e - - e -a

8,ybyC = values with difforeni superacripts difrer sigrificantly,

Analysis of variance oV cell contents digoestihility coe”“icients

source of -ariation d.f Be3s Me3e ¥

»
Animals 3 43,26 14.42 E.46
Rations 3 12.16 41.38 15,68"*
Lrror 6 16.81 2,64
Total 1E 203,00

* significant at 5% level.
*+ gignificant at 1l level,



Table 19, Meutral detergent fibre (cell wall constituents) digesti-
blﬁty in the Murrah bafaloes as affectsd by different
rations

- - - e e o w - 0o . -

hation Animal Intake Qutput Digosted Digast ibility

04 in fagcoes coaf ficlent
kg ()
1l l 3.16 1,72 l.44 46.57
2 3.18 1.68 1,47 46,67
3 4,10 2,28 1,85 45,12
4 4,74 2,57 .17 45,78
Maan 3.79 46,798
Seilet 0439 0,33
2 1 7,87 1,86 1,01 46,64
2 2,7 1,60 1,202 44,86
3 .7 2,04 1.69 45,31
4 .60 2.72 2.28 46,60
¥oan 3.E7 45,368
9.{‘:.1 0.5? 0018
3 1l 3,79 1.44 1,88 86,23
2 3.7 1,368 1.87 £7.89
3 4.48 1,97 2,61 EE A0
4 5.60 2.1 3,09 £5,18
Mean  4,1F £6,28Y
H..‘,ﬁ.-_"_ 0.56 0.58
4 1l 3.2 1.46 1.74 54,38
2 2. 84 1,27 1,87 86,28
3 4.7 1,96 0426 83,68
4 5.16 2-:‘4’8 2087 55.73
Mean 3.88 54.7'7"
S.EQ: 0.62 0.46

hadad e b

aydb - values with difCerent superseripts differ significantly.

Analysis of variance of neutral detergent fibre digastibility
coof ficients

[

Jource of variation d.T, 3¢ 3 He Se r
Anm‘ 3 2.% 0.97 1015
Hations 3 401,70 133,74  159,2**
Periods 3 0,728 0,09 0.11
Error G 5005 0.%4

Total 15 409,48

. signifts;nt at 1£ level,



4.3.11 Jemicellulose Direstinilfty

The nvera @ homicellulose digestihility data of the
Murrah buf aloes are ziven in Mhle 20, An avera-e daily
hemicellulose intakes of 1.18, 0.87, 1,22 and 0.86 kg and an
aver:iie dizastihility coafricients ol GUL.77 3 0433, 62,13 ¢
0,27y 66,67 4 0,40 und 67,96 + 0,80 por cent were recorded
amon;: the buf'frloes fed rations 1, 2, 3 and 4, rospactively.
Tha d1fferencas in hemicellulose dipest ithilivy coafficients
recorlad amonp tha four trentment proups vere highly algnifi.

cant (p/ 0,01),

4,3.17

Avari~a AY 4intake, outro Aand digactihility coof "lclents
data are proaent d in Whla 21, An averare ADV intakes of
2,61y, ?,71, 2,94 and 2,00 kg vith an avarage Aiz-stion coeffie
clents of 17,03 & 0,77, 19,92 2 0,77, E1,80 & 0,69 an? 51,07 4
0,62 per cent were recordad with the rations 1, 2, 3 and 4,
respactively, »igestihility cooft'icients were higher (P/0.0l1)
in rations 3 and 4 containing ?Ylla-tree\tad 3UP than in rations

1 and 2 containin; untruoated G TP

4.3,13 Gallulose DAsestibility

Dipastibility of cellulose of tha four arparinental rations
are prasentod in Tahle 77, Daily intokes of 1,87y 1.77, 1.9
and 1,8 kg with an averace digaostion coafficlents of 59,70 4
0,30, 60,056 3 0,05, 73,17 & 0,97 and 72,38 ¢ 1.10 par cent
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Tarle "0, Hemicellalosu ri;;g-tihility in tho Murrah hurfaloes
an af ‘ectad by (1 arent rations

Fation Animal Intnko Gatpat Mrestod  Digestihility
"0e in faeces cooefIicdant
ke «H

l 1 0.98 0.8 0.60 81,922
a 0.98 0,38 0e60 Gl ??
a 1. el 0.76 69484
4 1.48 (. &R 0,0 ane 21
Moan 1,18 60,778
e ’:o:. 0.12 0.33

o l 0.70 0.78 0.44 67,86
" 0,66 0.,"¢ 0,41 8%, 17
3 0,01 0.8 0.56 6l.84
4 1.7l 0,46 0.7% 61,90
Moan 0,87 87,11
PRI S I 0e™

3 1l 0,98 0,31 0,85 67.71
2 0,95 0,37 0,67 06,32
3 1,711 044 0,87 €0 481
4 1.34 0.6 1.08 GE.B5
Moan 1,22 60457°
f:.u.x O.lG 0-40

4 1 071 0.22 0,49 604,01
7] 0,63 0.71 042 86,67
3 0«13 030 0463 6774
4 1.14 0,36 0.78 68.42
Hoean 0085 m.md
;.“,.t. 0.11 o.m

ayhycyd = valags ith 1irTerent suporseripts dif’or significantly.

Annlysis of varirnce of hemicollulosa "ipentihility coaf“icionts

“ource of vorintion el Ge e He'le T
Aniﬁﬂlﬂ a 4.07 1.36 S.M"
Fations 3 147,R% 47,63 113,40
Poriods a 0.54 0-18 0.43
Error 8 2,49 0442

Total 18 147,98

v cignificant at 1 lovel,
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Table 21, Aeld detergont fihre digestihility in the Murrah
buf'nlpas rs AT ected hy diffarent rations

- -

- G O R W O S S

lation Animal Intake cutput Mroated Direatinility

"o, in faecesn coafficient
ke )
1l l 2,18 1,34 C.f4 3R.83
4 7,17 1,30 0,87 40,09
3 .83 1.74 1,09 3P, 62
4 3.7 1.99 1.7 31,95
Mean 2,61 39,032
.}o‘L‘JoL 0.27 0137
2 1l 2.17 1.30 0.87 390,01
2 2.006 1.26 0.8 30,32
3 2,872 1.69 1.13 40,07
4 3,79 2.9 1.63 40 .37
Moan n,71 39,0M8
Taliek 0.40 0.?2
3 1l 2,35 1.1 1,0 61,80
2 2,28 1.06 1.22 83,51
8 3.17 1.“ 1.@ 51.42
4 3,96 1,95 2,01 80,76
vonn 0,04 51,80"
Je'ie 0.40 0,59
4 1 2,49 l.™ 1.2 50,0
2 2,7 1,08 1.18 En,04
3 3.% 1.65 1.63 49.m
4 4,01 1.22 2,09 52.12
Moan 3,00 51,020
JeTex 0.41 0,62

ayh = values vith ru“f‘ez'ent s'xparqcriptq d4ffar qipnii‘icwﬂtly.

Analysis of variance of acid datargent fitre disestihility
coefficients

- - - - e D D N @ R ep Sb @R EB WS

source of vurL tion d.7, JeSe Me e P
Animnls 3 4,32 l.44 1.32
Rations 3 579.60  190.86  176,10""
Paoriods 3 0.7 0,09 0,08
Irror a8 6.84 1.09

Botnl 16 £83.,7

.~ “ignificant at 17 laval.



Table 22, Cellulose dig: amil«ilitj in tho 'urrah bhuffiloes as
aftectsd by dif¢arent rations

- OF U U5 B0 W U0 W G5 G5 85 P 4k 4 o G4 U5 B Gub B AV S5 B S0 U0 05 SU R on B P O Be S 00 BB W0 05 o Un B 0 B B0 4 i B0 e P 4ay @0 B 4o Be B 00 4D B0 DO

Ration Animal Intake Catput Nis ested Digeatihility
04 in fuoecas coefficiant
keer ()
1l 1l 1,39 0,87 0,82 58,909
n 1,39 0,88 0.4 G043
a 1.21 0,7 1,08 83,67
4 Q.OQ 0.84 1.",«“ 50.81
"1(}8“ 1.67 59.78a
‘10301 0el17 0.30
2 1l 1.4 0,87 0,88 59,88
& 1,76 C.BE 0,80 £9,%
3 1.7 0,73 .11 80,33
4 2.47 0,97 1,80 60.73
Yean 1,77 67,068
r;.;.i 0126 0.05
3 1 1,83 0.42 1.11 72.E8
n 1,50 0.26 1.14 76400
3 92,08 0,87 1,81 72,60
4 260 0.74 1,86 71.54
Moan 1,98 75,17°
:;..:.z 0.% 0097
4 1 l.w 0.45 1.15 71.&
2 1.43 0.36 1,07 74,83
3 2,11 0.61 1.50 71.09
4 2,898 0,63 1,98 75.58
HMoan 1,90 ?34,36Y
"‘,.".t 0.7 1.10

a4h » valuas - ith diffsrent f'uparﬂcripts iif*er significantly.

Analyaia or vartance of colllore digoitinility coolfficlants

Iource of variation Tel'e Se e Mo Te o

3 3,30 .87 0,98
Phtione 3 75,40 0n.47 79.49"*
Pariods 3 1.43 0.4R 0,18
Errer 6 19,07 3,00
Total 15 747,48

ke "lsvnificant at 1 level,
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vere rocorded vwith tha rations 1, 7, 2 and 4, reapectively,
Tigastihility ecefficiets vore hisher (P/ 0.01) in rations 3
and 4 containine Tigmtreated G'CP than in rations 1 and 2 cone

tai~i{ng 'introated o'CP,

4.3.14 Lignin D eotibility

Averune lignin digestihility data are given 4n Mhle 23,
/verage dadly lignin intnkes uere 0,64, 0.64, 0.62 und 0,62 kg
and average lignin digestinility coofficients vare $.94 3 14,07,
3467 ¢ 0446y 17.76 4, 0437 und 18,33 ¢ 0,62 par cent arong
hafalons fod rotions 1y 2y 3 and 4y respoctively. Taere was
a 9ignilficant d4irforence (P/ 0.,01) in the lignin digestibility.
emong the four rations, Am-cnia trentment of 4°CP sliniricantly

incraased 1irnin dipostinility,

4.3015 %E!!ce qt'ldieﬂ

4,3,18,1 Mitronen talancas Tata on averso intnke, outgo and
ratention of nitroren are ri en in Mble ™M, The average dally
intnkes wera 169,61, 177,06, 189,44 and 196,47 g with rations
1, 2,  and 4, ruapectively, All the Murruh bu°faloes were

in positive nitrogen halance, ihe average daily positive
nitrogen balances ware 43,16 ¢ 4441y 4Be36 & 749y 80400 g
7,63 and 04,54 2 9,66 g among the groups fed rations 1y 2, 3
and 4, rospectively. Thore vrs significant 74fforence (P0.01)

in positive nitrogan halancas among the four exporimantal groups.
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Tatle 23, Lignin digostihility 4in tho Marrah buffaloes as
ai'fectad hy di:7erent rations

- Ldedd L L L R L TR L DT PR A PRy L T Ty e - -

lation Animal Intake Catput u4 estad Iieatibility
70 in fieces coeffl 17c tant
kg ()
1l 1l 0.48 0,43 0,07 4,44
2 0.46 0,42 0.03 6467
3 0.59 0.68 0,01 1,69
4 0,68 0,68 0,02 2,94
" aan 0.54 3,948
‘;.'2.'_0_ 0.06 1.07
f 0.41 0,40 0.01 .44
3 «EG 0.54 0,02 24867
4 0,75 0,7° 0,03 4,00
*ean 0,54 3,07
(:.';.z 0.09 0.46
3 1 0,49 0,40 0,09 18,37
b 0.48 0.40 0.08 16,67
3 0,67 0,86 c,12 17,91
4 0. 0,68 0.18 lﬂ.O'rb
Vaan 0.69, 170%
r; . ;;.i 0.08 0037
4 1 0.51 0.41 0,10 19,61
o 0448 0.37 0,08 17.78
3 0.69 0.56 0.1 18.84
4 0,82 0,68 0.14 17.07
1oan 0,62 18,337
e ":QL 0008 0‘52

- -

a,bh - values with different superscripts difver significantly,

Anelysis of variance of lignin digostibility coefficients

Source of variation d.t. Se Ge Helle r

3 4.7 1.4 0.75
az? %ﬁ: a 811.48 0,49 14736""
Periods a 3,2 2,07 1.09
Erroy 6 11,38 1.90
Total 18 833,24

- - 8 P D P P GO e W D AT P 8 TR ED OY o - [

.. Mgnl‘.‘icant—at 1% lavel,
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Table 24, ‘'litrogen halance of the M':wrah buffoloes as affected
by differaent rations

iy

Output
Ration Animal Inta ke - . 50 > 0 W B 0 9 05 O W\lunce
Tos 'naces rine Total
1 1 140,806 49,60 64.68 104.7°2 +36,78
3 12,70 a7.™ 672,00 135,720 447,82
4 210,74 7€.0 82,18 157,28 4BP.46
Maan 161,61 +43,16%
QQEO‘_'_ 17.°6 4.‘1
2 1 147,88 48.00 88.44 104.44 438,41
2 13€.68 49,60 48,30 97.90 +37,78
3 180,60 60,80 77.42 138,22 447,38
4 249,09 80,00 90,76 179,26 409,55
Mean  177.06 +48,3g8%
So u': 25.% 70
3 1 150,.E0 659,82 46,0 106,02 +44,.48
2 147,26 58,10 48,48 106,68 440,67
3 204,50 84,17 £8,94 143.11 +61,39
4 268,50 103.60 78.40 182,00 473,85
ean 189,44 +656408P
).l‘loi_ 7063
4 1l 163,20 57.60 49,66 107.16 486,04
2 145.10 84,40 46,89 100099 4“011
3 714,71 76430 69.16 145,98 468,75
q m‘?.ﬁﬁ 91.40 78.% 173.38 +89.27
Moean 19C .42 +64.54h‘
Se ?"t P.B.ES 9.@

a,by¢ = values with dif7erent suporacripts 417 7er aipnificantly,

Analysis of vnriance of nitrogen halance

source of veriation d.7, Te00 M, T r
Animals 3 2471.,30 8 .77 %3,33""
ai‘uoi. 3 1020.89  340.96 9.66"
Paeriods 3 48038 16.13 00‘6
Error 6 211,85 36,31

Total 16 3764.42

. sig;ificnnt at 8¢ lovel
** significant at ls lavel,



4.3.15.7 ¢ | $ Deily calelium inti ke, outgo and
balance data of Murrah bhufialoes are recorded in Thble 26,

A1l the experimontal groaps wers in poaitiva calelum halance,
The averase daily calciim balancos racorded wera 16.43 + 0.9,
17.53 o 0434, 20,09 & 0430 and 10,74 & 0,76 g omong the treate
ment groaps fed rations 1, 7, ? and 4, respecti.ely. Thore
vere significant Aifrorences (P 0.01) in positive caleim

halancaes among the for trontment rroupse.

4,3,1F, sphorys "ala t "ata pertaining to phosphorus
intike, outgo and rotention are pivan in Tahle 26, All the
axperinental proups were in positive phosphoras halance, The
averaga dnily phosphiorus balances ware 9,72 & 0.4, 10,8 ¢ 0,28
11.W 4 0,06 and 11,3E & 0,71 g among the buf:nloes which
received rations 1, 2, 3 an?' 4, raespectively. Thg positive
phosphorus balnnces observed auong the four treatment ;roups

were significantly different (P 0.01),

The resilts of digeation and mat.holic experiments in

vaffnloes are summarize’ in Tatle 27,

4.2,16 Plape of 'lutrition of tho ixperimental Anipals

mta on plane of nutrition of mmle Yurreh bur aloesg fod
d4rrarent exparimental raiions in the Algentihility atidios
are prasent:d in Tahble 78, The experimental rations contained
10,04, 10,68, 9,70 and 10,18 par cent digeatinle crude protein,
respectively, The DCP values of the rantions di~fer significantl

&l nas - i AR AW A A MMAPadn Annanoad bee &bl
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Tadble 26, Calecium balanca of Murrah buffaloes as affacted
by A’ farent rntions

Ration Animnl  Intike  ceeeemeee DS "alance
“0e Tnacas Irine Total
N [
1 1 91.'70 63.0? 1040 64.42 ‘16-79
2 R81,06 63,34 1,00 04.31 416,72
3 10\“.56 m.“ 1.?0 39564 ‘15.92
4 15’1.7’0 10"3.69 1480 105-49 416031
!toan 97.41 416,438
Talied, 9,9 0.2
2 1 75033 56061 lom 57.81 *17052
2 71.55 &'3.33 103} 54.40 017.15
3 97083 78.51) l.FX) 79.40 4‘18‘48
4 131,36 112,98 1,40 114,38 416,98
Moun 94,03 417,538
'5-‘1501 13,73 0,34
3 1 89070 68.67 1.00 69.67 4'3)003
n 79.& 58.40 1.00 59042 +m.m
4 152.28 130.40 1060 2000 +m.?8
Mean 112,91 +70,09P
Ge7es 16,78 0,31
4 1 80.60 69,57 1,00 70,57 419,03
2 70 G5 88,49 1,07 53,47 +490.M
3 117.88 %. . 1.({) m.m +19.%
4 144,70 177,87 1,60 14,47 +19,73
Mean  107.P4 +19,74"
r}.":.’ 14.58 0.%

- -

a,b « values with differont superscripts differ significantly,

Annlysis of variance of culcium balance

source of varlation d.f. Ge3e el 3 B
An ) 3 0.41 o.}4 0,30

Ra %ng 3 37,07 12,36 26,30" "
Pex‘lod’ 3 0.55 0018 0038
Brror 6 7,81 0,47

Total 16 40.84

- an -

*« a4gnificant at 1% level.
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Tadle 26, Phosphorus balance of tho Murrah buffaloes as
affact>d hy different rations

gy @ @ P g W Vg,

TR S U S U RS b TRES G4 I 00 A

Kation Animal Intake -..-----t‘.’-..-.-----.--- Tlance

"o, Tneces  Irine Total
8
1 1 40.& 30.8) O.m 31.00 L 2 9.88
2 40081 m.44 0035 30.79 4'10.0‘-?
3 53.41 43.% 0.?0 44.14 + 9.['.0
4 61,37 £1.18 D.15 61,33 + 9,09
“ean 49,04 + 9,778
3.12.3_ 5.02 0.5’4
2 1l 42,62 32,77 0,38 33,07 +10,45
2 41,34 7,40 0.50 "9, 98 +11,3%
3 F(G4EF 48,06 0,30 48,76 +10,19
4 78,892 6F,E7 0.18 68,72 +10.17
Menn 54,23 410,860
NN 0428
3 1l 47,16 34.72 1.60 36,32 +11.,74
2 47,12 14,64 0.60 3E.14 +11,98
3 6E,44 53,16 0.20 53,36 +12,08
4 81.76 69,64 0.30 69,94 +11,82
Mean 60,672 +11.63¢
Gede 8.2 0,06
4 1l 4.0 N,36 1.10 33,46 +11,34
2 30,&3 153076 0030 19006 #10077
3 E8, %4 46,64 0,60 4Te N +11,70
4 79.10 6{)034 0015 60.51 411059
Moan 51,67 +11,35°
(z.‘;.* 8.91 0021

Ayhye « valuss with GifTurent super qcriptq differ gignificantly.

Analysis of variance of phosphorus balance

B 00 ot s o R 0 OB P e e W B W A T U 0 O e S 6 S 0 4 B U R A 0 A S S 0 O U0 B TR D ) B W e s e S A 4 G B D 4 00

3ource of variation defe Fe3a Mo S F

A 3 0.18 0,08 0.80
n:ﬁlﬁ:: 3 11,10 3.7 30,83°*"
Pariods 3 1,36 0.48 03,76
nrror 6 0.71 0.12

Total 16 13.34

ppepmpnpser LU LT L L L L L ol ol -

.. qlgnificn;t at 14 level,
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Tarle 27, Digestihility coafficlents an' halances of various
nutrisnts with Murrah huf<aloes fed with camplote
rations eontaining N'CP

------------------------ - = - e

kxperimental rations

Hutrient . -
1 2 3 4
Digestibility()

Dry matter 66,338 68,31"  64.25° 66,159
organic motter 57,78% 59,69  66.81° 67,784
Energy 60,648 62,667  65.84¢ 67,374
Crude protein 63.99° 66,207  62,10° 63.80°
Crude fivre 49.43% 48,138  64.49Y 43,440
Ather extract 83.13& 84.10‘3 KJ.BGC, Momd
itrogen=free axtract 68,19° 61.87 66,35 70,10

vYan soest Components

"eutral detergent solubles 69,96% 72,002 'm.sog 77.62°

Toutral datergent fihre 45,79 45,362  B6.78° B4

Tamicellalose 60.77% 62.13P 6625-7: e'risag

Acid detergent fitre 39.03: 39.92: 51.30'j 51'0211

Cellulose £9,73 60.05 73.17‘, 78.35b

Lignin 3,.%4% 3,67 17.78° 18,33
nalances (g/day) .

Titrogen balence +43,16° +47,36°  +56.0687 +64.8478

N retontion as & intuke 25,608 27,078 30.073 aa.egg
N retention as % ahsorted 40,032 41,318 w.sab m.oeb
Caleium balance +16.478% 417,838  420,09° 419,74

Phosphorus balance + 0,728 410,667  411,93¢ +11,35¢

- Sun Cham 40 un TP OO PR 05 400 OB IR OF GBS 9 Ty SV SN

a,b,c,d » values vith different superscripts differ significantly
(P 0.01)vow wise.

64f4g = values vith different suporscripts differ significantly
(P 0406) rovw wise.



%, Plane of nutrdtion of the experime~tal animls fed complete rations contalning 6P

P

'

i Ine
ration take
cons (g)
ped

4 I
ration take
conse (k)
nod

Y om oW Intake per it metes

g
{ntike {ntuke Intake bolde body veight

() (real) Cal) " g g

1

(£)  (g) (Feal)

Protel
ey
rati¢

sent

(R R
e 68,36
1 750 &ne

N

A

10,042 678
10,58 197
amt 76
10,80 784
a0l 1

BT 3,67
5,50 5,07
60,40 4,60
0,360 4,8

L K

6,72 16,19 128 9820 9,87 14,2
6,97 1764 1438 1019 10,78 200,36
768 10,8 16,20 10,8 10,76 B8.X
7.0 2.8 17,06 %64 147 %9,5%
60 10,9 &4 T0 A5 1.9

(AR
L2,
Li28,(
1126,

L1504

@ « velues vith different superscripts columwise differ significantly (P 0401).

£LO"
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experimental animals vere 675, 737, 73 and 784 g with rations
1, 2, 3 and 4, rospectively,

The exparimental rations 1, 2, 3 and 4 containad 54,57,
6E.82y 60,94 and 62,36 per cent total digestihle nutrients,
respectively. Total digestible nutrients valus-: of all the
rations differed significantly (P/ 0.01). The raiions cone
taining Uigmtreate? O'CP aro having higher 777 values, Average
daily consumption of "D was 3.67, J.87, 4.62 and 4.80 kg

among the rntions i, %y 3 and 4, respactivaly.

The plane of nutrition of the Murrah huffaloes in terns
of dry matter, digeatirle cruda protoin and metaholizahle
energy per unit mataholic hody oight are riven in Tahle 78,
The estimnted intakes of dry mnttor, disesti*le crude protaein
and metabolizahle energy per unit metabrolic hody weight of
the oxperirential animmls ranged from 98,20 to 117,64 g, 9.87
to 11,47 ¢ and 194,27 to ”°49,E6 Fenl., respectively.

4.,3,16.1 protein-enerey latios of Jxporipental Imtionas The

estimated protein = energy ratiocs (digostible crude protein(g)
and digestible enargy (Kcal)) of the experimental rations

are presented in Tahle 28, The protein s energy ratios

vere 173,99, 131723.80, 1t 28,03 and 1326,64 among the
trentment groaps 1, 2, 3 and 4, raspoctively,
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4.4 DIGESTINILITY AMD MILAYLIC STINISS It CRGS@BRED CALVES

Ie1lf way through the growth trial, whon the animnls were
ahoat P00 kzy a digestion and metabolic trial was cond cted
on 12 growinr crosashrod cnlves (3 in ench gro'p of provth
triel) in a completely randomized hlock dasipn in ordor to
find out the natrient dirostinility and availahility of the

four e:perimental rntionsa,

4.‘101 vnl';“;!!! E’:zg! I!!E"KE

An aver:ra daily dry metter intako of 8,11, 5.,3r, £.47
and 5,64 ky wero rocordad hy the ouparimental animls feod
rations 1, 2, C and 4, respectivaely. The averajc total dry
mattar cons:umntion por 100 kz hody weight recardaed in thils
experiment (Table 70) was 2.60, 2.6, 2,72 amd 2,78 kg for
aninnls fed rntions 1, 2, 3 and 4, raspectively. 'The dry
mnttar consampticn wms highar (P/Z 0,08) arong the calves
fed rations contiining !hetreated ('LP than the rutions
contained untrestod 'CP hut polleting had no effect on dry

mattor econgumption,

4,42 Dry Motter Direstibility

pry mtter digestihility cosfficlents of the ealvos are
prasented in T™hle 30, The averige Jdry matter digestion
coefficients recoried for rations 1, 2, 3 and 4 wera £0,72? &
0,34, 62,70 + 0,31, 57,06 & 0,67 and £9,94 ¢ 0,24 per cent,
respectively. The differances in dry mnt er digestibility
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Table 29, Dry matter intnke in tho crossehrod calves as
affectod hy Aifrerent rations

Lation Aniral Yodght " intake ™ intake/
0, per day 100 kg body

ke woipght

1 2 199 B0 2,63
3 107 4,93 2,67

] 108 8,17 2,61
ean 106,23 Eoll 2,608

Telint 0409 0,02

b 7 00 LT 2,68
9 199 5.35 7,69

11 210 E.48 2,61
1ean 2008 400 5,28 n, 658

Tenied, 0407 (1402

3 16 a9 &2 761
17 1% 5,19 0,73

18 196 5.E1 7,81
Metn T1,67 5,47 0,700

"‘0'104_ 0.1F 0.08

4 19 K] 5,88 n,76
20 00O 5eGO 7450

54 198 5,44 0,70

Mo&n 02,57 £.64 SR

;.I‘;.t 0013 0.01

a,b - velucs vith clit'eront suparscripts differ sipnificantly

Analysis of varinnce of D!! intake/10C kg body weight

source of v:rintion del'e G ile 1Mo .ie v
[y

Tro: ts 3 0.05 0002 5.00

Ex;?:rtmon 8 0,03 0,004

Total 11 0.08

* ~ignificant at 65 levol.



11

Table 30, Avernge dry mtter intake, outgo and digestibility
in the crossetred emlvos as af ‘ected by different

rations
Rition Aninmal  Intako h(iug)ut Digested  DPlgestibllity
o, fieeas cogi'ficient
e kg ()
3 4,0 2,48 2,46 49,70
E £,17 n.54 N,63 ED 87
vaan Bl 50,000
‘elet, 0,09 0.34
o 7 £33 2,80 7,00 8n,63
9 .38 .60 2,88 £3.,27
11 £.48 2.62 n,.06 £§7%.19
Mear  £,38 52,700
Teles 0,08 0.31
a 16 8,7 247 3.26 5G.8)
17 E,10 2,13 3,006 £0.,9
18 £.F1 7,31 e o) 65.08
Menn &.47 §7.96°
‘elied 0,18 Ue62
4 19 5.88 .38 Je80 50,862
o0 §.,60 n,02 3,38 60,36
A 6,44 2,18 3% 60,99
Hean 5.64 59.94d
“leg 0413 Ou 4

nyhycyd = values with dif:erent superscripts differ significantly

Analyais of varinnce of ™! dinestihility coefficlenta

“.;urce of‘—;nrintion 1ol Te'le el 3
Trontments 3 12,0 61,07 197,13" "
Error 8 3,09 0,60

Total 11 177,19

- A% B9 o T

s+ sionificant at 17 lavel,
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coefficients recorded amonp the four trestment groups were
highly significont (p/ 0,01),

4.4.3 Qrzanie intter PAgostibAlity

Avera;e organic mattar digestihility data of the crosse
bred calves are given in iable 31l. Average daily organic
mattar intakes were 4,48, 4.72, 4.7? and 4.5 kg with rations
1, 2y 3 and 4, rospoctively, Avern;o organic matter digostie
bility coafficienta wore £1.37 ¢ 047, 63,0 ¢ 0.45, 59,07 4
0,60 and 81,07 4 0.78 par cent among the ealvos fod rations
1, 2y 3 and 4, raespactively. Thaere was a siynificant diffes
renca (P/ 0,01) in orpanic matter direstihility among the
four trentment rroups. TIellating and 'Mhetrontment of G'CP
incronse® orpanic mattor direstinility,

4.4.4 Crude Protedn Dicectibility

Daily averape crude protein intake, outgo in faecea and
dipostibility coefricients o” the experimental animmls are
recorded in Tahle 32, An average cruie protein intake of
0.80, 0,86, 0,85 and 0,90 kg with an average digestion coeffie
clonts of 60,79 ¢ 131, 63,66 & 0,70y 57,82 2, 0,26 and 59,60 ¢
0,68 per cent were recorded among the experimental animals fed
rations 1, 2, 3 and 4, raspectively, There was a significant
difference (P/ 0.01) in crude protein digestibility amorg the

four troatmont groups.



Table 31, Or anic mattor dipestibility in the crosseired
onlves ns aflectod by different retions

- -

Ration Animal Intake Output Mgosted DNgontibility

0. in faeces coafficient
ke A
L 1 7 - L Y ey o, -'— S ap WGP WS ab

1 o 4.89 2,70 0,39 62,07
3 4,37 2.14 .18 50,46

5 4,B3 2. 2,33 61,43
Mean  4,4R 51,308

Seilet, 0,08 0,47

2 7 4.6 .16 2,50 51,66
9 4.69 2,12 0,857 £4,80

1n 4.7%0 2,% 2,66 52,33

Mean 4,72 53,67

Seiieg 0,04 0.48

3 16 4,8 2,07 2,68 68,01
7 4.48 1.79 2469 60,04

18 4,78 1.94 2,61 69,16

Mean 4.7 59.07°

Selieg, 013 0.59

4 19 8,08 2,00 3.06 60,47
0 4,82 1.86 2,96 6l.41

2 <) 4,69 1,87 2,87 61.19
Moan 4.8 61,029

l. '.L 0 11 OO'B

D Vg G o W PP e S e B B 00 - ey

Ayhecyd « values with differont auper scriptcx differ significantly,

Anmnlysis of variance of orsnnic mtter digestidility coefficients

- e LD L LAt L

Source of variation Aefs Selle Malie r

D o 80y s O g v P I P e D S A U A TP L AP - e “
Trontments a 181,23 80,41 9€,.89
E!‘Ta‘u " 8 6.07 0.63

Total 11 186,20

*+ g4gnificant at 14 level.
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Table 32, Crude protein dipestihility in the crosselred
calves ag af ‘ected hy different rations

WD g 90 W A 01 an UR U0 40 b 1 S5 B0 B 5 00 0P 48 @ 0D e -

Ration Animal Intake Output Nigested DNigestihility

o, in froces coafficient
ke (%
1l 2 0.82 0.32 0,50 60,98
3 0,77 0,32 0.,45 5R.44
& 0.8 0.30 0.51 62,98
Mean 0,80 60.,79%
8.15.1 0002 1.31
2 7 0.86 0.32 0.583 62,36
8 0.88 0,31 0.54 83,563
1 0.88 0.31 057 64,77
Mean 0.86 63,56°
SOEOt 0101 0.7
3 168 0.89 0.38 0,51 67,30
17 0.81 0o 0.47 68,02
18 0,88 0.36 0.50 583,138
Hean 0.85 57.8:.‘
SeHed 0,02 0.26
4 19 0.4 0.37 0.57 60,64
a0 0.89 0,38 0,83 89,88
8 0.87 0.36 0,51 58,62
Mean 0,90 59,6080
S.E.t 0003 0088

a,b,¢c - values with different superscripts differ significantly,

Analysis of variance of CP digeatibility coefficients

source of variation d.5. 3480 HeSe 1y
Troatments 3 82.14 17.38 8.87"*
Error 8 15,68 1,96

Total 1 67.79

*s gegnificent at 1% level.
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4.4,56 crude fibre Dicastinility

nily average crude fihre intnko, outgo in faeces am
digoestibility coefficlants dntr are presentud in Tahle 33,
Averare crade fihre intskes ware 1.28y 1.34, 1.32 nund 1.36 kg
with an averape digestion coofficients of 40,76 4 0,51, 40,16 3
0.84, 54.63 ¢ 0,9 nnd £4,70 ¢ 0,51 por cent vith the rations
1y 2y 2 and 4, ronpectivelvy, Tha dipastihility coofficients
vore higher in rations 3 nnd 4 containing Milye-treated G'CP
than rations 1 and 2 econtaining untreated 4'CP,

sther cxtraet digestihility data are presentud in Mmhle 34,
An avernugo intakes of 0,19y 0,18, 0,22 and 0,21 kg and an
avarace digeticn coelficionts of 76,88 3 1469, BO.02 ¢, 1,69,
76,84 ¢ 0,97 and 81,74 3 0,79 per cent wera recordud among
the rationa 1, 2, 3 and 4, respectively. .ther extract digesti-
bility coefficients rocordod among the four trentment groups
are significantly diffarent (P{ 0.06).

4.4,7 JAtrocen=froe kxtract Dizeatdbility

Digestihility dnta of nitrogen=frooe axtract of the four
experimental rations are prosenta’ in Tahle 38, An average
daily intakes were 7,70, 7,34, 2,33 an? 2,39 kg vith an avarage
digestion coefficlents of 5219 & 0,47y 66,71 & 1,18, 60,37 &
1,72 and 63,66 & 1,08 por cent among the rations 1, 2, 3 and 4,
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Table 33, Crude fibre dige tibility in the cross-brod calves
as af ected hy different rations

Ration Animal Intake Output Dirasted Mpastibility

o, in faoces coafficient
ke (%)

1l 2 1.21 0,77 0.64 41,22
3 1.74 0.78 0.49 39,87
B 1,30 .78 0,67 40,00

Mean 1,79 40,258
s.jgz 0.02 0.51
2 7 1,32 0,78 0,54 40,91
9 1,33 0.”1 0,E? 395,10
11 1.36 0.81 0.E8 40,44

Mean 1,34 40,18%
v'";o";o_*_ 0.01 0.54
3 16 1.58 0,61 0,77 Ed0
17 1.28 0.59 0,66 52,80
18 1,32 0.59 0,74 EE 430

Mean 1,32 54,690
3. f;.: ().o.m 0.%
4 19 1.41 0,63 0.78 55,32
0 1.34 0.62 0.72 63.73
m 120 04,60 0.7 83,86

Moan  1.35 64,30"
goiiot 0.03 0051

:.b - value;with 41 ferent suporscripts diffor significantly.

Analyasis of variance of CI" digostihility coefficlents

so—mv';e of variation d.f, Sele Vel 7
Tfeﬂtﬂ@ntl 3 Glo.m m.“ 254.55"
Error 3 10,03 1,76

Total 11 672,98

. 3ignificant at 1% level.
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Table 34, Tlither extract A4poatihility in the crogsetrod
calves as affectnd hy d4f erent rations

Ration Aniral Intake Output Dinasted Dinostiniliey

110, in faeces coefficlent
_ kg ¢
l 2 0.0 0,08 0,18 7800
3 0.19 0,08 0.14 75468
£ 0.19 0,04 0.18 73,98
Mean 0,19 75,808
Soimi 0,003 1.59
2 7 .18 0.04 0.14 .78
0 0.18 002 0.1E 83,33
11 0.19 0,04 0,18 78,95
Moan  0.1R 80,0789
Tesie 0.003 1,69
a 138 0.73 0.08 0,18 78,26
17 0.20 0,08 0.15 76,00
a 0,77 0,08 0,17 77.77
vaan 0.,2" 76,848
Teles 0,008 0,97
4 19 0.2? 0.04 0.18 Fl.87
20 G.M 0.04 0.17 $0,96
o 0.21 0.04 0,17 80,95
Mean 21 81.24°
;.L‘u* .003 0 "9

- e -~ 05 G OB o G5 GVED WS 8 9y GF 45 ov e OF w0 40 66 S TGS ub I on 4B S e Wigy Wigs go & S0

8y he values with difrerent superscripts differ significantly.

Analysis of variance of ethor extract digostibility coefficients

-eren - S arew Wiy =

- I S en ge SV oy e S - Sy

source of varintion defe Teile Hele I
Troctments 3 68,33 19,44 4,07
Total 11 9G,68

* significant at &7 lavel.
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able 3E, 'itrogen=froc extract digostibility in the cross-bred
calves as af ‘ected by different rations

P W B o - WO IR N e Y D @ W 0 P O o

Ration Animal Intake Catput Digested nigostibility

Ho. in facceas coefficient

ke (:4)
1 2] 2,26 1,08 l.0 63,10
3 2,12 1.0 1.10 £§1.890
5 ", M 1,08 1,18 El. 87

Mean 2,0 62,108
'r}o-“:‘lo:. 0-04 0047
p 7 N33 1,07 1.79 65,84
] 2,3 0.7 1.38 £8.,37
11 2,37 1,08 1.79 £4,43

Mean ,3¢ 56,mP
30301’. 0,07 1.15
3 16 .42 1,03 1.40 57.61
17 VT2 0.1 1,41 82,851
17 2,38 0., 1.41 60,00
\I;Q&;.i 0.06 1072
4 19 2,49 0,98 1,83 G8l.46
20 2,38 UeB4 1.54 4.71
23 2,21 0.32 1,49 64450

Mean 2,39 G3.66°

SOECL 0005 1005 _

8yhyC = values with different superscripts differ significantly.

Analysia of varinnce of ‘7 i digeatihility eoefficients

Source o;‘ variation 4.5, Ve e MeTs oy

ne
Troatments 3 27,30 T.43 17,83
BError 8 m.54 4.19
Total 11 280,74

- S e AR Y B U 98 B Res B

*3 7ignificant at 1% lavel,
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respectively, ‘“litromenefree extract Aigontihility coef fiolents
recorded among the four tra-tment groups vere significantly
different (1 0,01),

4.4.8 jnergy Digotibility

The averape intanke, outgo and Aigo-tibility of energy
anong the experimental calves are praosentod in Thls 3G. An
averege Intnke o M.34, 1,64, 21,89 r.nd 22,62 Heal with an
average digestibility of 852,75 & 0.4C, 3B.48 ¢ 0,58, 60,28 ¢
0,38 and 62,00 ¢ 033 per cent wors rocorded among the rations
1, 2y 3 and 4, rospectively. Thare were significant (P/ 0.01)
differences in enorpy divostibility coefficients among the
four traztmant groups,

4.4.9 Yl Detergent leligbles (U - gell contenta) Dizeatl-

Naily averupe intanke, outgo in faeces and dipertinility
of M3 of the experimental animals ara givon in Thle 37, An
avernge daily intakes of 7,73, 2,62, 2,48 and 2,82 kg and an
average digestion coefficiants of 83,77 & 0.37, 67,14 4 O, 65,
67.80 ¢ 1.16 and 77.00 4 0,98 per cont werae recorded in the
oxperimental calves fed rations 1, 2, 3 and 4, respecti.ely.
lleutral detergent soluhles digestibility coeificients recorded
among the four treatment groups vere significantly dif ferent

(P 0.01),
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Tahle 36, Avaraga snergy intnke, ontgo and digastihility in
the cross-hrad c¢slves as affected hy different

rations
Ration  Animal Intrke Ontpat Nrented  Porcantage
04 in faaces diroated
Meal
1l 2 20.82 9,852 11,30 B1.™
3 19,62 9,24 11,38 £2,91
5 CL.E8 9,45 11,13 54,08
Mean  20.34 53,76%
Geler  CGLO7 0.43
2 ? 21.59 9,60 11,79 £5.12
o 21.51 9434 12,18 £0,62
11 27,03 0,98 12,08 E4.70
Mean  21.64 56448°
Se¥ed, .0 0.58
K| 16 722,88 P, 26 Li.62 E3,E3
1?7 0,76 8.16 12,60 60,69
18 27.04 8,68 13,36 60,62
Hean 21.89 60,28°
()‘.:".t 0.6?» 0.38
4 19 7 .58 2,08 14.50 61,49
42 o) 71,46 B,EG 13,90 61,89
m 01,81 R1E 13,66 62,63
Hean 27,67 6,2.00d
A .F: .-4'- O. 52 0.33

gy Sep e -

ashyc,d - values vith different superscripts differ significantly.

Annlysis of variance of enargy digectinility

- PR em e wr W ED D B AP WS 0P gm0 gt 90 Ty o BN 0y 05 I 0B 0 G U

ﬂ;;rce of var—mtion 8.7, Sele Maite F
Treatments 3 136,66 45,86 78,63
Error 8 4,64 0.88

Total 11 141,29

A Pap 1D TP ERan W 0 W 85

*+ gignificant at 17 level,
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Table 37, 'leatral deter-ont soluhles (eoll contents) diraestie
bility in the crogseMread cnlvas as af:ected by
different rations

D D B T e C i s e 0 B T O G BT R O B e P D e e e o w20 e 56 G U s 08 A T SR B o P S D e B e O

Kation Animal Intake Gutput DL ested  Digostihility

1o, in faecas coetff'icient

kg (%)
) § 2 2.78 0.84 1,44 G3.16
3 2,18 0,78 1,37 63,72
6 2476 0,80 1.47 64,44

" aan D7 63,778
Febied, 0.04 0.37
2 7 2,80 0.88 1,74 67,18
9 .80 0./@a 1.7 68,08
11 7460 0,20 1.7G Gl o1

Moan n.60 67,14
f:.«:.t 0.02 0'55
] 18 n RO 0,78 1.1 60,5
17 2,36 0.76 1,50 67,38
1R 7.49 0,88 1.64 65,76

Meon B4R 67- mb
r} .B .: 0.07 1 .16
4 19 N.% 0.°% 2,08 70,76
20 2,80 0.7 2,07 7.0
23 2672 0,78 1.M4 71,32

Q
Teun 2,82 72,00
3.«'4\.:. 0006 0.98

- iy o o e e S s op 0n @9 TPED G TGP M 08 O) (P UF AP OF €0 08 GV U 06 BP BN 55 S 46 N U5 O B 00 W0 00 B8 0K g0 (0w OF I g 0 D0 OR I S0 46 0 SV 98

8,by¢ « values with different superscripts difrer significantly,

Annlysis of varinnce of naiatral dotorgant solubles digoatie
bility coefficlents

3;:;(:0 of variation def Ge'le e Ge L F .
LA T 1 1 1 4 - v

3 102,68 34,73 143,62
ren cmonte 8 16,60 n.06
Total 11 119,18

:*vﬁigniﬂcant at 17 lavel.
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Digastibility of "D of the four rations are presanted

in Table 38, An average 'INF intake of 2,88, 2,77, 3,00 and
2,87 kg vith an averngoe dipantion cooft'iclonta of 39,76 « 0.47,
39,04 ¢ 0.12, 49,81 4 1,90 and 47,87 ¢ 0.EF per cant vere
racorded among the oxperinental calves fed rations 1, 2, 3

and 4, rocpectively, Meutrzl deterpont “ihra direntibility
coafficianta recordod among thn four rations were sirnifi=

cantly dif“erent (1/ 0.01),

4.4.11 Jlenicelluloge dipestirilicy

The averare hemicellulose digestitility data of the crosse
hreod calves werae given in Tuhle 30, An avarnze daily hemicele
1u1lose intikes of 0.9, 0.67, 0,88 and 0,82 kg and an average
digestibility coefficientas of 52,01 4 0.91y 62.46 ¢ 1.52,
61.31 4 2,04 and £9,86 & 0.9 per cent were recorded among
the animnls fed rations 1, 2, 3 and 4, respectively. The
differences in hemicellulose digestibility coefficlents re=~
corded among the four treatment gxoups were highly signifi-

cant (PL 0001) .

4.4,1° N “4bra Dicog D

Avarnre APT intake, outgo and igastihility coef'ficinnts
data are prongntad in Table 40, An avernje AN intakes of
1,99, 2,09, 2,12 and 2,70 kg with an averape digeation
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Tahle 38, “eutral detergant fibhre (coll vall conatitients)

dire=tibility in the crosn=tWaod cmlvaes ag affocted
hy difforent rations

Fation Animal Intnke tutput Meastod  Digeatihility
e in faecon coef"ileient
ke ()
1 2 0,98 1,77 1,17 40,00
S 2,77 1,70 1.08 084
g NN 1,74 l.18 47,41
Mean 2,78 30,758
“;.”A.L 0.05 0.47
2 7 Do 1,67 1.06 3R,R3
9 2,70 1.67 1.08 a0,
11 2,82 1.72 1.10 20401
“aan 2,77 29,042
:;o‘;ti 0.08 0.13
3 16 -1.10& 11(19 1.44 40.01
17 .84 1.37 1,47 51,78
13 3.0" 1040 1-56 51.%
Monn 3,00 49.81.b
Geiiet, 0,08 1.90
4 19 2.9 1.67 l.4" 48,30
o 290 1.40 1.31 46.79
et 2,77 1.0 1.3° 4063
"ean n " é'?.a?b
Te' uz .06 0 86

ay kb = values vith different quperqeriptq diffor sienificantly.

Analyads of variance of nontral detercont fihre dimentihility
coefficia ts

ource of varintion d.%, T e M3 B »
'*----n--—",--’——----n—'—-.---'-—---n—-—----’- -
Troatments 3 274.20 01.40 20,30%*
Error 8 .87 3.1

Total 1 200,07

s+ gignificant at 1,5 leovel,



12¢

Tahle 39, iHoemicellulose Aipastihility in the crosse'red calves
as affected hy A4ffarent rntions

Ration Animal Intake Cutput Mrosted  M-estinility

o, in faaces coafficient

ke &)
1 2 0,92 0.44 0,418 52,17
3 C."R8 0.43 0,43 £0,00
6 0,91 0.42 0.49 83.88

Maan 0,90 62,018
e U;oz 0002 0091
2 ? 0,66 0,3 0433 80.00
9 0,67 0.30 0.37 66,22
1] 0.69 0.3 0.38 52,17

Mtann 0.67 67,468
e .ﬂot 0.01 1.52
3 18 0,92 0.40 0.61 56,04
17 0,8 0,30 0,83 62,88
18 0.89 0.32 0.57 64,04

Mapn 0.88 61.31"
S. ::.z 0.07’ 0064
4 19 0.88 0.78 0.40 61,64
20 0,67 0.26 0.37 £§9,.68

Mean 0.62 50,a8"
q. E.: 0001 0.%

PP Pigy b 0 PP O OGP TP I P U v P DG G W OO SR A g e PP N R 0 D B 60 b S0 0 WP A S b o =0 40 BB 8% b

a,h « values with ¢i"ferent suporscripts differ significantly,

Analysis of variance of hemicellulose digestihility coef ficients

Tource of variation d.f. Sele Mo 30 1§
Treatments 3 212,53 70,84 8,31
Error 8 68,12 8,62

Total 11 280,656

** g4pnificant at 1% level.
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Tabdle 40, Acid detergent fiwre dipaatihility in the cross-bred
calves as af"actad hy A1°farent rations

O S P G D W W st o " P A e WD G OB 0 g 00 T s S S vee G0 68 G G G 0 S G S T g O I a0 an b 4

liation Animal Intake Cutput Mpasted Digestihility

o. in faeces coafTiclent

kg ()

1l 2 2,03 1.23 0.70 34,48
3 1,92 1.7 0,68 33,88

8 2,01 1,32 0.69 34,04
Monn 1,99 34.22.

r;.s.t 0.03 0.19

2 ? 2,07 1,34 0,73 35,77
] 2,08 1.37 0.7 34,13

1) 2,17 1.39 0.74 34,74

Y'aln .09 54,712

C;.Egi 0.02 0.33

3 16 2,22 1.79 0. 41,89
17 .01 1,07 0,94 45,77

18 2,13 1,14 0.99 46,48

Maan 2,12 45,06Y

TWhet 0,06 1.58

4 19 N0 1,27 1,07 44.54
20 2,18 1.4 0.4 , 43,12

4 2,17 1,18 o.M 48,75

vean 7.9 44,47°

SoEoi 0.% 0.76

a, b, Means bearing dif erent superscripts differ significantly,

Analysis of variance of acid detergent fihre digestibility
coafficients

SO:u'C e of variation def Fe e o3 F e
- ey L .
Troatments 3 318,62 106,71 43,89

BTy or B 19.32 2042

Total 11 337,94

*e gignificant at 1/ level,
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coofficlonts of 34.22 3 0,19, 34,71 3, 0,33, 45,06 + 1.68 and
44,47 4 0,76 per cant vere recorded with the rotions 1, 2, 8
and 4, respectively, nNireatinility coofficients waero higher
(P/ 0.01) in rations 3 end 4 contuining THp=treated G'CP than
in rations 1 and 2 containing untreated G TP.

NMreatihility o cellulose of the four experirmental
rations ars presented in T™ble 41, Dally intakes of 1.27,
1,37y 1.39 and 1.4) kg with an averuspe digustion coerfictents
of 52,40 & 0,33, 52, 1 0,57, Gi,16 3 2,60 und 66,47 & 1.47
per cent vcre rocorded with the rations 1, 2, 3 and 4, rese
pactively, ODigestibility coefficients were higher (¢ 0401)
in rations 3 and 4 containin: "lpetreated (/CP than in rations
1 and 2 containing untreatod G CP.

4.4.14 Lirnin Dirostibility

Average lignin dipestibility data are given in Tahle 42,

An average dedly lignin intakes wore 0,41, 0,41, (.45 and
0.45 kp and averape lisnin digestihility coofficlents were
3,71 ¢ 0,78, 4.03 & 0,804 7444 ¢ 0.5C and 8,80 3 1.06 por
cont among animls fod rations 1, @y 3 and 4, respectively.
There was a significant difference (P 0.01) in the lignin
digestibility among the four rations, Ammonia troatment

of GUCP sipnificartly incroased 1lignin digoatibility,
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Tadle 41, Cellulosa digostibility in the cross-hred calves
as ufxacted by different rat:.ons

Ration Animal Intake Output digoated irestibility

Mo, in faeces coefficient
kg (%)
1 2 1,30 0.62 0.68 62,31
3 1.2 0.59 0.64 62,03
B 1,78 0.60 0,68 83,13
Yean 1,27 62,492
(;"A“ut 0002 0.33
2 7 1.36 0,82 0,72 51,33
9 1.36 0.68 0,70 51,47
1n 1,39 0.67 0,72 51,80
Mean 1,37 62, 0%
S.les 0,01 0,87
3 16 1.46 0.57 0.890 60,96
17 1.37 0.41 0,91 68,94
1R 1.40 0.44 0,98 88,57
Maan 1,39 66,16
S.L';.z 0.04 2.&
'y 19 1,47 0.60 0.97 65,99
0 1.40 0450 0.980 64,29
p4) 1.36 0.42 0.94 69,12
Moan 1.41 66,470
)oEo’_ 0 3 1.42

Lo e L T L L B W s e = o 5B e - ou o oo 90

ay b - values with different supersoriptq differ significantly,

Analysis of variance of cellulose digestibility coeffic 1entn

o m e a T e S o w00 e

- s W - o

Source of variation 4.7, P M. S I

L ] ]
™ 3 688,48 196,18 8,28
El'!‘eaut'n’nt. 8 5. % 6,90
Total 11 640,68

P o T 4P W O I R T T T S 4 o~ -

** gignificant at 1) level.
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Table 42. Lipgnin digestihility in the crossebred calvas as

affectod by dif erent rations

- -

Ration Animl Intake catput Digeated Dijgestibility
Mo, in faaces coef ficient

________ kg (%)
l 2 0.42 0.40 0,02 4,76
3 0.40 0,39 0,01 2.60
g 0.47 0.41 0,01 P.38B

Mean 0.41 3.m%
q.73'= 0.007 0.78
? 7 0.41 0.40 0.01 .44
9 0.41 0,39 .00 4,88
11 0.42 0.40 (‘.(;9 4.76

Mean 0.41 4,02%
‘1.}:1.2_ Olow 0.m
3 14 0.47 0.43 0,04 8,61
1?7 0.42 0,39 0.03 7.14
18 0.48 0,42 0.03 6,67

Mean 0446 7.44°
S.r.‘.; 0.01 0.“
4 19 0.47 0.42 0,08 10,63
20 0.44 0,40 0,04 9,09
<] 0.43 0,40 0,03 8,98

Meon 0.48 8.90°
Te E'QL 0.01 1006

a,h - valpes with d4ifrerent superseripts diffar significantly,

Analysis of variance of 1ignin Aigeatibility coefficiants

W W e g SPES W ae er  OR L L)

Tource of variation defs

L LT T 2 TR Y L LD L L Lol dednd ol -

Treoatments a
Error 3]
Total 11

e av @0 o 40

e Se M3, 7
66,20 22,0 u.an'’
15,92 1,99
82.?’1

** 3ignificant at 1% level,
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4.4.15 Dalance st lies

4.4.15.1 [iitroron Dalancas Data on average intake, outgo and
retention of nitrogen are givon in Table 43, The average daily
intakes were 128,26, 137,81, 136,83 and 143,82 g uith rutions
1y 2y 3 and 4, roespectively, all the oxperimental animals
wera in positive nitrosen bhalance, The averae daily positive
nitrogon balances wore 45,71 & 241G, 51406 ¢ 0,97, 54.47 3 V.54
and 58,17 ¢ 0.48 g among the proups fod rations 1, 2, 3 and 4,
respactively, “hore was significuant difiorence (P/ 0.01) in

positive nitrogen bnlancas amon; the four groups of calves,

4.,4,15,” Caleiun "alance: Naily calcium intoke, outgo and
halnnee data o the axporimental ealves are recorded in

Tahle 44, 2All the experinontal groups were in positive enlcim
halanca, The avercgo daily caleium halances racordad vare
11,08 ¢ 0.47, 11,76 ¢ 0,16, 13,31 3 0.71 and 17,98 § 0.13 g
among tho treatmont groups fed rations 1, 2, 3 and 4, regse
poctively., There wers significant differencas (P{ 0.01) &n

positive calcium bulunces anon; tho calves of four treatment

groups.

¢.4.16,3 Phosphiorya falances Date portaining to phosphorus
intake, outgo and retention of phosphorus vere given in Tnble 46,

All the exporimentnl groups were in positive phosphorus balance,
The average daily phosphorus balances were 11,01 ¢ 0435, 11.64 4
0,43, 10,80 4 0,7 and 13,69 ¢ 0,14 g among the animals vhich
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Table 43, Nitropen balance in the cross-lwraed calves as
affected by Aifferent rations

Output

R.tion An 1“1 mtab P @ S w0 e 4B I Py 0 o W W T mlanc.
Mo, Faaces Urine Total
g
1l 2 131.27 £1.70 34013 85033 4450“
] 129,77 49,00 33. M 81.24 +48,E3
Mean 128,06 +a5,21%
Se Eoi 2.30 2.15
2 7 136.19 51.3) 34031 85051 +50.68
9 136,96 49,60 34,87 84,17 462,79
Mean 137.81 451.06b
De EQL 10% 0092
3 16 143 000 60.3) 28,79 89.59 +53041
17 129,76 54,40 20,17 74.67 465,18
18 137,75 67.60 25,34 82,84 +H4,.81
Mean 136,83 +54,47°°
SIE.L 3.%6 OQM
‘ 19 149.M 59.% 33‘47 92.67 +57.7
2 142,80 67.60 2,31 83,91 458,80
24 138,72 57.60 22,76 80,38 458,36
Mean 143,82 +68,17°
3.k 't 3 R 0.48

O G Shur v 4P S O OO OB W O W O P TS O OO 0N W W 2

fybyC = valuu vith different superqcripts Aiffer signifirantly.

Analysis of variance of nitrogen wmlance

S gn ey anes B @ w» > Tgs 0 OF S8 0B O o 00 - o un abgs Wan w 55 0P S0 0 50 60 OF IR o 4D iy oo SPen Gp D6 O €5 o P GF 55 4o OV 05 S8 G v SR 08 B0 Ghan 00

Sourco of variation 4.7, 45 M. F
(1]
3 272,88 90,96 20,17
gl;:amt.montl 8 36,06 4,581
Total 11 308,%

- g an Shan W B GO o T P W RGP U O 0 O

*s gigniricant at 1f level,
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Table 44, Calcium balance of the crossehred calves &s affected
by d44“faorent rations

- " hun o0 a0 tv wv 0 =0 0 L L T T -

Cutput
B‘tlon Anml Inwt. O 00 s 0 P O 0 e T s O S e e o OD nalance
NO. aeces rine Total
8

1 2 76.84 62.63 lom 63083 01 .01
3 71.49 59.94 1010 61.04 410.4-‘

§ 74.97 62,78 1,40 64.18 410,79
Mosn 74,10 +11,08%

So]‘;.t 1.33 00‘7

2 ? 71.82 58,85 1,60 60,45 411,37
9 T72:.28 60,13 1,10 61,28 +10,08

11 73,98 61.89 1.00 62,67 411,46

Me&n 72,63 411,068

Tebet 0.66 0.18

3 18 8F, 0 70,272 1,30 71,82 413,71
17 7753 62,79 1,60 64,29 413,04

1R 82,10 67.73 1.0 68, 413,17
Mean 81,50 #13.31"

q.E.L 2020 0.21

4 19 /2,32 67.71 1.40 69,11 +13.71
m 78040 @.7’3 1.70 65.43 ‘.’12.97

2 76.16 62,31 1,10 63,41 +12,78

b

Metn 7().06 <+ 12. o8

uouo; 1,30 0. 13

O et g e 5 P w0 G Y P P O 0 P G D P TV ORI TP GBS U W O O G e P B0 U OB 6B B0 N 56 B S G P D U 0 SO 4n 0 OB G e 4 4

a,b - values with different superseripts dififer significantly

Analysis of veriance of cwiclum balance

U S a5 e we o o Shas v Ses 05 BN G0 4B 19 OF 4 4D B BT B W0 O e Srgs s T e a0 03 U D SN GF VR ERGH U AN 5 0 00 08 EB 9V 08 57 e o B8 S e 0w

Source of variation Jels Ge e “-i}:-—-—‘-:i.------.

L 3]
Trentments 3 11.88 30% 17.17
Lrror a 1.8C 0.2

*e gegnificant at 1% level,
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Table 4S5, Pt}osphorus halsnce of the crostetrsd calves us
affectod by difrerent rations

Catput
Ration Animal Intake e-cemme-- ——————————— wwe mlance
‘104 nacas Trine Ttal
_ - 8

1l a 3n,.13 7G.98 0,18 27,11 411,07
3 35,00 or.an 0,25 2587 410,42
E 37,74 % .00 0.0 .70 +11.54
Mean 37.20 +11,00%
q.E‘: 0.67 0,33
11 47,74 31,41 0,40 31,81 410,93
vean 41,99 +11,64°
SaFed 0,28 0.43

3 15 45,76 ac,’n 0,50 31,39 414,37
17 41,82 27.7%0 0.20 28,10 413,42
18 44008 2908u 0025 30.07 414001
Mean 43,79 +13.1°
f;gi‘:.: 1.943 0028

4 19 41,138 2,89 050 77,29 413,37
fD '39.'0 %091 0.50 26.41 *13079
Mean  79.48 +12.60°
«q. :7',.‘- O-% OOM

8, « values with different superscripts difl'ar significantly.

rnalyaie of wariance of phoaphorna nlance

jource of variation Ay e e F
0. 64l 2,10

Treatments 3 10,72 i 7%

ST o R 72,33 N.29

Total 11 21,86

*s Significant at 1% level.



received rutions 1, ?, 3 and 4, respectively, The positive
phosphorus halances observed among the four trontment groups
were significantly different (Pf 0.01),

Te results of dige~tion and motaholic experiments in

crodsetrad calves are sumarized in lahle 44,

Data on plane of nurition of mls crossehrod cnlves fod
different experirental rations in the igeatibility study are
presaented in Tablo 47, <‘he experimental rations contuined
9,62, 10,16, 9,02 and ¢,61 per cent digestihle cruie protein
(DLP)¢ rospoctively., ithe P valuus of the expaerimental
rations differ significantly (P/ 0.0l). Average DCP consumed
by the experimental aninnls wero 487, 547, 4% and B27 g
with rations 1, 2, 3 and 4, roapectively.

The experimental rations 1, 7y 3 and ¢ contained 48,58,
60,68, 54,76 and 56,40 per cont total digestible nutrients,
respectively, ‘otal digostitla nutrients values of all the
rations differ asignificantly (P/ 0.01). The rations con-
toinirg "Mgetreated 0'CP are having higher ™01 valnes, Average
daily consumption of ™07 was 248, 2,72, 7,99 and 3,18 kg

among the rations 1, 2, 3 and 4, raspectively,

The plane of nutrition of the experirental calves in
terws of dry mattor, DCP and 1§ per unit metabolic body
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Table 46. Dizestinhility coefficients an' halinces of various
natrients umong cross-krod calveg fed conplata rations
coniaining sround whole cotton piants

LD L L L L 2 L T Y T Y T Y Yoy T Y y-y LA Ll T L L L LY T2 ¥ 3 2 - e To LT T g

aXper imental rations

”utrient s T S B S e e

1 2 3 4
Digest 1bility(:l)
™y matter 50,278 62,70 §67,96° 50,048
(rganic matuer £1.32% 53,83b 59,07¢ 61,024
Snergy 53,768 55,48 60,28¢ 7,008
Crude protain 60.793 63,56C 57,87 59.eogb
Crude fibra 40,760 40,168, 64,630 E4.00%
other extract 76.88°  80,02% 78,84 Bl
Yitrogene‘ree extract 5710 56,210 60,370 G355

Van 3o0ast Comnonants

[
Yautral dotoergent solq-les (5."‘.'?'7a 6'7.1!.4b 67.80: 7".00b
Yeutral cdaetergant five 39,78 39,04% 49,817 47,77

h  en prb
Homicellulose &0,01* 82,46% 61,310 80,88
Acid detergent fitre 24,208 34,71%  45,06P 44.4vg
Cellulose 5249, 5208 6.160 65.47]
Lignlﬂ 3.7 4,03 7.44 P, 80
"al:nees {g/duy)
itrogen balance +46,21% +61,08P 454,477 463,17°
' tent ns 4
"ﬁﬁ;ﬁ;" retention 36,008 37,0680 39,80 40,500
i tent as ]
bootmad MM B R g ef  cn.osd enasd  68,06D
Caleium bulance +11.oa§ +11.260 413,317 .12.er
Phosphorus balance +11,01% +11,64% +13,837 413,60

nnnnnn -

a,byc,d - values with difforent suparscripts rowwise differ
aignificantly (p/ 0.01) .

8, { « yalges with d1ffarent superscripta row=wise differ

significantly (P 0.08).



1% Plane of nutrition of the cross-ired calm" fod complete rations containing GiCP

S

ot, P ™ Intake par wnit netes
Tody b;d B e LI ¥8 bolic body waight  Prob:
welght {n S I il De dntake intake dntale e
(i) "elg S mtim ub mtto b () (el Ged) X XP M om

(ke*™™) conswe (g) consue (kg) (8 (g (kead)

ned ned

19633 So4 050 4m aaset 248 GBIl LY O MM A% 16D LY
w0 B8 0 57 e 2 BB 101 885 0K 07 1808 L1
o6 8,60 00M 48 S, 2,9 547 1309 .82 1000 62 WAL %
mog B 08 B B4 L0 66 1400 LK 16N 1M 24N L%
Y000 8,19 816 4 66,07 M K& 1648 11 1058 85 LN L%

)

byt yd - valugs with different suparseripts colummwise differ sipnificantly (p/ 0,01)
* hequirements of groving steers gaining 1000 g per day

* The goowth rate of the exparimental calves vere 706, 878, 9% and 074 g/day with rations 1, 2,

3 and 4, respectively,
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vaight aroe given in ™hlo 47, T™e estimated intakes of dry
mttar, DCP and ¥4 per unit metabolic body veight ranged

from 97.44 to 105,01 gy 9,99 to 10.17 g and 17G.70 to 214,11
Keal, respectively,

4.4.16.1 protedn-energy latios of ixperimental fations: The
estinmated protein - energy ratios (digestiblo erule protein
(g) and “igostible encrgy (kxecal)) of the experimental rations
arg praesented in Tible 47, The protein s ener:;y ratios

vero 1ls%,.14, 1121,96, 1312G.75 and 11P6.,11 among the treate
ment groups 1, 2, 3 and 4, respectively,

4.8 GRC T sTUDI G

The initial and firal hody velights of tho crossehrad
cnlves are preconted in Tahlo 48, Avorage daily gain (ADG)
wore 798, 878, 978 and 974 g in animnls fed rations 1, 2, 3
and 4, respectively, Statistical analysis of dnta revealed
& significant diffaerence (P/ 0,01) in ADG anong the different
treatment groups (‘Table 4R8), Average daily rain was higher
in animals fad rations containing ttlfaotreated GWCP than
their corresponding mmsh/pellet rations containing untreated
QWCP, liowever, pelleting of the mash raticn improved the ADG
with untreated GWCP, But such effects were not recorded due
to ammonia treatment of G:'CPe

Average DM consumption, weight gain, ™ consumption
per kg live weight gain and cost of feod per kg live weight
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Table 48, Weight pains of crossetred calves during exper imental
period (90 days) o

D O 5 4 G S P D SO G S e D P A T W Y O O WP D G G5 e % e S NS B OB

L ¥ ¥ - o w00 O G PP

Ration Animal Initial '#, Final Wt. vwelght gain Avarage

Ho. ke dally gatn
e e (8)
1l 1 128 192 66 733
2 173 M 7 789
3 173 21 88 756
4 191 260 69 767
E 183 29 76 844
8 131 211 80 889
Mean 158,17 779, E0 71.67 796.36%
q.’ioi 10.31 10.03 2.17 mﬂm
2 7 164 245 13 ] 900
8 1687 229 7° 800
9 164 260 26 088
10 147 o 0 889
11 168 45 7 arg
12 147 228 78 8.7
Mean 187,83 L6, K 79,00 878,00
8 leg, 3.72 4.49 1,89 2111
3 13 146 228 82 911
14 184 243 89 989
18 1£1 232 8l 800
16 188 28 80 889
17 151 L6 86 944
18 161 246 84 %0G63 e
Mean 168,80 242,00 83480 977,67
SeBet 8.8 5,82 1.34 14.82
4 19 171 266 85 44
2 158 244 86 856
21 148 32 84 833
22 174 265 1)} loll
<) 183 B9 88 286
] 147 2,41 94 1044 ¢
Mean 168,50 435,17 87.67 974.00
JeEed, 4.72 4,96 1,41 17.79

8yhy¢ = values with different superscripis differ significantly,
Analysis of variance of weight gains of animals

T P ST e S e - -

Source of variation 4.7, P Me3e F -
o

™ 3 1,03,969,30 36,656,43 1£.64

e e 20 46,8R7,70 2,344, 14

Total o3 1,50,R52,00

" S e B 40 S e P W TR S 08 3B WS B0 0B 0 B g on ou oo wr

*+ gignificant at 1% level,
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gain are presonted in Tahle 49, average L% consumption and
carresponding welght guin of the exporimental animals during
the experimental poriod were E3:,58, 71,674 635,98, 79,00}
B37.62y 83,50 and £39,34 and 87,67 kg with rations 1, 2y 3
and 4, respectively., The average DM consumed (kg) and the
average co~t of fecd (is.) per kg live veight gain of the
experimental animals racordaed ware 7.44, 5,073 G.78, 6.77%
6.44, 5,44 and S,10 and 8,77 vith rations 1, 2, 3 and 4,
respactively, ‘ignificant differances (P/ 0.01) were ohse: ved
among the four rations trortments with raaspect to dry matter
consumption an? tha cost of feed par ke live weirht gnin
(Tahle 40), Dry mtter consumption per ke sain was lowaat
with ration ¢ an? hipghest with ration 1, " oth, ammoniation

of G'CP as well as palloting of mash ration docr-assed the ™™
ronuired per kg live wveight pain, ‘The cost of feed per kg
live weight rain were higher (p/ 0,01) in ratlons containing
Hi-treated G'/CP than in rations containing untreated GCP
(™ble 49), Palloting the mash ration significantly increased
the cost of feed per kg live weight gain with ration containing
Hﬂa-treatod G-CP but not with ration containing untreated
G'"CP, The rosults of growth studies are summarised in Table €0,

4,6 R'MEN STIDIES

Kumen profiles in respect of nitrosen constitenta, p!
and total volatile fatty acids of the oxparinertal rations

are discussed helow,
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Tahle 49, Terd afficiency ond cost of feed per kr live weight
gain of crossehred calves

ation Animal Toed by Woight DM intake/ COst of
Hation Yo, intake 4intake gain kg pain / fOGd/k!
———e KE/S0 days (ke) gain(™)
1 1 £32,10 475,17 86 7,20 4,90
2 EB2,80 520,44 n 7,33 4,99
3 E”4,10 621,60 68 7.67 5.22
4 £67.80 607.13 69 7.36 £.01
5 640.00 571,52 7% 7.62 5.12
8 678, 606,63 80 7.57 E.18
“ann E97.62 633,88 71,67 7.448 5.07%
Ge ety 21 .50 19. 2 2,17 0,07 0,08
2 7 600,90 536G, 81 6462 5,15
8 £56,90 498,09 72 6,89 £.36
9 653,40 583,00 86 6478 5,27
10 596,10 631,96 80 G o686 £.17
11 B9, 532,05 77 6401 5.38
12 Esc.lo sgl.ss 78 6,8 5.%&
oan £99, £ 5.23 9.00 Ge 3 E. q
*ed ?’”3 11.33 71. 89 o.gs 0.04
3 13 618,40 550,19 a2 6,7 5,86
14 650,20 578,48 89 Ge 80 5.49
15 565,40 503,04 ’1 8,71 Fe%
16 ml-eo &5.% m 6.69 5.“
17 594,90 57R,66 88 8,22 8,78
18 EOE,80 520,08 84 6431 5,33
Maan 604,77 £37,62 /3,50 6.44¢ E.44b
Sedes 11,88 10,77 1.34 0,09 0,08
4 19 B7R, 0 613,45 8g, 6.04 5,66
20 £94,20 £27,20 86 6.13 5,76
21 £85,20 619,13 &4 8.18 £,80
22 616,60 546,90 91 8,01 5,64
2 <) 609,80 540,96 86 6,29 €,9
9 663,30 E8R.41 94 6426 £,.87
Mean 607.98 539,34 87.67 G.184 6477
S.E.& 12.51 11.09 1.61 0.05 0.04

29hycyd = values with different suporscripts differ significantly.

Analysis of varisnce of dry mat er intuke anc cost of fa.d per kg
live weirht gain

source of varintion dofs  Se8.  Mele ¥

U;‘l-.lntako/kg live Troatmonte 513) g-gé é.gg 61.66*
v P . .

eicht gain grtgi = 500 .
0 tmants N 1,60 0.83 26.£0
Yt of fewd/kg T ™ 035 0,07



Btle 50, Avarsce welght saing and feod efficiency of erosseired calves

fxperimental rations
T 1 s 3
Yumber of animls ] 6 6 6
Lxperinental perdod days 80 ] Q0 )

Taitial veight (ke)
Final vedsht (kr)

veight galn in 90 days (ko)

Averege dadly galn (¢)
DX intake/animal/day (ki)

¥ ntake/100 kg body veisht (k)
¥ intake/kg 1ive veight guln (k)
Cost of fecd/kg live velsht raln (i)

18817 7.8 18,50 183,80

0,60 W6 AA00  M6,17
7.6 MO B 8.

]

o o o6 oot
LB 5% 59
268 08 o7
NV LT
R Y, R

616t
£

ayhye,d « values with different superseripts rowewise diffar signifteantly (p/ 0,01),

ow L
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4.6.1 Ultroren fragtions 4n the fumen

4.6,1,1 Total pitrogons !aan concentration of total nitrogen
in the Tirmen 1441 of duffnloas as affocted hy processing of
feods an' time of sampling aro presentod 4n Table 81 and
Appendix A, Averuce concentration of total nitrogen in the
rumen fluid of animls fed Aiffarent rations ranced from 48.17
to 109,33, 50,50 to 117,00, 57,8 to 116.50 nnd £9,67 to 118,17mg
per cent with rations 1, 7, 3 an? 4, racpectively, palleting
and ?ma-troatmont of G.CP markedly incremsed the toial nitrogen
concentration in the rumen fluid at nll times of sampling.
iigher concentrations of totxl nitrogen were ohserved in animals
fod rations contuining mb-treatod G:/Cp than the rations cone
taining untreatod G'UP. In hoth types, pellet fed animnls
showved higher concentration of totzl nitropen then the corrage

pondin; mash fod animalsa,

Analysis of varlance ( ™ble £l a) indicatsd thut difiew
rences in the riuninal totnl nitrocen due to feed trentment was
highly significant (0 C.01). Total nitrcgen concentration
gave & highly significant (p/ 0,01) responge to timo of sam-
pline. Iilighest concentration of total nitrocen vas ohsorved
at 2 hours after feodirg hoth in pollot and mash fed animals,.

4.6.1.2 T¢A=inaoluble protein nitrogent Wh-insolible protein

nitrogen in the rumen flnid of hufaloes as nfocted hy proe
cessing of fecds and timo of nampling are prosented in Tahle E2
and Appendix B, The concentration of TCA=insoluble nitrogen



Mbls §1, Mean' ‘aluwes for concentration of tota) nitrogen (me/100 nl) in the rmen fladd
of Yurrsh buf'sloes as af‘acted by diffavent rations and time of samling

408 acter fosding

Ration (verall meal
0 7 4 6
] £ 1008 05 %K a8
S.Eot 0.39 0.38 0.50 0036 3028
? 0.5 U0 ®E W g
e E‘t 0.36 0.35 0.30 0.33 30 27
3 D N X ¥ 0.
s 020 036 08 046 3,19
4 96 UM 10 ®n et
3.50:‘. 0.33 0'39 0039 0.22 :1.19

Sntsebels L

callmem 508 4ol mot g
W 0P 08 08 o

L

¢ ivarige 0f tvelve rerdings

Byh0yd « valus with 41 arant suporscripts in the same colum an' In ho sume rov
differ sipnificantly,

=3 & «



Table Ela, Analysis of variance for total nitrogen

-
assSonss

source of variation dofs 3480 MeSa ¥
inimls 3 1.88 0,83 0,09
Ratdons 3 e 00,8 LU
Moes 3 B AL 40"
Animels ¢ Retions 9 .87 243 0434
Anipals ! Moo 9 1m L4l 0,2
Ratios ! Toes 0 164,69 18,3 0,58
Inimls " Tetions X Mmes 27 36,E¢ 1,35 0,19
Srroe % o 7,09

-,

*s onificant at 17 leal,

ST



ble 82, Mean® valyes for concentratim of Xainsoluble protein nitrogen (ag/100 ml)
in the rumen fluld of Murrah buffaloes as affsctod by different rations and

tine of samling
Tours aftar feeding
Ration ES— . (verall mean
0 9 4 6
1 18 0P 9L N 28,52
Tt 00U 036 0.9 1,08
9 wE S0 W % 3o
Sid 0% 0% 04 0.% 1,09
3 mE 4% 407 300 36,01
Sia G802 0.0 0.3 L%
4 BE  HB BE M0 30,28
e 0O 03 03 0,9 L%
Grerall mean P sl % masd

Sl 08 0.62 0,82 0,68
* Average of twelve roadings
8yhyeyd » values vith different superseripts 1n the same colum and n the same row
differ significantly,

»>T



Table 524, Analysis of variance for [Cheinsoluhle proteln nitropen

- - & Pe.

y 0y

Source of variation d.f, Se8s Mu5 P
Animls 3 0.8 0.8 0,06
hat iong 3 3456,55 s Aok
tinos 3 Les el "
Animals ¥ hations 9 10,4¢ 1,16 0.2
Animls ¥ Moes 9 230 0,26 0408
Rations  Times 9 196,67 2.0 L4
Aniels © fetions T Mms 27 16,41 0,61 0u12
grror 128 671448 b2

* gignifieant at 1f level,

T
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rangad from 71,83 to 70,97, M.37 to 43,00, 7.7 to 48,75
and 29,7 an’ 50,23 mg per cant in animals fed rations 1, 2,
3 and 4, respectively. !rhor conce-tration of IC/=4inascluhle
protein nitrogen were observed in animls fed rations contain-
ing fma-troated G'WCP. Pelloting of mosh rations also showed
highar lovels of Xa=insoluhle protein nitrogens

iffect of trentmont wus highly signicicant (P C.01) on
the eoneentration of CA=insoluble protein niirogenin the
Timon f1ladd of Murrah baf & loss (Table 5T &), fhe v-riutions
in NTA=inaoluhle protcin nitra-on concentrativn, duo to time
of sampling was highly significant (P/ 0,01). Peck concene
tration wiig Tound at @ hours postefocding in hafraloos fed

rationsg containing imtrotod or *?';{B—troated 0P,

4,0.1,3 pmmondn nitrosepns ‘ean concentrations of ammonia nitro-
gan in rumen f£lnid of huffaloes as af’ectad hy feeding of

the processed complete fesds and tine of sampling are glven

in Mblo E3 and sppendix C, Averanse valaes of Tﬂb-nitrogen
rangad from 3.60 to 37.13, 8,60 to 35,00, 1l.13 to 37,27 and
10.00 to 32,00 mg por cent in buaffaloes fod rations 1y 2y 3
and 4, respectively.

Feed treatments had highly significant effect (P 0.01)
on the concontrition of runinal amonin nitrogen (Tuble &3 a),
Higher concentrations of ammoniz-nitWrogen wero fomd in
animals fed mash rations than pellasted rations. Ilighe

ammondia values were also found when tha rations contained



Mo 53, Year® valws for encenteation of amonda nitrogen (ng/100 ul) in the
pen fludd of Warreh buffaloos as af fectod by 44f avent retions and

tine of seampling
‘oirs altor feeding
Retdn . S - (varall moan
0 9 4 6

1 o0 B AE %D %,
3.&0: 0.17 ooﬂ 0.21 011‘ 1.51
9 B0 0 07 %M %06
Q.u‘.i 0.26 0.15 0017 0017 104?
3 Y R
e O 02 ol ol L3
{ mor o we 28 238
Wt G120 008 08 1.9

overall pean o st 000t Algeb

Gogci 0,16 0,30 0,20 0.2

¥ 4verage of tuelve readings

tyhyeyd o Valugs vith difierent su

differ sipnificantly,

e

perscripte in tho same column and {n the sime Pow

49T



Able B, Analysis of variance for ammonia nitrogen

Source of variation d.f, oS .94 F
Anigals 3 0.4 0,15 0,37
hationg 3 21,00 B 15
e 3 1666,55  sals  Laseend’
Animals X kations 0 2,18 0.4 0,89
Animals | Times 9 2,81 031 0,76
Ratdons ¥ Times 9 183,18 2,91 51.00**
Animals ¥ Rations ¥ limes N 8,07 0419 0.46
Lrror 18 52.48 0441

o0 ofeniffcant at 1¢ level,

291
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untrented #1CP and uraa irreapsctivo of vhother thay aro fed
as mash or pollets as compard ammonin troated G1CP, Time
of sampling had a highly significant (P/ 0.01) effect on
rumen ammonia concentration., reak eoncentration of ammonia

nitrogen was found at 2 hours aftor feading in animals of all

troatment rroaps,

4.C0.1.4 Jasidinl nitroien:  The vrlues reprasonting residual
nitro-aon concontration aro presenmied in Tablt 84 cnd ippene
dix D, Moan valuas for residnal nitroron ronced from 16,19
to 2C.37, 18,68 to 7G.AT, 16,77 to 72,70 «nd 15,88 to "7.14 mg

per cant In animeils fod rations, 1y 2, 3 an? 4, rospuciively.

14 jhost concentrations of residual nityogen sere olserved
at 4 hours after reedir; in animls oo all the tredatment groups.
noth pelluting and ‘7}‘3-treatment of Ul lncroasod tho residwal
nitrozen concentrations in rumen flul’e the fecd trentment as
well as tinme of sixpling hed a hiphiy sipniflcant offact (i£0.01)

on the rminal residunl nitrogen concentr.ticn (Lalde 24 a).

4.6,1.5 Fpod and_protogeal pitromani The values reprasenting
the concontration of food and protozonl nitrogen (mg/100 ml)

are prasanted in Table £6 and Appondix i, The mean valuas
ranga? from 1,54 to 3.54y 1.2 to 7,50, 3,08 to 8,58 and 3.84
to 9,75 mg por cant {n animle fal rotions 1y 7y 2 and 4y

Taspecti ely,

Te fe.d treatment as well as time of sampling had a
significant effect (i 0.01) on the runinal food and protozoal



fble 8, Hean' values for concentration of residuel nitrogen (ng/100 ml) in the
rapen f1luld of Murrah buffaloes as affectod by diffarent rations and

time of sampling
- Toqra aftor feading
iation . Cvarall mean
0 2 § 6
\ B9 %M % %E T8
9.1;¢ 0.21 0.13 0016 0010 0.68
? 56 %0 %8 %D 2,480
(;..ﬂui 0.13 0015 0018 0016 00%
k| €37 %40 2.8 %D 2,50
f:.E.t 0.11 0016 0.]3 0016 0.“
i 65 BE MU ES 5,3
Sl 0,18 o2 oM 01 0,63
wnllpn 107 %2t sal mo
b 0,2 008 000 0.0l

* Lvara;e of tuelve readings

aybyeyd - valugs vith different superscrdpts In the game col an. L the sume row
diffar siondfi-antly,



Table 82, Analysis of varirnce for rocidial nitrogen

Source of variatio 4.0, %4l MeSe F
Aninals 3 087 0,9 508"
fat dong 3 346 149 604"
Mnos 3 3.3 mm .
nimels 7 rations 9 1.8 0,22 1,16
Animrls 5 Mmes 9 3462 00 211
hetions i limes 9 3.4 0.0 %1
Animals © Rations ¥ Times 7 4484 0,17 0,89
oTor 18 %4435 0,19

¥ fenificent at 14 level,



Table 65, Mean' values for concontration of food and protosoal nitrogen (rg/100 nl)
{n the rumen fluld of Murrah buffaloes ag affected by different rations

and time of sampling
fiours after feeding
Ration . ~e (verall mean
0 9 4 6
1 L8 6.H 3,8 9,33 3,40
’ Y T o a0
SlElt Otm OOm 0.% olm 0!33
3 308 B8 688 4,5 5,61
SoEoz 0015 00m 0015 0.18 0.31
‘ M 9% 6% 60 608!
3|E|t 00m 0018 00“ 0017 0032

(vomall pean o5 gl 4w aed
Sobet 0015 0018 0022 0.19

+ pvarage of twelve readings

8ybytyd » valugs with different superscripts in tho same colam and in the samo rov
diffor significantly,

ST



Table 88, Kean' values for concentration of food and protosoal nitrogen (ag/100 ol)
{n the rumen fluld of Murrah duffaloas ag affected by different rations

and tine of sampling

lours aftor feading

Ration ~we (Vorall mean
0 6
1 1.4 333 2,33 3,440
Soikg 0018 0428 0,18 0.9
2 1,9 2, o 40
SEg 00D 0.% 0,% 0,33
3 3,08 5,58 45 5.61°
Sk 0415 0 od8 03
i 35 6,54 00 608t
ﬁoEaz Onm oom 0017 0.32
Ovarall pean 9,508 4,0 3,641
5034 0015 0029 0.19

¢ sverage of twelve readings

3ybycyd » values with different superscripts in the same col & and in the samo rov

differ significantly,

t-2-a ¢



Tadle 82, Amalysis of variamee for food ant protosoal nitropen

o

Source of variation 4.5 S Mess F
Animals 3 0408 0,02 0,03
Rattong 3 20 "0 2088
Nae 3 e e %"
Animals X hations 9 2,63 0,29 0e83
ininals Y Tines 9 $,00 0,44 0,86
Fations ¥ Times 9 8,2 0,9 1,35
Animels ¥ Kations Y Times 2 55 0,3 0,20
RrTor 178 %.8 0,68

s oienificant at 17 lavel,
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DMirosen (Whle BF a), Hichest concantrationa wera ohsarved
with pelloted and "Hg=tronted 6P retions, !Mghest cone
centrations vera observed at ? hows after fa:dins with all

the experirental rations,

4.6,2 pll of the Lurep 5144

The values representing the pi of tho raven fliid are
prasented in fable £6 and Appendix ¥, The mean vulues of
pil of runen fladd rangad from 6.57 to U.84, G.55 t0 6.76,
6.37 to G.67 and G.”9 to G.67 in rumen fluid of animals

fed rations 1, 7y 3 and 4, respectively,

p:l values showe! highly sirnifieant (v/ 0,01) 4if‘erences
with rospact %o feod trantnents and time of sampling (Takle E6 a)
Lowast valuos wera rocordod at ? hours afé r feedire, irrea-

pective of the ratieon fod,

¢.6,3 Jota] Jolatile Tetiv igida

Hoan TVF4 ooncentration in’ tho romsn P1:144 o huffaloes

as af‘ect d ty procansin of fa As and time of sarpling are
presentcd 4n Table £7 and Appendix G. “Mean values of WT7A
ranged from 73,76 to 102,80, 76,82 to 104.33, 82,87 to 109,ER
and 83,8 to 114,33 meq/l in animals fed rations 1, 2, 3 and
4y rospectively.

Higher concentration of TVi'A wore ohsaerved in animals

feod pelleted rations than the corvesponding mash rationg,
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Table &a, imalysis of variamce for pi

sowes of varlation a1, Sade Moo v
Antals 3 0,06 0,02 0.2
Bat dons 2 2.2 0% 10,67""
Mo 3 L4 0,64 au*
Anim]s X Rations 9 0,08 0,0 0l4
Animals § Mnes 9 0,01 L1 L1
Rations X Maes 9 0402 L1 L1
inimls ¥ Pations i Mmes 27 0,04 L1 L1
RTor 128 8,32 0,07

o+ qignificant at 17 lovel,



Table 87, Nean® values for concentration of total velatile fatty ecids (meg/l) in the
rumen fluld of Murrah buffaloes as affected by different rations and tim

of sampling
lowrs after fecding
Ration — —— Ovarall goan
0 9 4 6
1 TIE 0080 942 SLE &0
g 045 0, 0,38 0,31 1,58
o R X 80, 5"
g 032 038 0.4 0.2 1.5
3 8.5 100,58 0.8 89,% ®,9°
S.E." 0936 0.29 0027 0035 1048
‘ BE LB 1 B 9,544
S.L.:«_ 0037 0033 0.30 0.41 1.69
Overall mean TR W T A X <L

S.E.g .65 0069 0072 0064

s Avaruge of twelve rcalings

gyhycyd « values with different sgperseripts dn the samo colum and 1n the same row
differ sizniticantly,

LST



Tatle &M, Analysds of variance far total volatile fatty acids

Source of varlation d.fs 5434 oo r
hnimls g 034 ol 8
Pationg 3 s sl
s 3 209 003 seeng"
Aniasle X fattons I K 1,9 0,84
Animels ¥ Times 8 1,38 0,87 0,87
Rations X Tines 0 08 8,8 6,3"
Animals X Ratlons ¥ Times N 36,80 1,41 0.82
grror 12 182X 14

o0 gignificant at 17 leval,

e e e
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lilgher TVFA concentration was also ohserved in animals fod
rations containing mla-troatod G'CpP than the rations cone
taining untreated G'CP. Analysis of variance ( [able &7 a)
showod highly significant (p/ 0.01) differences betwoen
food troatmente as vell as time of sampling with raspoct
to TVFA concentration, 'idgnest concentration of T FA was
obhssrve: at 2 hours aft-r feeding in all the troeatment
groups,



CHAPTER V

Discussion and Conclusion



CHAPTER ¥

DISCTUSSION AND COMCLUSICN

Whole cotton plants, after the last picking of cotton,
were dried, ground and either untreated or ammonia treated was
fed as & gole source of roughage in the rations of Murrah
buffaloes and growing cross-tred calves., liutrient f'.igestibi;-
14ty and utili.ation was ussassed in digestion and metabolic
experiments using a 4 X 4 latin square design in Murrah
buffaloes and completely randomised design in cross-bred male
calves,

8,1 BPFRCT OF A'NYDROUS AMMOMIA TRIATM.MT ON CHBMICAL
COMpOSITION

The color of the ammonia treated GWCP changed from
1ight trown to dark 'rown and hecame less coarse and more
pliadle than the untreated one. Tenger st al. (198%)
otserved ‘trowning of the corn stover treated with NHy at room
temperature, Wang gt 8], (1964) demonstrated that Wi disrupts
bonds that cement cell wall constituents and cross links in
cell walls resulting in swelling and increased flexibility of
the fiire,

The ammoniation process adopted in this study 1.e.y inject-
ing required quantity of NHy into polythene bags containing
veighed quantity of QWCP appears to be economical and more
efficient due to usage of the ground mterial in polythene

bags wvhich provided more surface area that can come in contact
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with Hily for a*sorption. ' urther there was less wastrre of
ily a8 compirued to the mithods used by ‘lundstol gt gl.(197R)
and "uettner gg al. (1987) who 1:jected Tl into stacked
bales of huy covered ulth polythene shacte

The proximito composition d:ta (inhle 5) indieatad that
the G'XP contiiincd more rihre »nd protein when compar.xi to
an avarage aqanlity mixod Jry rsrass, lircher fibhre level was
duae to tha woody staems of tha plnnts and highor protein lavel
was dua o the presance of ahoat P£ to 0 pur cent ;raan
loafy foilara ~t the time of harvast (Fipires 1, 2 and 3),
Anronintion incraasod tha crude protoln contant hy 10E par
cent (rom 7,81 to 16,01 ) and thore wra not much A4f forence
in all othar proximnt - principles due to ammonintion, Atheor
investizators (mapp ot al., 19743 Garrett ot al., 1979%
Horton and Steagy, 1779 an’ ™uottner et al., 1987) also ohaer=
ved that am ondntion sirni“icuntly incroeased tha nitroe.en

percentage in forages,

Van 9oaest analyais data (blo &) indicatud that the
G':.P contulnad 19,27 per cent solubla cell contents (Dy)
and 80,78 per cent cell wall constitients ('IDl) and these
data are compnrahle to lowegrade crop residues like padiy
gtrav and oat strav (en, 1978)., “eatral detergent fitre,
hemicellulose and lignin percentajes decroased with nmmoniae-
tion, but AD" And cellulose parcentases were not affactod,

The lover 177 percentate of the ammonis treated G cP recorded
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Fir. 1, Cotton plants after last picking o cotton.
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Fig. 2. Harvesting of cotton plants,

Fig, 3. Stacking of cotton plants before transhipment,
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in this sty was due to decrease in heriicellulose and 1ignin
percentapoes, These res:ults are in accordance vith "usttner
et al. (1987) vith fescue hay. nNaecrensod hemicelluloss cone
tent by 'liz=treatment dus to solubelization was reported by
“olaimnn ot al, (1979), ‘lorton (1081) and Tlorton gt al.(1987),
Streater and 'lorn (1982) ohrorved lover hamicellaloss and
lignin contants hut not callilose @ ntant ol "THg=treatad
wheat straw folloved hy peracatic nci” treatmant,

£.2 COIT OMICS

Pellating of complete rations renuirad ad*itional pover
cons:mption than thosa of complate mash rations, “herafore,
coat of pelletad rutions containing untreated G UP and Tig=
tronted 1'CP was more by 1:8.8,8l and 8,11, raspoctively ( mahle 8)
the additional coat of pelleting wis due to cost of stoam
pro ‘w tion and actual pollating processs The cost of the
rations containing ?ms-treatnd 3*CP were higher than thoir
correspording mash/pellat containing untreated G'XP and this
incroased cost wns due to ammonintion process which was ahout
F8.38,60 per 100 ke 0''CPs Tha cost of camplcte ration was
{ncrensed hy Re,14,78 and 13,78 per quintal for mash and
pelleted ration respactively 'ne to ligmtroatment of 1'XP
(Table 9).

8,3 PROCEYS FLOY A'M 1 TK nNTATY
The complete mash and polloted rations used in this in-

vestiration contained either untreated or Ti-treated GuCP at
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48 per cent level as a roughape source, The capacity of the
pilot plant is 1000 kg per hour for concentrate feed aither
for mash or pellet protuction, 'owaevar, estimated proluction
capacities conld not be ohtained in processing complete
rations used in this experiment, The proyction performance
of the formulae processed worked out on an averare 400, 400,
42€ and 42€ kg per hour, for the rations 1, 2, 3 and 4, rese
pectively., These lov prod:ction rates of complete fecds may
be attrihuted to the low density of GNP which was used at
4E per cent lovael as rougrage sowcee and also due to poor
I'low characteristics of the material due to low density and
fiwre characteriatics i.e., more resistant with elongated
particle shape and size, At all processing points 1.8,
grinding, mixing and pellating, the low performance of the
hammer mill, mixer and pellet mill to process complats rations
racoried in this exporiment may e attrihuted to the low bulk
density of the ingrediaents high level of roughupge used in the
rations and also to the fihre characteristic of the roushnge
uned in the study,

The total cost of procesting ( lahle 8) of complete mash
containing untreated and 'ipetreated 7'CP per quintal, res-
pectively was Ks,9,7) and 8,81 whereas for the corresponding
pelleted rations, it was R3.17.82 and 16.92, respactivaly.
There is an increase of 18.6.06 and 6,66 per quintal in the
procossing.cost of complote mash rations 1 an¢ 3, respectively

as compared to the convaentional concentrate mixture (Rs,3.1E)
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rocorded by lLied'y (1981) amd this increase may be attrihated
to inclusion of low-density hulky 3 CP used at 45 per cant
lovel in the prosent study which intirn reflectad on the Pro=

dction performance of harmer mill, mixer and pellat mill,

Groundnut cnka nnd rice hren used in tho experinmgntal
TAtions were of a hizher hilk density ( ¥le ?7) is conpared
to tho othor in-redionts umnd, ‘loraver, pellotad complote
rationa improved in their hulk Aensitios and were comparr'le
te concent ates like ~To indnat cake nmd rice wran, It vas
also observed th~t the “lov rate of complote mash rations
in the conveying aystems and othar procasgins aqaipmant wvas
rather slov, This apain may 8 attrihated to the low hulk
density, particle shape an’ size, fitre charicteristic of
roughage uasad and lack of free flowing chaructaristics of

ro ghige material which was used in this st .dy.

T™e hulk densities of corplete pelleted rations vere
hizher than the bulk denaities of respective mash feeds ( Tahle
7). The hilk densities of rations 2 and 4 (pelleted rations)
were £7.78 and 61,62 par cent hirher than the corresponding
mash rations., These res:lts indicate that the light roughane
mterials could be improved in their hulk density compara™le
to concentrates by grinding and pellatinge, This 4n turn
wo1ld help in easy handling, storare and economic transporta-

tion of complete feeds from arcas of pro’urtion to areas of

scareity,
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Bed DIGLATICT AMD MITANLIC nT MINg

5.4.1 Yoluntary Intake

There was an incromse in tho averape dry matter intake
of rations containing ammoniatod ''CP as compared to those
eontaining untreated G':CP {n hoth haf“aloes and cattle
(Tahbles 10 and 29), These raes lts were in accordance vith
the reports o lierrera - “aldana gt al. (1982) with corn
cobs and husks, The greataer intake of rations with am-oniated
G-CP was probably due to the of 'act of ammoniation on fibre
digestinility, [Mhis i3 in accordance with the ohservations
of "uettner gt al. (1082) with fescue hay, Hnapp gt 8l.(1975)
roported that cattle can roadily consume am oniated hay

without adverse offacts,

Palleting of mash rations di? not shov sipgnificant impro=-
voment in dry mattar intake in duffaloes and eattle, This
was in accordance with the resulis of ’lorton gt al. (1987),
These workers also reportue? no efi’act of palleting on dry
matter consumption in steors fed complete fends with vheat
strav, Howavar, this vas contrary to the findings of 'lazlett
et al. (1960), Klosterman gt al. (1960) and Hhajiria and
Mudgal (1976) who reported incroased dry matter intake due
to polleting of the rations, Nry matt.r intakes recorded
in the present stuly were optim:m in both specioes an:! wvere

in accordance with the recommendations of Kearl (1982) for

buffaloes and cattlae.
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§.4.2 Dry Matter Direstinility

The differences in dry matter digestihility coofficients
recarded among the four treutment groups (Janles 11 and 30)
were highly signivicant (P{0.0l). ‘These duta iniicated that
the dry matter digestibility improved significantly (P/ 0.01)
hoth by ammoniation (7.88. 4n huffnloes and 7.49,; in cattle)
and pelletization (1,94° in huffaloas and 2,243 in ecattle) of
the complete rations containing 3 CP. Increasad dry mattar
Aigeatihility by ammoniation was reportad by 031 gt al. (1077,
Horton (1978) and 'lorton and “toaey (1979) uith carsal straws,
rskov ot al. (19R3) demomstrat d thet ammonia troatment of
strav improved digestihility and that area added at feeding
time 417 not have a similar effect, Kaingl gt al. (1981)
racorde’ higher T'TMD with Nhetroatod than rea + uroase
treatad maize and wheat straws, Amroniation wvas pres:med
to increase the dry mattar digestihility through reaction
vith the lignineearbohydrate complex (inapp % 8les 1974).

Increased dry matter digeatihility observed with
pellotization of mash rations in both spocies might be dus to
incroased retention timo of pollets in the rumen by reduced
froquency and intensity of rumen contractions (aran gg 8l
19R0) and cooking ef'fect of the ration during polletization,
Tro (1068) ohserved increased dry mattoer digéstihuity on
pelleted fecds as compared to ground pellets. liowvevory these

results were contrary to the reports of "laxtar and Graham( 1956
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vho reported Aeprossed digastihility of pallated roushage.
llowever, Lindahl and Davias (198€), isplin gt al. (1957),
Lindahl an Reynolds (19£9) and Mayer gt gl. (1969) reported
that pelleting of rough-ne had negliginrle or no offect on the
digeatinility of Ary matter,

£.4.7 Organic Matter Direstinility

There wis improved intakes of orpanic matter by ammonia-
tion hut not hy pellatization (Tadles 12 and 1), This might
he dua to hirher dry m:tter intike on Thetreatol rations,
These f11dings are in accordance with the report of ilerrera -
Saldana et al. (1982) who recordel hizher organic matter
intake with ilig-treatod vheat atraw, ilowuver, Coleman gt gl.
(1978) reportod 23 par cent incrsase in orpanic matter intake
with pelleted feod amon; cross=Wred steers,

noth 'Yllaotreatnmt of G'CP and pelleting of completa
mash rations increased (P/ 0,01) organic matter digostihility
in bhuffaloes and cattle. ¥aingl gt ale (1981) reported higher
IVoMD with Maetreated than urea + urease treated rice and
wheat straw, 'ligher organic matter digestihility by Ty
trentment was also reported by 034 at al. (1977) with corn
stover, Herrera - saldana ct al, (1982) with wheat strav and
Horton and steagy (1079) with coreal atraws, long gt al.(1985)
observed higher orranic matter digestihiiity with palleted
rations than mash rations, The present observations are in

agreement with the results of aforesaid authors.
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There a8 an increase of orgnniec matter digeatihility of
mash and pelloted rations due to ammonintion of G'CP by 8,10
per cent in huffaloes =nd 7,43 por cent in eattle. If thore
were no aasociative effects hetwesn G'XP and other dietory
componenta, the 8,10 an® 7.43 per cent increasa vwith ammonife
tion indicates an improvement of 18,0 and 16.5 per cent in
the ormanic matter digestibility o” #'CP in buc aloes nnd
cnttle, re<pecti ely, ‘'orten gt al. (1992) ghaerved 16 per
cont increase in orranic mttar digzastibility o” ammoniated

vheat straw {n corplete fonda “or ateors,

E.4.4 Crude Protein Di:cstibility

Crude protein intakes (fables 13 and 32) wors higher
among the rations contalning 'liletreated GWCP compared to
tha rations containing ntreated AP and this may be Atirie

huted to the increaged dry muttar intnke anong thase yroupa,

Ammonia traeat d GWCP ros:dted in decr ased cruie protein
digestibility in buffaloes whereas the decrcase in digistibie
11ty vas significant (P/ 0,01) in calvaes than the coriesponde
ing mash/pellet ration containing untroated GNP, Pelletiga=
tion improved the crude protein digastihility with untrsatad
GLCP in hoth speciea, The "ighor crule prot ein digentihility
with untreated nVCP rations might ha dune to rapid rolense of
My from the urea present in then, The lover dipestibility
of orude protain in the rations containing ?'!b-treatnd 6P
may be due to bi-dins of the nitrogen via the Millard reaction



171

where condensation of nugar aldehytes or the oxidation of
phenols (possihly lipnin) with nitrocenons compom? oecurs,
“ince ammoniation increnssd leval of intake, more fihre
might have probably reiched ths larrce intesting ponsihly
resilting in some hind;:at fermentation, :3imilnr obsarvations
were mace by Morris and Mowat (1980) while feeding ammoniated
corn stover to ateers, [his could also contribute to the
redaction in crude protein digostihility with the ammoniater
rations, The lower digostibility of crude protein in diets
containing ‘!Eia-treated GCP was in accordanca vith the reports
of 0J1 gt al. (1977) in corn stover, Garrett gt al. (1079) in
rice straw and lorton gt gl. (1087) in palleted ammoninted
complote fends, 'lowevar, thase reosults werae contrary to the
findings of Al=-Tahhat nnd 'leanay (1978 a), ‘iorton and "teacy
(1979) and Herrera-taldana gt al, (1937), Improved ecrr'e
protein dizeatinility ith pellatization aspacially with
ration 2 indicatas thut the palleting process hnd helped

in improving the crale protain *ipastinility, Similar
resilts vere reported hy ‘owsert and “ontgomary (10G9),
nelson at al. (1906R), Kawelkar and Patel (1978) and Reddy
and Reddy (1979). liovever, these rasults aro in contradics
tion with the findings of Weir gt al. (1989) vho found no

ef “ect on protain digestibility due to pollaeting.

5.4.5 cryde FAbre Dicestibility

Thera was incroased dntnke of crule fitre among rations

containing 'lig=treated G'CP as compared to the rations with
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untreated 0'CP (Tahles 14 and 33) and this may  attribatoed

to increased dry matter intuke among thaese groups.

Crude fibre Afigostibility coeffielents were significantly
higher (P 0.01) in rations 3 an' 4 containirg Tig=treated
G'CP than rations 1 and 2 contnining untreatod G'CP in both
species imiicating that ammoniation improved the digestibility
of cru'e fitre, Theta findings waere in agraeement with the
rgports of 'lorton (197R8) and “orton an? Staacy (1979) 1in cercal
strava, Procesaing of mash ration into pellet form A4d not
show any sicnificant improvemsnt in the crude fihre digoatie
bility in both the rations hnving untreated/'The-treatod ANCP
as roughage source in buffaloes as wgll as in calvas, Thaose
results vere in agreement ith the findings of Lindahl and
tieynolds (19€92), rhattacharya and khan (1973) and Keddy and
heddy (1979) who reportad insignisicant ddilr'erance in the
digeatibility of crude fihre dua to palleting process,
However, these rosults are contrary with the findinis of
wodr gt als (1969), Alexander and lentges, Jr, (1967),
reardsley (1964) and 'ontenot and iopkins (196E) who re-
portad decrcased crude fibre digestihility duc to pellating
vhile Long gt al. (19€5) ohaarved incr asod crule fihre
414goatibility vith pelleting as comparad to that of ground

ration,

£.4.6 gthor oxtract Di-osfirility

Sther extract intake was more in rations containing

m&.;-treatod GUCP than the rations containing untreated



173

0Cp (Mhles 1E and 34) and this may he due to differances
in dry matter intake,

"thar extract direstihility coafficlents racor'ed among
the four ration treatment groups were not aipgnificantly
different in hafaloes indicatin~ that neithor ammoniation
of GWCP nor pelleting of mash ration had any affect on ipesti-
bility of ether extract. usplin gt al. (1967) rocorded 4ine
significant A4fferences in apparent digestihility of ether
extract between pelleted and mash diets. ilowever, pelleting
increased the ether extract digestihility than their correse
pond ing mash rations containing mtreated/'nb-treated HWOP
in calves, Red'’y (1981) also reportad incren-od ether
oxtract digeatihility due to pellaeting of mixed grass hay

based on complota rations in croassired calves,

6.4.7 Nitrogan=frec tract WUgestihility

‘itrogen=froe extract intake Aata in Hhrle 135 and 36
{ndicated that there was incraagad intnke of 73 among the
rations vith “hetreataed 6'CP ns comparod to the rations
with untreat-d G'CP and this may ha attrihuted to increased

dry matter intake amon: these groups,

Digestibility coofficients of I . wero hisher (P, 0.01)
in mtions containing "ma-troated G /CP than in the rations
containing untreated G'LP in both the species, Yorhani and
Jundstol (1082) reportud that TLetreatment incroased enzyme
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soluble organic matter of the straw and this mi-h¢ have
probatly roflected in hi-her 'I'i digo~tibility. Pelleting

of mash containing untreated G'CP improved I’ digestibility
in both specles, Pellctization of mash containing ammoniated
7'CP di¢ not show any significant improvemant in ' 3 digosti-
bility in calves, ‘liowover, thers 'ms a signiTicant (P/0,01)
increase 4n 'IF3 digestihility due to pellotiziution of mash
conlainine~ Tigetreatad GCP among haffaloes, This 13 in
acrreement vith the findings of long gt al. (1065) who recorded
increasad “I'E digestibility for the polleted rations, !lovavar,
this rinding 13 in contradittion to the findingn of Lindahl
and Reynolds (19£9) an! Ledly and Roddy (1979) who ohserved
insignificant dirferonce in the digastihility of 'IFs due to
pelleting, Ibrahim and Ingalls (1971) report.d ‘ecroased
di;estibility due to pelleting.

B.4.8 Znergy Diraskibility

Animals fed rations with “nb-treated G CP consumed more
energy (Tanles 17 and 36) than the animels fed rations with
untreated 'CP and this might ha due to higher intnkes of

dry matter in those treatment groups.

noth ammoniation of f'CP and pelloting of mash rations
improved (P/ 0,01) tha anergy digectihility of tha rations
in buffaloes ant cattle, This wis in agroement vith the
findings of 044 gt al. (1977) ard Morris and ‘ovat (1920)
in corn stover, Garrett gt al. (1979) in rice strav,
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Horton nnd Steacy (1979) in cereal strawas and Al-Reahhat

and !leaney (1978 a) and 'lerrera-caldansa gt al. (1982) 4n
vheat straw vho observed hirhar enargy digastihility with
ammoniation, T™is was also in accordance with the findings
of Sstyanarayana (10R1) who found sisnificant i ference in
the digestihlse enerry hetweon complete mash an® complate
feecd pellats containing GE per cent dry mixed grass hay as
rougha;o source, :owaver, this finding was in contradiction
with the findings of Lindahl and Davis (198!) and Mayer gt al.
(19€9) who reportaed that pelletin; did not afiact the digese
tihility of energy.

6.4.9 llg qnt Joluble (D3-cell contenta) Dizeiti-

Jeutral detergent solubles data (Tahles 18 and 37) indice-
ted that there wns incroasod intake of ''D3 amons the rations
with ‘Yfla-troated G'CP as comparnd to the rations with une
treated GVCP and this may 'e attrihated to increased dry

matter intnke among these groups,

Jeutral dote:gent soluhles digaestihility was improved
(P{ 0.01) by ammoniation of G'X" (4,37} in bufraloes an? 4,459
in calves), than the correspondin; mash/pellet ration, Pellet-
ing of mash ration significantly increased (P{0.01) ‘Ms -
digest ibility in both rations containing ilily=troatod GIXP
as well as untreated G CP (2.,04,). llovever, the increase

of D3 digestibility due to pellatization roflected more in
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rations with mla-troatod GUWCP (3462 in bufraloes and 4.20%
in calves) than in ration vwith untreated G CP (2,04 in
buffaloes and 3,374 in calves)., T™is mizht bo due to more
solubelization of cell contents by N:iaocreatmnt making
them more suceptahle to enzyme action(mian gt al., 1972)
or higher enzyme solihle orpanic mnttar content ("orhami and
qundstol, 1987), Iiigher starch digestihility in THa=treated
than urea treated harley straw in stears was ohsaerved hy
Orskov et al. (19P3),

£.4,10 ‘Vi':gai Detar-ont "iwre ("Mr-cell wall cpnatituents)
g

Takles 19 and 79 indicated thut there was improved
intakes of "IN by arr-onlation bat not by pelletizution, Ilhis
might bo due to higher dry matior intake among 'lly-treated
Eroups.

significantly biher (r/ 0,01) 73 digestihility was
orsarved with tha rations containing Wus-treatsd GWCP than
the corrasponding mash/pellet ration containing untreated
7CPs Pelleting of mash rations had no of fect on IDF digestis
hil1ity tn bdoth specles, Thaese ronilts are in agraement with
the reports of Knapp gt al. (1976), Garrett gt gl (1979),
Horton gt ple (1987) and seaenger gt al. (1982 a) vho reported
higher 0" digeat ihility due to ammoniation of vrorious low
quality roushares, 'lsvever, the resalts on the offact of

pelleting on MNDT ddportibil ity rocor’ed in this stuly was
contrary to the findings of 'lorton gt al. (1782) who reported

decroased NDF digestinhility by pellotization.
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Though the homicolluloso content of G'CP (Tatle &) de-
ereasa’ with "h-trentment, the dntrkes were almoat simiar
(™'1las M an' 39) with the corresnording mash/pallet ration
contairine untreated ME™ Aus to hirher Ary mattar intuka 1n
the ratinang ¢ mtainin- ""3-troatoﬂ. 7'Cr, Tha lovor lavels
of herice’1nlose intake with palloted rations wms dae to
lesser hemicellulose content in pellated rations (Mahle G),

Thetraitmant orf GCP improved (P/ 0,01) henicollilose
digestibility in both spacles hat pelleting o mnsh ration
improved (P/ 1%01) the henicallulose digestibility only 4in
baffaloes. This was in agro ment with the findings of Saenger
at 8le (1987 a) who reported incrensed hemicellulose dizestis
hility vith ‘?:%-trantment 0 corn stalks than untreated witim
out applenment or with suprlemont or urea or soyahean maal,
Tho inere:.sad hanicallilona Aiz =tihility might he due to
soluholizntion of henicellulose due to ""i.trontment (*lorton
a2t 8l.s 1987) an® farther by hent treatmont in palletization

proceas,

£.4.17 Acid Deterpent Fibre (ADY) Dizostihility

Higher intokes of AN (Tahles 21 and 40)with rations 3
and 4 containing :'Irxa-traated G/CP than vith ratioa 1 and 2
containing untreated GWP might tw due to higher dry matter

intake on those rations,
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Acid detergent filre digestihility coefficients werae
significantly higher (P/ 0,01) with ratiors containing RE
treated QWCP (11.80f in buffaloes and 10,30% in oalves) than
the rations containing untreated GWCP, However, pelleting of
mash ration had no erfect on A digestihility in both the
treatment groups, ligher All' digestibility due to Nuaotrut-
ment vas in accordance with the results of salaiman gt al.
(1979), lorton (1981) and llerraera=-Saldane gt gl. (1982),
Saenger gt gl. (198%a) who reported higher ADF dipestihility
by Nna-treatmnt of corn stalks than untreated without supplee

ment or with supplement of urea of soyabean meal,

£.4.13 Cellulose Digestibility

Higher cellulose intakes by the exparimental animals fed
rations containing ‘ﬂ%—troatod @WCP than the rations containing
untreated GHCP ( Tatles 22 and 41) might ho due to higher dry

mtter intake in these groups,

Cellulose digestibility coefficl nts were higher(p/ 0,01)
with rations containing Nﬂa-trenud QWCP (13.37% in buffaloes
and 13,97% in oalves) than the rations containing untreated
OWCP but pelleting had no effect on cellulose digestibllity
in both species, Increased cellulose digestibility due to
amsoniation recorded in this stuly are in accordance with the
reports of Salaiman gt al. (1979) in pelleted complote rat ions
and Saenger (1982 a) in corn stalks with or without supplo=
mentation of urea of soyabean meal, Tuattner gt als (1982)
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reported that infraered spectral charactaristics of the treated
and untreatod hays indicated that ammoniation significantly
reduced ester bond ahsorbance in the fibre fraction of hay.
These ghanges in infraered ahsorbance properties praosmatly
resulted from the breaking of oster bonds betwean lignin and
structural carbohydrates might have beon primarily responsible
for the greata: fihre digestibhility of the ammoniated hay,
However, the results are in contradiction to the findings of
gardon and Chesson (1983) who ohserved no effect of Hily=troat-
ment of bdarley strav on cellulose digestihility,

8.4.1¢ Lignin Dicestibility

Higher lignin intake (M*les B and 42)in the animals fad
rations containing untreate’ GWCP might be due to higher dry
matter intake with these rations,

Lignin digestibility coafficients were low and almost
comparable in rations containing untreated QWP in doth species,
There wus significant improvement (PZ 0.01) in lignin digesti-
bility due to Nig-trumnt but pellating had no effect in
bufrfaloes and calves, However, the improvement of lignin
digastidbility due to les-trcauont of GWCP was considerably
1oV 4n calves as compared to buffaloes, These findings are
in agreement with the findings of iHorton gt gl. (1982) who
observed higher lignin digestibility by ammoniation of wheat

strav in steers,
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5.4.15 Imlance 3tudies

B.4.15,1 Mitrogen balances 'itrogen retention ( a*les 94 and
43) was more (P/ 0.01) in ration 3 than in ration 1 an® in

ration 4 than {n ration 2 in both spacies indicating that
retention was more in the rations with THy-treated 0°CP than
in the corresponiing mash/pellet rations. Pellatization had
no effect on nitrosen ratention within ench gronp oxcept 4n
calves with untreated 5XCP ration (Thlas %4 and 43), 'itr-gon
Te antion as per cont intuke was hicher hy £,04 units in bHffa-
loes and 4,08 wnits in calves with Miy=treated GWCP than in
rations with untreated G!WP., Though the apparent digestibility
of crude protein was less in ration with Nlig=troated GWCP, the
nitrogen retention was more indicating that more enorgy raeleased
due to higher digestidility of cell wall conatituents in these
ratio~s which was atilized for batter conversion of !Ny into
miorohial proteins resulting in higher nitrogen retention,
There was a trend tovards increased nitrogen retention dus to
pelleting of mash rations thsugh the retention was significantly
higher (P/ 0,01) only in calves on ration with wtreated 4P,
This improved retention may be Aus to improved availahility of
energy due to pelleting process, Improved nitrogen retention
by pelleting was reported by Meyer gt al, (1969), Voods and
Khodes (1969) and Reddy and Reddy (1979), The increased posi-
tive nitrogen btalances of pelleted rations as compared to mash
rations may be attributed to increansed protein intake and to

the pelleting process,
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8.4,16.2 Calolum balences Higher (P/ 0,01) caleium balances
were ohserved with the rations containing Wy=treated G'CP

in both species ant this might he due to highar intakes from
these rations, Pelletization had no effect on caleium “mlance
(Tables 26 and 44), This 4 in agresment with the ohscvatiﬁ)l
of Redly and keddy (1979) who raported that palleting had no
effect on calaium balance, Animals of all the groups were on
positive calocium balance indicat ing that all the rations could

meet the calcium requirements of the animals,

5+4.18,3 phosphorus Delances Nig-treatment helped in improved
positive phosphorus balance (P/ 0,01) than that of untreated
complete diets in hoth spscies ("ahles 28 and 45), However,
pellet ization of mash containing untreated G'WP improved
phosphorus retention in bduffaloes, This might be due to
higher intankes of phosphorus in these rations.Reddy (1981)
report-d improved pi'osphorus halance with pelletization,

The results of the metaholic stuiies with duffaloes and
crosse-hred calves revealed that buffaloes shoved higher digesti.
bility and utilization of various nutrients compered to calves
indicating that bhuffaloes are superior to calves in utilizing
the lov quality roughaces, Though the digestibility vas less,
calves vere able to retain equal amount of nitrogen compared
to buffaloes. This might be due to efficient utilization of
absorhed nitrogen by the growing cross-iwred calves,
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e digestihility of cell wall constituents (Van 5oest
principles 3 NI, AIF, Cellulose, Hemicellulose and Lignin)
were in the same trend as that of the eruwle fibre digastidility
of Weendy syatem of analyais among hoth the species used in
these investisations, These data indicate that ammoniation
of 5'CP improved the dirpestihilities of fibre fractions when
evaluated either by Van west Analysis or by ‘aendy system of
analysis, Yowover, pallating 414 not show heneficial e’fects
on the Aigaestihilities of thesn frnctions

5.4.16 Plane of Iytrition of the Drperizental ninals

Mgestidle orude protein (NCP) intake was more with Ty
troated GUCP rations than their corresponding mash/psllet ration
vith imtreated GWCP in baffaloes (Tahle 28), However, NCP
intake was slightly less in Ni=treated pellets than their
ecrresponding untreated pellets in calves (Tahle 47) and 1s &
reflection of 4its lower CP digestibility. OICP intake was
also more with palleted ration than their corresponding mash
rations in both species, Hiéhnr intakes of DCP might bo due
to higher intakes of dry matter from these rations which in
tuwrn might be due to the effect of processing of roughege based
eomplete rations, DNigestihle crude protein content was highest
(P/ 0,01) with ration 2 and lowest with ration 3 vith no diffe=
rence between rations 1 and 4, This may '» due to differences
in their d4gestibilities, All the rations were having higher
DCP level and the animals in all the treatment groups showved
higher DCP intake than the recommenied levels of Kearl (198%)



vith regards to buffaloes and cattle. This may be attributed
24 libityg feeding of the rations,

Total disestible nutrients ( MY) inteke was more with
rations containing Mig=treated GCP and also in pelleted rations
in both spacies (Tahles 28 and 47). This might he due to
differences in their dry matter intake which in t'on was due
to improved palatability of the ligetreatment and processing
as compared to mash rations, Migher (P/ 0,01) TD'! val uss were
oragrved in rations containing z-ms-troated GWCP 4n hoth spocies

wvhich might be due to the higher intakes of dry matter an? higher
digestibility of cell wall constituents, Pelleting d1d not
show any significant difiference in TDN wvalues though there was
slightly increasing trend in both the treated and untreated
diets in buffaeloss but there was a significant effect in crosse

hred calves,

Digestible and metabolisahle energy values of Nﬂa-tmm
0'CP rations and pelleted rations ware higher than their correse
pordinpg rations containing untreated G'CP or mash rations in
huffaloes an?d calvaes., Results of this stuly revealed that
NHg=treatment of G'CP and pelleting of complate rations cone
taining orop residues and agro=industrial by-products helped
in increased dry matter intake when compared to mash rations
whieh in tarn resulted in corresponding increase in the intake
of various nutrients, Tha intake per unit metaholic hody
weight for dry matter, DCP and ME were higher in the animls
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fed rations containing NHg=treated OWCP and in pelleted rations
than those receiving mash rations in buffaloes, Hovever, the
DCP intake per unit mataholic hody weight was slightly lower

in ammoniated rations than their corresponding mash/pellet
rations containing untreated GuUCP, ‘The protein : energy values
vwere narrov in the rations with untreated 0P than their
corresponding mash/palleted rations containing Nigetreated
GWCP. These findings may he attributed for improved energy
intake and digestibility due to ammoniation process. The pro-
tein energy ratios vers narrower on all rations than suggested
by Kearl (1982) in both species of animals and this may be

due to §d lihitum feeding and these data also indicate that
these complete feeds could b utilized for production purposes.

6.6 growth and Teed Lfficiengys

The average daily gain of crosse-hred calves on the
experimental rations are presanted in Table 48, Nigetreatment
of GWCP and pelleting the mash rations slightly incressed the
average daily dry matter consumption. The higher intakas might
be dus o improved palatability of the rations due to ammonia
treatment anl steam pelleting, Carrett gt pl. (1974),Peterson
gt &l. (1981), iiorton gt 4. (19682) and Nelson gt al. (1982)
reported higher DM intake by Nig-treatment of different forages.
Haslett g% al. (1960), Klostermann gf al. (1960) and ihajuria
and Mudgal (1975) reported similar trend in dry matter intake
due to pelleting.
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Average daily gains were 796, 878, 920 and 974 g in
animle fed rations 1, 2, 3 and 4, respeccively. The ADG vas
higher (P/ 0,01) due to Tiiyetreatment of (P than their correse
ponding mash/pellet rations containing untreated GWCP, Pelleting
improved the ANG in the rations containing untreated GWCP but
not in the ration containing ’ma-troated 4Cp, Hovever, there
was a trend towards {mproved AD} due to pelleting of WHa-treated
GWCP, Incraaced weight gains recorded in the animals receiving
.‘lﬂrtraﬂteﬂ dlets and pelloted diets indicate batter utilisae
tion of various nutrients due to ammoniation and stoam pellet.
ing o the rations, These rasiulis are in agreament with the
reports of lorton gt al. (1982) vho ohserved increased weight
gains by ?Ii{a-trca‘cnnt and palletization of wheat stravw hased
complete feeds with steors, The incressed weight geins due to
liq=treatment might be due to increased cellulose digestibvility
and higher DM intake (Garrett g% 8l., 1974) and consy eratly
higher productive enargy content (Al=Habbat and lieaney, 1978 a)
in these rations, mia-traatunt of GWCP improved growth rates
by 13,52 per cent, S5imilar increase in growth rates of 38
per cent in rice strav (Garrett gt al.» 1974), 86 per cemt in
vheat straw (Al-Rabtat and leaney, 1978 a) and 36 per cent in
vheat atrav ' based complete rations (Horton gt al., 1982)
vereo observad, The low percentage increase in ADG (1,562 )
recorded in this stuly as comparad to the results reported dy
other workers (35 to 86%) may be attriduted to the woody



material used in this stuly which is more raesistant than the
strave., Cate gt gl, (1954) observed increased ADG and feed
consumption with pelleted rations, The growth rates recorded
in this study among crossetred calves were higher s compared
to the results reported by Al41 and Reddy (1978), Redly and
Redly (1978), Ahmed and Reddy (1979), Singh and Arpra (1980)
and Reddy and Reddy (1983) amons the crossetred calves of
similar age groap indicating that the growth rate recorded in
this stidy vas optim:m and that the G'CP based complote rations
sup-lied the required nutrients for prowth, Thesa re<ults
imicate that the waste voody cotton plants could be utilized
as roughage sow e in the formulation of production ration for
ruminants, Polleting of tho mash rations in the present investi-
gation recmded in fncr-ased growth rates of 7.8 per cent.
Horton gt fl. (10682) observed 24 par cent increase in growth
rate with vheat strav based complete rations with steers
vhereas heddy (1981) observed 18,71 per cent increase in growth
due to pelleting the mash ration containing 68 per cent mixed
dry grass in cross-bred calves, lowever, in the present
investipation, pelletization 4id not show any significant
improvement in the utilization of ammoniated ration, 'Thus the
results of this sty indicate that both pellating and ammonia=
tion improved gains vhen used alone and there was no evidence
of complementary interaction vhen both treatments were applied
together,
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Feod required per unit weight pain was lower with rations
containing ammoniated G'/CP than the rations containing untrees
ted G'CP (Table 49), Pelleting further raiuced the feed
required per unit grin in hoth the rations contnining untraated
as vell as THg=treated G'CP as roughage source, Thia indicates
that the rations with Mg=treated OWCP wore utilized more
effectively for growth pro'uction and that pelletins the mash
further increased the utilization of tha nutrients, Tha finde
ings of the prasent stuly are in agroement with those o lorton
4% al. (1982) and islson gg gle (1982) who raporter incraeased
feod efficiency with ammonintel faeeds. 3imilar results of
incroased feod intake and growth rate on pelletad rations
were reported in steers of weir gt al. (1969), Cullison (1961),
Garrigus gt gl. (1687) and Nocek and Kesler (1990).

T™e increased grovwth rates and feed efficiency due to
ammoniation and pellating were due %o detter autilization of
ground and compounded feedsj tha micro-organisms prasent in
the rumen could treak down the smll particles of cellulose
more officiently than fed @ntroated mash. Turther, it vas
postulated by Gsplin gt a). (1957) that heneficial results
from pelleting was prohably due to improve! palatahility er
from more exset control of concentrate § roighage ratio rather

than from an incrosse in the nutritive value,

The cost of feed per kg live weight gain was more (PZ0.01)
with rations oontaining mia-trutad GWCP than with rations
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containing untreated QUCP (Table ¢9). This wns due to higcher
cost of NI& used for ammoniation of G«P. Availability of

Nna at lover costs would yilald promissing rosults by il
troatment of crop residues like G CP., 'Te cost of pelleted
feod per kg live vei ht gain 419 not differ aiznificantly

from the corresponding mash ration containing untreated G P
but it differod significantly with ration containing 1113-
treated G'CP, This might he dua to higher growth resporse due
to pelletization in ration containirg untreatcd GWCP than in
ration containing ‘Mig-treatod GWCP and also due to increaset

coat 419 to ammonintion,

The ferd wastage in this stuly among pelleted groups was
ntl as compared to 2,8 per cent among mash fed groups indicat-
ins that pelleting of mash ferds would prevent wastare of feeds,
These rosults rro in agreement with tho reports of Reddy (1981)
who obsorved 2,6 par cent wastage of manh with crossetred
calvaes and Reddy (1983) who ohserved 7,8 per cent wastage of
nash with sheep. Raeynolds and Lindahl (1960) recorded very
low refusnl of ground hay with no refusal of pellsted hay
when fod to sheep,

8.6 RIMEN STDIRS

8.6.1 Nitrogen Fragtions i the Rmen
6.6.1.1 Jotal nitrogan: "oth Mpetreatment of OWCP and palle-

tization of mash rations improved (P/ 0,01) the total nitrogen( M



conocentration in the SRL (Tatle B1), :3lloit and Topps (1964)
observed that the total nitrogen concentration in the rumen
fluid was positively corralated with orude protein intake,

In the present study animals fed rations with WHig=treated O'CP
and pelleted rations consumed higher quantities of crude
protein compared to the corresponding rations with untreated
GCP/mash rations, 5ince the total r:minal nitrogen represents
the nitro-en derived from rumen microflora and feed residues,
the higher ruminal nitrogen concentrations observed in the
present study with rations containing m{a-h'utod G“CP and
pelleted rations is in agreement with the findings of Zlloit
and Topps (1964),

Decreased ammonia absorption at lower pH might be a
probahle factor, for higher total nitrogen concentration in
the diets containing m!a-treatod G'CPs An increase in pH
causes m{.‘ fons to be converted to fraae Hily which in twrn
will be rapidly ahsorbded (liogon, 1961 and Bloomfied gt al.,
1963), It 4s quite likely that processing of mash to pellets
could have improved the availahility of nitrogen for microbdial
protein syntheais since pelleting involves steam treatment

under high pressire,

The highly sig-ificant (P/ 0.01) effact of tima of sampling
on the concentration of 7' and the peak concentrations at 2
hours post=feeding (Table E1l a) in all the rations are in
agrement with the results of Ahuja gt al. (1972), 0ill and
G411 (1978), Phargava gt als (1977) and Rai and Pandey (1979).
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The highest concentration of T after feeding may be dus to
active dogradation of protein and hydrolysis of NP substances
in the rumen ant the surseruent declins in the concentration
of ™ may M due to changes 4n rumen volime through inflow of

saliva,

It has heen fairly vell accepted that for batter utiliza.
tion of proteins, a source of energy to microbes and a proper
belance hetweon carhohydratas and proteins are es :ential
(Hungate, 1986 and wldo, 1968)., The highar concentration of
! in the prossnt investiration in animals faod rations with
Niy=treated GCP and pelleted rations might be due to better
synthesis of microhial protein, Hirher digestihility of cell
vall constituents (fibre) and cell contents (I{Fs) in rations
with 'maotreated G'CP mirht have contributed towards the energy
required for highar microhial protain synthesis, The highest
concentrations of TCA = insoluble protein nitrogen in animals
fed these rationa (Tarle £2) in the prament stuly supports
this viaew, In ac’dition, differences in the rate of out flow
of material from rumen micht have also contrihuted to the
higher total nitrogen concentrations in the animals fed these
rations, This is in accordance with the reports of increased
retention time of pellets (Baran gt al., 1980) and of ammoniae
ted struvw ration (Al-Kabhbat and ileaney, 1978 b) in the rumen,

£¢6,1.2 ICA - insgluble protein nitrogens In the present
study, higher TCA=-insolutle protein nitrogen concentrations

(Tble 52) wvere observed in animmls fed rations containing
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NPa-trentod 0'CP and also pelleted rations, This night he

due to slow relerss of iy in these rations, The raduced
rate of mb production meay be more or less corresponding with
the carhohydrates availahility and utilization resulting in
more of 'iclent conversion of Wiy into protein, A combined
effect of slow rate of outflow of digesta from rumen in pellets
feod animls (Reddy, 1981) coupled with enhanced autilization of
VH, could have resulted in better utilization of dietary NPN,
Tho higher levels of TCA insoludble nitrogen in ammoniated and
pelleted rations might also de due to higher intakes of crude
protein, Thompson et al., (1967) obeerved increass in ruminal
TCA insoluhle nitrogen with pallaeted rations in which urea
00uld » hyirolysed at a slower rate and huild up of ammonia,
Slov releass of 'ma in the rations with fms-trnated corn stover
than the control rations containing wrea was reported Wy Morris
and Mowat (1980), The lower levels of TCA insoluble nitrogen
in ration 1 might ' due to rapid absorption of WJS and dae to
less quantities of readily a-guablo carbohydirates compared

to other rations.

Time of sarpling showed a significant effect (P/ 0.01) on
the concentration of TCi-insoluble protein nitrogen ( mhle 62 a),
These results are in agreement with the findings of Ahuja gt al.
(1972), Sharma and Mudgal (1978), vhargave gt gl. (1977) and
Rad and Pandey (1979) who reported sinilar effect of time of
sarpling in case of buffaloes, The pattern of TCA insolutle
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protein nitrogen was similar to that of T concentration with
peak concentration at 2 hours after feeding. Nolan and leng
(1972) sug;;ested that upto 30 per cent of bactoria grovn in
rumen were degraded 4n - 3ify. 4Abde and Kandatan (1969)
pointed out that upto 40 per cent of hactaria produced were
gonsumed by protozoa., The presaence of bactario-phages in

the rumen (Adams gt al., 1966) and the possidbility of auto-
lysia of bacteria in the rumen (Hungate, 19668) have also heen
demonstrated, Theose factors along with the flow of digesta
from rumen would determine the concentraticon of bacteria in
rmen at any given time and thus the rosults of incraased TCA-
insolurle protoin M recordad in this study among ammonia treated
aroups indicata improved hacterial protein syntheais in the

T umen,

6.6,1.3 Aponie nitrogens ‘here wis a si-nifieant (P/ 0,01)
difference in rumen 'lHg=Y in the rumen fluid of buffaloes

with respect to ditfferent rutions ( ble 53). Levels of Nig=N
were reduced due to ammoniation and further by pelletization,
Generally, the higher ruminal [N concentration in animals fed
rations containing ;”IHa-troaced awCp and pellaeted rations should
result in slightly higher concentration of other nitrogen frace
tions, However, in the prosent investigation aven though the
protein intake was highor in the ammoniated and pelleted
rations as against non-ammoniated mash, Wh=N concentration
vas lover, This might he due to either slower rate of hydrow
lysis of nitrogen compounds in the rumen or due to an efficient
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ntilization of released Nlig=N by the rumen microbes due to
improved avallahility of rendily availa‘le carhohydrates hy
ammoniation an® pellaeting process used in this study. Lowered
Tiget levels 1n the rumen e to heat trentment of the feod
has heon reported by Chalmers gt al. (1964). To soma extent,
incransad rate of Nl ahsorption from rumen wall at lower pH
of rumen l4iquor mipht have resulted in lover concentration of
Ha=!" in the rumen,

In the prasent study, the trend of rumen 7ig=N concen=
tration as affected by the time of sampling was similar to
those reported by Zlloit and Topps (1964) and Tagari gt al.
(196E) with peak concentration recorded at 2 hours of poste
feeding followed by a gradual decrease. The increased NligeN
condentration at 2 hours aftar feoding could be dus to deamis

nation of amino acids (nlaeckburns, 196€),

Higher concertrations of NilyN observed prior to feeding
in rations containing ?ma-troatad awCp as against those fed
rations with untreated GWCP could be due to high rate of
passage of digesta in animls fed rations with untreated OWCP,
The lovwer concentrations of mb-n accompanied by higher cone
centration of TCA insoluble nitrogen in bduffaloes fed rations
containing Nﬂa-creatod OWCP indicated hetter microbvial protein
synthesis in animals fed ammoniataed rations, Howvevar, no such
effect was observed with pelleting the rations which is contrary
to the reports of Ahrar and Schingo:the (1979) in lactating
covs and Reddy (1983) in sheep with complete rations,
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8.6.1.4 Bosidual pitrogens Resldual nitrogen concentrations
were higher (P/ 0,068) with rations containing ge treated

GWCP and also pellated rations (™mhle 64), Type of procaessirg
shoved sipnificant effect on the runinal residusl nitrogen
concentration since the concentration of resid.ml nitrogen

at any given timein the rumen depends upon the rate of bdreake
down of proteins (:lleit and Topps, 1964), deamination of

amino acids (:ungute, 106.), actiiity of bacteria (Adums gt gl
1966) and flow of ingesia from reticulo=rumen to rumen (Moore
and iing, 108R), 'Mhe greater concentration of resid.al nitrogen
in huffaloes fod palletod retions in tho pregent atwly could

ra due to slower rete of passage of digesta from rmen to
aromasum (Krishna “ohan and Kaghavan, 1974), Further, higher
concentrations of total nitrogen in the rumen fluid of the
animls fed ammoniat.yl and pelletod rations could have realted

in inerensad resid-wml nitroren concentration,

As rogards timo aftar feodinz, significant changes in
concentrations were noted after 2 hours post-feeding, The
increasg in concentration at ? howrs after feeding 1s in
agrecment with those of Annison (1966), Ha analyaad Nig,
amino and paptide nitrogen in rumen liquor of sheep, fed
different diets and found that hoth amino nitrogen and diffus
8ible peptide nitrogen vere always pregent in rumen liquor and
their concentrations increased 5 to 10 fold, after feeding,
The decroase in residual nitrogen concentration at 6 hours

post=Teeding may be due to variation in the microhbial activity
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vhich is invarlatly influenced hy suhstrate availahility,
onvard passapge of dipesta and dilution effects of water intake,
The fraction of resi'.al nitroren consists of hoth the amino
and diffusible peptide nitrogen along with some soluble pro-
teins, Since these wore not partitioned in the present study,
it 1s difficult to explain the concentrations of these compo=
nents in the dietary treatments used in this study.

8.6.1.8 Fpod and protogoal nitrogens ligher levels (P/ 0,08)

of food and protogoal nitrogen were ohserved with the rations
containing 'ms-trmted G'CP and pellated rations ( Tahble 8E),
Time of sampling also had & significant effect on the concen=
tration of this fraction with peak levels at 2 howrs post-
feeding and declining slowly there after, This follows the
same trend of total nitrogen and TCA insoluble nitrogen
recorded in this investiration, The changes ohserved in the
concentration among various dietary treatments might be due
to differencaes in concentration of protozoa. Wo definite
trend of food and protozosl nitrogen was ohserved hy Prasad
(1971) 4n buffaloes and Reddy and Raghavan (1978) in buffaloes

and cattle,

6.6.2 pil of the Rumen Fludd

It 18 generally belisved that the pH of SKL is dictated
by quantity and type of VFA present in reticulo-rumen. Both,
the time of sampling and different dietary treatments showed
significant (p/ 0,01) effect on pi of 9K (Table 66)s The
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pH values in the present study were inversely related to TVFA
concentration (Mable 57), Phillipson (1942) and Briggs gt al.
(1967) also showed a definite inverse relationship between pH
and TVFA concentration of rumen fluid, Morris and Mowat (1980)
observed lower pH with alkali treatment most prodably due to
higher TVFA levels,

5.6.3 Ttal Volatile Pty detds

The total volatile fatty acids (TVPA) concentration
(Table 57) in the rumen fluid of buffaloes was highly signifi-
cantly different (P/ 0.01) among the diffarent treatment groups.
The increased TVFA in dlets with mb-treatsd GWCP and pelleted
rations might be due to increased availahility of fermentahle
energy vith Wiy treatment and also pelletization, Orskov gt al.
(1974) observed that the concentration of VFA was significantly
higher when the diets were pelleted, uwright gt al. (1963)
shoved that when feed intake was constant, the eoncentration
of T'FA in the rumen of lambs fed pelleted diets or crushed
pellets was higher than for lambs fed long or soarsely ground
hay., Thus, the higher ccncentrations of TVFA obdserved in the
animals fed pelleted rations in this study are in agreement
with the results reported by the afore said workers, Higher
VF4 levels vwere observed by ammoniation of corn stover(Morris
and Mowat, 1980§ 0J1 et al., 1979) and wheat strav (Morten,
1978).
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NHy=treatment improved rumen fermentation as indicated
by the significantly higher TVFA concentrations, The pelleting
process of complote mash feeds further improved rumen f{erman-
tation as shown by increased TVFA values when compared to complati
mash diets, These results indicate that ammoniation and pelletin;
are complementery to each other for improving carbohydrate

formentati on 4in the rumen.

The highly significant effect (P/ 0,01) due to time of
sampling on the concentration of ['FA was in agreement with the
reports of "hargava gt al. (1977). In the present investigation
peak concentrations of TVFA were observed at 2 hours after
feeding, Annison (1984), nhargava ot al. (1977), Rai and Pandey
(1979) and Prasad (1981) reportad peak concentrations of T/PA
between 2 to 4 hours after feeding,

The above stulies indicated that low cost ready-made
non=cereal based balanced complete feeds could be formulated
and proces-ed utilizing locally availabls un-conventional crop
residues like whole cotton phntn, agro=industrial Yby-produets
and vastes which would open up & nevw area for augmenting feed
resources to the ruminants and this type of feeding would also
help in effective utilization of nutrients by the rumen micro.
organisms for efficient conversion into livestock products,
The production and supply of readyemade lov cost feeds would
also help the marginal and small farmers, landless labhowr and

other veaker seoctions of the society for economical milk and
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meat production as the Government has introduced many livestock
development projects to augument the sconomical status of the
down trodden, Feeding is an important constraint for success-
ful working in all these developmental projects whare crosse
bred and improved strains of animals are handed over to these
beneficiarias, Therefore, any effort to develop and prodice
commercinlly low=cost rondy-made balanced complate feeds to
these heneficiaries would go a long way in the aconomical
uplift of the weaker sections of the soclety through Animal

I sbandry sactor, Furthar, work on these lines should he
taken up to reduce the cost of processing by improving hammer
mill and pellet mill performance and developing mechanical
feeding devices at hammer mill and to develop suitathle designs
for proper conveying systems from hopper to conditioning chame
her and from coditioning chamber to thae dies of the pellet
mill to suit to the fihrous low dense materinls which would
help in commaercial production of roughage based complete feeds.
Availahility of Nﬂs on commercial scale at low cost would
further facilit:te the farmers to use Vig-treatment of crop
residues on farm by which the nutritive quality of low grade
crop residues could be improved considerahly,
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Summary



CHAPTAR VI
3WMMARY

Non=cereal based, two lov cost ready-mnde complete rations,
using untreated/NHg=treated ground whole cotton plants (GWCP)
as sole source of roughage (46€) were formulated and processed
into mash and pellet farms, The whole cotton plants obtained
from nearty fields, after last picking of cotton were Aried,
gronnd and half of it was treated with anhydrous ammonia (WHg)
at 3,86 level on Iry matter hrsis at room temperat:re keeping
caleunlated quantities of the ground mterirl in polythene hags
for 47 days, The rations containing untreated GUCP were supples
mented with wrea at 1.5 level to make all the rations isonitro-
genous, The resilting four experimental rations ware 1, complete
feed (mash) with untreated GWCP§ 2, complete feed (pellet) with
untreated GWCP} 3, complete feed (mash) with Nig-treated QwCP
and 4, complete fead (pellet) with Nil=treated GWCP,

The processing cost of couplate rations, mash and pellet
containing 468 untreated and NHg~treated GWCP worked out to be
R8.9,21, 17,82, 8,81 and 16,92 per quintal, respactively,

The cost of the ahove rations was Rs, 60,81, 60.42, 75,09 and
83,20 per quintal, respectively., Processing of pelleted feeds
required more power for the production of steam an! for the
pelleting process, Thnugh the capacity of the feed procosslng‘

plant wvas one tonne per hour for conventional concentrate feeds,
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the prodiuction was only 400 and 426 kg pellets per hour for rae
tions containing untreated and Nig-treuted GWCP, respectively,
The reduction in peilet production was due to coarseness and
low bulk density of GWCP wliich was used at 45% level in the
rations, Pelleting increusad tha density of tha rations
containing untreated QWCP and NHg-treated GWCP by 67.8 and
61,8£, raspectively,

Digestinn and metaholic exporiments were conducted on ¢
peramanently fistulated male Murrah buffnloes in a ¢ X 4
latin square design and on 12 cross-hred male calves in a
completely randomised hlock daesign (3 calves from each group
of tha growth experiment) to study the effect of complete rations
on paulatahility, nutrient digastihbility and halances of
nitrogen, calcium and phosphorus. Complete rations vers also
tasted in & 0=-day growth trisl using 24 cross-tred male calves
(6 in each group) to assess the effact of these rations on
growth performance, feed efficiancy and cost of feed per kg
live weight gain, These four complete rations wers also tested
on 4 fistulated Murrah bur'faloes used for metabolic studies to
assess various metaholites of rumen liquor viz. nitrogen frao=

tions and total volatilo fatty acids (IVFA).

Amnoniation of GWCP increased the cride protein (CP) content
from 7,8 to 16,08, Voluntary intake of dry matter (IM), organie
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matter ((M) and gross energy (GE) were higher among buffaloes
and calves fed rations containing Hliz-treated MCP hut pellet-
ing 414 not show such effect, DNigestihilities of ™, OM, and
OB improved hy ammo-iation as well as pelletization in both
species of animls, !'igher CP ~ipastihility was ohserved with
pelleted ration containing nntreated GWCP in huffaloes and
calves, Ammoniation had no aeffect on ether axtract digestiw
hility 4in both specles, !Howvever, pelleting increased ether
extruct cigeatihility only in calves, Crude fitre digestis
bility improved with ammoniation but not YWy peiletization in
hoth speciss of animels, Hitrogen=free axtract digestibility
also irproved with ammoniation as wall as pelletization, in

hoth species,

Neutral detergent solubles digestihility was higher in
rations contsaining 'NMg-trented GWCP than thair corresponding
mash/pellet ration with untreated OWCP in huf'faloes as well
as calves, Digestibvilities of nautral detergent fihre, hemis
cellulose, aci? datergent fihra, cellnlose and lignin signie
ficantly (P/0,01) improved with Nipetreatment of GWCP in both
buffaloes and calves, Pelleting had no such effect on the
digestihilities of these fractions in both species except for
hemicellulose in buffaloes,

Nitrogen balance and nitrogen retention as % intake vere
higher in both species of animals on rations containing Nige
treated QWCP than their corresponding mish/pellet ration
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containing untreated GWCP, Nitrogen retention as per cent
absorbed was affected by ammonia treatment of QWCP hut not YW
pelleting the mash ration in huffaloes as well as in calves.
Calcium and phosphorus hlances were higher on rations
containing NHa-treated GWCP than the rations containing
untreated G'CP in ‘roth species, Pelleting had no effect

on caleium and phosphorus retention except for the ration
containing untreated GWCP in huffaloes, All the animmls
vere on positive nitrogen, calciim an? phosphorus halances,
auffaloes showed higher utilization of nutrients than calves

among the rations,

Higher DCP, TDN and DR intnkes were ohserved in rations
containing Wiy-treated GWCP than their corresponding mash/
pellet ration containing untreated GWCP in both species of
animals except for slight decrease in ICP intuke in Nig~-
treated pellets in calves indicating thut the animals on the
rations containing NHy=treated GWCP were on higher plane of
nutrition,

A 90-day growth study was conducted on 24 cross-'red
male calves of 917 months age with an average weight of 158
kg with 6 calves in each group. The avernge daily gains vere
798, 878, 928 and 94 g for rations 1, 2, 3 and 4, respece
tively, DNry matter intake per kg gain and cost of feed per
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kg gain vere 7,44, 5.07} 6,78y 6,27} 6G.44y 5o and 6,16
and 5,77 for rations 1, 2, 3 and 4, re=pectively, iiigher
average daily gain was ohserved in calves fed NHg-treated
GWCP rations than their corresponding mash/pellet ration
containing untreated QWCP, Improved feed efficiency was obtw
served vhen - QWCP was ammoniated and pelleted, The cost
of feod per kg live weight gain increased with ammoniation

and pelletization,

Samples of rumen liquor collected bhefore feeding (0 hows)
ard at 2, 4 and 6 hours after feeding were analysed for
total nitrogen, ammonia nitrogen, TCA-insoluble protein
nitrogen, residual nitrogen, food and protozoal nitrogen,
TVFA and pH, Toth ammoniation and pelletization had signi=
ficant effect on the concentrations of various nitrogen frace
tions, TVFA and pH values of strained rumen liquor. The
concentrations of total nitrogen, [CA-insoluble nitrogen,
residual nitrogen and food und protozoal nitrogen were increased
with Nig-treatment and pelletization vhere as a raverse trend ,
wvas ohserved for ammonia nitrogan., Ammoniation and pelleti i
sation decrease! tha pH values of strained rumen liquor with :

a corresponiing increasse in TVFA concentration,

The concentrations of all nitrogen fractions and WWFA
wvere higheat at 2 hours post-foeeding and then declined slowly
upto 6 hours poat-feeding except for residual nitrogen vhich



recorded peak values at 4 hours post-feeding. pH was

lowest at ” hours post-faeding and increased slowly upto

6 hours post-feeding, These rasults indicates that ammo-
niation of GWCP and pelletization of mash improved the rate
of fermentation ani suhsequent utilization of complate feeds,

vith GWCP as sole source of roughage, in Murrah huffaloes,

The results of this study in‘icated that the ready-made
balanced low-cost complete feeda either as mash or pellets
could be formulated and processed utilizing abundantly availe-
ble waste woody crop residue viz, GWCP as sole source of roughe
age in ruminant rations which could also he utilized efficiently
as production ration. The study also revealad that NHgetrese
tmant improved the feeding value of GWCP rather than urea
as NPY source and further hy pelletization,
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APPE'DIX & A

Total nitrogen in the runen fluid of experinental animals with diffarent rations
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¢

Amonia nitrogen in the rumen f1ud of experinental animls on 44ffarent rations
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et



APPENDIX = D

Residma)]l Nitrogen in the rumen flald of experimental

animils on different rations

Ration Deys Animal 1 Animal 2 Animal 3 Animal 4
- Hours after feading
0 2 4 6 -} 2 4 ] o] 2 4 6 0 2 4 é
1 p 3 15,2 25,2 25,8 25,6 15.6 26.4 28,2 25,1 15,4 26,4 27,0 26.6 14.9 28,7 26,7 26.6
e 15.4 26.8& 26,0 25.4 14.4 25,2 26,0 25,1 16,1 25.68 28,2 25.8 16,9 P68.4 26.7 26.6
3 15.6 26.4 26,8 26,6 14.4 26,0 26,8 25,4 14,2 28,2 26.8 25,4 15.2 26,0 26.8 26,4
2 b S 15.2 26,0 28,6 26,6 15,0 26,8 27.4 26.4 16.8 26.8 26,6 25.4 16.1 26.0 28.8 98,1
2 16,0 24,8 26,4 26.4 15.4 26,0 26,6 28,1 18.4 726.2 26.8 28,1 16.2 25.8 26,1 26.4
3 16,7 26,8 26,9 26.4 1.0 26,3 28,1 26.4 16,0 26.0 26,4 25.2 16.0 26.3 27.1 25,2
3 1 18.8 28,2 28.4 26.0 16.8 25,2 27.4 26,0 16,6 26,2 28.4 28,0 16.6 2.2 27.2 25.0
2 16,3 28,4 26.6 726.2 16.8 27.2 26,6 28,0 16.3 28.4 27.2 2.0 16.8 27.4 28.4 27.2
b | 16,1 92%6.4 27.1 26,0 16,5 26,4 27.4 28,7 16.0 26.4 26,4 28,3 16.8 28.4 27.8 27.0
4 b N 18,8 27.0 27.0 26.8 is.4 26.8 27.0 26,6 15,6 16,2 27,2 26.8 17.4 26.8 27.1 27.1
2 17.4 26,8 26,8 26,6 16,8 27,0 27.2 26,8 16.4 26.8 27.0 28,1 17.6 27.2 28,0 26.4
3 17.4 28,0 27.0 26.6 17.1 28,2 27,7 6.8 17.8 26,0 26,8 28,1 18.4 28.2 26.2 27.3




APPEDIX - B

Tood and Protosoal Yitrogen in the rmen flud of experimental animls on
g1t ferent rations

L Ry

it 1 i) 2 ol 3 it ¢

v w purs oftor foaling eem —

0 2 ¢ 6 0 2 ¢ 6 0 2 4 6 0 24 4

1.0 700 400 2.0 200 6|0 3 105 100 600 200 2.0 2.5 7.5 405 3.0
%0 10 240 30 %0 €030 16 L5 60 40 3,0 08 70 %6 80
20 60 40 20 10 6,0 30 30 %0 80 40 20 L0 6,0 40 20

30 70 30 20 3.0 N0 30 30 L0 80 3.0 20 26 70 3,0 LS
%0 80 40 &0 20 80 30 L& 20 60 50 36 L0 80 55 %0
LE O 46 30 20 B8 45 40 10 80 4.0 30 20 75 4.6 3,0

30 8,0 50 40 30 70 60 50 A0 B0 70 50 3.0 8.0 60 80
3,5 80 60 60 40 90 60 50 3.5 B0 60 40 20 8.0 60 60
0f 90 B.6 40 3.6 100 60 45 3.0 80 60 45 30 90 60 30

G0 90 70 60 3,0 10,0 70 &0 B0 %0 60 &0 30100 6.0 &5
3,0 8,0 B0 60 40 100 60 40 40 10,0 60 45 3,0 9.0 60 60
&0 80 60 B0 35 B0 68 60 20 90 N0 &6 40 90 80 .5

€S o5 s S oD €3 D s

&> oy




pH of the rumen :luii of experimental animals on different rations

APPENDIX - F

Animal 1 Aanimal 2 aniani 3 aninmel 4

Bation Days - -~
- Iours after fesceding

O 2 4 & 0o 2 4 6 6 2 4 6 ©0 2 & 8

1 1 6.8 6.6 6.6 6.7 6.9 6.6 6.7 6.8 6o 6o8 6eb 608 6.7 6o5 6o6 6.6

2 6.9 6.6 6.7 6.8 6.8 G & 6.7 6.7 G.E 6.E 0.6 6a7 6eD 6,6 6.7 6.8

3 6.8 6,8 6.7 6.7 6.0 6.6 6.7 6,7 6.0 G.6 Gu7 6oB 6.3 6.5 647 6.7

2 1 6.7 6.8 6.6 €.7 6.8 6.6 6.6 6.7 67 GoE o8 646 6oB 6o6 6.6 6.7

2 8.8 6.6 6.6 6.7 6.9 6.6 6.7 6.8 6.8 G.E 6.0 647 6u7 6oE 6.6 6.7

3 8.7 6.5 8.5 6.6 6.7 6.5 6.5 6.6 6.8 5.6 6.8 6.7 6.7 6ud 6ub 6.8

3 4 G 8 6.3 6.4 6.E Ge7 Ged G.8 6.6 6. < .

‘3! %:2 %ﬁg.% 6.% 9 &7 &t &6 &7 6t 53 %6 T o3 ee &8

8.7 6.4 6.5 6.6 6.8 8.3 6.4 6.5 6e7 6ud 6.5 6.6 6.7 6.4 6.5 6.5
4 1 6.6 6.3 6.4 6.5 6.5 6.3 6.4 6.5 6.6

8 g:s 8.2 6.3 6.4 6.6 8.4 6.5 6.5 6.6 63 6.4 oe o8 b &3 ot

.6 6.3 6.3 6.5 6.8 6.4 6.5 6.6 8.6 6.3 6.4 6.5 6.5 6.2 6.3 6.4
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