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THAI-INDIGENOUS BEEF CATTLE/NITROGEN BALANCE/PROTH

REQUIREMENT

This research aimed to study the protein requirémeh growing
Thai-indigenous beef cattle, effects of crude pmo{€P) levels or varying ratios of
undegradable intake protein (UIP) to degradablekmtprotein (DIP) on nutrients
digestibility, ruminal fermentation, rumen microbestrogen balance, and microbial

nitrogen synthesis. The study was divided into [Zeexnents.

In experiment 1 (metabolism trial), 6 male growirtwai-indigenous beef cattle
with body weight (BW) of 154+13.2 kg were randonagsigned in replicated 3x3
Latin square design. Crude protein levels in toteded ration (TMR) diets were 4.3%,
7.3%, and 10.3% based on dry matter (DM). Dry mnaitiéake (DMI), ruminal
ammonia nitrogen (NEN), and blood urea nitrogen (BUN) concentratiomyeased
linearly (P<0.01) with increasing CP levels. Tharere no significant differences in
terms of (P>0.05) digestibility of DM, organic matt(OM), acid detergent fiber
(ADF), and neutral detergent fiber (NDF). Rumen pdfal volatile fatty acid (VFA),
ruminal microbe counts, and bacterial populatioresennot affected by CP levels

(P>0.05). However, nitrogen (N) intake, urinary Mceetion, N absorption,



N retained (g/d, % of N intake), total purine dative (PD, mmol/d and mmol/d/kg
BW®"® and, microbial nitrogen synthesis (MNS; g/d ard/lgy BW’-™) increased
linearly (P<0.05) with increasing dietary CP levelBhe CP requirement for

maintenance of growing Thai-indigenous beef caits 3.54 g/kg BW".

In experiment 2 (feeding trial), eighteen growinigaiFindigenous beef cattle
were used in 2x3 factorial of randomized complébelbdesign. There were 6 dietary
treatments which contained 2 levels of CP (10% &2% CP) and 3 levels of UIP
(15%, 25% and 35% UIP). Dry matter intake, averd@éy gain (ADG), digestibility
of DM, OM, ADF and NDF, ruminal pH, total VFA, migbe counts, and MNS were
not different (P>0.05) between the cattle fed wil®o and 12% CP. However, N
intake and urinary N excretion of 12% CP were gne@®<0.05) than 10% CP. On the
other hand, the digestibility of DM, OM, ADF and [RDruminal pH, total VFA,
ruminal microbes counts, and MNS were not affe¢t®0.05) by UIP levels. Dry
matter intake, ADG, N intake, fecal N excretiondjg/and N retained (g/d, % of N
intake) increased linearly (P<0.01) with increaslu® levels. While, NB-N and
BUN decreased quadratically (P<0.05) with incregsidIP levels. However,
interaction of UIPXCP was not observed in this study except BUN atoQr.h
Metabolizable requirement protein of growth for /kgg BW’™ gain is 0.34 g/kg

BWO'75.

Based on the two experiments conducted, it coulddmeluded that the 10%
dietary CP was enough to meet the protein requinénfer the growth of

Thai-indigenous beef cattle. Moreover, 6.5 % DIP diétary DM can provide



adequate N source for the requirement of ruminaflebes growth while the optimal

ratio of UIP to DIP was 35: 65.
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CHAPTER
INTRODUCTION

1.1 Rationale of thisstudy

Livestock industry is an important and integraigmnent of the agricultural
sector in Thailand. There were 4,635,741 beefe#itll999, the major breed of beef
cattle is still the indigenous breed, which comgulisapproximately 65% of total
amount of beef cattle. Others breeds were purebnedcrossbred which accounted
for 1% and 33%, respectively (Tongthainan, 200Incé& then, the number of beef
cattle was increasing gradually. According to thatistics of the Department of
Livestock Development, the population of total beaftle was 8,000,000 heads and
approximately 5,600,000 heads (70%) was Thai-inthgs beef cattle (DLD, 2006).
Due to the mad cow disease impacted on beef protduat Europe, the greater
demand for beef in the international market meagseat potential opportunity for
Thailand’s beef cattle production. However, whileeb cattle production has been
accorded emphasis and priority by the Royal Thaiegament in its development
plans, problems remain to be solved.

Nutritional recommendations provided to producersgrowing and finishing
beef cattle are generally the result of academieaech ventures, economic

considerations and personal experience. Today's tatle producers continually

search for methods to optimize the economic perdoice of their enterprise.



The balance between protein and energy is firstilnbeef cattle growth and
production. If protein supplement is insufficietite growth will be limited. On the
other hand, excessive protein supplement meansste w& some protein. Protein is
likely to be the most expensive component of angf lmattle diet on a basic unit.
Therefore, it is important to know how the cattlseuprotein and to know the
requirement of dietary protein.

Protein requirement may be different in term ofnaali breed, management,
environment condition, protein quality, sex andydgain (NRC, 1996). In addition, it
has been recognized that whether animals are tesstoa intact males or female
influences growth of body tissues, carcass comiposédnd efficiency of gain (Berg
and Butterfield, 1976). Thus, how to estimate aatly the protein requirement for
cattle is very important. Furthermore, Thailandaigropical country with different
climates and environment conditions from other ¢oes. The nutrient requirements
recommended by NRC and ARC are widely adopted todtate diets around the
world. Nevertheless, since the nutrient requiremespiations were based dos
taurus cattle, the nutrient requirements in growing Timaiigenous bulls may not be
the same as those recommended.

Good feeding management is efficient feeding mamage. If we want to
obtain the maximal economic gains in Thai-indigendaeef cattle production, we
should know the protein requirement of growing Fimgiigenous bulls. Moreover, the
relative requirements of degradable intake pro(@iP) and undegradable intake

protein (UIP) are poorly defined (NRC, 1996), ams$eaarch is needed to gain a



greater understanding of microbial efficiency wvdwrious forage types and qualities
(Lardy, Adams, Klopfenstein, and Patterson, 2004) faow it is affected by DIP and
UIP supplementation. So we desire to get some ggdaasic data on the crude protein
requirement for Thai-indigenous beef cattle througls experiment to erect the

Thai-indigenous beef cattle protein requirementesyis

1.2 Research objectives

1.2.1 To determine protein requirement for mailatee in growing
Thai-indigenous beef cattle fed with rice straw@sghage.

1.2.2 To study the effects of crude protein cotre¢ion on nutrient
digestibility, feed intake, ruminal fermentationtrogen balance, and performance of
Thai-indigenous beef cattle.

1.2.3 To study effects of different ratio of U#d DIP on performance,
nutrient digestibility, ruminal fermentation, nigen balance and microbial nitrogen
synthesis of Thai-indigenous beef cattle.

1.2.4 To estimate the protein requirement forybaeight gain of growing

Thai-indigenous beef cattle.

1.3 Research hypothesis

1.3.1 The crude protein requirement for Thaigatious beef cattle is lower
than as recommended by NRC (1996).

1.3.2 The optimal proportion of UIP and DIP is feliént from
recommendation by Haddad, Mahmoud and Talfaha (2@0®l Sultan, Javaid,

NadeemAkhtar, and Mustafa (2009).



1.4 Scopeand limitation of the study

This study focuses on protein requirement for gngwinale Thai-indigenous
beef cattle. Some cattle were bought from the masdkel the others borrowed from a
farm in Udon Thaniprovince. The feedstuff of soybean meal, cassaval,ncassava
chip, molasses, rice straw, urea, minerals andmits premix were bought from
Suranaree University of Technology (SUT) feedstafftory. The experiment was

done in the SUT dairy farm.

1.5 Expected results

1.5.1 To obtain accurate data on Thai-indigenmaitle protein requirement
through this study; to indicate the relationshiptioé project proposal to the main
subject of the research program on “Establishméf¢ering standard of beef cattle
and feedstuff data in Indochina” (example: Nutetivalues data base, cattle nutrients
requirement database or other past/current reged&elult from the experiment can
be included in Table of Protein Requirement of Theeding Standard.

1.5.2 The protein requirement of growing Thaiigwhous beef cattle is
lower than as recommended by NRC (1996).

1.5.3 To indicate the optimal ratio of UIP andPDh Thai-indigenous beef

cattle.
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CHAPTER I

LITERATURE REVIEW

2.1 Thebeef cattle protein requirement

2.1.1 Thedéefinition of protein
According to Parish (2009) defining, protein in beattle diets is
commonly expressed as crude protein (Figure 2.19.cdomprised both of true protein
and non-protein nitrogen, equal nitrogen valuesgdfby 6.25 times, because proteins
typically contain 16 percent nitrogen (1/0.16 =5j.2True protein is sometimes called
“natural protein”. It is either degradable or undetable in the rumen. Ruminally
degradable protein (RDP) is broken down in the muraed is also referred to as
degradable intake protein (DIP). Ruminally undegltdd protein (RUP) is protein
that is not broken down in the rumen but is potdiytidegradable in the small
intestine. It is sometimes called undegradablekatarotein (UIP) or rumen bypass
protein. A minimum amount of DIP is needed in thet tb support microbial growth.
Otherwise the intake and digestibility of the dieli be limited. Crude protein is the
sum of UIP and DIP. Metabolizable protein (MP) iiget protein absorbed by the
intestine. It is made up of microbial protein asié.
2.1.2 Theprotein requirement of beef cattle
The beef cattle protein requiremaiudes maintenance requirement
and growth requirement. NRC requirements (1985MBrwere base on the factorial

method, the factorial included were metabolic fdoalses, urinary losses, growth,



fetal growth and milk. Metabolic fecal, urinary arsturf losses represent the

requirement needed for maintenance.

< | Crude Protein | —
< | True Protein | >

<:| Non-Protein Nitrogen E>

<:| Degradablel >§ | Undegradable——— >

<: Degradable Intake Protein :>Cj Undegradable Intake Protein ED

Figure 2.1 Protein composition of forage and feed (adoptechfRarish, 2009)

There are variable protein requirements with d#ferfactors, such as
breed, sex, body weight, daily gain, body conditigproduction functions,
compensatory growth, environmental variation, feragailability and microbial yield
(NRC, 1996). Three breed classes, early, medium &td maturing were
recommended by ARC (1980), when defining the contiposof the gains made by
growing and finishing cattle, because of the lavgeiation in energy and protein
contents in the liveweight gain at different livaglg. They also recommended
additional adjustments (x20%-30%) according togbe of the animal, whether male,
castrate or female. The nitrogen (N) requiremeaitdeiedlot cattle change during the
finishing period, being greater during the inigegrt and diminishing during the later
stages of finishing. The percentage of maintaimirajein required in the diet is higher
for young growing animals and declines graduallymtaturity. Consequently, N is
underfed early and overfed late in the feedinggaeriKlopfenstein and Erickson,

2002).



Nutrient Requirements of Beef Cattle (NRC, 1978ommended CP
levels were determined from practical experiendé WiP levels that provided suitable
responses. Generally, crude protein is a gross ureasf the N contained in a
feedstuff. Nutrient Requirements of Beef Cattle (NRC, 1984pregsed protein
requirements in terms of CP. However, that didthotk about rumen degradation and
re-synthesis of protein for use by the animal. %83, the Subcommittee on Nitrogen
Usage in Ruminants (NRC, 1985) presented an extethtionale for expressing
protein requirements in terms of absorbed prot@irgtionale adopted in 1989 by the
Subcommittee on Dairy Cattle Nutrition (NRC, 1988)nce then absorbed protein
(AP) has become synonymous with MP, a system ttetuats for rumen degradation
of protein and separates requirements into thesekthicroorganisms and the needs
of the animal.

A newer concept was described for meeting the MRiirement of
beef cow (NRC, 1996). The concept of DIP is defimsdthat portion of consumed
protein which digested in the rumen and utilizedrfocrobial protein synthesis. UIP
is that portion of protein which escapes this rurdegradation and passes on to the
small intestine where it is absorbed and used tet megjuirements for muscle growth
and milk production. Metabolizable protein is suegl by microbial protein
synthesized in the rumen and ruminally undegra@ed forotein. Protein evaluation
systems for beef (NRC, 1996) and dairy cattle (NRGQ1) recognize that the
intestinal digestibilities of proteins may diffey Bource. Before the 2001 revision of
the dairy NRC, a constant digestibility of 80% wesed for the UIP of all feedstuffs.

However, the dairy NRC (2001) now used variablesiipility from 50 to 100%.



The Institute National de la Recherche AgronomigiNRA, 1988)
suggested that the protein requirement for maimemavas 5.07 g CP/kg BWP or
3.25 g MP/kg BW">. ARC (1980) recommended that the protein requirgnfier
maintenance of British breed cattle was 4.42 g GBW "> Wilkerson, Klopfenstein,
Britton, Stock, and Miller et al. (1993) and NR®95) recommended that the protein
requirement for maintenance of 253 kg growing calw@s 5.94 g CP/kg BW® or

3.8 g MP/kg BW ™.

2.1.3 Evaluation of the Metabolizable Protein System (NRC, 1996)

Shrunk BW data (BWx0.96) were used val@ate the MP system
(NRC, 1996). Equations from the MP system (NRQG)9wvere used to determine
animal and microbial requirements associated witiad performance. In addition,
total digestible nutrients (TDN) intake, degradetike protein (DIP), and undegraded
intake protein (UIP) were determined from NRC (1P@@redient profiles and actual
DMI. Microbial CP synthesis (MCP) was calculateonfi dietary TDN concentration
and was assumed to be 80% true protein and 809%tititge therefore, bacterial MP
(MPbac) derived from MCP was calculated as MCPx0.6dRC, 1996).
Metabolizable protein arising from UIP (MP feed)assumed to be 80% digestible;
therefore, an adjustment factor of 0.80 was appbedIP supplied by the diet. Total

MP supplied to the animal is the sum of MPbac arfedd (NRC, 1996).

2.2 Effect of crude protein concentration on the performance
Crude protein (CP) supplementation increases pe#oce variables that are
commonly measured with cattle consuming high-cotraés diets (Huntington, Poore,

Hopkins, and Spears, 2001), dairy cows consumingndatable forage diets
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(Klusmeyer, McCarthy, and Clark, 1990) and steerazigg low-quality forage
(Bandyk, Cochran, Wickersham, Titgemeyer, Farmer &liggins, 2001). The
optimal CP concentration means the point at whietigpmance was maximized and
protein wastage was minimized, the optimal CP cottagon maybe correlate with
beef cattle breed, protein sources and qualityshdgoughage and beef cattle growth
periods. Although early data indicated the imparearof protein in terms of
maintenance and production status, as well as ological age (NRC, 1924),
optimizing CP levels is still a focus of modernegasch. Thomson, Preston, and Bartle
(1995) suggested that the optimum CP level was dmiwl2% and 13% of DM.
Galyean and Gleghom (2001) reported that the meBnle&vel formulated by
consulting nutritionists in the major cattle feeglereas of the U.S. was 13.3% of DM.
The NRC (2001) suggests that the minimum requirerf@nDIP is 6.8% of dietary
DM. Cole, Greene, McCollum, Montgomery, and McBri¢2003) demonstrated
steers fed the 14% CP diet tended (P<0.1) to heaater ADG and gain: feed (G:F)
than steers fed the 12% CP diet. Gleghorn, Elanlye@n, Duff, Cole, and Rivera
(2004) and Cole, Clark, Todd, Richardson, GueyegeBGe, and McBride (2005)
suggested that dietary CP concentration requiresrariveef cattle for maximum rate
of gain were approximately 11.5% of diet DM duritinge later stages of feeding. In
contrast, Vasconcelos, Greene, Cole, Brown, and dde@ (2006) reported the
performance was not affected significantly (P>0.0bsteer fed 10.0%, 11.5% and
13.0% CP of DM.

Changes in feed processing and application of antplpractices have
influenced the determination of CP levels in besfle diets. Carbohydrate digestion

in the rumen is the most accurate predictor of ol protein synthesis (Russell,
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1992), and as feedstuffs are more thoroughly pestksan increased need of dietary
CP is necessary (Cooper, Milton, Klopfenstein, doddan, 2002). In concert with
increased grain processing, implants, by increapnogein accretion by the animal,
have created a need for higher dietary CP. Moredmedecreasing maintenance MP
requirements, implants allow cattle to respond mnoreased dietary CP levels
(DiCostanzo and Zehnder, 1999). Protein level anmgblant interactions were
reviewed by Galyean (1996). Summaries of two trialshd that implant effects were
independent of dietary CP effects and includedefa8DG with higher intakes, the
ranking of implant strategy for ADG was high>medirmone (Galyean, 1996).
Furthermore, increasing dietary CP level incred3®d and ADG. Similarly, another
review of literature showed similar results to sased CP levels in cattle diets
(DiCostanzo and Zehnder, 1999). Gleghorn et @042 reported CP concentration
above 13% seemed detrimental to ADG and HCW. Whthrdlled corn-based diets,
Erickson, Klopfenstein, Milton, and Herold (199@poper, Milton, and Klopfenstein
(2000), and Trenkle (2002) reported no adverseceffen cattle performance when
dietary CP concentrations were decreased durinateestages of the feeding period.
Modifying feedlot diets by decreasing CP while ntaining animal
performance may be the most practical method tacedN output (Todd, Cole, and
Clark, 2006). Cole et al. (2005) suggest that mbdgsanges in dietary CP
concentration in the latter portion of the feedipgriod may have relatively small
effects on overall beef cattle performance, but ttexreasing dietary CP to 10% of
DM would adversely affect performance of cattle Fegh concentrate, steam-flaked,

corn-based diets.



12

2.3 Protein Sourcein cattlediets

Supplemental protein sources vary widely in ddfércountries and regions, and
their usage depends largely on source availakalitg economic efficiency. Protein
supplements are arbitrarily defined as having astl0% crude protein, it includes
animal protein sources, plant protein sources amcbmwventional protein sources.
Animal proteins are from meat meal, fish meal atigeoanimal protein. Plant protein
sources include soybean meal, cottonseed meal agpedaed meal, and so on. Most
protein sources contribute other nutrients as wedl many particularly plant proteins,
contain deleterious or toxic factors. Soybean misathe most important protein
supplement for livestock in the worlds. Raw soybisaonxic to most animals, the toxins
including protease inhibitors, lectins, phytoes&iagy saponins, goitrogens and etc.
Cottonseed meal is the second most important platein supplement used in United
States, the main toxin is gossypol. Rapeseed rseah iimportant protein source in
China, India, Western Europe, and Canada, the dokicludes erucic acid and
glucosinolates. The others protein sources are flimseed meal, peanut meal,
sunflower meal, sesame meal, coconut meal and pa&mel meal. Non-protein
nitrogen includes amino acids, peptides, aminegjesnnitrates, alkaloids and etc.

The ruminant has the unique ability to fermend&effs before their entry in
the lower gastrointestinal tract. Because of miedolfermentation in the rumen,
ruminant can utilize non-protein nitrogen (NPN) @uto satisfy part of their protein
requirement. Oltjen (1969) reported that beef eatdn also survive and grow on all
NPN diets through this of amino acid synthesis bgninal microflora. Microbial
protein formed from NPN compounds has a high mutrivalue. Lambs and caves fed

NPN and little or no protein grow well (Loosli, Wadms, Thomas, Ferris, and Maynard,
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1949). However, it is impossible to achieve maxinpneduction with animals fed diets
with only NPN as N sources because microbial swnhef limiting amino acids is
insufficient to meet the needs for production ifstle protein and milk in genetically
superior animals.

The rumen microbes can utilize degraded proteth raan-protein N sources.
Ruminal microbes are unique in their ability to thasis high quality proteins for use by
the animal from relatively low quality feedstuffas long as they have an adequate
supply of N, and a source of energy. Thus, ammanmtiact protein, and amino acids are
sources of N available to the ruminal microflorai¢Bell et al., 1992). Microorganisms
that ferment cellulose and hemicellulose grow sjoahd utilize ammonia as an N
source. However, starch-fermenting microorganisrsvgnore rapidly and can utilize
ammonia or amino acids as their N source (Rustall,€1992). Thus, it is evident that
protein degradability must complement the fermdetalrbohydrate source provided.
Urea is commonly used as a source of DIP, and #oissidered 100% ruminally
degraded (NRC, 1996). The circumstances underrdiataa are not useful when the
rumen contains an adequate quantity of fermentaliegen for maximum microbial
growth. Urea is nontoxic but can cause ammoniactiyxiwhen the level of urea in the
diet is excessive, the amount of ammonia absorardeerwhelm the liver's capacity
to detoxify it.

Milton, Brandt, and Titgemeyer (1997b) reporteat thupplementation with urea
to achieve two CP levels (9% and 13%) did not immeréDG, but supplementation
with soybean meal to achieve the same CP levaisased ADG as CP level increased.
A shortage of MP has been indicated as the maisecéwr decreased performance

during the early feeding stages (Sindt, Stock, Kogtein, and Shain, 1993; Milton et



14

al., 1997b) when ADG is more rapid than duringrldézding stages, and the effects
may be further accentuated when degraded trueipreteirces are fed rather than
undegraded protein sources (Ludden, Jones, CeaadaHendrix, 1995). Microbial
protein synthesis was maximized with urea in a {oghcentrate diet (Devant, Ferret,
Calsamiglia, Casals, and Gasa, 2001), followeduttassion by the more ruminally
degraded protein supplements. However, maximumecdrations of ruminal Ngimay
exceed microbial requirements, so that ruminag MHot limiting to microbial protein
synthesis (Klusmeyer et al., 1990, Milton, Braradtg Titgemeyer, 1997a). Nonetheless,
optimum ruminal OM and starch digestion was acldewéen ruminal NH exceeded
concentrations necessary to meet microbial neaaishdfmore, ruminal N digestion
increased linearly with dietary urea, whereas digef non-urea feed N did no differ
among supplemental CP sources containing varyweddef urea (Milton et al., 1997a).
Thomson et al. (1995) reported daily gain, DMI, gath: feed (G: F) increased linearly
with increasing CP level, but CP source did not@fperformance, source of CP also
had minimal effects on carcass characteristicsinisiing beef steers fed a 90%
concentrate diet with 11%, 12%, or 13% CP and fmurces of supplemental CP
included a blood meal, corn gluten meal mix, caémd meal, soybean meal and urea.
Gleghorn et al. (2004) used 100% urea, 50: 50 bténdea and cottonseed meal and
100% cottonseed meal as three sources of supplaihn@ht (N basis) to experiment
indicated crude protein concentration and sourderantions were not observed
difference for performance and carcass data, drigematake was not affected by
source, increasing the proportion of supplement increased carcass-adjusted ADG
and G: F. Although providing supplemental CP ineesgperformance by growing/finishing

beef cattle, responses to CP concentration carwitiryCP source (Huntington et al., 2001).
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24 Therequirement of DIP and UIP

Before MP system (NRC, 1996), CP requirement®wased on the incorrect
assumption that ruminal degradation of CP is conisteross all feed sources. Natural
feed sources vary in their level of ruminal degtality, whereas most non-protein N
sources are essentially 100% degraded. Animal pedioce data suggest that the
proper ratio of degraded: undegraded CP (DIP: WRyuld be got maximize
performance (Stock, Merchen, Klopfenstein, and P&881; Milton et al., 1997a, b).
Research has indicated that a balance of DIP amli$¥)inecessary for maximum
productivity (Shain, Stock, Klopfenstein, and Hellol998). However, this balance
depends on various factors, including body weighplant status, feed source, and
growth rate.

Providing adequate DIP is necessary for maximurorabial CP synthesis,
which depends largely on carbohydrate digestiothénrumen (Russell et al., 1992).
Thus, requirements for DIP should be greatest high-grain diets that are based on
extensively processed starch. Inclusion of DIP ushsdiets may alleviate ruminal
ammonia shortages so that a loss of microbial ydekes not occur.

Unique features of ruminant N digestion and médtafyo require not only
consideration of the tissue protein and amino aeieds of the ruminant animal, but
also the N metabolism and requirements of the rhiatgpopulation inhabiting the
digestive tract, particularly the rumen (Galyeamlet1996). Milton and Brandt (1994)
compared urea and soybean meal as supplementalugées in 11.5% and 13.5% CP
diets of steers implanted with Revalor S. A fiftletdry treatment of 13.5% CP with
supplemental CP from cottonseed meal also was dedluin the experiment.

Increasing urea to supply 13.5% CP tended to dse@d1l and decreased daily gain,
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whereas increasing soybean meal to supply 11.5943/5% CP increased gain.
Cottonseed meal resulted in performance similéinab attained with soybean meal.

Koster, Cochran, Titgemeyer, Varizant, Abdelgaaingd Jean (1996) indicated
that urea may be included as supplemental DIP wetldeless than 75% of
supplemental CP, without adversely affecting trweninal and total tract OM
digestion. The NRC (2000) suggests that the minimeguirement for DIP is 6.8% of
dietary DM. According to NRC (2000), the 10% CP tdwas calculated to be
moderately deficient in CP and DIP, the 12% CP wdi&$ calculated to be borderline
deficient to adequate in CP and DIP, and the 14%d@P was calculated to be
adequate to slightly excessive in CP and DIP (€bh., 2003).

The relative requirements of grazing beef cowsDt? and MP are poorly
defined, and research is needed to gain a greatlarstanding of microbial efficiency
with various forage types and qualities and howsitaffected by DIP and UIP
supplementation (Reed, Lardy, Bauer, Gilbery, aradof, 2007). Nutritional and
physiological status can be characterized usingdlnetabolites and hormones and
may be modified by protein supplementation (Chee@ayean, Caton, and Freeman,
1991; Wiley, Petersen, Ansotegui, and Bellows, 1®é&tmoen-Olson, Caton, Olson,
Redmer, Kirsch, and Reynolds, 2000). Owens, Zimd &im (1986) reported
ruminants fed high concentrate diets would probalhive greater ruminal and
postruminal fermentation than those fed low-qualibughage diets. Increasing
ruminally available energy (starch) should incretis® synthesis and efficiency of
bacterial CP in the rumen and therefore increasaliétary degradable intake protein
(DIP) requirement (NRC, 1996). But consumption afjhkgrain diets in large

amounts and at rapid rates may increase the risklzdcute acidosis, intake variation,



17

or digestive disorders (Fulton, Klopfenstein, amitt8n, 1979; Stock, Sindt, Parrott,

and Goedeken, 1990).

Recent research indicated that the optimum le/slupplemental DIP varies
with degree of corn processing. Cooper et al. (2@@2npared with three levels of
processing, steam flaking, dry rolling, and highistae harvesting and grinding,
which were fed in conjunction with varying leveld area as the source of
supplemental CP, the results showed that optimweldeof DIP were 6.3%, 10.1%,

and 8.3% (DM) for dryrolled, high moisture, andasteflaked diets, respectively.

2.5 Effects of DIP and UIP supplementation on nutrient intake,
digestion, rumen fermentation, nitrogen metabolism in

ruminants fed low quality forages

Protein is one of the limiting nutrients in theediof ruminant, ruminants
growth require metabolizable protein for tissue synthesige metabolizable protein is
supplied primarily by combinations of DIP and UlPegradable intake protein is
required for ruminal microbial growth, this not gnlimproves the ruminal
fermentation but it also ensures an adequate sugpigicrobial protein to the host
animal, however, microbial protein is unable to mbH> requirement of rapidly
growing calves and supplementation of UIP shouldabded to ruminant diet to
enhance the performance.

Because low-quality forages (<7% CP) are oftentilig in protein, a positive
relationship maybe exist between DIP supplementadiod forage utilization. When
dietary DIP is inadequate, the animal can sustaim@equate ruminal N supply

through recycling of blood urea-N. The NRC (198%3gests that if recycled N makes
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up a large proportion of the total supply of DIRe tong-term protein needs of the
animal may be underestimated, resulting in dectegseduction. To counterbalance
this effect, we should provide the animal with aideial UIP, it will not only provide
additional MP for tissues deposition, but a pordnhat UIP will serve as a source of
N for endogenous recycling.

Imbalance of DIP and UIP in ruminant diet can coonpse the microbial
protein synthesis, ruminal digestion and proteiailability to the animals (Santos,
Theuber, and Huber, 1998; Reynal and Broderick5208igh level of dietary DIP
causes excessive ammonia production in rumen wiitohately results in increased
blood urea nitrogen (BUN) concentration (Butler9&9 Dhali, Mishra, Mehla, and
Sirohi, 2006; Javaid, Mahr un Nisa, and Shahza@8p0rherefore, the information
on the optimal ratio of DIP and UIP in the diet fgstimal growth in ruminant and
how it is affected by DIP and UIP supplementati®wery important. Different levels
of DIP, UIP supplementation and different ratioldP to UIP maybe affect nutrient
intake, digestion, N metabolism and performancaiminants.

The effects of different level of DIP and UIP ontment intake, nutrient
digestibility, ruminal pH, ruminal NEN concentration, BUN, microbial count and N

utilization were reviewed as following.

251 Dry matter in take (DMI)

Kalscheur, Baldwin, VI, Glenn, and Kof2®06) observed the effect of
different level of DIP and reported increased DWIdairy cows with increased level
of DIP. The DMI was 20.5, 21.0, 21.2 and 21.4 kg/acows fed 6.8%, 8.2%, 9.6%
and 11% DIP of DM, respectively. Similary, ArroquyGochran, Villarreal,

Wickersham, Llewellyn, and Titgemeyer (2004) repdrthat DMI increased with
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increasing supplemental DIP (P<0.05). Ruminallyrddgble of dietary protein is
vital significance as far as ruminal microbial ati and proliferation is concerned
which can alter the nutrient digestion and nutrigritake. Provision of adequate
amount of DIP ensures optimum microbial activity groliferation which increases
DM digestibility and intake (Westwood, Lean, Garvend Wynn, 2000). Similar
results have been reported by Erdman and Vand€i€8B). However, DMI was not
affected (P>0.05) with increasing DIP or UIP hasrbeeported by some researchers
(Sahlu Fernandez, Jia, Akinsoyinu, Hart, and T3] Castillo et al., 2001; Bach,
Huntingtun, Calsamiglia, and Stern, 2000; Reyndl Broderick, 2005).

Dry matter intake was decreased with increased &#vBIP has been
reported by other workers (Erb, Garverick, Chaltglatton, and Monk, 1976, Scott
and Hibberd, 1990; Westwood et al., 2000; Arroqtiyale 2004). Wilson, Martz,
Campbell, and Becher (1975) reported a graduairgeah DMI with increasing DIP
level (urea as DIP source) in cows. They attributiedreased DMI to increasing
ruminal NH-N and blood urea concentrations due to high dyeidP.

Kumar, Tiwar, and Kumar (2005) reported DMI increchgrom 12.89
to 13.20 kg/d when dietary UIP level was increasech 41% to 48% of dietary CP in
crossbred cattle. Chaturvedi and Walli (2001) destrated 8.3% increase in DMI in
early lactating crossbred cows when the UIP |levetdased from 29% to 43% of CP.
Haddad, Mahmoud, and Talfaha (2005) and Kridli, ¢iatj and Muwalla (2001)
indicated that a linear increase in DMI with ingeg the dietary UIP level (18, 27
and 34% of CP) in Awassi ewes. Similarly, Paengkolwiang, Jelan, and Basery
(2004) examined the effects of different level dPYO, 2%, 4% and 6% of CP) in

goat, they suggested that DMI increased linearB9(7791, 818 and 829 g/d) with
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increasing the level of UIP. Dry matter intake vi@proved with increasing the level
of UIP in ruminants, because there is high demdrahergy for coupling of increased
supply of amino acids at cellular level. IncreaseDMI with increasing UIP at the
expense of DIP might be attributed to low level raiminal NH-N and BUN
concentrations due to decreased protein degradation

In contrast, Henson, Schirigoethe, and Maiga (199dirated that feed
intake was reduced (22.9 to 21.2 kg/d) when cow® \fiedd high UIP (33.7% to 45.4%
of CP), the plausible explanation of reduced DMthair study might he attributed to
animal protein sources which were used to incrédasdJIP levels which are usually
unpalatable. Furthermore, DMI decreased with anpnalein source might be due to
low level of ruminal NH-N which might have reduced ruminal microbial
proliferation, fermentation, digestibility and thusduced nutrient intake (Faverdin,
Bareille, and Verite, 1999). Moreover, reduced DMle to reduced ruminal
fermentation and microbial yield in ruminant cassdvery low DIP level has been
reported (Hume, Moir, and Somers, 1970; Orskov2).99

Sultan, Javaid, Nadeem, Akhtar, and Mustafa (2@R¢rmined the
effect of varying ratio of UIP to DIP ( 30: 70, 365, 40: 60, 45: 55) on nutrient
intake, they reported that a linear increase (@KO0in DMI, CP intake and NDF
intake observed with increasing the UIP to DIParati buffalo. However, Haddad et
al. (2005) indicated no significant differencedNll, CP intake, NDF intake DM and
NDF digestibility with decreasing the DIP to UIRioa in lambs.

2.5.2 Digestibility of nutrition
Nutrient digestibility is affected byanwous factors. Sufficient

availability of dietary DIP is of vital significamcas far as ruminal microbial activity
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and nutrient degradation is concerned. Providing® Ddss than rumen microbial
requirement affects adversely the ruminal fermémaby decreasing the microbial
proliferation which not only reduces the VFA protaon but also decreases nutrient
digestibility.

Fu, Felton, Lehmkuhlcr, and Kerl¢2001) reported a linear increase in
DM, OM and N digestibilities as the level of DIFcieased (3.4%, 6.2%, 8.8% and
11.6% of DM) crossbred steers. Similar results weygorted by Griswold, Apgar,
Bouton, and Firkin (2003) that DM digestibility im@ased with increasing the level of
dietary DIP in cows. They explained that increasedrient digestibility with
increasing level of DIP might be attributed to mased ruminal NEHN concentration
which might lead to increase ruminal microbial @tyi Increased ruminal microbial
activity has been reported to increase nutrienegtigility in ruminants (Perdock,
Leng, Bird, Habib, and Van Routed 1988). On theeptiand, the nutrient digestibility
was not affected by increasing level of DIP haseported by other studies (Mishra
and Rai, 1996, Castilo et al., 2001; Paengkounh,2@04). The plausible explanation
of unaltered nutrient digestibility with increas&lP level might be attributed to
various DIP sources and narrow range of DIP wagl use them. Furthermore,
Arroquy et al. (2004) reported that digestion of NBnd total tract OM increased
linearly (P<001) with DIP, and tended (quadratic=F0.08) to plateau at the highest
levels of supplemental DIP in beef cattle. Thisuless similar as Klevesahl et al.
(2003) indicated that increasing the level of sapmntation DIP from O to 0.123% of
BW increased intakes of both forage OM and NDF #wash decreased from 0.123%

to 0.195%, resulting in an overall quadratic regso{iP<0.01) to DIP supplementation.
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Kumar et al(2005) demonstrated the digestibility of DM, CP &idF
increased from 57.3% to 59.1%, 57.3% to 58.2% &h8% to 41.6% as the UIP level
increased from 41% to 48% of CP in crossbred coespectively. Paengkoum et al.
(2004) examined the effect of increasing level ietaty UIP on digestibility in goats
and reported digestibility of dry matter increasieéarly from 53.1%, 53.5%, 53.8%
and 54.1% when UIP level was increased from 0, 2%,to 6% of CP, respectively.
The CP digestibility also increased (from 50.6%.,8%4, 54.9% to 54.9%) when the
level of UIP was increased (from 0, 2%, 4 %to 698, respectively.

Sultan et al. (2009) determined the effect of vagyiatio of DIP to UIP
(70: 30, 65: 35, 60: 40, 55: 45) on nutrition k@athey reported that a linear decrease
(P<0.01) in digestibility of DM and NDF was obsedveith increasing the DIP to
UIP ratio in buffalo. Similarly, Wankhede and Katiole (2001) determined the effect
of different ratio of DIP and UIP on nutrient diggedity in Red Kandhari calves, they
reported that the digestibility of DM, CP and NDFRsvincreased from 48.2% to
58.8%, 57.3% to 63.5% and 55.7% to 62.2%, respaygtivith decreasing the DIP
from 65% to 55% of CP, similar result has been regabby Pattanaik, Sastry, Katiyar,
and Murari Lal (2003). However, Haddad et al. (20@&dicated no significant
differences in DM and NDF digestibility with decstag the DIP to UIP ration in
lambs.

Keery and Amos (1993) reported that digestibility MDF was
decreased from 52.8% to 43.6% when dietary UIPin@gased from 35% to 44% of
CP, respectively. Similarly, Chaturvedi and WallDQO0) reported a reduction in crude
fiber digestibility due to increase in UIP levelefeased fiber digestibility with

increasing the UIP might be attributed to lower meh NHs;-N concentration which
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might have decreased fiber degrading enzyme primatubly decreasing the ruminal
cellutolytic bacterial activity in lactating crossldl cows. Ruminal bacteria require
ammonia for growth. Low ruminal Ng-N has the potential to inhibit microbial
activity and decrease rate of fiber digestion.
25.3 Ruminal pH

Low ruminal pH is the result of fermatdn of large amounts of
available organic matter when the quantity of OMnfented increases, ruminal
protein synthesis is increases (Hoover and Stok88]). As a result, the negative
relationship between pH and bacterial N flow isasequence of the increased supply
of energy with highly fermentable rations (Bach att, 2005). Fu et al(2001)
determined the effect of different levels of DIP4@, 6.2%, 8.8% and 11.6% of DM)
on rumen pH in cannulated crossbred steers andatedl that it was not affected by
DIP alteration. Lee, Hwang, and Chiou (2001) stigated the effect of varying DIP
level on ruminal pH in goats and reported that nurpél slightly decreased (6.21,
6.15 and 6,18) with increasing the level of DIPY654% and 68%) but statistically
it remained nonsignificant. Similarly, Arroquy &t (2004) and Klevesahl et al. (2003)
indicated that there is no effects on ruminal pHhwincreasing DIP levels, but
ruminal pH tended (P<0.07) to decline linearly @sponse to increasing level of DIP
(Arroquy et al., 2004) in beef cattle fed low qtylgrass hay. Koster, Cochran,
Titgemeyer, Varizant, Abdelgadir, and Jean (19%&)ntl that ruminal pH decreased
with increasing infusion of supplemental DIP intdiated cows. Similarly, Bodine et
al. (2000) reported a quadratic decrease in runphbWwith increasing level of DIP
addition to a low quality forage-based diet in ertlthe presence or absence of

supplemental corn. Baumann, Lardy, Caton, and Aswter(2004) determined the
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digestion characteristics of steers and reportadgh was depressed with addition of
DIP to corn base diets. The decline in ruminalvath increasing DIP level reflected
increased ruminal fermentation.

Reed et al. (2007) conducted the effect of pH wlitferent UIP level
of DM in steers, the observed When UIP levels @86, 19.6% to 40.6% of DM,
the total pH was increased from 6.21, 6.28 to 6t88pectively. They indicated that
ruminal pH was increased linearly (P<0.05) withreasing UIP level of DM, and the
pH was lower fed 0.8% UIP of DM diet than 19.6% &@d6% UIP level of DM, but
no different between 19.6% UIP and 40.6% UIP. Havewtkinson, Toone, and
Ludden (2007) reported the total ruminal pH wasaféected (P>0.05) by increasing
UIP level in lambs.

254 Ruminal ammonia nitrogen (NH3-N)

The DIP is degraded into peptides, anaicids, ammonia and branched
chain fatty acids by rumen microorganisms. Recyclezh through saliva is another
source of ruminal ammonia. Higher DIP level incemsasfermentation of diet
(Davidson et al., 2003) while decreased ruminalzNHconcentration has been
reported in cows fed high UIP level (Lee et al.020 Low level of ammonia in the
rumen depresses bacterial growth that reduces rieneentation activities.

Kung, Huber, and San@983) reported that increasing the DIP level
in diets increased the NHN concentration in the rumen. Lee et @001) reported
that increasing level of dietary DIP (62%, 64% a68% of CP), NH-N
concentrations (41.6, 49.8 and 53.1 mg/dL) wereeamed significantly (P<0.01) in
lactating goats. Stokes, Hoover, Miller, and Blaikek(1991) demonstrated that there

was a linear increase in ruminal MN (8.15 and 21.2 mg/dL) with increasing dietary
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DIP concentration (49.9%, 64.4% and 73.3% of CRyrdased ruminal N4-N with
addition of DIP was reported by Baumann et al. @0&Gimilarly, Fu et al. (2001)
reported that a linear increase in ruminalsN¥Hconcentration (2.53, 8.81, 22.96 and
25.68 mg/dL) was observed with increasing the l®fdDIP (3.4%, 6.2%, 8.8% and
11.6% of DM) in the diet of crossbred steers.

Sarwar, Mahr-un-Nisa, Bhatti, and Ali (1998) reedr that ruminal
NHs-N concentration is higher (12.5 mg/dL) in buffsedothan cattle (10.1 mg/dL).
Wanapat and Pimpa (1999) reported that ruminak-NHoncentration higher than
13.6 mg/dL in swamp buffaloes were considered amtmnfor DMI, microbial protein
synthesis and digestibility. However, in dairy céaw optimum rumen fermentation
and microbial yield, the ruminal NN should be between 10-25 mg/dL (Leng, 1990;
Orskov, 1992). Moreover, Satter and Slyter (197&ported that microbial protein
production increased with increasing NN concentration and then reduced when
ruminal NH-N reached 5 mg/dL in ruminal fluid. Maximum mibial protein flow
from the rumen required ammonia concentration wasnf/dL (Balcells, Guada,

Castrillo, and Gasd,993).

255 Volatile Fatty Acid (VFA)

Arroquy et al. (2004) determined themmal fermentation with
different DIP supplementation concentration in beattle, they demonstrated when
DIP supplementation from 0.15 g/kg, 0.87 g/kg t691g/kg of BW, the total VFA
was increased from 50.2, 77.2 to 85 mM, concewtnatif ruminal VFA increased
(P<0.01) linearly and quadraticly with increasiBdP supplementation. Similar
results was observed by, Klevesahl et al. (2003rk&/sham, Titgemeyer, Cochran,

Wickersham, and Gnad (2008) reported the total Wa& increased from 52.2, 62.2
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to 69.8 when DIP supplementation was increased 86n118 to 177 mg/kg of BW,

and it was increased linearly (P<0.01) with incireg@®IP supplementation.

Reed et al. (2007) conducted the effect of VFA wiiiferent UIP level
of DM in steers, the observed When UIP levels fl@8P6, 19.6% to 40.6% of DM,
the total VFA was unaltered, it was 91.7, 93.9 @8d. mM, respectively. Similarly,
Atkinson et al. (2007) reported the total VFA was effect (P>0.05) by increasing
UIP level in lambs.

2.5.6 Blood ureanitrogen (BUN)

Blood urea nitrogen (BUN) is an indmatof overall N status of
ruminant. Increased BUN concentrations with inceeladietary DIP probably can be
explained by increased absorption of ruminal ammnoragsulting in higher ammonia
being detoxified in the liver to form urea. A sedosource of urea produced by the
liver is from the deamination and metabolism of manacids. Circulating amino acids
originate from UIP, microbial protein and body &®r Urea N circulating in the
bloodstream are measured in either plasma ureagdéram urea N fractions and are
often referred as BUN. The BUN due to DIP cataloligeaks about 4 to 6 h after
meals where as the metabolism of UIP contributeBUWi& continuously throughout
the day (Elrod, Van Aniburgh, and Butler, 1993).

Increased BUN with increasing dietary DIP has beeported by
Roseler, Ferguson, Sniffen, and Herrema (1993) ldigtjinbotham, Huber, and
Walientine (1989). Increase in dietary DIP leadirtorease BUN by increasing the
concentration of ruminal Ng&N (Dhiman and Satter, 1997). Wanapat and Pimpa
(1999) found a linear increase in BUN (13.0, 1284, 29.3 and 39.3 mg/dL) with

increased ruminal N#HN concentration (7.1, 8.8, 13.6, 17.6 and 34.4/dingin
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swamp buffaloes. Vertanen (1966) reported higheNBUW cattle fed purified diets
containing urea than those fed natural diets. Theraesearchers (Vongsamphan and
Wanapat, 2004; Chumpawadee, Sommart, Vongpralubd Rattarajinda, 2006)
reported that an increase in ruminal NN concentrations increased BUN
concentration.

2.5.7 Nitrogen utilization

Wickersham et al. (2008a, b) reporthdt tN intake and retained
increased (P<0.01) with increasing DIP supplememtatDavidson et al. (2003)
investigated the effect of amounts and degradgholitprotein on N utilization and
excretion in cows. They indicated that fecal N etion was not affected (P<0.05) by
DIP level, but urinary N was increased with inciegsthe DIP levels in cows.
Kalscheur et al. (2006) reported there was a limeaease in urinary N and fecal N
excretion with increasing the DIP level.

On the other hand, increased dietary UIP levels bassame DIP level
in ruminant with consuming low quality forages, Ntake and digestion linearly
increased (P<0.001) with increasing levels of UHRBteer (Reed et al., 2007 ) and in
lamb ( Atkinson et al., 2007). Moreover, Paengkoetrral. (2004) indicated that N
intake was increased from 17.85, 20.0, 20.54 t8&@/d when goats were fed diets
containing 0, 2%, 4% and 6% UIP of CP, respectiv@llinear decrease in urinary N
(4.9, 4.1, 3.7 and 3.5 g/d) was observed. The llidearease of urine N was due to the
ratio of DIP (100%, 98%, 96% and 94% of CP) wasrelesed and because of
increased efficiency of ruminal microbes to captwma@ximum ruminal NH3-N. They
reported that N retention was decreased lineaoiyn f20.4%, 23.7%, 26.6% to 28.0%

with increasing UIP from 0, 2%, 4% and 6% UIP, edfvely. Similar results were
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reported by Pattanaik et al. (2003) who observat thretention was higher in calves
fed high UIP (51% of CP) than those fed low UIPY#6f CP).

Sultan et al. (2009) indicated to decrease theo rati DIP to UIP
resulted increasing linearly (P<0.01) in N retemtend diet containing DIP to UIP
ratio 55:45 is considered optimum regarding N redenn buffalo calves.

2.5.8 Microbial growth and count

Stokes et al. (1991) reported that é@rgmicrobial protein production
was noticed in cows fed diets containing 11.8%3#7% DIP than those fed 9% DIP
of DM and explained that higher microbial proteymthesis in cows fed high DIP was
due to high concentration of ruminal BHN. Fu et al. (2001) conducted a study on
crossbred steers and indicated that bacterial Nlyateon increased linearly with
increasing dietary DIP level. Similarly, Hoover aBtbkes (1991) who indicated that
microbial growth increased linearly (P<0.05) wititieasing ruminal NgIN due to
increase in DIP content in the diet in an in vi#sgeriment. Moreover, total bacterial
population increased by increasing the ruminal s]NH concentration has been
reported by Pimpa et al. (1996), Suwanlee and Watnd®94) in buffalo. Wanapat
and Pimpa (1999) who reported bacterial counts viede1d, 1.7x16, 2.6x16,
3.7x10 and 1.5x1®cells/mL when ruminal NEIN concentrations were 7.1, 8.8, 13.6,
17.6 and 34.4 mg/dL in swamp buffalo, the resuttivedd that the bacterial count
increased with increasing NHN concentration up to 17.6 mg/dL. However, it
reduced when ruminal N&N concentration was increased to 34.4 mg/dL.
Furthermore, Sarwar et al. (1998) reported thatrtimeinal microbial population is

greater in buffalo than cattle.
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Meng, Xia, and Kerley (2000) determined the effettreplacing
soybean DIP with urea base DIP on protozoal colihey reported that protozoal
count was lower (0.4 x2@ells/mL) when total DIP was supplied from ureapared
with when urea base DIP was replaced with 30% 6t 0ybean meal (3.0x10r
4.0x10 cells/mL) in a continuous culture fermenters. 8®kt al. (1991) conducted a
study on lactating Holstein cows to determine ttiece of different level of DIP and
non-structural carbohydrates on microbial protewdpction. They reported increased
protozoa count (3.2x£07.4 x10 and 8.1x10 cells/mL) when DIP was increased
from 9%, 11.8% to 13.7% of DM, respectively. Wartagad Pimpa (1999) reported
that protozoal count responded quadratically (8@ x8.4 x106, 8.9 x16, 10.7 x16
and 6.4 x1® cells/mL) with increasing NgN concentration (7.1, 8.8, 13.6, 17.6 and
34.4 mg/dL, respectively).

Microbial count was decreased with decreasing ramiiHs;-N has
been reported by several researches (Maeng anaviBalti976; Argyle and Baldwin,
1989). The decreasing microbial count with decrepslietary DIP level might be
attributed to decreased concentrations of rumindk-N, amino acids, peptides, or
branched chain VFA required for microbial growthry@nt and Robinson, 1962).
Bach et al. (2005) reported increased bacteriahcatth increased ruminal amino
acids and peptides concentrations. Dhiman andrSa®87) reported that 9.3% DIP
of DM supplied enough N precursors to support maxnrmicrobial growth in cow.
Similarly, 9.6% DIP of DM is considered sufficietat meet the N needs of microbial
protein synthesis in the rumen (NRC, 1989). Thusyigion of adequate dietary DIP
is essential to maximize microbial protein syntkesn the rumen before the

supplementation of UIP.



30

2.6 The measurement of Acid-Insoluble Ash (AlA) to estimate

nutrition digestibility

The traditional measurements of estimating dry enadigestibility was total
collection of the feces from animals housed in inelia pens or use external markers
(eg. chromium oxide). The measurement of AIA wasdusatural markers in diet to
determine the dry matter digestibility. ComparedhwAlA method, the measurement
of external markers and total collection were ofexpensive and labour intensive,
especially in grazing condition. Acid-Insoluble Adtas been used to estimate
digestibility of diets fed to monogastrics and rnamts (Moughan Smith, Schrama,
and Smits, 1991; pigs; Vogtmann, Pfirter, and Pcahul975, poultry; Van Keulen
and Young, 1977, sheep; Sunvold, Vanzant and CocHr@91, steers). Thonney,
Palhof, DeCarlo, Ross, Firth, Quaas (1984) indctakat in all diets studied except
those containing very small amounts of naturallcurdng AIA there was no
significant difference between mean digestibilittetermined by total collection or
AlA. High grain diets which contain only small amms of naturally occurring AIA

showed more variability between the two methodo(ifiey et al. 1984).

2.7 The measurement of purine derivative excretion (PD) to

estimate microbial protein synthesis

Ruminant can convert DIP into microbial protein foyninally microbial to
support the protein requirement for maintenacegnodith. Therefore, how to predict
the microbial protein synthesis accurately is vienportant. Six methods were often
used in ruminant nutrition research as flowing (@xs 1992): (a) use of a protein free

purified diet; (b) use of diamino pimelic acid; @yodenal nucleic acid as a marker
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for microbial N; (d) adopt radioisotope8S or **N or **P for determination of
microbial N; (e) amino acid profile in postrumindigest; (f) use of urinary purine
derivatives to estimate microbial N supplfne methods generally used for determining
microbial protein production depend on the usenaffural microbial markers such as
RNA (ribonucleic acid) and DAPA (diamino pimelicidcor ofradioisétopos”s, *°S,
¥2P. However, those methods need to use rumen caeduémimal and complex
procedures to operate. The purine excretion methsdnple, non-invasive and does
not require surgical preparation of the animalhdts been used widely in many
laboratories. This is because ruminant feeds ushale a low purine content, most
of which undergo extensive degradation in the rumasnthe result of microbial
fermentation. Absorbed nucleic acid purines areatked and excreted in the urine as
their derivatives, hypoxanthine, xanthine, uricdaand allantoin (Figure 2.2). The
excretion of the PD is directly related to the parabsorption. With the knowledge of
the purine-N: total-N ratio in microbial biomass,cnebial N absorption can be
calculated from the amount of purine absorbed winschstimated from urinary PD
excretion. There was a positive relationship betwsacrobial N flow and purine
derivative in urine. The amount of microbial N aastimated from purine absorption
which determined excretion of purine derivativeunme. However, purine derivative
can not be use to predict microbial N flow acrogfeent physiological states of
animal and species.

The equation of estimating intestinal absorbednauri

(@) Y = 085x + 015w “”°>e— 0.25x (sheep)

(b) Y = 0.85x +0.385w “® (cattle)
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Where Y is purine derivative excretion (PD, mmdpl/x is purine absorption
(mmol/d).
The equation of estimating microbial N synthesis:
Microbial N(g/d)=70x/ 083x0.116x1000=0.727x (Yu, Egan, Boon-ek, and
Leury, 2002; De boever, lantcheva, Cottyn, De Cappee, Fiems, and Boucgque,
1998). The explain of equations:

a) The mean endogenous urinary PD excretion from dggadlation of
tissue nucleic acids, base on 14 observationsaaitie, is 0.385 mmol/d/kg BIN>.

b) The recovery of absorbed purine as urinary PDssiragd to be 85%,
with the other 15% being lost via nonrenal routes.

c) The digestibility of microbial purine in intestinasnean value of 0.83
is assumed.

d) The ratio of purine N to total N in mixed rumen noloes is taken as
0.116, assuming no effect of dietary treatment.

e) The N content of purines is 70 mg/mmol.
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Pathway of Purine Catabolism
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Figure 2.2 Degradation of purine nucleotides and formatiopuine derivatives

(Chen and Gomes, 1992
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CHAPTER Il

Effects of Dietary Protein on Feed Intake, Digestiliity,
Ruminal Fermentation, Ruminal Microbes and Nitrogen

Utilization of Growing Thai-indigenous Beef Cattle

3.1 Abstract

Six male growing Thai-indigenous beef cattle witbdp weight (BW) of
154+13.2 kg were randomly assigned in replicated Batin square design, and fed
with different levels of crude protein (CP) in tbotaixed ration (TMR) diets. CP
levels in diets were 4.3%, 7.3% and 10.3% base rgnntatter (DM). Dry matter
intake (DMI) increased linearly (P<0.01) with inasetng CP concentrations. There
were not significantly different (P>0.05) digeslityi of DM, organic matter (OM),
acid detergent fiber (ADF) and neutral detergeberfi(NDF). Ruminal ammonia
nitrogen (NH-N) and blood urea nitrogen (BUN) concentrationgéased (P<0.01)
with increasing CP levels. Moreover, there is aitp@srelationship between BUN
and ruminal NH-N. Rumen pH, total volatile fatty acid (VFA), molproportions of
acetate, propionate and butyrate were not affdaye@P levels (P>0.05). The counts
of ruminal protozoa, ruminal fungi and ruminal aal, and the populations of
cellulolytic bacteriaproteolytic bacteria and amylolytic bacteria weid affected
(P>0.05) by dietary CP concentrations. Allantoinm@d and mmol/d/kg BW"),

total purine derivative (PD) (mmol/d and mmol/dR#v°">, PD absorbed (mmol/d
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and mmol/d/ kg BW™) and microbial nitrogen synthesis (MNS) (g/d ard/ &g

BW®¥ increased linearly (P<0.05) with increasing digtarotein concentration.
Uric acid (mmol/d and mmol/d/kg B®? and creatinine (mmol/d) of urinary
excretion were not affected (P>0.05) by dietary IEffls. Nitrogen (N) intake,
urinary N excretion, N digestibility, N retained/dg % of N intake) increased linearly
(P<0.05) with increasing dietary CP levels. Howetbke fecal N excretion was not
affected (P>0.05) by dietary CP levels. The CP ireguent for maintenance of
growing Thai-indigenous beef cattle was 3.54 g/ky°B°. The regression equation
was estimated by using linear regression of N methiand N intake. The value of N

intake was the CP requirement for maintenance witergen retained was zero.

Key Words: Thai-indigenous beef cattle, crude protein, maiatee, nitrogen

balance

3.2 Introduction

Protein requirements for livestock are thought ® & function of many
variables and not a specific figure for all commhs. There are varying protein
requirements with different factors, such as breed, body weight, daily gain, body
condition, production functions, compensatory glwenvironmental variation,
forage availability and microbial yield effects (RR1996). The Institute National de
la Recherche Agronomique (INRA, 1988) suggested fmatein requirement for
maintenance of beef cattle was 5.07 g CP/kg°B8Wor 3.25 g MP/kg BW"™,
Wilkerson, Klopfenstein, Britton, Stock, and Millefl993) and NRC (1996)
recommended that the protein requirement for maartee of 253 kg growing calves

was 5.94 g CP/kg BW® or 3.8 g MP/kg BW'>. Thai-indigenous beef cattle were
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small in frame and low in growth rate. Furthermoreailand is a tropical country
with different climates and environmental condisofrom other countries. The
nutrient requirements recommended by NRC and ARE widely adopted to
formulate diets around the world. Nevertheless, rib&ient requirement equations
were based orBos taurus cattle, but the nutrient requirements in growingaifh

indigenous bulls may not be the same as those meenicted.

Rice straw was the most abundant and appropriat fier cattle in tropical
regions, but it contains poor protein, energy, matseeand vitamins contents. Protein
supplementation with urea, cassava pulp and maasse improve the utilization of
low quality roughages through the supply of nitrog@N) from DIP to rumen
microbes. The objective of this study was to deiee crude protein for maintenance
requirement and effects of protein supplementatibrnice straw-based diets on the

ruminal fermentation and nitrogen utilization ofaifindigenous bull calves.

3.3 Research objectives

3.3.1 To predict protein requirement for maintergann growing Thai-
indigenous beef cattle fed with rice straw as raggh

3.3.2 To study the effects of crude protein com@ion on nutrition
digestion, feed intake, ruminal fermentation, rgen balance, and performance of

Thai-indigenous beef cattle.
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3.4 Materials and methods

3.4.1 Animals and diets

Six growing Thai-indigenous beef cattle, averggitb4+13.2 kg of
body weight (BW) and approximately 18 months of,agere selected and housed in
individual pens and then all of the cattle wereatied against anthelmintics and
intestinal parasites with Ivermectin. The cattleravassigned randomly in replicated
3x3 Latin square design (Table 3.1). Two weeks thhasadjustment period before the
experiment. Each experimental period consistedlofi&ys, of which the last 7 days
were the sample collection period, 4 days servedtrassition between each
experimental period. The cattle were fed 7.3% GR during adjustment and each
adjustment period. The cattle were fed with totaded ratio (TMR) diets (T1, T2 and
T3) which contained 4.3%, 7.3%, and 10.3% crudeemmo(CP) respectively, with
similar amounts of 20% above maintenance metabwézanergy (ME). The
ingredients and chemical composition are shown abld 3.2.TMR diet was fed
twice per day at 0830 h and 1530 h, the dry mattake was estimated according to
2.5% of BW. Orts were weighed and recorded dailgrpio the morning feeding to

determine daily dry matter intake (DMI).

Table 3.1 The replicated squarex<33 Latin square design and the orders of treatment.

1 square 2 square
Bl B2 B3 B4 B5 B6
P1 T1 T2 T3 T1 T3 T2
P2 T2 T3 T1 T3 T2 T1
P3 T3 T1 T2 T2 T1 T3

P=The period of treatment, B= The number of exparirbeef cattle, T=The experiment treatment
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Drinking water was not limited. The experimentditleabody weight was measured at
both the beginning and the end of each periodhAtlast week of each experimental
period, in order to determinate digestibility andkragen balance, samples of orts,

fecal and urine were collected before new feedgiasn each morning.

Table 3.2 Ingredients and chemical composition of experimatigts (%, DM basis).

Dietary crude protein levels

Ingredient (%, base dry matter of diet)

4.3% 7.3% 10.3%
Rice straw 79.7 79.2 79.2
Cassava pulp 14.9 13.5 7.9
Soy bean meal 0.0 3.4 9.6
Molasses 3.0 1.0 0.4
Urea 0.4 0.9 0.9
Dicalcium phosphate 1.0 1.0 1.0
Vitamin—mineral premik 1.0 1.0 1.0
Total 100 100 100

Chemical composition,

DM 90.0 90.4 90.3
CP 4.3 7.3 10.3
Ash 15.9 15.9 15.6
NDF 59.5 59.1 58.0
ADF 40.3 40.1 39.3
ME (MJ/kg) 7.94 7.93 7.93

1The premix contained per kilogram of DM: 4%10 Vitamin A, 0.4x161U Vitamin D, 40001U Vitamin E, 24 g
Fe, 0.2 g Co, 2 g Cu, 10 g Zn, 0.5g |, 50 mg Se. DBIryMatter, NDF = Neutral Detergent Fiber, ADF zid
Detergent Fiber, MP = Metabolizable energy.

3.4.2 Sampling

Five percent of daily urine and fecal were colelcaccording to daily
urine volume and daily fecal weight. A sample aharof each animal was acidified
with 20% HSO, to keep the final pH lower than 3. It is essentahcidify the urine
to prevent bacterial activity. The sample of urarel fecal were pooled respectively
when each sampling period was finished. After tad&0 ml duplicate sample of urine

and a 500 g duplicate sample of fecal were takehshored at -20°C to determine
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nitrogen balance and urinary purine derivatives )(RRcretion. Rumen fluid was
sampled at 0 and 4 h after feeding on the lastalasach period. The rumen fluid
sample was filtered by layers of cheesecloth andsomed with a pH meter
immediately. Thereafter, 1 ml of the rumen fluidsmransferred to a plastic bottle
containing 9 ml 10% formalin (V:V = 1:9) as a preseg reagent by pipette for
counting ruminal protozoa, fungi and bacteria. Tiwenen fluid (40 ml) was
transferred into a 60 ml plastic bottle containifyml 6 N of HCI for determination
of ruminal ammonia-N (NEtN) and volatile fatty acids (VFA). At the same &nthe
rumen fluid was diluted 1 time (I, 2 times (10), 3 times (10), 4 times (1d), 5
times (10°), 6 times (10), 7 times (10) and 8 times (18), respectively. After that,
0.2 ml of the 4 times (It) and 5 times (16) diluted rumen fluid solution was
inoculated in proteolytic and amylolytic culture dnem, respectively. Zero point five
ml of rumen fluid solution which has been dilutedimes (10') and 8 times (18)
was inoculated in cellulolytic culture medium, respvely. Then, the proteolytic and
amylolytic culture medium was incubated at’GS9or 5 days, and the cellulolytic
culture medium was incubated at°@9for 21 days to determine cellulolytic,
proteolytic and amylolytic bacteria population aating to roll tube technique
(Hobson, 1969). Jugular blood was sampled into i@igad vacationer tubes after
rumen fluid was collected, and centrifuged at 5@00 for 15 minutes to separate
plasma, which was stored at °€Dfor blood urea N (BUN) analysis (Crocker, 1967).
3.4.3 Chemical analysis procedures

The samples of feed, orts and fecal were grourmgfih 1 mm screen

and dried in a forced draught oven at 65°C for d48rb. Dry matter, organic matter

and ash, nitrogen balance were determined followsilagdard procedure of AOAC
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(1990) and fiber analysis was determined by methawgsported by Van Soest,
Robertson, and Lewis (1991). Volatile fatty acid4-A) were determined by Gas
Chromatography (GC, Hewlett-Packard GC system HBA8Hewlett-Packard

Avondale, PA).

3.4.4 Procedures of counting of protozoa, fungi @ahbacteria
Rumen liqguor (1 ml) was pipetted into a 50 ml sgia bottle
containing 9 ml 10% formaldehyde for counting thenter of protozoa, fungi and
bacteria. Counting was done in 10X microscopic acuin a haemocytometer
counting chamber (Figure 3.1), under an objectivaascop of 40X, as described by

Kamra et al. (1991).

The number of protozoa was calculated using Gal.2005) formula:

number of protozoa NAD , where N is the average number of protozoa/micaisc
av

field, A is the area on slide on which the sampglespread (area of the cavity of
haemocytometer), D is the dilution, a is the aréanwroscopic field and v is the

volume of diluted SRL in the counting chamber.

.....

Figure 3.1 Haemocytometer counting chamber using for countimginal microbes.
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In this experiment, there are 9 big squares ih dfaHaemocytometer
counting chamber, 16 middle squares in 1 big squareé also 25 small squares in 1
middle square. Thus, 1 big square include 4@343) small squares. Both the big
square’s width and length are 1mm and the depdhilisnm. Therefore the volume of
the big square is 0.1 mimUsually, only the central big square was useddont

ruminal microbes.

Calculating equation:

a) For protozoa, the number of protozoa was tsabihy 1 big
square:

number of protozoa/mL% X 400X 10*XD

where N is the average number of protozoa in Ishigare , D is the sample diluted

times.

b) The numbers of fungi and bacteria were califiyg small

squares crossed by two diagonals in one big square:

number of fungi (or bacteria) /le—l(\)l—c X 400X 10*XD

Where N is the average number of fungi or bazténi
middle squares crossed by two diagonals in onedpgre (100 small squares), and D

is the sample diluted times.
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3.4.5 Procedures of analysis of blood urea nitrogg BUN)
1) The principles of BUN analysis
BUN or Plasma urea nitrogen (PUN) was determibsgd a
Spectronic Genesys 5 spectrophotometer; the plengshown in Figure 3.2
2) The brief procedures for determination of BUM a&hown as
following.
a) Stock forric chloride-phosphoric acid reagent
Preparation of reagents: (Fe6H,O 15 g +DI water 30 ml) +
H3PO, (85%) 300 ml, mixed evenly, adjusted to 450 ml withwater and kept in
brown bottle.
b) Acid reagent (preparation should be done Bhbefore use)
96% HSO, 150 ml + DI water 500 ml + Stock forric chloride
+ phosphoric acid regent 1 ml, mixed evenly andistéd to 1000 ml with DI water.
c) Color reagent
Diacetyle monoxime 1.7 g + Thiosemicarbazide @.3 DI
water 100 ml mixed evenly and adjusted to 1000 nth 2l water, subsequently
filtrated through waterman filter paper and kepbrown bottle.
d) Stock BUN standard (mg/dl)
Urea 214.2 mg + 0.1N HCI 100 ml, mixed evenlg &ept in
a brown bottle at«C.
e) Working BUN standard
Dilute stock BUN standard by 0.1 N HCI as follog:
0.1 N HCI 90 ml + stock BUN standard 10 ml

0.2 N HCI 90 ml + stock BUN standard 10 ml
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0.3 N HCI 90 ml + stock BUN standard 10 m|
0.4 N HCI 90 ml + stock BUN standard 10 m|
After that, the BUN standard solution containumga 10, 20,
30 and 40 mg% respectively was obtained and thphdtefC.
f) Method
According to theTable 3.3, the reagents are transferred to

screw cap tube with size 16x25 mm.

o NOH
CiH-C- H‘—A‘Hz + H,() He b[‘H;— C-C-CH; + HONH,
H;
Urean '
H; il
[

1H3
[:I\
AT + 2H,0

C

CH;
Diazine dertvative

Figure 3.2 The principle of plasma urea nitrogen (PUN) deteation

Source : Preston, Schnakenberg and Pfander (1964)
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Table 3.3 The method of plasma urea nitrogen analysis.

Reagent Blank Standard blood Sample
( no repetition ) (3 repetition)
DI water (ul) 20 - -
Standard (ul) - 20 (10, 20, 30,40 mg% ) -
Sample (ul) - - 20
Color reagent (ml) 3.0 3.0 3.0
Acid reagent (ml) 2.0 2.0 2.0
g) Analyzing

The standard was run in triplicate and adwptione but the’r

over 0.98. The samples and reagents were traedfemno a 16x125 mm test tube by

pipette, and the tubes were closed tightly witlcieew cap lined with butyl rubber.
Then the content was mixed evenly, supervening dinlg at 8GC until the color

changed into pink and then it was cooled down tonab room temperature in cool

water. Within 15 minutes after the preparatiorg tletermination at 540-nanometer

wavelength was done employing the blank to adjnetdpectrophotometer to zero

prior to it.
In this analysis, the standard curve and theessyon equation
was obtained by standard solution analysis asvislloy = 213.7x + 2.0802, R=

0.9908.
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y =213.37x + 2.0801

25 R? =0.9908

BUN concentration

0. 000 0. 050 0. 100 0. 150 0. 200
Absobancy

Figure 3.3 The relationship between standard of blood ureagein (BUN)

concentration and absorbancy.

3.4.6 The procedures of ruminal fluid VFA analysisdetermined by gas
chromatography (GC).
1) Preparing sample of ruminal fluid for VFA aysib.

The samples of ruminal fluid collected from experithcattle were
centrifuged at 5000 x r for 15 min to get rid obébparticles and ruminal microbe.
Supernatant (1 ml) was transferred into a 2 ml teaanalysis total VFA and molar
proportion of main VFA mix (acetate, propionate, darbutyrate) by gas
chromatography (GC).

2) Preparing VFA standard solution.

a) Preparing standard solution A contained 200 ofifdcetic acid

(C2), propionic acid (C3) and butyric acid (C4) euixin DI water respectively.

C2 (0.574 ml) + C3 (0.761 ml) + C4 (0.924 ml) +r&0DI water
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b) 5 mM mix standard solution 10 ml
0.25 ml of standard solution A was diluted to 10ayIDI water
c) 10 mM mix standard solution 10 ml
0.5 ml of standard solution A was diluted to 10byIDI water
d) 20 mM mix standard solution 10 ml
1.0 ml of standard solution A was diluted to 10mId water
e) 30 mM mix standard solution 10 ml
1.5 ml of standard solution A was diluted to 10ayIDI water
f) 1 ml of 5mM mix standard solution, 10 mM mitasdard
solution, 20 mM mix standard solution, 30 mM mixarsdard solution were
transferred into 2 ml vial, respectively.
The R of the standard solution should be more than (F88example,
C2 in this standard solution analysi$ R 0.99866 (Figure 3.4). Otherwise, the

standard solution have to be prepared again ufwR8.
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Figure 3.4 The relationship between C2 concentration andiartee C2 standard

solution and the order of C2, C3, C4 arising

3) Procedures of Analysis of VFA by Gas chromedpby (GC)

Total VFA and molar proportion of acetic, propionand butyric

acids in ruminal fluid were determined by HP6898 ghromatography (GC) (made

in USA) fitted with a Flame lonization Detector (Bl In addition, a & W 122~3232

column was applied for determination of VFA. Thduoon temperature was fixed at
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70°C for 4 min, then it increased at°C3min to 178C which lasted for 27 min.
Continually it increased at°@/min to 2158C and kept for 31 min. Nitrogen was
adopted as carrier gas with a 60 mli/min flow ratel ghe oven temperature was
250°C. FID and injection temperature were fixed at°Z30and a 1pL injection was
done with a 10-pL injector.
3.4.7 The procedures of PD analysis (Chen and Gog)el992)
1) Limitation of the method

a) In the calculation, it is assumed that therdittle dietary
nucleic acid reaching the small intestine. Thislddae true with most diets, but may
not be so when animals are fed with rations comtgilarge amount of fishmeal.

b) The calculation of microbial N from purinentent assumes
that the ratio of purine: total N in mixed microlepulation is constant.

c) Equations are species specific. The implicais that different
models should be used for these species to relatexBretion with intestinal flow of
microbial protein.

d) At this stage, the values of microbial N fl@alculated from
PD excretion should not be taken as absolute vadlig®ugh results of limited
number of experiments showed values obtained byPibemethod were in good
agreement with other methods. Nevertheless, thithadeis best used to compare
differences in intestinal microbial N flow betweéietary treatments.

2) Sampling principle
a) All the urine produced by animal was colldctand separated

from faces well.
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b) To obtain a more realistic measurement of tady PD
excretion, urine collection should be made for nthan 5 days. This helps to reduce
the error due to the 'end-of-collection’ variatiourine output from the animal.

c) The collection can be made as a bulk fortmle period.
However, where analysis facility allows, it is @&tto make the urine collection daily.
Daily collections will provide us with additionatformation on the variability of the
daily measurement. From our experience, this dajatp variation is usually about
10%.

d) Urine is collected into a container with appmately 100 ml
of 10% HSOy. The final pH of urine needs to be below 3. lessential to acidify the
urine to prevent bacterial destruction of PD imarilt may be necessary to check the
pH on the first day of collection and make necessdjustment of the amount of acid
used accordingly. Slight excess of acid will nottera

e) PD concentration in straight urine is veryrhand precipitation
(particularly of uric acid) can occur during stoead@ his will make it difficult for
representative sampling for analysis. Dilution by 3times will prevent the
occurrence of precipitation.

3) Determination of purine derivative
a) Dilution of urine samples
The urine samples which have been previousiytetll before
storage still need further dilution. The next ddat should be to such an extent that
the concentrations in the final samples will behwitthe range of the standards used
in the assays (5-50 mg/L for both uric acid andrabin). The dilution factor needed

therefore depends on the feed intake, and thushbiarprotein supply of the animal.
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b) Analytical method
Urinary PD and creatinine were determined ushBgLC
analysis which consisted of a Multi-solvent deliwerystem (Waters model 600 E,
USA), an injector (WISTTM model 712), a multi-wagabth detector (model 490E;

set to 205 nm) and a double 4.6 mxh 250 mm C-18 reverse-phase column

(Spherisorb®) following the procedure of Balcellsad (1992). Purine derivatives
were quantified by peak integration using Waterd EiRBystem controller software
Maxima 820.

c) Estimation of microbial nitrogen (N) for cattle

PDe =0.85 PDa + 0.3852MP ... .cooeviiir e e 1)

The equation is for estimating intestinal PDapson, Where
PDe is purine derivative excretion (mmol/d), PDapisine absorption, W° is the

metabolic body weigh.

Microbial N (g/d) = 70X PDa /0.83X 0.116X 1000 = 0.727 PDa...... (2)

The following factors are used for the calculataf intestinal flow
of microbial N (g /d) from the microbial purinessaitbed (X mmol/d) (Equation 2):
i) Digestibility of microbial purines is assuthéo be 0.83.
This is taken as the mean digestibility value facrobial nucleic acids based on
observations reported.
i) The N content of purines is 70 mg N/mmol.
iii) The ratio of purine-N: total N in mixed ruean microbes is

taken as 11.6:100.
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3.4.8 The procedures of roll tube technique

1) Medium preparation for grouping bacteria byl tabe technique

(Hobson, 1969).
a) Clarified rumen fluid
Fresh rumen fluid (300 ml) was taken from expent cattle

and filtered by nylon bag for preparing cellulotytiproteolytic and amylolytic
bacteria medium.

b) Mineral solution A and mineral solution B wegmeepared following
Table 3.3.

Mineral solution A (2000 ml) and mineral soluti@ (2000 ml)
were prepared according to Table 3.4. The chemwal® weighed by electronic
analytical balance (0.0002 g), and then moved &t@000 ml volumetric flask.
Distilled water was replaced by RO-water. The RQewawas poured into a
volumetric flask making the chemicals solve comgliet Finally, the RO water was

added to raise the volume to 2000 ml.

Table 3.4 The chemical composition in mineral solution Alanineral solution B.

Mineral solution A

Mineral solution A(ml) 1000 2000
K2HPO, (9) 3 6
Distilled water(ml) 1000 2000
Mineral solution B

Mineral solution B(ml) 1000 2000
KH2PO, (9) 3 6
(NH4)2SOy(9) 6 12
NaCl (g) 6 12
MgSQOu(9).7H0(9) 0.6 1.2
CaCbh.2H,0 (g) 0.2 0.4
Distilled water(ml) 1000 2000

Source : Hobson (1969)
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c) Anaerobic dilution solution
According to the chemical and ingredient requigatrof anaerobic

dilution solution (Table 3.5), the chemical ingrelis were weighed or measured by
electronic analytical balance (0.0002 g) or graedaflask. After that, they were
moved into a 1000 ml filter flask, heated and mixeth a hotplate stirrer. At the
same time, C®was charged into the filter flask to render tHeattn solution into an
anaerobic condition until the solution preparatwas completed. The solution was
transferred into small glass bottles (about 10 il dilution solution per glass
bottle, by a thin plastic pipe when the solutiohocahange from pink into clear in
approximately 50 minutes. The bottles were covevil plastic covers and warped
up immediately with aluminum foil. Finally, the llels with dilution solution were

sterilized (122C, 15 minutes) in autoclave.

Table 3.5 The chemical composition of anaerobic dilution solu

Anaerobic dilution solution(ml) 300 400

Mineral solution A(ml) 108 144

Mineral solution B(ml) 90 120

Cysteine hydrochloride(g) 0.10 0.13

Na,COs(Q) 0.6 0.8

Resazurin (g) 0.0003 0.0004
Until solution to

Distilled water (ml) until solution to 400ml

Source : Hobson (1969)

300ml

d) Cellulose medium
Firstly, agar was put into glass bottles (40 nabput 0.2 g per
bottle. The other medium ingredients were weighed aneasured accurately
according to Table 3.6, and moved into a 1000 harfilask. Secondly, the flask with

the solution was heated and mixed with a hotplatees At the same time, CQvas
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pumped into filter flask to make the solution under anaerobic condition until the
medium preparation was completed. Thirdly, aboundéheated for 1 hour, the
solution was moved into small glass bottles (al#futnl) by a thin plastic pipe, 5 ml
dilution solution per glass bottle. The bottles eveovered with plastic covers and
warped up with aluminum foil immediately. Finaltipe bottle with dilution solution

was sterilized (12, 15 minutes) in autoclave.

Table 3.6 Chemical composition of Cellulose medium

Cellulose medium (ml) 400 500
Mineral solution A (ml) 60 75
Mineral solution B (ml) 75 90
Clarified rumen fluid (ml) 100 120
Agar (9) 8 10
Resazurin (g) 0.0004 0.0005
Bacto casitone (Q) 4 5
Cellulose power (g) 4 5
NaHCQy(g) 1.6 2
Cysteine hydrochloride (Q) 0.2 0.25
Distilled water (ml) Until the solution to 400 Uhthe solution to 500
pH 6.8-7.0 6.8-7.0

Source : Hobson (1969)

e) Proteolytic medium
According to Table 3.7 the chemical for protemlyhedium was
prepared. Preparation of the proteolytic mediuntoveéd the same procedures for

preparing cellulose medium.
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Table 3.7 Chemical composition of proteolytic medium.

Proteolytic medium (ml) 400 500
Mineral solution A (ml) 60 75
Mineral solution B (ml) 60 75
Clarified rumen fluid (ml) 80 100
Agar (9) 10 12.5
Resazurin (g) 0.0004 0.0005
Tryptose (Q) 1.2 15
Casein (g) 2.0 2.5
Cysteine hydrochloride (g) 0.2 0.25
NaHCGQ; (g) 2.0 2.5
Distilled water (ml) Until the solution to 400 Uhthe solution to 500
pH 6.8-7.0 6.8-7.0

Source : Hobson (1969)

f)  Amylolytic medium (starch medium)

The amylolytic medium was prepared according toe t
requirements of chemicals displayed in Table 3.Be Pprocedure of proteolytic
medium preparation was the same as with cellulasg proteolytic mediums
preparation.

2) Ruminal microbial inoculation

The glass bottle with mediums of cellulose, pobtec and
amylolytic were heated and changed into liquid teash water. At the same time, the
rumen fluid was diluted 1 time (I, 2 times (10), 3 times (10), 4 times (1d), 5
times (10°), 6 times (10), 7 times (10) and 8 times (18) respectively. When the
hot bottle with medium was cold about°@) 0.2 ml of rumen fluid solution diluted
by 4 times (1¢) and 5 times (1) was inoculated in proteolytic and amylolytic
culture medium by injection respectively. Rumernidigolution (0.5 ml) diluted by 7
times (10") and 8 times (1 was inoculated in cellulolytic culture medium,

respectively. After inoculation, it was put intootavater and rolled by hand to make
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the medium solidified equably around wall of botilemediately. After this, the
proteolytic and amylolytic culture mediums were ubated at 3%C for 5 days,
cellulolytic culture medium was incubated at°@9for 21 days to count the

cellulolytic, proteolytic and amylolytic bacteri@pulations.

Table 3.8 Chemical composition of amylolytic medium.

Amylolytic medium (ml) 400 500
Mineral solution A (ml) 60 75
Mineral solution B (ml) 60 75
Clarified rumen fluid (ml) 80 100
Agar (9) 10 12.5
Resazurin (g) 0.0004 0.0005
Bacto casitone (Qg) 4 5
Soluble starch (g) 2.0 2.5
Cysteine hydrochloride (Q) 0.2 0.25
NaHCG; (9) 2.0 2.5
Distilled water (ml) Until the solution to 400 Uhthe solution to 500
pH 6.8-7.0 6.8-7.0

Source : Hobson (1969)

3.5 Statistics analysis

The analysis of variance (ANOVA) techniques usiig tGeneral Linear
Model (GLM) procedure (SAS, 1996) was used foristiaal analysis of the data for
the replicated 3x3 Latin square design. The maaleUsing Duncan’s New Multiple
Range Test and Orthogonal Analysis compares tredtmeans (SAS, 1996). The
regression equation of nitrogen retention and gémintake was determined by using

simple linear regression (SAS, 1996).
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3.6 Results and discussion

3.6.1 Effects of CP levels on dry matter intake (MI) and digestibility
Effects of CP concentration on dry matter intakd1() and apparent
digestibility of DM, OM, ADF and NDF are shown irallle 3.9. Dry matter intake in
terms of kg per day (kg/d), g per kilogram per dgkg BW/d) and g per kilogram
metabolic body weight (g/kg B®%d) increased linearly (P<0.01) with increasing
crude protein concentration. Furthermore, DMI wagdr (P<0.05) in cattle fed with
4.3% CP diet (3.15 kg/d) than 7.3% CP (3.64 kgfd) 40.3% CP diets (3.77 kg/d).
However, there were not significantly different (P85) between 7.3% CP diet and
10.3% CP diet. Similarly, Paengkoum and Tatsap@@§q) used Thai native beef
cattle to meet 5% CP, 7% CP, 9% CP and 11% CP dest®nstrated the DMI were
not different (P>0.05) between 7% CP, 9% CP and TPpbut 5% CP was lower
(P<0.05) than other protein levels. Also, this leagree with Perry, Shields, Dunn,
and Mohler (1983) and Thomson, Prestonn, and B&885), who indicated DMI
were improved (P<0.01) with increasing protein elsv In contrast, Devant, Ferret,
Gasa, Calsamiglia, and Casals (2000), Basra, Kikan, Riaz, Tugeer, and Saeed
(2003), Yuangklang, (2009), Chantiratikul, Charikal, Chumpawadee, and
Kanchanmayoon (2009) and Tatsapong, Paengkoum, &ompd Hare (2010)
suggested that DMI for calves did not affect byfedént protein levels. There were
not significantly different (P>0.05) digestibiligf DM, OM, ADF and NDF, but have

a increased trendy with increasing CP levels. @inmésult has been reported by
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Table 3.9 Effects of dietary protein level on dry matter ke#aaverage daily gain and

nutrient digestibility.

Dietary CP Contrast P-value
SEM
4.3% 7.3% 10.3% Linear Quadratic
DMI (kg/d) 33% 364 377 0.07 * NS
DMI (% of BW) 2.28 2.37 2.42 0.06 NS NS
DMI (g/kg BW*"¥d) 76.54 83.3¢ 85.62° 0.53 * NS
Digestibility (%)
DM 54.66 58.84 59.27 2.64 NS NS
OM 60.87 64.39 64.95 3.42 NS NS
ADF 46.25 50.05 50.90 4.29 NS NS
NDF 55.76 59.22 59.48 3.12 NS NS
Initial weight (kg) 153.5 153.7 155.5 2.56 - -
Final weight (kg) 153.5 153.8 156.7 2.62 - -
BW change (g/d) 0 8 57 0.9 NS NS

A Means in same row with different superscript Isttdiffer (P<0.05); SEM = Standard Error of
Means; NS = Not Significantly different (P>0.05)Means Significantly different (P<0.05); ** Means
Significantly different (P<0.01) DMI = Dry Mattentake, DM = Dry Matter, OM = Organic Matter,
NDF = Neutral Detergent Fiber, ADF = Acid Deterg€itter, CP = crude protein , BW = body weight .

Atikinson, Toone, Harmon, and Ludden (2007). Devahtal. (2000) indicated
digestibility about DM and OM were not affecteddigtary protein concentration (14.3
% CP VS 17.3 % CP) in growing crossbred heiferer@&lwas not different (P>0.05)
body weight change among the treatment of 4.3%867a8d 10.3 % CP. Although
three levels CP diet were fed to beef cattle, et dietary energy was low, just
according to above 20 % of maintenance requirentieatgrowth maybe was limited,

the low energy may be not enough to support theggmequirement for growing.
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3.6.2 Effect of CP concentration on ruminal fermetation and blood

urea nitrogen (BUN).

Effects of CP concentration on rumen fermentaéimnshown in Table
3.10. Ruminal pH was not different (P>0.05) at &h,and mean pH between 4.3%,
7.3% and 10.3% CP. The pH values at O hour weé1®, 77..02 and 6.93, mean pH
values were 7.07, 7.03 and 7.02, respectively. vidhees trend to be decreased with
increasing CP level but statistics strictly. Rekdrdy, Bauer, Gilbery, and Caton
(2007) demonstrated that ruminal pH was not diffeteetween control and protein
supplemented in steers. However, numerous ressar@Heldt et al., 1999; Mathis et
al., 2000) have indicated lower pH with increaslagels of DIP supplementation.
Because changes in pH are a result of changesmmail fermentation, wide range
level protein may affect ruminal fermentation.

Ruminal ammonia-N (NEN) concentration(Oh, 4h and mean value)
increased (P<0.01) with increasing levels of dietprotein from 4.3%, 7.3% to
10.3% CP respectively. Similarly, a few researsi{frevant et al., 2000; Arroquy et
al., 2004; Klevesahl et al., 2003; Wickersham, dimgyer, Cochran, Wickersham,
and Moore, 2008) suggested the concentration ofinalmNH;-N increased with
increasing protein levels.

The blood urea nitrogen (BUN) was 6.69, 22.53 ahdb1 mg/dl at O
hour post feeding, and 12.04, 24.28 and 38.96 nag/dl hours post feeding when
cattle was fed 4.3%, 7.3% and 10.3% of CP diepeesvely. Blood urea nitrogen
increased (P<0.05) with increasing dietary CP lab@ and 4 hours post feeding, and
it was significantly different (P<0.05) among tmaaints. Similar result has been

reported in lambs (Bunting, Boling, Mackown, and m¥fering, 1987), growing
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finishing Brahman cattle (Yungklang, 2009), Brahnwossbreed (Paengkoum and
Yanee, 2009). Blood urea nitrogen is an indicafoowerall N status of ruminant, it
cased absorption of ruminal ammonia. Increased BUkN increasing dietary DIP
(DIP) has been indicated by several researchemgg(ithotham, Huber, Wallentine,
Johnson, and Andrus, 1989; Roseler, ferguson,&nitind Herrema, 1993). A linear
increase in BUN (6.69, 22.53 and 35.61 mg/dL abOrhpost feeding, 12.04, 24.28
and 38.96 mg/dL at 4 hours post feeding) with iasmeg ruminal NH-N (13.75,
16.21 and 20.00 mg/dL at O hour post feeding, 12148565 and 19.54 mg/dL at 4
hours post feeding), maybe a positive relationskpisted between BUN
concentration and ruminal NHN concentration. This result supported findings by
other researchers (Dhiman and Satter, 1997; WaraphtPimpa, 1999; Vertanen,
1996; Vongsamphan and Wandapat, 2004; Chumpaw&deanart, Vongralub, and
Pattarajinda, 2006), who demonstrated that an asereof ruminal NEN
concentration increased BUN concentration.

Total volatile fatty acid (VFA) concentration, naol proportions of
acetate, propionate and butyrate were not affe¢fe.05) by increased CP
concentration at Oh, 4h and mean value. Similarltesvere reported by other studies
(Reed et al., 2007; Atkinson et al., 2007). Theate protein level from 4.3% CP,
7.3% CP to 10.3% CP, mean total VFA from 63.26 8346 to 69.85, mean acetate
from 61.52 to 65.72, to 63.95, mean propionate fi@&FD to 11.18, to 14.26 and
butyrate from 8.88 to 12.62, to 13.20. Paengkourd @&atsapong (2009) used
yearling Brahman x Thai native beef cattle to n&¥t 9%, 12% and 15% CP diets,
which indicated no difference in total VFA concextion between 9%, 12% and 15%

CP protein levels except that 6% CP was lower ()han other protein levels.
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Table 3.10 Effects of dietary crude protein levels on rumiphl, ruminal ammonia

nitrogen and volatile fatty acid.

Dietary CP SEM Contrast P-value
4.3 % 7.3% 10.3% Linear Quadratic
Ruminal pH
0 hr 7.03 7.02 6.93 0.49 NS NS
4 hrs 7.10 7.05 7.11 0.61 NS NS
Mean 7.07 7.03 7.02 0.58 NS NS
Ruminal NH-N (mg %)
0hr 13.78 16.2f  20.00 1.62 o NS
4 hrs 12.48 1568  19.54 1.47 o NS
Mean 13.16 1593 19.77 1.52 i NS
BUN (mg/dL)
0 hr 96§ 2253 3567 3.08 o NS
4 hrs 12.04 2428 38.96" 2.85 o NS
Total VFA (mM/L)
0 hr 63.27 70.88 74.42 1.45 NS NS
4 hrs 63.25 64.03 65.85 0.47 NS NS
Mean 63.26 68.45 69.85 9.16 NS NS
Acetate (mol/100 mol)
0 hr 77.16 73.66 73.27 3.96 NS NS
4 hrs 76.47 72.75 69.06 1.34 NS NS
Mean 76.80 73.41 71.23 4.17 NS NS
Propionate (mol/100 mol)
0 hr 12.20 12.41 13.40 0.73 NS NS
4 hrs 12.02 12.76 16.58 0.26 NS NS
Mean 12.11 12.49 14.94 1.08 NS NS
Butyrate (mol/100 mol)
0 hr 10.64 13.94 13.33 0.32 NS NS
4 hrs 11.52 14.49 14.36 0.41 NS NS
Mean 11.09 14.10 13.83 0.41 NS NS

A€ Means in same row with different superscript ksttiffer (P<0.05); SEM = Standard Error of MeaNS, = Not Significantly
different (P>0.05); * Means Significantly differe(R<0.05); ** Means Significantly different (P<0)0)CP = crude protein.
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In addition, the present experiment confirmed thedihg of Paengkoum and
Tatsapong (2009) that molar proportions of acetatepionate and butyrate are not
affected by increased CP concentration.

3.6.3 Effects of dietary protein level on rumen narobe count and
population.

The ruminal microbes populations are shown in @&1.1. The counts
of protozoa in ruminal fluid fed by 4.3%, 7.3% ah@.3% of dietary protein were
4.58, 3.75 and 1.83 (1@ell/ml) at O hour post feeding, 2.17, 1.67 and21(20
cell/ml) at 4 hours post feeding, respectively. Ebant of protozoa slightly decreased
with increasing CP levels, but it was not signifitta different (P>0.05) by statistics
analysis. The counts of fungi (Zoospore) in rumithald was not affected ( P>0.05)
by dietary protein concentration, the value of vahicas 1.96, 2.42 and 4.03 figell/
ml) at O hour post feeding, and 3.34, 3.48 and %R cell/ml) at 4 hours post
feeding fed by 4.3%, 7.3% and 10.3% of dietary girgtrespectively. The bacteria
population was 8.77, 7.57 and 10.07°tell/ml) at 0 hour post feeding, 8.43, 9.57
and 10.03 (10 cell/ml) at 4 hours post feeding. There was ahsligcrease with
increasing dietary CP levels at 4 hours post fegdout both of which were not

affected (P>0.05) by CP levels at 0 hour and 4 $ipost feeding.

The rumen microbial ecosystem comprises diversenbgtic
populations: obligatory anaerobic, ciliate protozral fungi, these microorganisms
appear to account for most of the fermentativevegtin the rumen. They can digest
crude fiber and utilize non-protein nitrogen to thasis microbial protein, providing

the host ruminant nutrition requirement. In thisdst, the protozoa population was not
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affected by dietary CP levels. This result was kintio Dayani, Ghorbani, Alikhani,
Rahmani, and Mir (2007) finding who reported noeetf (P>0.05) of dietary CP
levels on protozoa population in sheep, becausendia function of the protozoa is
not in the hydrolysis of exogenous soluble protéut, in metabolizing bacteria and
fungi protein (Morgavi, Sakurada, Tomita, and Onma¢gé&994). However, there was a
slight decrease (P>0.05) in the value of ciliatetgroa count with increasing dietary
CP concentration. It might be due to presence e un the high CP level diet,
because rumen protozoa are deficient in enzymeseirdat is responsible for urea
hydrolysis (Onodera, Nakagawa, and Kandatsu, 193¢, also they cannot use
ammonia as nitrogen source for growth (Jouany,,lyeapon, and Lassalas, 1992).
Jouany, demeyer, and grain (1988), Takenaka arihdba (1995) and Ushida,
Newbold, and Jouang (1997) indicated that totahielation of ruminal protozoa
increased the bacterial population, maybe the poatdnhibit the bacterial growth.
Wallace and McPherson (1987) reported the predaotiyity of protozoa against
rumen bacteria is more significant. Leng and No(a884) indicated defaunation
decreased N recycling between bacteria, protozdaaarmonia pools resulting from
engulfment and digestion of bacteria by protozod @ result in increased rumen
bacteria numbers caused by decreased protozoagpopulin this research, the result
agrees with the above point. There was a negatlatianship between protozoa and
bacterial population. Protozoa population decredsau 4.58 to 3.75 and to 1.83.
The bacteria population increased from 7.57 to &md to 10.07 at O hour post
feeding. Also at 4 hours post feeding, the protgzaulation decreased from 2.17 to

1.67 and to 1.42, and the bacteria population as=éd from 8.43 to 9.57 and to 10.03.
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The population of cellulolytic bacteria, proteatytbacteria and
amylolytic bacteria were not affected (P>0.05) Isgtaly CP levels, but there was an
increasing tendency about the proteolytic bactgrogdulation at O hour post feeding

(2.46, 2.67 and 3.68 10° cell/ml) and at 4 hours post feeding (3.04, 4.50 .00X

10° cell/ml) fed 4.3%, 7.3% and 10.3% of CP diet, e=sively. The cellulolytic
bacteria had an increasing tendency with increadiatary CP levels, but the fungi
population tend to decrease with increasing die@ylevels, and there seemed to a
negative interaction between the ruminal cellulclysiacteria and the fungi population.
This finding was very similar to that was reporteg Bernalier, Fonty, Bonnemoy,
and Gouet (1992) and Bernalier, Fonty, Bonnemog,@auet (1993). In their studies,
ruminal cellulolytic bacteria were observed to iihthe ability of fungi to hydrolyze
cellulose and the inhibition of fungal activity weaused by an extra cellular protein
released by cellulolytic bacteria. Santra (199%)gasted that increased concentrate in

the diet increased the rumen amylase activity.
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Table 3.11 Effects of dietary protein level on ruminal microbe

Dietary CP Contrast P-value
SEM
4.3% 7.3% 10.3% Linear Quadratic
Protozoa (10° cell/mD
0 hr 4.58 3.75 1.83 1.84 NS NS
4 hrs 2.17 1.67 1.42 0.76 NS NS
Fungi (Zoospore, Tocell/ml)
0 hr 1.96 2.42 4.03 1.18 NS NS
4 hrs 3.34 3.48 5.61 0.93 NS NS
Bacterial (18 cell/ml)
O hr 7.57 8.77 10.07 1.30 NS NS
4 hrs 8.43 9.57 10.03 2.33 NS NS
Cellulolytic bacterial (10cell/ml)
O hr 3.03 1.87 1.53 1.25 NS NS
4 hrs 4.67 3.83 1.22 2.42 NS NS
Proteolytic bacterial (ocell/ml)
0 hr 2.46 2.67 3.66 1.92 NS NS
4 hrs 3.04 4.50 6.00 1.96 NS NS
Amylolytic bacterial (16 cell/ml)
0 hr 1.75 1.96 4.92 2.22 NS NS
4 hrs 7.04 6.71 5.63 4.18 NS NS

A Means in same row with different superscript Isttdiffer (P<0.05); SEM = Standard Error of
Means; NS = Not Significantly different (P>0.05)Means Significantly different (P<0.05); ** Means
Significantly different (P<0.0); CP = crude protein
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3.6.4 Effects of CP level on Nitrogen utilization:
Nitrogen utilization data are presented in Tabl&23 Nitrogen (N)
intake, urinary N excretion, N absorption (%), Kameed (g/d) and N retained (% of N
intake) increased linearly with increasing (P<0.8iEtary CP concentration and were
affected significantly (P<0.01) by dietary CP levedspectively. Similar results were
reported by other studies (Devant et al., 2000titaKebreab, Beever, barbi, Sutton,
Kirby, and France, 2001; Cole, Greene, McCollumnkomery, and McBride, 2003;
Archibeque, Freetly, Cole, and Ferrell, 2007; Reedl., 2007). The fecal N excretion
was not affected (P>0.05) by dietary CP concentnaflhis result agrees with Marini
and Van Amburgh. (2003), Archibeque, Burns and kigidn (2001, 2002) and Reed
et al. (2007) who observed no increase (P>0.05edal N excretion as N intake
increased. In this finding, the major effect of R¢retion (g/d) was on urinary N output,
the increase in dietary CP level increased (P<Qu@iBary N excretion by 4.17 g N/d
and 7.31 g N/d, respectively. This result in agrestnwith Sutton, Cammell, Beever,
Humphires, and Phipps (1998), Wright, Moscardinijnhes, and McBride (1998),
Castillo et al. (2001), Cole et al. (2003) and Alelgue et al. (2007) reported that the
most significant effect of protein ration in thetde@ N outputs was on urinary N
excretion. In contrast, Hunter and Siebert (198B%eoved increases in fecal N
excretion with increasing protein supplementatibimere was no significant difference
of N retained (% of N intake, P>0.05) between 73 diet and 10.3% CP diet, but
4.3% CP diet was lower (P<0.05) than 7% and 10%G28tillo et al. (2001) indicated
that N retained was not affected by CP concentrdéieels (210 g/kg DM and 290 g/kg
DM). In this experiment, low N retained of 4.3% @Gight be caused by inadequate

UIP provision to help maintain the normal amountuwhinal microbial.
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Table 3.12 Effects of dietary crude protein levels on nitrogginization (%, DM

basis).
Dietary CP Contrast P-value
SEM
43% 7.3% 10.3% Linear Quadratic
N-intake (g/d) 2229 43868 63.08 196 « ** NS
Fecal- N (g/d) 17.59 19.02 19.18 1.62 NS NS
Urinary- N (g/d) 6.8f 1098 18.29° 169  * NS
N-absorption (%) 21.31 56.18° 69.67° 4.38  * NS
N-retained (g/d) 210 13.71® 2556° 378 NS
N-retained
(% of N-intake -9.65° 31.04° 34.60° 9.59 NS

A= Means in same row with different superscript Isttdiffer (P<0.05); SEM = Standard Error of
Means; NS = Not Significantly different (P>0.05)Means Significantly different (P<0.05); ** Means
Significantly different (P<0.01); CP = crude protei

3.6.5 Effect of dietary protein on microbe nitroga (N) synthesis

The daily excretions of allantoin, uric acid, dreme, total PD, PD
absorbed and microbe production nitrogen are shiowiable3.13. Allantoin was the
mian PD detect in the urine of the beef cattlehwdlues ranging from 16.12 to 42.11
mmol/d and 0.37 to 0.95 mmol/d/kg B\, respectively. Allantoin expressed both as
mmol/d and mmol/d/kg B increased linearly (P<0.01) with increasing CRelsv
and dry organic matter intake (DOMI), and allantexcretion in urine of cattle fed
10.3% dietary CP was higher (P<0.01) than fed 4dB8tary CP. Similarly, total PD
(mmol/d and mmol/d/kg BW™), PD absorbed (mmol/d and mmol/d/ kg B® and
MNS (g/d and g/d/ kg BW™) increased linearly (P<0.05) with increasing digta

protein concentration. The value of total PD (mmiadhd mmol/d/kg BW™), PD
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absorbed (mmol/d) and microbe nitrogen synthesii$Mg/d) in the urine of cattle

which were fed 10.3% CP diet was significantly EgiP<0.05) than 4.3% CP diet,
but compared with 4.3% CP diet and 10.3% CP, thexe no difference when fed
7.3% CP diet. On the other hand, PD absorbed (fdiglBW’-"?) and MNS (g/d/kg

BW° "9 of the cattle fed 10.3% CP diet was higher (PSpthan 7.3% CP diet and
4.3% CP diet, but there was no difference (P>0@%veen 7.3% CP and 4.3% CP
diet. The uric acid (mmol/d) and creatinine (mrdpWere not affected (P>0.05) by

dietary protein levels.

Several researchers indicated a significant (PX0.Dicrease in
allantoin and total PD but no significant (P>0.@fect on uric acid in urine with
increasing DMI and DOMI levels which had the saregaty CP concentration (liang,
Mutsumoto, and Young, 1994; Chen, Samaraweera,ofjrakd Abeygunawardene,
1996; Nolan, 1999). An increase of DMI and DOMtlwsame CP concentration diet
implies an increase of CP intake. In this expenitnan increase of dietary CP levels
led to increased CP intake. Therefore, the redsultllantoin and uric acid in this
experiment is in agreement with what they reportadthermore, similar result has
been reported that increased PD excretion witheasing proportion of concentration
in cows diet ( Moorby, Evans, and Danel6n, 2008)cdntrast, Devant et al, (2000)
indicated Urinary excretion of purine derivativesisnfrom Table3.12ot affected
(P<0.05) by protein concentration and degradabillilijey suggested that in high-
concentrate diets Ng-N concentration did not limit microbial growth. €xtinine
(mmol/d) of urinary excretion was not affected (F35) by dietary CP levels, result
similar to the finding in Malaysian Kedah Kelanteattle (Pimpa, Liang, Jelan, and

Abdullah, 2001), buffaloes (Chen et al., 1996), ehrfGuerouali, Gass, Balcells,
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Belenguer, and Nolan, 2004). On the other handaydean and Appleton (1980)
demonstrated that total daily creatinine in urimd®need/species specific. The ruminal
microbes depended on degradation of DIP to prowmittegen sources to synthesis
microbe protein. They derive their N ammonia, amauids and peptides for their
growth (Russell, Conner, Fox, Van Soest, and Smiffd92). In this study, to
improve the dietary CP levels result increase Mizls, the MNS was increased
(P<0.05) linearly with increasing dietary CP levelse result similar as Stokes,
Merchen, Klopfenstein, and Poos (1991) reported thigher microbial protein
production was observed in cows fed diets contgii.8% or 13.7% ruminal
degradable protein (DIP) than 9% DIP. Also, Fu,tdtel Lehmkuhler, and Kerley
(2001) conducted a study on crossbred steers g@uited that bacteria N production
increased linearly with increasing dietary DIP. Jtexplained that higher microbial
protein synthesis fed high DIP was due to high eatration of ruminal ammonia.
Hoover and Stokes (1991) suggested that microbestigrincreased linearly with
increasing ruminal NEIN due to an increase in DIP content in the dietnmn vitro

experiment.

Most ruminant feeds contain negligible amountaugleic acid. In the
rumen, dietary nucleic acids are extensively brokiEnvn by micro-organisms.
Therefore the nucleic acid arriving at the lowet for digestion and absorption by the
animal is essentially of microbial origin. n Icattle, absorbed purines are almost
completely converted into uric acid during passagess the intestinal mucosa before
reaching the liver. Uric acid can then be convema allantoin. Thus, Allantoin and
uric acid are referred to as 'purine derivative®)to estimate the microbe nitrogen

synthesis in cattle.
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Dietary CP Contrast P-value

Item 43% 73%  103% °EM linear Quadratic
NHs-N (g/L) 0.13F 0.15¢ 0.19¢ 0.04  ** NS
DOMI (kg/d) 268 3.08 318 009 * NS
D(?g;'(; KgBwpTy  601P 7013 7226 o051 - NS
A"(""r;‘:gg;/ 0 16.1F 26028 4217 870 NS
A"(""r;‘:gg;/ kg 037 056 098 017 - NS

Uré‘r:n";‘ﬁgf/ 0 710 7.88 1118 468 NS NS

U”(fn";‘r‘]:(i)‘f/ dkgewp 016 018 025 010 NS NS

Cr(erﬁm?/ " 245 375 243 102 NS NS
T°}?n'r§3, " 23.2% 33.90% 5330 1237 > NS
Tozr?:r;)g/ dkgw 05F 078 12t 032 - NS
P'D(rﬁraso‘?/rg)ed 748 2002 4458 1438 > NS
P[zrgrasoﬁ;gﬁ(‘; sws 01F 049 102 o028 NS
MNS (g/d) 54 1456°® 2968 1045 @+ NS
MNS 012 03F o067 022 = NS

(g/d/ikg BW™)

A Means in same row with different superscript Isttdiffer (P<0.05); SEM = Standard Error of
Means; NS = Not Significantly different (P>0.05)Means Significantly different (P<0.05); ** Means
Significantly different (P<0.01); CP = crude praoteiBW = body weight; DOMI = Dray organic matter
intake; PD = Purine derivative; MNS = Microbialnaigen synthesis.

3.6.6 The crude protein requirement for Thai-indigenous beef cattle.

Crude protein requirement for maintenance (CRas determined by

regression of crude protein retained on crude prot@ake. A significant linear

relationship between crude protein retained andiernprotein intake, the equation
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being y = 0.6895x-2.4434 {R= 0.88, Figure 3.5). When crude protein retainecs w
zero, the value of crude protein intake was crudéem maintenance. Thus, with the
estimated equation, the value of maintenance aeciprotein was computed to be
3.54 g CP/kg BW™, which was lower than the crude protein requiretmanBos
Taurus cattle suggested by NRC (1996) (5.94 g CP/kg’B)Vand ARC (1980) for
British breed (4.42 g CP/kg BWP). The dietary protein requirement for maintenance
of Thai-indigenous beef cattle was low implied that too much amounts of protein
and concentrate required in Thai-indigenous beéfecaroduction. And also, the
efficiency of protein intake utilization for growthvas higher than the breed

recommended by NRC (1996) and ARC (1980).

Crude protein retained (g/kgBWF)

6.00

500 - y = 0.6895x - 2.4434 .

4.00 | R =0.8821

3.00

2.00 r

1.00

S *

0.00 /
1 OOO.QO 2.00 $ 4.00 6.00 8.00 10.00
-2.00 - Crude protein intake (g/kgBW?)

Figure 3.5 The linearly regression relationship between crpaeein retained and

crude protein intake
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3.7 Conclusions

Ruminal NH-N concentration increased significantly with iresang dietary
CP level. BUN increased with increasing dietary Iéfel, and there is a positive
relationship between BUN and ruminal pN. Allantoin (mmol/d and mmol/d/kg
BW°™), total PD (mmol/d and mmol/d/kg BWP), PD absorbed (mmol/d and
mmol/d/kg BW") and MPN (g/d and g/d/kg BW9) increased linearly (P<0.05)
with increasing dietary protein concentration. Uacid (mmol/d and mmol/d/kg
BW°"9 and Creatinine (mmol/d) of urinary excretion wast affected (P>0.05) by
dietary CP levels. N utilization was improved Igreasing dietary concentrate. The
major effect of N excretion (g/d) was on urinary ddétput. The crude protein
requirement for Thai-indigenous beef cattle is 3g5&P/kg BW"> which is lower
than that recommended by NRC (5.94 g CP/kg°BYvand ARC (4.42 g CP/kg

BWO 79,
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CHAPTER IV

Effects of Dietary Crude Protein and Undegradable mtake
Protein on Nutrient Digestibility, Ruminal Fermentation,
Nitrogen Utilization and Growth Performance of Growing

Thai-indigenous Beef Cattle

4.1 Abstract

Eighteen heads of growing Thai-indigenous beeflecattere used in 2x3
factorial of randomized complete block design. Thdle were divided into 3 blocks
according to their body weight. After that, all tbattle were divided into 6 groups,
each group contained 3 cattle which were takenfromh each block. There were 6
treatment diets which contained 2 levels of crudsgin (CP) (10% and 12% of dry
matter) and 3 levels of undegradable intake prqtéIR) (15%, 25% and 35% of CP).
The digestibility of dry matter (DM), organic mat{®M), acid detergent fiber (ADF)
and neutral detergent fiber (NDF), ruminal fermé&éotaand microbes counts were
not affected (P>0.05) by CP levels and UIP levBlsy matter intake (DMI) and
average daily gain (ADG) increased linearly (P<).@4th increasing UIP levels.
However, there were not different (P>0.05) betw&® and 12% CP. Ruminal
ammonia nitrogen (NEN) and blood urea nitrogen (BUN) concentrationsemeot

different (P>0.05) between 10% and 12% CP, andedsed quadratically (P<0.05)
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with in creasing UIP levels. Microbial nitrogen #yesis (MNS) was not affected
(P>0.05) by CP levels and the UIP levels. Nitro@¢hintake and urinary N excretion
of 12% CP were greater (P<0.05) than 10% CP. Hoxyetre N intake, fecal N

excretion (g/d), N retained (g/d) and N retained ¢\ intake) increased linearly
(P<0.01) with increasing UIP levels. Urine N exmet(% of N intake) was decreased

linearly (P<0.01) with increasing UIP levels. Theeraction of UIPKCP was not

observed except BUN at 0 hour post feeding ingtusly.

The estimation of the metabolizable protein (MPYuieement of 1 g/kg
BW®" gain was 0.34 g MP/kg B#?® of growing Thai-indigenous cattle. The 10%
dietary CP of DM was adequate to meet the protguirement of growth and 6.5%
DIP of DM diet can provide adequate N source fag tlequirement of ruminal
microbes growth in growing Thai-indigenous beetleafThe optimal diet contained

10% CP level of DM and the ration of UIP to DIP v&&s 65.

4.2 Introduction

Protein is an import and necessary nutrient foalvihody function. In
ruminants, the dietary crude protein is often ddddnto degradable intake protein
(DIP) and undegradable intake protein (UIP). Th® Pfrovides mixture of peptides,
amino acids and ammonia to ruminal microbes tor®sis microbial protein. The
UIP can escape the rumen digestion, and then mrladxs in small intestine to meet
tissue synthesis requirement (NRC, 1996). Improvihg dietary CP or DIP
concentration may result not only in greater préiducperformance, but also cause
increasing the concentration of ruminal ammoniaob! urea nitrogen (BUN) and

urinary N lost (Armentano, Bertics, and Riested®93; Christensen, Lynch, Clark,
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and Yu, 1993; Butler, 1998 astillo, Kebreab, Beever, Barbi, Sutton, Kirbydan
France, 2001Dhali, Mishra, Mehla, and Sirohi, 2006 and Javdd@hrum Nisa, and
Shahzad, 2008). Ruminal ammonia absorbed througutiminal wall, detoxified to
urea in the liver (Lobley et al., 1995) and conseuly harm host ruminant and leads
to inefficient dietary N utilization. Animal perforance data suggest that the proper
ratio of degraded to undegraded intake protein ([DIFP) should be fed to maximize
performance (Stock, Merchen, Klopfenstein, and Pd@81; Milton, Brandt, and
Titgemeyer, 1997a, b)mbalance of DIP and UIP in ruminant diet can coonpise
the microbial protein synthesis, ruminal digestiand protein availability to the
animals (Santos, Santos, Theuber, and Huber, 1R6%nal and Broderick, 2005).
Thus, the information of the optimal ratio of D WIP in the diet for optimal growth
in ruminant and how it is affected by DIP and Uipglementation is very important.
Sultan, Javaid, Nadeem, Akhtar, and Mustafa (208pdrted diet containing 45%
UIP in CP ( UIP: DIP = 45: 55) is considered optimuegarding N retention in
buffalo calves, but the optimum UIP concentrati@sdon CP was 23% (DIP: UIP =
77: 23) in lambs (Hadded, Mahmoud, and Talfaha520Bor this reason, different
breeds/ species ruminant maybe have different nsgsoto varying ratio of DIP to
UIP. The objectives of this experiment were to stigate the effects of two levels of
dietary CP and three levels UIP on intake, rumieahentation, nutrient digestibility,
microbial population, average daily gain (ADG), ragen utilization, microbial
protein synthesis and get a “ideal” ratio of DIPUW&® in Thailand indigenous beef
cattle diet. And also to determine the metaboliegtotein requirement for body

weight gain of growing Thai-indigenous cattle.
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4.3 Research objectives

4.3.1 To study effects of different ratio of U#dd DIP on performance,
nutrition digestion, ruminal fermentation, nitrogéalance and microbial nitrogen

synthesis of Thai-indigenous beef cattle.

4.3.2 To predict the protein requirement for badgight gain in growing

Than-indigenous beef cattle.

4.4 Materials and methods

4.4.1 Experimental animals

Eighteen heads of growing male Thai-indigenousiegatvith a range
of body weight from 85 kg to 204 kg. The cattle eveivided into three blocks (block
1: BW 85-125 kg, block 2 : 125-165 kg, block 3: 1@95 kg) according to the body
weight, and then all of the cattle were dividedibtgroups, each group containing 3
cattle, each head of cattle taken from each bladpectively. The average body
weight of groups were 143.7, 148.0, 145.7, 13948.0 and 150.3 kg respectively,
and there were no difference (P>0.05) between tbepg. All of the cattle were
housed in individual pens and treated against &mthecs and intestinal parasites

with Ivermectin.

4.4.2 Treatments
There are 6 treatment diets (the ingredients dweinecal composition
are shown in Table 4.1) which contained 2 level€Bf(10% and 12% of DM) and 3
levels of UIP(15% UIP, UIP : DIP = 15: 85; 25% UIPP: DIP = 25: 75; and 35%
UIP, UIP: DIP = 35: 65), The treatments consistedloto T6:

T1=10% CP + 15% UIP T4 = 12% CP%1UIP



T2 =10% CP + 25% UIP

T3 =10% CP + 35% UIP

T5 =12% CP%2UIP

T6 = 12% CPS%3UIP
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Rice straw was fed as roughage only. The dry mattake (DMI) was estimated

according to 2.5% of body weight.

Table 4.1 Ingredients and chemical composition of experimletits

(%, DM basis).

10% CP 12% CP
UIP levels (%) UIP levels (%)
15 25 35 15 25 35
Rice straw 39.9 40.7 38.9 39.3 40.8 40.3
Cassava Chip 52.6 48.8 42.7 50.0 44.8 36.9
Soybean meal 2.2 7.3 16 4.6 10.6 20.8
Molasses 1.8 1.0 1.27 2.4 14 0.7
Urea 2.7 15 0.4 3.0 1.6 0.4
Dicalcium phosphate 0.4 0.4 0.4 0.4 0.4 0.4
Vitamin-mineral premix1 0.4 0.4 04 0.4 0.4 0.4
Total 100.0 100 100 100 100 100
Forage: concentrate 40:60 40:60 41:59 39:61 41:590:60
Chemical composition (%)
DM(%) 90.3 90.2 90.1 90.0 90.2 90.4
CP(% of DM) 10.1 10.2 10.0 12.1 12.1 12.3
UIP(% of CP)1 14.7 24.7 35.0 15.3 25.2 35.1
DIP(% of CP)2 85.3 75.3 65.0 84.7 74.8 64.9
Ash 6.24 6.58 6.80 6.26 6.72 7.15
NDF 53.91 53.31 50.22 5254 51.89 49.05
ADF 21.1 21.8 21.5 21.0 22.0 22.2
ME (MJ/kg) 9.6 10.2 10.0 9.7 10.2 10.0

1The premix contained per kilogram of DM: 40 Vitamin A, 0.4x16IU Vitamin Ds; 4000I1U
Vitamin E, 24 g ,Fe, 0.2 g Co, 2 g Cu, 10 g Zn,g0L550 mg Se. DM=Dry Matter, NDF=Neutral
Detergent Fiber, ADF= Acid Detergent Fiber. ME=Mumihlzable energy. UIP1 = Undegradable intake
protein (UIP = Soybean meal % Soybean meal CP % Soybean meal UIP % + Cassava chip %
Cassava chip CP % Cassava chip UIP % +Rice strawdoRice straw CP % Rice straw UIP % ) ,
UIP of feedstuff (% of CP): Soybean meal = 35% (NR@96), Urea = 0 (NRC, 1996), Molasses = 0
(NRC, 1996), Cassava chip = 28.8 % (Chumpawade@5)2@®Rice straw = 72.1 % (Diao, and Tu,
2005). DIP2 = Degradable intake protein (DIP = 200IP), ME = Metabolizable energy.
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4.4.3 Experiment design and feeding management

Eighteen heads of growing Thai- indigenous bedfecatere used in a
2x3 factorial in randomized complete block desi®CBD). Each treatment has 3
heads of cattle. After 2 weeks adjustment periofbreethe experiment began, the
experiment period were 90 days. All of the beetleatiere weighed at initiation of
the experiment. The diet required by the experinvegd fed to the cattle twice per
day at 0830 h and 1530 h, respectively. Concendénaderice straw were fed separately.
Orts were weighed daily prior to the morning fegdin determine daily dry matter
intake (DMI). Access to drinking water was not lied. Body weight of each calf was
measured one time per two weeks in the morningreehe feeding.

4.4.4 Sampling

In the last 4 week of the experiment period, thdecaach were put into
metabolic cages 7 days to collect sample of unmtefacal, and total collection of urine
and feces were adopted to determine the digestjbititrogen balance and PD
excretion. Samples of orts, feces and urine welteated before new feeds were given
in each morning. Nitrogen balance analysis wa®vad the procedure of Schnieder
and Flatt (1975). PD analysis procedure was acdoirden Chen and Gomes (1992).
The methods of fecal and urine collection and sangtbrage were the same as
described in experiment 1. At the same time, tbedavere sampled also, according to
AlA procedure of Van Keulen and Young. (1977) totedmine the nutrient
digestibility.

Rumen fluid was sampled at O hour and 4 hours feesting on the
last day of the experiment period. It was filtenedh layers of cheesecloth. The

ruminal pH was measured with a pH meter immediadglg then divided into three
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parts. The first part of rumen fluid sample wagldigd with H,SO, (20%) and stored
-20°C for analyzing ruminal ammonia N (BHN) and VFA (Samuel, Sagathewan,
Thomas, and Mathen, 1997). The second part willfibed with 10% formalin
solution in normal saline for determined total csunf protozoa, fungi and total
bacteria population, and the last part was useddasure cellulolytic, proteolytic and
amylolytic bacteria using the roll tube technigtiifgate, 1969; Hobson, 1969).
Jugular blood was sampled after rumen fluid waspdad. It was
placed into heparinized vacationer tubes and dagtd at 5000 x g for 15 minutes to
separate plasma. The plasma was stored at -20°Gldod urea N (BUN) analysis
(Crocker, 1967). Feed samples were collected taieeek. All samples were stored

in the laboratory to be analyzed later.

4.4.5 Procedure of determination of acid-insolublash (AIA) (Van

Keulen and Yang, 1977)

1) Put the crucible into a muffle furnace (550-80Pto heat 2 hour,
and then let it cool in a desiccator at room terapge and weighed it.

2) Each duplicate 5 g sample of feed or feceg@daind ground 1 mm
screen) was weighed, using a four figure balanaejmio a 50 ml crucible, dried (2
hours ) in a forced air oven (185), cooled in a desiccator to room temperature,
re-weighed it and then it was ashed overnight &300C. Grab-sampling was used
to collect feces at 08:00, 12:00 and 16: 00 dalyfive days. These samples were
composite within cows.

3) The ash was transferred to a round-bottom féask 100 ml of 2 N
HCl was added. The mixture was then boiled for Butgs on a muffle furnace (heat

plate).
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4) The hot hydrolysate was filtered (whatman Nb). @nd washed free
of acid with hot distilled water (85-100). The ash and filter paper were then
transferred back into the crucible and ashed oghtrat 475-508C.

5) The crucible and content were cooled in a destc to room
temperature and weighed.

6) Calculation

AlA was calculated as follows:
AlA (%) = (A-B)/Cx100
Where: A = weight of crucible with ash
B = weight of crucible
C = weight of sample dry matter

Digestibility coefficient was calculated as follows

[
Digestibility coefficient of dry matter = 10(]500>< VAIA (feed
%AIA (feceg

100x %AIA (feed x %Nutrient(feceg

Digestibility of nutrition = 100 :
%AIA (feced x %oNutrient(feed

4.4.6 Chemical analysis
Representative samples of feed, orts and feces wamealyzed using
AOAC. (1984) and fiber components (Van Soest, Risber and Lewis, 1991). The
digestibility was measured by means of AIA, andt dded fecal samples were
analyzed according to AIA procedure (Van Keulen #odng, 1977)
4.4.7 Parameters measure
The main parameters are DMI, ADG, rumen pH, natraigestibility,

NHs-N, Total VFA, BUN, Nitrogen balance, the countsmtrobes, microbe nitrogen
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synthesis and the metabolizable protein (MP) requént for body weight gain of
growing Thai-indigenous cattle.
4.4.8 Statistics analysis

The analysis of variance (ANOVA) techniques usiig tGeneral

Linear Model (GLM) procedure (SAS, 1996) was useddtatistical analysis of the

data for the X3 factorial of RCBD. Duncan’s New Multiple Range steand

Orthogonal Analysis were performed to compare tneat means. The MP
requirement for growth was predicted by simpledineegression between MP intake

and ADG.

45 Results and discussion

4.5.1 Effects of dietary CP levels and UIP levets growth

performance

Effects of dietary CP levels and UIP levels on aigtter intake (DMI),
organic matter intake (OMI) and average day gaiDn@) are shown in Table 4.2. The
DMI and OMI were not affected (P>0.05) by 10% ar@961CP diets, and there was
no interaction (P>0.05) between CP levels and @irRls. The DMI and OMI were
lower (P<0.05) in the cattle fed 15% UIP diet thamhe cattle fed 25% and 35% UIP
diet, but there was no difference (P>0.05) betw2g¥ and 35% UIP. The result
largely agreed with Sultan et al. (2009) examirezldffect of UIP level in Nili Ravi
buffalo and indicated DMI was increased from 3.80, and 4.08 to 4.19 when UIP
level was increased from 30%, 35% and 40% to 45%m@fand that, DMI in UIP
level of 30% and 35% were lower (P<0.05) in UlPelevof 40% and 45% of CP, but

there was no significant difference (P>0.05) betwd®% and 45% UIP levels.
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Similar results have been reported by several resees. Kumar, Tiwari, and Kumar
(2005) indicated that DMI increased from 12.89 820 kg/d when UIP level was
increased from 41% to 48% of dietary CP in crossloa&tle. Chaturvedi and Walli
(2001) demonstrated when UIP level was raised f88% to 43% of CP the DMI
increased 8.3% in lactating cows. Furthermore, Didleases with increasing UIP
levels have been reported in dairy cows (Westwhedn, Garrin, and Wynn, 2000;
Haddad et al., 2005) and in goats (PaengKoum, Lidelgn, and Basery, 2004). An
increase in DMI with increasing UIP due to high centration UIP led to a decrease
of ruminal NH-N and blood urea nitrogen (BUN) concentration.tkeirmore, urea
was used as DIP sources, the diets are usuallyatapke with high concentration of
urea, and consequently, DMI decreased. But indtudy, the DMI was not affected
when UIP level was increased from 25% to 35% of Ii@&ybe 6.5% DIP ((100-35)
x10% = 6.5% of DM ) of diet can meet the requiretrfenruminal microbes growth.
Similarly, the NRC (2000) suggests that the minimnmequirement of DIP is 6.8% of
dietary DM. On the contrary, Henson, Schirigoetired Maiga (1997) suggested feed
intake decreased when the dietary UIP was increfised 33.7% to 45% of CP. It
might have caused the high UIP level diet to previolw concentration of ruminal
NH3-N which led to reduce ruminal microbial prolifacat, ruminal fermentation and
thus reduced the nutrition intake (Faverdin, B&ednd Veritc, 1999, Orskov 1992
and Hume, Moir, and Somers, 1970).

The OM intake increased linearly (P<0.05) withreasing UIP levels
of CP, and 15% UIP was lower (P<0.05) than 25% 3%fb UIP, but there was no
difference (P>0.05) between 25% and 35% UIP. Tisellravas in agreement with

what has been reported in postpartum heifers (8tra8cholljegerdes, Patterson,
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Smith, Lucy, Lamberson, 2001) and in steers (Gethnd Wagner, 1988; McCollum
and Horn, 1990; Koster, Cochran, Titgemeyer, Vahzabhdelgadir, and St-Jean,
1996). DIP levels may have been adequate, or desstay have recycled adequate
amounts of N to prevent reductions in OM intakectmtrast, Reed, Lardy, Bauer,
Gilbery, and Caton (2007) indicated that the OMulet was not affected (P<0.05) by
dietary UIP levels.

ADG increased linearly (P<0.01) with increasing?Uévels, and ADG
fed 35% UIP level of CP diet was significantly hegh(P<0.01) than when fed 25%
and 15% UIP diet. Also, ADG was significantly muiigher (P<0.01) in cattle fed
25% than when fed 15% dietary UIP level of CP. &y, MacDonald et al. (2007)
reported that ADG was higher (P<0.05) in heiferd tagh UIP concentration
supplementation than when fed low UIP concentratibladdad et al. (2005)
demonstrated lamb fed middle concentration UIP1(8@d) and high concentration of
UIP (45.4 g/d) had greater (P<0.05) ADG than whezhlbw concentration UIP (25.5
g/d). However, Creighton, Wilson, Klopfenstein, aAdlams (2003) reported a
decline in ADG when UIP was provided in excesshef @amount required, it could be
explained by decreased forage intake due to ex¢issupplementation and the DIP
was not enough to meet the ruminal microbial resgliin this experiment, 35% UIP
of CP was not excessive and 65% DIP of CP coulthéet the needs of growing
Thai-indigenous cattle.

4.5.2 Effects of CP levels and UIP levels of CP on nutnm digestibility

The digestibility of nutrient is shown in Table34The digestibility of

DM, OM, CP, NDF and ADF were not affected (P>0.0%)CP levels and UIP levels,

and there was no interaction between CP and Uligestibility.
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The result of nutrient digestibility supporteddiizer researchers (Swanson,
Caton, Redmer, Burke, and Reynolds, 2000, Swarisastly, and Ferrell 2004; Bandyk,
Cochran, Wickerham, titgemeyer, Famer, and Higgi§1; Salisbury, Krehbiel, Ross,
Schultz, and Melton, 2004) who demonstrated nacefie apparent total tract digestion
with increasing supplies of UIP. In contrast, Agem, Toone, Harmon, and Ludden
(2007) indicated digestibility of OM, ADF increasg®<0.05) with UIP level, and
digestibility of NDF increased quadratically (P<®).0However, Sultan et al. (2009)
examined the effect of varying DIP to UIP on nuttidigestibility, reported that the DM
and NDF digestibility was greater (P<0.05) in IMikvi buffalo fed 30% and 35% UIP of
CP diet than when fed 40% and 45%. An increaseetany DIP led to an increase of
ruminal ammonia N concentrations (Roffler and Satt®75; Baumann, Lardy, Caton,
and Anderson, 2004) and than increased ruminal anar concentration causes in
increased ruminal microbial population and rumif@mentation (Suwanlee and
Wanapt, 1994; Pimpa, Wanapatt, Sommart, and PE§@8, Wanapat and Pimpa, 1999).
Finally, higher microbial activity and growth witigher DIP (Fu, Felton, Lehmkubhlcr,
and Kerley, 2001) results in higher DM, NDF and ADigestibility (Griswold, Apgar,
Bouton, and Firkin, 2003). According to this exptaon, less than 35% UIP of CP (65%
DIP) provided adequate ruminal BN for ruminal microbial growth requirement, and
more than 40% UIP (60% DIP) of diet provided rurhidls-N is inadequate in Nili Ravi
buffalo examined by Sultan et al. (2009). That itesupported this finding that 35%
UIP (65% DIP) of CP diet could provide adequateimaiiNHz-N for ruminal fermentation
in growing Thai-indigenous beef cattle. Moreovas finding about CP digestibility agreed with
Sultan et al. (2009) who reported that the CP tihi#g remained unaltered when buffalos were

fed 30, 35, 40 and 45% UIP of CP diet, respectively
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4 5.3 Effects of CP levels and UIP levels on rumen ferméation

Effects of CP and UIP levels on ruminal pH, NN and BUN and

VAF are shown in Table 4.4.

Ruminal pH was not affected (P>0.05) by dietary &0 UIP levels
and there was no CPxUIP interaction (P>0.05). Merd et al. (2007) reported that
ruminal pH was lower (P<0.05) in steers fed low (DE8% of DM) supplementation
than when fed medium UIP (19.6% of DM) and high UW0.6% of DM)
supplementation. Furthermore, numerous resear¢Kesser et al., 1996; Heldt et al.,
1999; Mathis et al., 2000) have reported that loplerwith increasing levels of DIP
supplementation because changes in pH are a resukkthanges in ruminal
fermentation. However, there was no difference léfip Thai-indigenous beef cattle
in this experiment. Maybe 35% UIP diet can suppatequate DIP for ruminal
microbes and fermentation requirement and causeblarage in ruminal pH.

The ruminal NH-N was not affected (P>0.05) by CP levels, there
was no CPxUIP interaction (P>0.05) at both of Orremd 4 hours post feeding. But it
was affected significantly (P<0.01) by UIP levaedsd ruminal NH-N concentration
decreased quadratically (P<0.05) with in creasinB lévels. The ruminal NN
concentration was higher (P<0.05) in Thai-indigenbaef cattle fed 15% UIP of CP
diet than when fed 25% UIP of CP diet, but thers wa difference (P>0.05) fed 35%
UIP of CP diets with 15% UIP and 25% UIP. Similartyhas been reported by several
researchers that ruminal M concentration increased with increasing DIP Igve
Kung, Huber, and San¢t983) indicated that increases in 55.0%, 58.8%3%3and
66.0% DIP led to increases in ruminal NN 7.8, 10.9, 13.1 and 13.7 mg/dL at 4

hours post feeding in lactating cows. Lee, Hwang] &€hiou (2001) demonstrated
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that increasing level of dietary DIP (62%, 64% aB® % of CP) significantly
increased NBN concentrations (41.6, 49.8 and 53.1 mg/dL) iotdang goats.
Furthermore, Stokes, Hoover, Miller, and Blauwcik&991), Fu et al. (2001) and
Baumann et al. (2004) reported that there waseatimcrease in ruminal NHN with
increasing dietary DIP concentration.

The blood urea nitrogen (BUN) was not affectedQiP5) by CP levels,
and there was no CPxUIP interaction (P>0.05) in BAfIQ hr and 4 hrs post feeding.
However, BUN was affected (P<0.01) by dietary UdRel of CP, and it decreased
linearly (P<0.01) and decreased quadratically (@0with increasing dietary UIP
levels of CP or decreasing dietary DIP levels of &Rthermore, the BUN was higher
(P<0.05) when fed 15% UIP level of CP diet than kel 25% and 35% UIP level
of CP diet, but there was no difference (P>0.0%)vben 25% and 35% dietary UIP
level of CP. Similar results have been reporte@blyan et al. (2009), who fed buffalo
with 30%, 35%, 40% and 45% UIP of CP diets and satggl the BUN was higher
(P<0.05) fed 30% UIP of CP diet than 35%, 40% &b 4JIP of CP diets, and there
was no difference (P>0.05) between those fed 3%3% d4nd 45% UIP levels of CP.
On the other hand, BUN increases with increasing Blels have been reported by
Higginbotham, Huber, and Walientine (1988)d Roseler, Ferguson, Sniffen, and
Herrema (1993). The high BUN concentration was oiegk in high DIP
concentration diet. This probably can be explaimgihcreased absorption of ruminal
ammonia N (Dhiman and Satter, 1997; Wanapat ang#&,it999; Vongsamphan and
Wanapat, 2004; Chumpawadee, Sommart, VongpralubPattarajinda, 2006).

The total VFA was affected (P<0.05) by CP level0ahour post

feeding. Also, the total VFA in cattle fed 10% CPRM diet (67.87 mg/dL) was
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higher (P<0.05) than when fed 12% CP of DM diet338mg/dL), but there was no
effect of UIP level and UIPxXCP interaction on itedduse there was an interval of
approximately 16 hours between the time the diet f@d to the experiment cattle and
the time the ruminal fluid was sampled, a great parthe VFA was utilized for
microbial protein synthesis. Therefore, the tot&AMvas lower in cattle fed 12% CP
of DM diet than 10% CP of DM diet maybe due to th#ization efficiency of total
VFA in cattle fed 12% dietary CP maybe is highearttwhen fed 10% dietary CP,
because the VFA requirement increased linearly wnittreasing ruminal NEN
which was utilized by ruminal microbial.

The total VFA was not affected (P>0.05) by CP lemed UIPxCP
interaction at 4 hours post feeding, but it deeddsearly (P<0.05) with increasing
UIP levels of CP and total VFA in cattle fed 15%PUdf CP diet was higher than
when fed 25% and 35% UIP of CP diet. Reed et 8072 used a diet containing low
UIP (0.8% of DM), medium UIP (19.6% of DM) and higHP (40.6% of DM), and
which contained different DIP level (24.8%, 22.1%dal9.2% DIP of DM) to
examine the effect of UIP level on VFA. They repdrthe total VFA was not affected
(P>0.05) by UIP level. Similarly, the total VFA wa®t affected by increasing UIP
levels in lambs (Atkinson, Toone, and Ludden, 20(evershan et al. (2003)
indicated total VFA increased with increasing Dédls and major shifts in total VFA
concentration were consistent with the observedgian total DOMI in beef steers.

Molar proportion of acetate, propionate and bugjrand the ratio of
acetate to propionate were not influenced by Uikellef CP, CP level and UIPxCP
interaction at 0 hour and 4 hours post feeding. Begd et al. (2007) demonstrated

that the molar proportion of acetate was lower (BsPand propionate was higher
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(P<0.05) when fed 1ow UIP level (0.8% of DM) diaah when fed medium UIP
level (19.6% of DM) diet and high UIP level (20.68%6DM). Numerous researchers
(Koster et al., 1996; Heldt et al., 1999; Mathisakt 2000) suggested a decrease of
molar proportions of acetate and an increase oanqmioportions of propionate with
increasing DIP supplementation in beef steers l@eequality hay as roughage.
4.5.4 Effects of CP levels and UIP levels on microbial gulation and

counts

The counts of protozoa, fungi and bacteria areveha Table 4.5. The
counts of protozoa neither at O hour nor 4 houst feeding was not affected (P>0.05)
by CP level, UIP level and UIPxCP interaction. Butended to decrease (P>0.05)
with increasing fed UIP level of CP in Thai-indigers cattle, when the UIP level of
CP increased from 15% to 25%, to 35%, the decresgrotozoa counts from
1.31x16 to 0.9x10, to 0.4 x18cells/mL at 0 hr and from 1.37 x1® 1.08x16, and
to 0.96x108 cells/mL at 4 h post feeding. A similar result ten observed in dairy
cow by Stokes et al. (1991), who reported incregsetbzoa count (3.2x£07.4x16
and 8.1x10 cells/mL) when DIP was increased from 9%, 11.8% 1t8.7%,
respectively. Furthermore, the protozoa count emee quadratically (P<0.05) with
increasing ruminal NEIN concentration in buffalo (Wanapat and Pimpa }9%&d
there was different responses in various DIP so{Meng, Xia, and Kerley, 2000).

The count of fungi at 0 hour and 4 hours postifegdere not affected
(P>0.05) by CP level, UIP and UIPxXCP interactioro Niore information was
provided about the response of count of fungi \iatR or UIP levels.

The counts of bacteria at 0 hour and 4 hours feesting were not

affected (P>0.05) by CP level, UIP level and UIPx@traction. When the UIP level
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of CP increased from 15% to 25%, to 35%, the deered bacterial counts from 2.90
x10°, 2.17x10 to 2.34x18 at 0 hr and from 4.23x203.73x18, to 3.44x18 at 4 hrs
post feeding. Although it tended to increase witbréasing fed UIP level of CP in
Thai-indigenous cattle, it was not affected (P>D.@8cording to statistics analysis.
Stokes et al. (1991) and Fu et al. (2001) repothed the population of bacteria
increased linearly with increasing DIP concentratemd they explained that higher
microbial protein synthesis in cows fed high DIPswdue to high concentration of
ruminal NHs-N. Furthermore, the count of bacteria increasdt wicreasing ruminal
NHs-N has bee indicated in swamp buffalo (Pimpa et #96; Suwanlee and
Wanapat, 1994). Similarly, decreased microbial tauth decreased ruminal NFN
has been reported by other studies (Argyle andvidald1989). However, Wanapat
and Pimpa (1999) reported that the count of bactdecreased when ruminal BN
concentration increased to 34.4 mg/dL.

The population of proteolytic bacteria (0 hour @nldours post feeding)
was not affected (P>0.05) by dietary CP levels #dimeke was not a UIPxCP
interaction on it. But it increased (P<0.05) lingawith increasing UIP levels of CP.
The population of proteolytic bacteria was highex@.05) in cattle fed 35% UIP of
CP diet than those fed 15% and 25% UIP of CP thet,there was no difference
(P>0.05) between 15% and 25% UIP levels. Norméfg, population of proteolytic
bacteria should improve with increasing DIP concdidn due to more degradable
protein being degraded in rumen by proteolytic baat Urea was used as main
source DIP in 15% UIP of CP diet in this experimdititus, the true protein was a DIP
source in 35% UIP of CP diet > 25% UIP of CP diéi5% UIP of CP diet (Table 4.1).

Therefore, there was a positive relationship betwid® population of proteolytic
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bacteria and DIP from true protein source concéntrabut only DIP concentration.

The population of amylolytic bacteria (0O hr antird post feeding) was
not affected (P>0.05) by dietary CP levels anddlveas not a UIPXCP interaction on
it. But it increased (P<0.05) linearly with increag UIP level of CP. The population
of amylolytic bacterial was higher (P<0.05) in tatted 35% UIP of CP diet than
those fed 15% UIP, but there was no difference (@»0between 25% and 15% or
35% UIP level. Santra (1995) suggested that inedkasoncentrate in the diet
increased the rumen amylase activity.

Not only the population of cellulolytic bacteria @ hour but also at 4
hours post feeding were not affected (P>0.05) leyady CP levels, and there was no
UIPxCP interaction on it. But it decreased (P<0.0B8¢arly with increasing UIP
levels of CP. The population of cullulolytic bactewas higher (P<0.05) in cattle fed
35% UIP of CP diet than those fed 15% UIP and 23% &f CP diet, but there was

no difference (P>0.05) between 15% and 25% UIPIdeaeCP diet.

4.5.5 Effects of CP level and UIP level on nitrogemetabolism

Effects of CP level and UIP level on nitrogen nbelesm are shown in
Table 4.6The nitrogen (N) intake (g/d) was affected sigmifilty (P<0.01) by CP
level and UIP level, but there was no (P>0.05) CHPxidteraction on it. The N intake
when fed 12% CP of DM was greater (P<0.05) thannwied 10 CP % of DM diet in
cattle. On the other hand, N intake was increasesghily (P<0.01) and qudratically
(P<0.05) with increasing UIP levels of CP. N intdkd 25% and 35% UIP of CP diet
were higher (P<0.05) than fed 15% UIP of CP dienil&rly, the increase of N intake
with increasing CP were reported by other studievant et al., 2000; Castillo et al.,

2001; Cole, Greene, McCollum, Montgomery, and MdBri2003; Archibeque et al.,
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2007; Reed et al., 2007). Furthermore, Paengkouah €004) indicated the N intake
increased (P<0.05) when dietary UIP level of CP ra&sed from 0, 2%, 4% to 6 % in
goat. Atkinson et al. (2007) reported that N intdikearly increased (P<0.01) with
increasinglevels of UIP supplementation in lamba. contrast, Sultan et al. (2009)
used the ratios 30 : 70, 35 : 65, 40 : 60 and 85 of UIP to DIP to determine the
effect of UIP and DIP on N intake and demonstrateat the N intake decreased
(P<0.01) with increasing ratios of UIP to DIP inffalo. In this experiment, Urea was
used as the main resource of DIP, the N intakeeas®d with increasing UIP levels
due to low UIP level diet containing high concehtra of urea to decrease the DMI
by urea bad palatability.

The fecal N excretion (g/d) was affected (P<O0dghificantly by UIP
level and CP level, the fecal N excretion was highleen fed 12% CP diet than when
fed 10% CP diet. At the same time, the fecal N exan increased linearly (P<0.01)
and quadratically (P<0.05) with increasing UIP lsvdt was higher when fed 25%
and 35% UIP level than when fed 15% UIP level,thete was no difference (P>0.05)
between 25% and 35% UIP. But the fecal N excre@gpressed as % of nitrogen
intake was not affected (P>0.05) by CP levels. Aesaesult has been reported that
linear increase in fecal N (g/d) in Saanen goatrwbdP to UIP ratio decreased
(Paengkoum et al., 2004). This result agreed witkindon et al. (2007) who
suggested that the fecal N excretion (g/d and 9% ahtake) increased (P<0.01)
linearly as UIP supplementation increased. HoweSalisbury et al. (2004) observed
no difference in fecal N or urinary N output betweseipplemented with a low UIP vs.

a high UIP when consuming a low quality grass hagture in wethers.
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The urine N excretion (g/d) was affected (P<0.b$)CP level, the
urine N excretion was higher (P<0.05) fed 12% G than 10% CP diet, but it was
not affected (P>0.05) by UIP level and UIPxCP iattion. When the urine N
excretion expressed as % of N intake, it was rfectdd (P>0.05) by CP level and no

UIP X CP interaction was observed on it. But it was afflddP<0.01) significantly by

UIP levels, the urine N excretion (% of N intakecceased (P<0.01) linearly with
increasing UIP level. It was higher when fed 15% UHvel diet than when fed 25%
and 35% UIP diet, and no difference (P>0.05) wamdobetween 25% and 35% UIP.
The difference of effect on urine N excretion (g&i)d urine N excretion (% of N
intake) is perhaps due to low N intake in low Uddl diet. A similar result has been
indicated that the urine N excretion decreased witheased ratios of UIP to DIP in
buffalo (Sultan et al., 2009). Kalscheur, Baldwi@lenn, and Kohn (2006) also
demonstrated a linear increase in urinary N exmmetvith increasing dietary DIP
levels in dairy cows. On the other hand, Swansoal.e2000) and Atkinson et al.
(2007) suggested that urinary N output increased)i®s increased in wether fed
low-quality grass hay.

Neither of the N retained (g/d) no N retained (%oNbintake) was
affected by 10% and 12% CP of DM diet, but theyeased (P<0.05) linearly with
increasing dietary UIP levels of CP. The N retaineas lower (P<0.05) when fed
15% UIP level of CP than when fed 25% and 35% @\l of diet. There was no
difference (P>0.05) between 25% and 35% UIP of T result supported Sultan et
al. (2009) who reported that N retained increasedd(05) linearly with increasing
UIP level of CP which determined four UIP levels@® (30%, 35%, 40% and 45%)

in buffalo. Similar results have been indicatedambs (Atkinson et al., 2007), in
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crossbred calves (Pattanaik, Sastry, Katiyar, anagrak 2003), and in wether
(Swanson et al., 2000). In contrast, Salisburyl.2804) demonstrated no difference
in N retention in wethers supplemented with low WH high UIP and consuming
low-quality forage.

4.5.6 Effect of CP level and UIP level on purine divative (PD)

excretion and microbe nitrogen (N) synthesis

The data on allantion, uric acid, creatinine, lt&#8, PD absorbed and
microbe nitrogen synthesis are shown in Table 4hé &llantoin (mmol/d) and
allantoin (mmol/100 g N, of Nitrogen intake) weret mffected (P>0.05) by CP level,
UIP level and there was not any CPxUIP interacbanthem either. Similar results
about uric acid, creatinine, total PD excretion, &i3orbed and microbes N synthesis
were obtained in this study.

The PD of xanthine and Hypoxanthine was not oleserin this
experiment, possibly because the concentrationneabigh enough to be measured.
This finding agreed with Chen and Gome (1992) wdported that allantoin, uric acid,
xanthine and hypoxanthine are all present in shege, but only allantoin and uric
acid are found in cattle urine. This may be becaunseattle the high activity of
xanthine oxidase in the blood and tissues (alsoekiyl converts xanthine and
hypoxanthine into uric acid prior to excretion Ireturine.

Several researchers indicated a significant (PXO0.icrease in
allantoin and total PD, but no significant (P>0.@Hect was observed on uric acid in
urine with increasing DMI and DOMI levels which habe same dietary CP
concentration (Liang, Matsumoto, and Youd§94; Chen et al., 1996; Nolan, 1999;

George, Dipu, Mehra, Verma, and Singh 2006 ).
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On the other hand, Devant, Ferret, Gasa, Calsenighd Casals
(2000)indicated urinary excretion of purine derivativeasanot affected (P<0.05) by
protein concentration and degradability, than satggkthat in high-concentrate diets
NH3-Nconcentration was not limiting microbial growth.

Creatinine (mmol/d) of urinary excretion was nffeeted (P>0.05) by
dietary CP levels, this result was similar to timelihg in Malaysian Kedah Kelantan
cattle (Pimpa, Liang, Jelan, and Abdullah, 2001ffddoes (Chen et al., 1996), camel
(Guerouali, Gass, Balcells, Belenguer, and Nola@042 On the other hand,
Narayanan and Appleton (1980) demonstrated that titily creatinine in urine is
breed/species specific.

The microbe N synthesis expressed as g/d and Boinfake was not
affected by dietary CP and UIP level. This resutlicated that the diet contained 10%
CP and 35% UIP of CP provided DIP can meet the irequent of ruminal
fermentation and bacterial protein synthesis imgng Thai-indigenous beef cattle.

The ruminal microbes growth depended on degradatio DIP to
provide nitrogen sources to synthesis microbe protnd it derives their N from
ammonia, amino acids and peptides for their grqiiissell, Conner, Fox, Van Soest,
and Sniffen, 1992). Stokes et al. (1991) reporteat thigher microbial protein
production was observed in cows fed diets contgidih.8% or 13.7% DIP than fed
9% DIP diet. Also, Fu et al. (2001) conducted agton crossbred steers and reported
that bacterial N production increased linearly witltreasing dietary DIP. They
explained that higher microbial protein synthessl high DIP was due to high
concentration of ruminal ammonia. Hoover and Stok&991) suggested that
microbes growth increased linearly with increasimgninal NH-N due to an increase

in DIP content in the diet in an vitro experiment.
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In this study, although to increase the dietari Uvels resulted in a
decrease in DIP level, it was still enough to méet ruminal microbial growth
requirement. Thus, the microbail nitrogen synth@sislS) was not affected (P>0.05)
with increasing dietary UIP levels.

4.5.7 The metabolizable protein (MP) requirementdr body weight gain

MP is defined as the true protein absorbed byrtestine, supplied by

microbial protein and UIP, MP = (microbial synthegrotein + UIPX 0.8 (NRC,

1996). MP requirement for body weight gain werenested from linearly regression
average daily gain (g/kg BW? against MP absorbed (g/kg BW). A significant
linear relationship between the MP absorbed and AIXS estimated, the equation
being y = 0.34x+2.77 (R= 0.69 Figure 4.1). The estimation of the MP regmient
for g/lkg W™ gain was 0.34 g MP/kg BW® of growing Thai-indigenous cattle

according to this equation.

.00 MP intake (g/kgW ™)
.00t v

0.34x + 2.77 . .
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Figure 4.1 The linear regression relationship of metabolizgteein (MP) and

average daily gain (ADG).
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4.5.8 The relationship between BUN and ruminal NgtN

A significant linear relationship was found betwethe BUN and
ruminal NH-N which was estimated by linear regression, theaggn being y =
92.045x + 3.6661 (R= 0.5498 Figure 4.2). Similarly, the concentratimfnruminal
ammonia N is closely related to the BUN concertdregi (Ropstad, Vik-Mo, and
Refsdal, 1989; DePeters and Ferguson, 1992; Badesind Clayton, 1997;
Rodriguez, Stallings, Herbein, and McGilliard, 199xcessive ruminal ammonia N
is absorbed through the ruminal wall, and convettedrea N in the liver andenters
the circulatory system. The amount of ruminal ami@aN absorption is mainly
determined by the concentrations of ruminal ammaohand the ruminal pH (Webbet,
Bartly, and Meyer, 1972). Furthermore, Gustafssnod Balmquist (1993) reported

that the peak BUN concentration occurred 1.5-21rhafter the ruminal ammonia N

peak.
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Figure 4.2 The linear regression relationship of blood uréeogen (BUN) and

ruminal NH;-N.
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4.6 Conclusions

Thai-indigenous production performance was improfedD.05) linearly with
increasing ratios of UIP to DIP. The ruminal ferrsgion decreased with increasing
UIP levels of CP. Nitrogen (N) retained was imprm\my increasing UIP levels of CP.
The efficiency of dietary N converted into microbe synthesis decreased with
increasing UIP level of CP in diet or increasechwicreasing DIP level of CP in diet.

The estimate of the MP requirement for 1 g/kg BWyain was 0.34 g MP/kg
BW " of Thai-indigenous growing cattle and MP mainterearequirement was 2.77
g/kg BW>" The diet contained 10% CP of DM was enough totntiee protein
requirement for growth and 6.5% DIP of DM diet gaovide adequate N source for
the requirement of ruminal microbes growth in gnegvilhai-indigenous beef cattle.

The optimal diet contained 10% CP of DM and therat UIP to DIP was35:65.



Table 4.2 Effects of crude protein and undegradable intakéepr levels on dry matter intake, organic matteake and

average daily gain.

10% CP 12% CP P-value
UIP level (%) UIP level (%) SEM CPx Contrast (UIP %)
CP UP
15 25 35 15 25 35 15 25 35 L Q
D('\k/g/d) 3.47 4.07 4.10 3.31 3.91 4.11 0.10 NS * NS 839 3.99" 417 * NS
D('(\;O'OfBW) 2.40 2.75 2.79 2.47 2.62 2.73 0.06 NS * NS 543 2.68 2.78 * NS
DMI
75 8240 9538 9628 8334 9107 9523 1.08 NS * NS 882 9322 95.76 * NS
(g/d/kg BW7®)
O('l\(";/d) 325 378 379 310 362 379 009 NS * NS 8317 370 379 * NS
O('C\,Q)'OfBW) 225 255 258 230 243 251 005 NS * NS 528 249 258 * NS
OMI 5 77.04 8850 89.05 77.85 8439 8777 097 NS * NS .457 86.44 88.41 * NS
(g/d/kg BW-"®)
Agffj) 150.79 511.90 646.83 277.78 396.83 59524 26.17 NS NS 21428 4543F 612.02 ** NS
ADG

** *%
(kgld/kg BW7®) 3.72 12.23 15.01 7.03 9.23 13.65 0.51 NS 0.07 388 10.7% 14.32 NS

A Means in same row with different superscript Isttdiffer (P<0.05); SEM = Standard Error of MeaN§ = Not Significantly different (P>0.05); * Means
Significantly different (P<0.05); ** Means Signifatly different (P<0.01); L=Linear, Q = QuadratieP = crude protein; UIP = undegradable intake mpf@MI
= dry matter intake; DOMI = dry organic matter ikeéa ADG = average daily gain.

ect



Table 4.3 Effects of crude protein and undegradable intakéepr levels on nutrient digestibility.

10% CP 12% CP P-value
UIP level (%) UIP level (%) SEM CPx Contrast (UIP %)
CP UIP U P
15 25 35 15 25 35 15 25 35 L Q
Digestibility (%)
DM 60.5 60.7 62.3 63.1 59.8 624 064 NS NS NS $1.860.24 62.35 NS NS
OM 64.6 64.5 65.3 66.7 635 659 060 NS NS NS 465.664.02 6561 NS NS
CP 60.5 56.7 58.9 679 638 638 072 NS NS NS 264.260.25 61.35 NS NS
NDF 58.4 58.7 58.9 60.3 56.6 582 075 NS NS NS 33%9. 5761 5858 NS NS
ADF 40.2 39.5 43.0 415 447 437 132 NS NS NS 8u0. 4212 4335 NS NS

A Means in same row with different superscript Istteiffer (P<0.05); SEM = Standard Error of MeaN§ = Not Significantly different (P>0.05); * Means
Significantly different (P<0.05); ** Means Signifiatly different (P<0.01); L=Linear, Q = Quadratiiyl = dry matter; OM= organic matter; CP = crudetpno;
NDF = neutral detergent fiber; ADF = acid deterdimdr.
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Table 4.4 Effects of crude protein and undegradable infakeein levels on ruminal pH, ammonia nitrogen atite fatty acid and

blood urea nitrogen.

10% CP 12% CP P-value
UIP levels (%) UIP levels (%) SEM c CPx Contrast (UIP %)
15 25 35 15 25 35 P uP ulip 15 25 35 L Q

pH

0 hr 6.93 7.13 7.03 7.33 7.07 7.07 0.09 NS NS NS 137. 7.10 7.05 NS NS

4 hrs 6.93 6.83 6.73 6.73 7.00 6.80 0.14 NS NS NS .836 6.92 6.77 NS NS
NH3-N (mg/dL)

0 hr 2.10 1.24 2.19 2.19 1.43 1.90 0.09 NS * NS 142, 1.33 2.01* NS  **

4 hrs 2.76 2.00 2.29 3.24 2.00 2.67 0.15 NS * NS 003. 2.00° 2.48° NS *
BUN (mg /dL)

0 hr 31.05 15.01 1469 2491 2235 2199 055 NS* i 27.98" 18.68% 18.34%  ** *

4 hrs 3458 2222 2410 34.64 2438 2416 1.00 NS* *NS 34.610 23.30°F 24138 x* *
Total VFA (mM)

0 hr 69.13 60.68 73.79 5347 62.09 59.42 211 * S N NS 61.30 61.38 66.61 NS NS

4 hr 75,60 7132 7079 8841 7330 7144 238 NS *NS 8200 7231° 7115 NS NS
Acetate (Yomolar)

0 hr 7200 75.00 75.00 76.14 7588 76.11 1.81 NS8IS NS 74.07 75.44 75.56 NS NS

4 hrs 7436 7349 75.06 76.45 7592 74.65 1.77 NS8SIS NS 75.40 74.71 74.87 NS NS
Propionate(%molar)

0 hr 15.48 1490 1296 12.84 1217 1229 0.80 * S N NS 14.16 13.53 12.62 NS NS

4 hrs 1350 17.30 12.64 1411 1247 1374 0.72 NSS NNS 13.80 14.88 13.19 NS NS
Butyrate (Yomolar)

0 hr 12,52 10.10 12.04 11.02 1196 11.60 0.50 NSIS NS 11.77 11.03 11.82 NS NS

4 hrs 12.15 9.22 1230 945 1161 1162 034 NS NSNS 10.80 10.42 11.96 NS NS
C2:C3 (0 hr) 4.96 5.25 5.99 6.24 6.48 6.42 0.32 NS NS 5.60 5.87 6.20 NS NS
C2:C3 (4 hrs) 5.63 4.58 5.96 5.54 6.50 5.54 0.32 NS&IS NS 5.59 5.54 5.75 NS NS

A Means in same row with different superscript Istteiffer (P<0.05); SEM = Standard Error of MeaN§ = Not Significantly different (P>0.05); * Means
Significantly different (P<0.05); ** Means Signifiotly different (P<0.01); L=Linear, Q = QuadraticP = crude protein; UIP = undegradable intake jmpte
NH3z-N = ammonia nitrogen; VFA = volatile fatty acid{JBl = blood urea nitrogen.
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Table 4.5 Effects of crude protein and undegradable intakéepr levels on counts of protozoa, fungi and béecte

10% CP

12% CP P-value
UIP levels (%) UIP levels (%) SE cp U CPx Contrast (UIP %)
15 25 35 15 25 35 P UIP 15 25 35 L Q

Protozoa (10cells/ml)

0 hr 126 074 083 139 111 014 015 NS NS NS 311. 0.93 0.49 * NS

4 hrs 125 085 093 148 131 098 014 NS NS NS .371 1.08 0.96 NS NS
Fungi (zoospore,faells/ml)

0 hr 112 058 097 043 113 037 088 NS NS NS 780. 0.86 0.67 NS NS

4 hrs 1.70 127 050 122 227 110 017 NS NS NS 461 1.77 0.80 NS NS
Bacterial (18 cells/ml)

0 hr 300 221 250 279 213 217 025 NS NS NS290 2.17 2.34 NS NS

4 hrs 416 333 333 429 413 355 034 NS NS NS 234 373 3.44 NS NS
Proteolytic bacteria
(10° cells/ml)

0 hr 360 393 1508 217 225 1800 198 NS * NS2.88 3.09 16,54 * NS

4 hrs 333 450 1430 250 2.08 1692 163 NS * NS2.92 3.29 156 ** NS
Amylolytic bacteria
(10 cells/ml)

0 hr 1.17 1217 1967 2.17 1025 1268 174 NS *NS 1.67 11.2% 16.18 NS

4 hrs 0.08 592 1200 092 217 925 153 NS * NS0.5¢° 4.04%  16.63 NS
Cellulolytic bacteria
(10’ cells/ml)

0 hr 15.67 12.33 6.00 18.00 11.00 6.33 124 NS *NS  16.83 11.67® 6.172 * NS

4 hrs 16.67 14.00 6.67 2400 933 767 151 NS *NS  20.33 11.67 717 =

NS

A Means in same row with different superscript Istteiffer (P<0.05); SEM = Standard Error of MeaN§ = Not Significantly different (P>0.05); * Means

Significantly different (P<0.05); ** Means Signifiatly different (P<0.01); L=Linear, Q = Quadrat@® = crude protein; UIP = undegradable intake mpte
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Table 4.6 Effects of crude protein and undegradable intakéepr levels on nitrogen metabolism.

10% CP 12% CP P-value
Contrast
0, 0,
UIP level (%) UIP level (%) SEM cp UIP SIT; (CP) Contrast (UIP)
15 25 3 15 25 35 10% 12% 15% 25% 35% L O

N '(gt/"‘c‘ge 503 726 712 637 827 906 126 * = NS 67.779.0 618 7768 809 = «*
Fe(cg"‘;'d;\' excretion 16.1 227 223 157 259 286 071 * * NS 203234 158 243 258 = «
Fecal N excretion 271 312 313 246 313 316 078 NS * NS 300 .729 255 318 323 * NS

(%,0f N intake)
U“(Z‘/e d')\' excretion 224 21.0 197 271 261 253 090 * NS NS 91.m62 248 236 225 NS NS
Urine N excretion 37.8 290 277 426 31.6 279 146 NS * NS 311 .834 41.4 300 277 * NS

(%,0f N intake)
N'Eg}g")”ed 209 289 292 209 306 367 110 NS * NS 26319.38 208 208 329 = NS
N-retained 352 39.8 41.0 328 371 405 154 NS * NS 389 535328 383 408 * NS

(%, of N intake)

A= Means in same row with different superscript Istteiffer (P<0.05); SEM = Standard
Significantly different (P<0.05); ** Means Signifiatly different (P<0.01); L=Linear, Q = Quadratie? = Crude protein; UIP = Undegradable intake [pmotd=

nitrogen.

Error of MeaN§ = Not Significantly different (P>0.05); * Means
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Table 4.7 Effects of crude protein and undegradable intakéepr levels on purine derivative excretion andnotie N synthesis.

10% CP 12% CP P-value
UIP level (%) UIP level (%) SEM cpx Contrast (CP) Contrast (UIP)
CP UIP
15 25 35 15 25 35 UIP 100 1206 15% 25% 35% L Q
A”a?r;or'nnoll 0 53.12 5822 5597 5487 6791 6425 347 NS NS NS585 62.3 540 631 60.1 NS NS
Allantoin ~ 89.50 80.22 7865 8618 8213 7095 393 NS NS NS3.18 819 90.6 815 759 NS NS
(%, of N intake )
U”C(gcn'%l/d) 850 682 7.34 1078 854 1167 097 NS NS NS 76031 96 77 95 NS NS
Uric acid 1433 939 1031 1694 1032 12.89 120 NS NS NS .211135 146 122 103 NS NS
(%, of N intake )
Cre‘("‘rtr:rr‘]'qg‘f/ 0 4546 46.69 3875 29.78 4095 3752 670 NS NS NS3.64 361 376 438 381 NS NS
Creatinine 76.67 6433 5444 4678 4952 4143 7.8 NS NS NS .264422 581 550 470 NS NS
(%, of N intake )
TOt(Pn?mon) 61.62 6503 63.31 6565 7645 7592 405 NS NS NS336 727 636 707 696 NS NS
Tot PD . 103.92 89.61 88.96 103.12 9245 8383 131 NS NS NS$4.6 954 1052 915 881 NS NS
(%, of N intake )
PD f‘n?fnogsg)d 53.03 54.00 51.65 57.81 6850 66.16 456 NS NS NS295 642 554 61.3 589 NS NS
PD absorbed 8944 7441 7258 90.81 82.84 7305 536 NS NS NS8.87 841 910 790 744 NS NS
(%, of N intake )
MN(Sg/d) 38.55 39.26 37.55 42.03 4980 4810 332 NS NS NS853 46.6 40.3 445 428 NS NS
MNS 65.02 5410 5276 66.02 6022 5311 389 NS NS NS7.35 61.2 662 577 541 NS NS

(%, of N intake )

A-C Means in same row with different superscripteles differ (P<0.05); SEM = Standard Error of MeaNS = Not Significantly different (P>0.05); * Mes
Significantly different (P<0.05); ** Means Signifiotly different (P<0.01); L=Linear, Q = Quadratie® = crude protein; UIP = undegradable intake jmptD =

purine derivative
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CHAPTER YV

OVERALL DISCUSSION AND IMPLICATIONS

51 The optimal crude protein concentration requirement for

growing Thai-indigenous beef cattle

The optimal CP concentration may correlate with beef cattle breed, protein
sources and quality, basis of roughage and beef cattle growth periods. Although early
data indicated the importance of protein in terms of maintenance and production status,
as well as chronological age (NRC, 1924), optimizing CP levels is still a focus of
modem research. In Experiment 1, diets containing 4.3%, 7.3% and 10.3% CP of DM,
was fed to Thai-indigenous. The results indicated that dry matter intake (DMI),
microbia nitrogen synthesis and N retained increased linearly (P<0.05) with
increasing dietary CP levels. However, in Experiment 2, when the Thai-indigenous
cattle were fed 10% and 12% CP of diet , the DMI, microbia nitrogen synthesis and
N retained and average daily gain (ADG) were not affected by CP levels. This
finding means that 10% CP of diet can provide adequate CP to meet the growing
Thai-indigenous beef cattle maintenance and growth requirements when fed rice straw
as roughage.

From the results we can know that the optimal CP level was 10% CP of DM in

growing Thai-indigenous beef cattle. Similarly, Vasconcelos, Greene, Cole, Brown,
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and McCollum (2006) observed the performance was not affected significantly
(P>0.05) in steer fed 10.0%, 11.5% and 13.0% CP of DM and reported 10.0% might
be optimum CP level in steers. On the other hand, the optimum CP requirement of
growing Thai-indigenous beef cattle was lower than recommended by numerous
researchers. Thomson, Prestoon, and Bertle (1995) suggested that the optima CP
level was between 12% and 13% of DM. Galyean and Gleghom (2001) reported that
the mean CP level formulated by consulting nutritionists in the major cattle feeding
areas of the U.S. was 13.3% of DM. Cole, Greene, McCollum, Mantgomeyer, and
McBride (2003) demonstrated that steers fed the 14% CP diet tended (P<0.1) to have
greater ADG and gain: feed (G: F) than steers fed the 12% CP diet. Gleghorn, Elam,
Galyean, Duff, Cole, and Rivera (2004) and Cole, Clark, Todd, Richardson, Gueye,
and McBride (2005) suggested that dietary CP concentration requirements of beef
cattle for maximum rate of gain were approximately 11.5% of diet DM during the
later stages of feeding.

Changes in feed processing and application of implant practices have
influenced the determination of CP levelsin beef cattle diets. Carbohydrate digestion
in the rumen is the most accurate predictor of microbia protein synthesis (Russell,
1992), and as feedstuffs are more thoroughly processed, an increased need of dietary
CP is necessary (Cooper, Milton, Klopfenstein, and Jordan, 2002). Gleghorn et al.
(2004) reported CP concentration above 13% seemed detrimenta to ADG.
Furthermore, Erickson, Klopfenstein, Milton, and Herold (1999), Cooper et a. (2002),
and Trenkle (2002) reported no adverse effects on cattle performance when dietary
CP concentrations were decreased during the later stages of the feeding period with

dry-rolled corn-based diets
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5.2 Themaintenance and growth protein requirement
5.2.1 Themaintenance protein requirement in growing Thai-indigenous

beef cattle

The maintenance protein requirement was 3.54 g CP/kg BW® ™ or 2.27
MP/kg BW%™ (2.27 = 3.54x0.64, according to NRC, 1996) estimated by linear
regression between nitrogen intake and nitrogen retained, which was lower than the
crude protein requirement for Bos Taurus cattle suggested by NRC (1996) (5.94 g
CP/kg BW®™) and ARC (1980) for British breed (4.42 g CP/kg BW®™). It was aso
lower than the figures 5.07 CP/kg BW®" or 3.25g MP/kg BW®" recommended by
the Institute National de la Recherche Agronomique (INRA, 1988).

5.2.2 Thegrowth protein requirement for growing Thai-indigenous beef

cattle

Metabolizable protein provided by microbia synthesis and undegradable
intake protein (NRC, 1996), the requirement of MP was estimated by linearly regression
between MP intake (MP intake = ((UIP + microbe synthesis protein) X 0. 8) and body
weight gain, for 1 g/kg BW®™ gain was 0.34 g MP/kg BW®™ of growing Thai-
indigenous cattle. 1t was lower than the figures suggested by Tangjitwattanacha and
Sommart (2009) who reported that requirement for 1 g/lkg BW®™ gain of Brahman was
0.56 g CP/lkg BW %" or 0.36 g MP/kg BW®"™ (MP=CPx0.64, NRC, 1996) and Brahman
crosshred was 0.59 g CP/kg BW °™ or 0.38 g MP/kg BW® " (MP=CPx0.64, NRC, 1996).

Thus, the efficiency of MP is greater than that on Brahman and Brahman crossbred.
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5.3 Thedegradableintake protein requirement and optimizing the

ratioof UIPto DIP for ADG

In Experiment 2, the ruminal fermentation and ruminal NH3-N were not
affected by 10% and 12% CP of DM diet. Furthermore, the rumina fermentation,
ruminal NH3-N, microbial growth and ADG were not limited by 35% UIP of CP diet
for growing Thai-indigenous beef cattle. This result indicated that 10% CP of DM and
35% UIP of CP diet containing 6.5% DIP of DM (10% X (1-35%)) can provide
adequate N source for the requirement for ruminal fermentation and ruminal microbes
growth. Thus, 6.5% DIP of DM is enough to meet the growth requirement for
growing Thai-indigenous beef cattle. However, the NRC. (2000) suggested that the
minimum requirement of DIP is 6.8% of dietary DM. Therefore, the Thai-indigenous
DIP requirement was low than NRC (2000) recommendation. Moreover, recent
research indicated that the optimum level of supplemental DIP varies with degree of
corn processing. Cooper et a. (2002) compared three levels of processing, namely,
steam flaking, dry rolling, and high moisture harvesting and grinding, which were fed
in conjunction with varying levels of urea as the source of supplemental CP. The
results showed that optimum levels of DIP were 6.3%, 10.1%, and 8.3% (DM) for dry
rolled, high moisture, and steam-flaked diets, respectively.

The optimal ratio of UIP to DIP for ADG was 35 to 65 for growing Thai-
indigenous. However, diets containing DIP to UIP ratio 55 to 45 are considered
optimum regarding N retention in buffalo calves (Sultan, Javaid, Nadeem, Akhter, and

Musfaha, 2009). Furthermore, Haddad, Mahmoud, and Talfaha (2005) reported that
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the optimal ratio of UIP to DIP was 23 to 77 in lambs. Therefore, the optimal ratio of
UIP to DIP may be variable of different ruminant species/breeds.

The optimal diet contained 10% CP level of DM and the ratio of UIP to DIP
was 35: 65 for growing Thai-indigenous beef cattle. According to table 4.2, the DMI
was 4.11 kg/d when the cattle was fed the diet contained 10 % CP and 35 % UIP (UIP:
DIP= 35: 65). Thus, we can calculate CP intake was 411 g/d or 10.1g/d/kg BW®",
UIP intake was 143. 9 g/d or 3.54 g/d/kg BW® " and DIP intake was 267.2 g/d or 6.67

g/d/kg BW® ™ of growing Thai-indigenous beef cattlefed this optimal diets.

54 Application of theresult

Good feeding management is efficient feeding management. To realize the
maximal economic gains from Thai-indigenous beef cattle products, we should know
their protein requirement. Providing adequate DIP is necessary for maximum
microbial CP synthesis and a balance of DIP and UIP is necessary for maximum
productivity (Shain, Stock, Klopfenstein, and Herold, 1998). Furthermore, the proper
ratio of DIP to UIP should be used to maximize performance (Stock, Merchen,
Klopfenstein, and Poos, 1981; Milton, Brandt, and Titgemeyer, 1997a, b).

For this reason, the result of protein requirement can be included in atable of
protein requirement for Tha feeding standards. Moreover, it can guide producers in
estimating and formulating the dietary protein, balancing the UIP and DIP
requirement in Thai-indigenous beef cattle diet and obtaining maximal economic

productivity of Thai-indigenous beef cattle.
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APPENDI X



1) Thedetermination of purinederivative (PD) by High

Performance Liquid Chromatography (HPLC)

Column : Hypusil ODS (Iength : 250 mm, diamenter : 4.0 mm), particle sige:
5.0u m. Solution A : NH4H,PO, Solution B : NH4H,PO, +ACN, pH: 6.0-6.3. The

wave peak area of PD standard and sample as fellowing :
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Figure Al The peak areaof standard of alantoin.



153

DAD1 A, Sig=205,8 Ref=400,100 (005-0501.D)
mAY s

1 T I
0 2 4 6 8 10 12 14 16 18 min

<

0 2 4 6 8 10 12 14 16 18  min
DAD1 C, Sig=218,6 Ref=400,100 (005-0501.D)
mAY
4 o
Bl o
2
.
o
'f | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | |
0 2 4 6 8 10 12 14 16 18 min

Figure A2 The peak areaof standard of uric acid.
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