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1-INTRODUCTION

Different proteins have different levels of biological availability
to the human body. Many methods have been introduced to
measure protein utilization and retention rates in humans. They
include biological value. Net Protein Utilization or NPU, and
PDCAAS (Proteibigestibility Corrected Amino Acids Score) which
was developed by the FDA as an improvement over the Protein
Efficiency Ratio (PER) method. These methods examine which
proteins are most efficiently used by the body. In general they
conclude that animal coplete proteins contain all the essential
amino acids such as milk, eggs, and meat, and the complete
vegetable protein soy are of most value to the body.

It is well accepted that the nutritional value of proteins may
differ substantially depending on thei(essential) amino acid
composition and digestibility. For many years, bioassays, mainly
with rats, were the methods of choice to assess the nutritional
value of proteins. This value was expressed in parameters such as
protein efficiency ratio, net proteimtilization and biological value.

The major problem caused by the N balance method of
estimating protein needs is manifest in shortterm dietary
studies that try to determine poultry protein needs by restricting or
eliminating dietary proteins, measuring "losses", and regressing the
results to zero N balance, without the researchers being familiar
enough with the dynamics ofdietary changes sufficient to
understand that a reduction in protein consumed relative to a
'normal’ excessive intake will produce cleansing reactions, the
excretion of stored proteinaceous wastes, and that this increased
excretion is not indicative of ptein needs, but rather of bodily
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toxicity. For these studies to be meaningful, the lpwtein diet
would have to be maintained for several weeks, or even months, to
allow the body to excrete all excessive protein wastes and come to
relative equilibrium, ad only then present true and constant
"obligatory nitrogen losses".

Present study aims to investigate the effect of addition
different minerals mixture levels as standard lizat ion purified diet
for Japanese quail, also, investigate the suitable ammo sacid
mixture for semipurified diets for qualil.

2-REVIEW OF LITERATURE
2-1: PROTEIN EVAAUON
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2-1-1: Protein quality

Protein are not alike , they vary according to their origin
(animal, vegetable) Their amino acid compositior(particularly
their relative content of essential amino acids), thdigestibility,
texture, etc. Good quality proteins aréhose that are readily
digestible and contai the essential amino acids in quantities that
correspond to human nonruminants and poultryrequirements,
(Boutrif, 2007. Japamse quails , as such asther poultry, requie
certain minimal quantitiesof amino acids from a biologically
available source as part of a large protein nitrogen intake. The
required amounts of thee amino acids vary with agphysiological
condition and site of health It is therefore important to be able to
discriminate with both accuracy and precision the relative
efficiency with which individual protein sources can meet huroan
animal biological needsThis efficiency als has direct implications
for the commercial value of the protein product.HtKhimsawy,
2000).

It is well accepted that the nutritional value of proteins may
differ substantially depending on their (essential) amino acid
composition and digestibility. Fomany years, bioassays, mainly
with rats, were the methods of choice to assess the nutriaiog!
of proteins. This value was expressed in parametersasuphotein
efficiency ratio, net protein utilization and biologicalue. In 1989,

a joint FAO/MHO Expert Consultation on Protei@uality
Evaluation FAO/WHO 1990 ) concluded that protein qualitould

be assessed adequately by expressing the contentfio$ttiieniting
essential amino acid of the test protein ae@entage of the content
of the same amino acid in a referengattern of essential amino
acids. This reference pattern wassed on the essential amino acid
requirements of the prescheae child as published in 1985
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(FAO/WHO/UNU 1985 ) Subsequentlthis percentage is corrected
for the true fecal digestibilitgf the test protein, as measured in a rat
assay. This scoringethod, known as the protein digestibility
corrected aminacid score (PDCAAS)Schaafsma,2000)

The expert consultationrecognized the shortcomings of the true
fecal digestibility correction and recommended methodological
studies to resolvancertainties about the contribution and variation
of endogenouamino acid losses at the terminal ileum before the
determinatiorof ileal digestibility could be recommendeal iteplace
fecal digestibility. Since then, several studies in this field were
published(e.g., Caine et al. 1997a and 1997b , Huisman et al.
1993 ,Rowan et al. 1994 , Van Leeuwen et al. 1996indicating
that antinutritional factors associated with digtaproteins may
enhance substantially endogenous losses of amino acids and
thereforedecrease the nutritional value of the protein. Only true ileal
digestibility of amino acids will take these losses into account
(Darragh et al. 1998), and it is thereforéimely to considethe use
of ileal instead of fecal digestibility values.

Poultry nutrition studies that measure growth and / or other
metabolic indicators provide the most accurate essnent of
protein quality. For reasons of both cost and ethics, such
techniques annot be used. Qusequently , assay techniges
designed to measure the effectiveness of a protein in prong
bird or animal growth have been utilize&ince 1917the protein
efficiency ratio (PER) method, which measures #bdity of a
protein to support growth in young ratsO§brne and Mendel |,
1917), has been used in many countries because it wag\mdi to
be the best predictor oflmicaltests.

The methods currently used for measuring protein quality of
feeds were established whemformation was not extensively
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available on birds amino acid requirementTherefore, while
results were not grossly in error, they did not accurately reflect bird
requirements. Since most of these methodise a bird assay, they
in large part measure th@mino acid requirements of the rat
rather than the chicks or quail3his is particularly miskgling since
the rat appears to have a lower requirement for sulpher amino
acids than does the poultry.

Two man uses of animal assays can be distinguished :

1- Exploration of the quality of protein in relation to its amino
acid composition and the effect of processing on the nutritive
values of protein

2- Bvaluation of the protein of feeds and meals as customarily
eaten.

2-1-2: Biological Assay Methods For Proteftvaluation:

2-1-2-1: Methods Based on Nitrogen Balance Study:

A protein that is of high quality for one purpose may not be so
for another, although the evidence for this is not definitive. An
amino acid mixture formulated to be ideal for maintenance
purposes was evaluated by rat net protein utilization value at a
"protein” level close to maintenance and at 9 per cent "protein”;
the NPU value at maintenance level was twice that found for the
higher level(Campbell and McLaughlan, 1978imilarly, in studies
on the limiting amino acids in maizéies and Fox, 197Gpund
that the level of total nitrogen intake determined the order in
which amino acids become limitinghe current view is that the
essential amino acid needs, per unit of protein requirement, are
higher for infants than for adults. Although there is nonclusive
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evidence that the required pattern of essential amino acids differs
between infants and adults, it is unlikely that the quality of a
protein will always be the same for both age groups. In many
instances reported in the literatureBfessani ,197and Young and
Scrimshaw,1978),however, the values for the two are quite
comparable.

Different types of assay may give different absolute values.
Chow, et al,(1948)found differences in ranking order of proteins
when using different assay proceduresther studies, however,
have found similar ranking orders for different proteins when a
series of different assay procedures were ugéttLaughlan and
Keith, 1975; Hackler,1977 and Bodwell,1979).

The major Ncontaining polymer compounds in the animal body
and its dietary ingredients include protein, RNA, and DNA, which,
along with other forms of N compounds, are classically measyred
the Kjeldahl procedure and defined as CP in animal nutrition
research (e.gAOAC, 1993).

Young et al, (1984)indicated tle endogenous gastiatestinal
secretionsas well as the portalrained visceral and peripheral
immune responseshave basic physiological functions. Elevated
endogenoussecretions and immune activities, as affected by
developmentastages, diets, and mamagent factors, decrease the
availability of dietary nutrients for peripheral muscle synthesis and
deposition.Measurements of in vivo protein, RNA, and DNA
synthesis rateassociated with the viscera, peripheral immune cells,
and skeletalmuscles should,in principle, be the sensitive
biochemical andcellular endpoints for studying factors affecting
norrruminantnutrition, metabolism, and growth.

First, biosynthesis and degradation of these major N polymers
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are highly ATP energlemanding processes in theody, ARC,
1981; Close et al., 198%Villiams et al., 1997h Thus, strategies
that can improve theefficiency of CP wuse would improve
productivity and profit.

Second, on a global scale, developing sustainable animal
productionfor reducing pollution to lhe environment becomes a
major issugMackie et al., 1998 Nitrogenous compounds are the
major precursorfor the biogenesis of the major pollutants and
these includeammonia(Mackie et al., 1998; Rideout et ak004)

A fundamental and effective strategyould be to cure the source
by developing comprehensive geneticnhutritional, and

management regimens for minimizing nutridoading, optimizing
their intermediary conversion, and reducitigeir expiration and

manure excretion.

Third, animal modelshave been increasingly used to explore
some clinical aspects of AA and protein metabolism and
requirementsor humans Burrin and Reeds, 1997; Bertolo et al.,
1998; Daviset al., 2002. In addition, animal and human growth is
basicallythe process of hyperplasand hypertrophic deposition of
cellular protein, RNA, and DNA(Lawrence and Fowler, 1997;
Perez and Reeds, 1998; Hellerstein, 2003). Therefore,
understanding factorsaffecting in vivo cell proliferation,
transcriptional RNA synthesigs well as protein synthesis and
degradationare important tounderstand growth regulation in both
animals and humans withmplications to human health
management.

Digestive use of dietary and endogenous N compounds
includesthe steps of gastric, exocringpancreatic, and intestinal
mucosal enzymatic hydrolyses, microbial modifications of the
luminal nitrogenous compounds in terms of microbial synthesis,
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and degradatiorof AA and nucleosides, and the absorption of the
digestive endproducts across the lumal surface. From the
physiological point of view, transport tdie digestive end products
from the intestinal lumen acrodbe intestinal brush border or the
apical membrane via the paracellulaand transcellular routes
marks the completion of the entiradigestiveuse process
(Cheeseman, 1986

From the nutritional point of view, the disappearance of the
digestive end products from the intestinal luminal surfacethes
end of an appropriate intestinal segment is measured as
digestibility. For poultry, theileal CP and AAigestibility are
measured at the end of the small intestidae to the impact from
microbial fermentation in the hindgufParsons, 1986; Sauer and
Ozimek, 1986)Ingredientspecificdifferences in true ileal CP and
AA digestibility are we recognized True ileal CP and AA
digestibility, after correctingthe gastrointestinal metabolic
endogenous contributions, arecommended for diet formulations
in poultry dueto improved sensitivity and reduced variability of the
measurementgParsons,1986; Sauer et al., 2000).

The measurement of true ileal CP and AA digestibility in feed
ingredients for poultry needs to consider 2 additiomalrrection
factors. These corrections are i) quantificatiointhe contribution
of microbial protein synthesigFuller andReeds, 1998)and the
microbial degradation of free AA in tihemen (Fan, 2008 and ii)
the amount ofheatdamaged indispensable AA, such as lysine, that
Is absorbablebut not available for protein synthesis in cells
(Rutherfurdet al., 1997)

Of all of the steps involved in the digestive use of nutrirots
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practical diets by neruminants, intrinsic enzymatic hydrolysasd
apical membrane transport are not likely to be thelmaigng steps
(Weiss et al., 1998 Thus, exogenous enzyraapplementationand
various techniques for processing the texture of dietanedients
have proven effective for improving digestive asalietary CP and
AA (Li et al., 1996; Huang et al., 1998; Hancocknd Behnke,
2001)

The concept of the firgtass portatdrained visceral use and
metabolism of various nitrogenous digestive end products has
evolved through several classical stud@sndmueller and Spaeth
(1980 demonstrated that a large proportion of dietary dispensable
AA, such as GIn, Glu, andsn, were catabolized in the intestinal
mucosa during the absorption process in r&srat (1981)also
demonstrated the extensive metabolism of the dispengeble
during the intestinal absorption with the posaierialmass balance
technique in pigsWu (1998 extensively investigatedispensable
AA metabolism with isolated jejunal upper villepithelial cells in
vitro in the postnatal developing pitoll et al. (1997, 1998n
showed the preferential use of dietahA for hepatic protein
synthesis in igs. Bertolo et al. (1998)and Stoll et al. (1998b)
independently demonstrated a lapgeportion of the indispensable
AA use by the portatirainedviscera in pigs with tracer kinetic
techniques. Inadequate supplly nutrients, especially AA, via the
intemal route impairedntestinal growth in pigletsBurrin et al.,
2000. In additionto AA, intemal sources of nucleotides are utilized
for RNA andDNA syntheses in the gut mucodaopezNavarro et
al., 1996;Burrin and Reeds, 1997. The concept of the fitgpass
visceraluse of the nitrogenous digestive end products refers to the
preferential use and metabolism of a large proportion ointeeal
sources of AA and nucleosides for the visceral growtpbroviding
fuels and precursors for biosynthesBu(rin and Reeds, 1997;
Wu, 1998). Therefore, the metabolic status of thWiscera will
determine the availability of the entered souroésnitrogenous
substrates for the synthesis of the N polymershe peripheral
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tissues such as skeletal muscles and skin.

The knowledge of the firgtriority visceral use of both the
intemal source and the peripheral tissue reserves of the nitrogenous
substrates for preserving pivotal functions carried out byitdtera
of the organisms under various challenge conditiass been well
demonstrated. Chronic systematic immune activadiath infection
result in the following effects: i) inductioof inflammatory
responses such as reduced feed intake and (f\iiams et al.,
19979; ii) increased whokbody protein synthesiand protein
breakdown rates Qbled, 2003) with no significantchanges in
whole-body N and AA use efficiencyWilliams et al., 1997a;
Webel et al., 1998a,jp and iii) increased protein synthesides in
the viscera such as gut and liver for providingf-defense
mechanisms such as producing aquitase proteins at the expense
of muscle protein synthesisKlésing and Austic, 1984a,b;
Mackenzieet al., 2003. Thus, under challenge conditions such as
infections, both the eternal source and the peripheraemeed
nitrogenoussubstrates are prioritized for enhanced use by the
viscera forimproving the opportunity of survival at the cost of
productivitysuch as muscle growth.

The contributions of the gastrointestinal endogenous N
secretionstecycling, andosses to whokbody N homeostasis have
beenrecognized in nomuminants Fuller and Reeds, 1998
Methods for measuring the endogenous N and AA losseshesve
reviewed Nyachoti et al., 1997; Fan and Sauer, 2002Under
normal nutritional and physiologal conditions, the endogenolds
loss is not the largest single route of N inefficienélowever,
differences in ingrediergpecific endogenous Mss are much more
profound than the ingrediespecific variabilityin the true ileal CP
and AA digestibility Pigs fed high fiber and antigenic protein
componentdad considerably augmented endogenous N lo$ses (
and Sauer,2002; Gaudichon et al., 2002) Thus, distal ileal
endogenoudN loss can constitute a large part of postabsorptive
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metabolicN inefficiency:.

Metabolic urinary N loss is the largeshgle route of whole
body inefficiency of N use including microbiaghtabolism, and
catabolism loss in the viscera and the periphiisalies. Several
techniques are available for quantifying assessing wholbody
oxidative losses of N such as N balan@d¢ahan, 1992,
comparative slaughter technique (Willamsaét 1997a), plasma
urea N levels Coma et al.,, 1995 wholebody AA oxidation
(Matthews et al., 1980) and indicator AA oxidatio(Bertolo et al.,
1999. These approaches and endpoints are usefidflect whole
body N metabolism status for AA requiremshidies, and can be
used to probe, to some extent, the intermediryand AA
metabolism.

Inadequate supply of dietary nutrients, especially profedy,
and nucleotides, reduces intestinal, hepatic, and mysolein
synthesis ratesLppezNavarro et al., 1996; Burrin et al., 2000;
Frank et al., 2005). Chronic lowprotein intakempairs intestinal,
hepatic, muscle, and skin protein synthesies Wykes et al.,
1996. Poor dietary protein quality alseduces the visceral and
peripheral tissue protein synthesies Tesseraud et al., 1996;
Tujioka et al., 2009.

Birds are believed to be primarily uricoteligV(ight, 1995).
Uric acid is a relativy nontoxic nitrogen end product. Is
relatively insoluble and hence excreted with little watdore
energy is needed to excretainit of waste nitrogen as uric acid than
as urea or ammon{&@Vright, 1995; Klasing, 1998).

Preest and Beuchat (1997 sugyested that it might be
advantageoutr birds that ingest large amounts of dilute, protein
poornectar to shift from uricotely to ammonotely. Thus, ammonia
can be voided rapidly, and the costs of synthesizing ucatede
reduced. They measured minimal itnogen requirements (MNR),
total endogenousitrogen loss (TENL) and the effect of protein and
water intakeon the nitrogenous waste composition in two
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frugivorous birdspecies: bulbuls and grackles. The nitrogen
requirementof both species were muchwer than expected for
their bodymass. The two species differed in the composition of the
nitrogenousvaste that they produced. The grackles were uricotelic,
and thechemical composition of their nitrogenous waste products
wasrelatively independent of watt and protein intakeThey found
that In both species, a significant positive correlation was found
between nitrogen balance and nitrogen intake bulbuls, the
concentrations of urate and soluble protewese higher in ureteral
urine than in excreta However,the concentration of ammonia and
urea did not differ betweeureteral urine and excreta. In grackles,
the concentration®f urea, soluble protein and ammonia were
significantly higherin ureteral urine than in excreta, but the
concentration ofiric acid did not differ between ureteral urine and
excreta

Several methods use nitrogen retention as the dependent
variable in a protenguality assay. The simplest of these is net
protein utilization (NPU), which measures the difference in carcass
nitrogen between rats fed a test protein (NPU, carcass) and those fed
a proteinfree diet Bender and Miller, 1953). The carcass method
has been abbreviated by determination of body water content and
derivation of nitrogen from the predetermined nitrogen/watéo ra
of the animals Nliller and Bender,1955) The question of the
constancy of this ratio has been explored by several workers, and
was reviewed irPellett, 1973 As with other approaches in which
the zero intercept serves as a component of the estimaiien,
proteinquality estimate will depend upon the level of protein fed.

Assays may also be based upon nitregalance methods in
which nitrogen intake and excretion are determined for rats fed diets
containing the test protein or a protéiee diet, andnitrogen
retention is estimated indirectly. This allows determination of faecal
and urinary nitrogen excretion of metabolic and endogenous origin.
This provides for estimations of apparent digestibility (AD), true
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digestibility (TD), net protein utilizatio (NPU), and biological
value (BV). Conventionally, protein is fed at a level of 100 g/kg (10
per cent) of the diet, and the result is designated NPU10. This
conventional level permits comparisons among different proteins,
although it is accepted that wation is higher at lower levels of
feeding and decreases as the dietary level is increased. On the other
hand, this procedure provides a measure of TD that may be
independent of the dietary protein levEggum, 1973.

The concepts of NPU, operative, amet dietary protein calories
per cent (NDpCal%) should also be considered briefly, as they are
often believed to be indices of protein quality, a belief that is not
entirely true. The utilization of protein (i.e., the percentage retained)
falls with increasing concentration of protein in the diBa(nes, et
al, 1949, and it was proposed by some workd?taft and Miller,

1959 and Miller and Payne, 196} that two terms be used: net
protein utilization, standardized (NR)J and net protein utilization,
operative (NPUop). NPLJ would be determined at a low level of
protein, usually at maintenance, while NRWould be obtained at
any higher (stated) protein level. Thus, NPthn be considered a
measure of quality and, unless amino acid availability orctoxi
factors impinge, should be a function of amino acid composition and
score; whereas in contrast NBUus a measure of the overall protein
value of the diet at a particular level of protein, i.e., a combined
measure involving both quality and the lower lizaition with
increasing protein concentration. Thus, NP only meaningful

for a specific diet at a specific level of protein. Since NPU falls
continuously with increasing protein concentratigdiller and
Payne, 1961 and 1964; Payne, 1972 and Pelléi®73 )

It should be noted that NPR, the various NPU methods, and BV
become twdevel assays if response, i.e., growth or nitrogen
retention, is compared with nitrogen or protein intake rather than
with protein percentage. The slope of a line connedtwegdata of
the test group with the protefree group is then the index
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concerned, a straighine relationship being assumed.

2-1-2-1-1: Protein Quality Evaluations by Shetérm Nitrogen
Balance Experiments:

Most estimates of adult protein requirengeihiave been based
on shortterm metabolic nitrogen balance experiments conducted in
small groups of young, healthy experimental animals. Furthermore,
there is currently a large amount of data being accumulated
concerning the short term nitrogen balancepoeses of different
livestock or poultry to varying diets. However, questions have been
raised about the extent to which such data are relevant for predicting
protein intakes required for losigrm maintenance of nutritional
status.

Focusing, however, ordetermining the requirement in an
animal or bird, there are two fundamental questions concerning the
results of shorterm studies: are they true? and are they relevant?

Are the results of the sherm method true, in the sense that
they are representa of a nutritionally relevant metabolic
response? The question here is, in part, does thetehortmethod
measure the shetérm nutritional requirement of an individual
animal or bird, or do the results depend on some aspect of the
experimental situatn itself? In particular, is the response of an
individual to a specific dietary intake determined only by that
intake, or is it dependant, at least in part, on the prior dietary intake
of the subject and the relationship of that intake to the new,
experinental dietary situation? This question leads in turn to the
more fundamental question: is sht@tm protein requirement itself
a valid concept? This question must be considered in view of the
multiple metabolic systems that allow subjects to adjust ssfudlys
to environmental changes, with interactions between the various
systems, and each with its own time scale.

2-1-2-1-2: BiologicalValue of Proteins:

The biological value of protein & expression of a number of
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the nutritional characteristics othe substance. Among these are
a- the digestibility b the availability of the digested products, and
c- the presence and amounts of the vang essential amino acids.
The value obtained for the nutritive or the biological value of a
protein are empircal and are useful for comparing proteins from
various sources or comparing a combination of proteins such as
might be found in a mixed feed or diet.

One of the early methods for estimating the biological value of
proteins, and on that is still used todais the nitrogen reention
method developed especially bylitchell et al, 1945 Mitchell's
method is timeconsuming and difficult to carry out , since it
involves nitrogen balance experiments on specially prepared
growing rats or other animalsrhe definition of biological value (
later called " protein valueWest et al, 1968 is the per cent of
absorbed feed nitrogen not eliminated in the urine. It can be seen
that this is an expression of the efficiency of utilization ngfeisted
amino acids

Another gproach to the appraisal of the biological value of
protein is the method devised by Osboraead Mendel, 1915 and
improved upon later by these and other investigators. The body
nitrogen technique ofMiller and Bender, 1955s used by many
workers. The metbd measures net protein tention in young rats
and involves a tewlay feeding period followed by determinations
of total body nitrogen.

2-1-2-2: Methods Based on Changes in Body Weight

The simplest method for determining nutritive value is to
measure the growth rate of young animals fed a test food.
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Osborne, et al,1919, put this on a quantitative basis by relating
weight gain to the amount of protein eaten; the index obtained
was termedprotein efficiency ratio (PER). They showed that the
PER varied with the level of protein in the diet and recommended
that each protein be assayed at its optimum level. This
recommendation was not adopted by subsequent workers, and the
conventional levebf 10 per cent dietary protein was in general use
until the AOAC standardized procedure, which recommended
feeding at 9.09 per cent proteifDerse, 1962), was established.
Canadian authorities selected a standardized version of PER for
legal standardizatio of protein advertising claimsCampbell,
1960).Protein Efficiency Ratio (PERhas been generally accepted
that the rate of growth of weanling rats under standardized
conditions provides a reliable measure of the value of dietary
protein (Camphell, 181).

This method was later adopted by tA®AC (1975, and is
currently used for labelling regulations in the United States. As a
consequence of its role in legislation, the method has been the one
most widely used in recent years.

The most serious faulbf the PER assay is that it makes no
allowance for protein used for maintenance, and consequently
values are not proportional; i.e., a PER value of 2 is not twice as
good as a PER value of 1. Thus PER is inappropriate as a quality
estimate in a proteimting system where the multiple of protein
quality x protein quantity is considered as utilizable protein. The
result is known to be doskependent, but no correction can be
applied because it is a singdeint assay and no internal test of
validity can be sed. It may be noted that it can also be treated as a
"two-point assay," i.e., the slope between two points, one of which
Is the starting point. Factors that influence total food intake increase
the variability of PER estimates, reducing the capability to
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discriminate between proteins.

Net protein ratio (NPR) Bender and Doell, 195y is an
improvement over PER in that a zero protein control group is used.
In practice, NPR is comparable to NPU, the vkelbwn and much
used procedure based upon nitrogennteia, which is discussed
later. It differs in that it is estimated from bedseight changes
rather than body nitrogen changes. Use of an internal standard in the
NPR assay attempts to reduce variability and correct values to a
scale of 100 (@00, or 01). This modified assay is then termed
relative NPR or RNPR. This standardization, however, does not
completely eliminate the difficulties encountered with lysine
limiting proteins. It has recently been claimethrfsen,1978)that,
while RNPR may indeed ovesemate the protein value of lew
lysine proteins for the rat, it may in fact be a better predictor of
protein value for human infants than are some other procedures.

2-1-3: Amino Acidsand Protein Quality

The earlier work on dietary protein was concedngrimarily
with the quantity in the diet, but recently the type of protein has
assumed equal significance. In other words, the quality of the
protein must be considered in any attempt to awmi at
requirement. This come about with the realization by chests that
proteins from varioussources differ widely in their amino acids
makeup, and that their value in nutrition depends largely on the
presence of specific amino acids.

2-1-3-1-Effctsof Excessive Intakesf Amino Acids .

If a diet contains a surplus of amino acids which cannot be used
for protein synthesis , the efficiency with which the dietary protein
is used will be low. Also, if the unbalance is large enough, the
requirement of the animal for the amino acid in gredteficit in
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the diet may be increasedlhe extent to which the amino acid
pattern of a diet may be unbalanced without affecting amino acid
requirements has not been adequately studiel is difficult,
except, when the quantity of dietary protein is inapete to
support maximal growth, to assess accurately whether the amino
acids needs of an animal have been slightly increased .

The results of amino acids imbalance studies indicates that
even a small increase in the concentrations of certain amino acids
can sometimes increase the amounts of other needed to maintain
a given rate of growth when the total protein intake is low
(Harper,1959. In most of the studies in which an effect of dietary
level of protein on amino acid requirements has been
demonstrated, the requirements have been expressed as a
percentage of the diet ; hence, it is not always clear whether the
absolute amount of amino acid required to support a given rate of
growth is in creased. In a twaeveek study( Munaver and Harper,
1959 in whichwheat gluten was used, the requirement for lysine
as a percentage of the diet and total amount of lysine to support
maximum growth were both increased . There is an analogy
between experiments on the effect of dietary level of protein on
amino acid requirments and experiments on amino acids
Imbalance. When a mixture of amino acids lacking one amino acid
Is added to a diet, especially a loprotein diet, and an imbalance
Is created The total amino acids ( protein ) content of the diet is
increased and mar of the limiting amino acids, expressed as a
percentage of the diet, is required to prevent a depression in
growth rate. The absolute amount of amino acid required to
overcome the depression may also be increadddrper,1959 and
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Kumta and Harper, 1960

To check this observation with other protein combinatiptigs
effect apparently is not detected Ifiological value is determined
by the classical pairefiteding technique with mature animals (
Mitchell et al, 1945 and Block and Mitchelll947) No advese
effect of poor amino acid balance would be detected in
comparisons involving paired feeding if the food intake of an
animal fed a diet with a poorly balanced pattern of amino acids fell
to the point at which it consumed only as much protein as it could
metabolize efficiently. Measurements of growth and efficiency of
nitrogen utilization in experiments in which nitrogen balance and
paired feeding techniques were used tdelay the effects of an
amino acid imbalance support this conclusidfunta et al, D58
and 196). However, when food consumption and growth are used
as criteria, the performance of an animal fed a diet in which there
is an imbalance of amino acids may be much below that predicted
from the amino acid pattern of the diet or its chemisabre .

2-1-3-2: Effects of Excess of Individual Amino Acids

Also arising from the concept of amino acid balance is the
question of howlarge an excess of an individual amino acids an
organism can tolerate. Over the ears many observations have
indicated thd there is a definite limit of tolerance or most amino
acids, and that this lih depends upon the level of protein in the
diet, the levels of certain vitamin such as pyridoxine and niacin, and
the age of theanimal (Sassen, 1955The quantities of indidual
amino acids shown to exert toxic effects have been well beyond
those that could logically be used as dietary supplements.
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2-1-3-3: Toxic Effects From ExcesssflsAmino Acids.

The term toxicity as applied to amino acitlas been rather
loosely used. The evidence of toxicity has been obtained from
animal experiments. Besides increased mortality, and lesions of the
eyes, skin, liver, and pancreas, depressed growth rate has in many
experiments also been taken as evidence ofidilxe. Amino acid
toxicities may be reduced in severity by improving the quality of
low- protein diets with supplements of the limiting amino acid, but
a growth depression is not completely prevented by this
procedure. With an amino acid imbalance, imprayithe quality of
low- protein diet with a supplement of the most imbalance,
improving the quality of a lovprotein diet with a supplement of
the most limiting amino acid completely prevents the growth
depression, and usually stimulates growth.

The quantiy required to cause toxicity varies greatly among
the individual amino acids \(Vretlind, 1949 and Sauberlich, 1951
indicating as Russell et al, 1992suggested that the basis for the
effect is probably dependent on the structure and metabolism of
the paticular amino acid. Methiome, cystine, tyrosine,
tryptophan and histidine , which enter into many metabolic
pathways, appear to be most toxic . Isoleucine and valine, which
are readily oxidized completely, and are not metabolized by a wide
variety of pahways , are less toxiSélmon, 1958 the others fall
variouslyin between There is not complete agreement about this
(Wretlind, 1949 and Sauberlich, 1951

In general, the toxic effect of given quantity of an individual
amino acid is less when the diét adequate than when it is
inadequate, probably because the well nourished animal is better
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able to metabolize an excess of many of the individunaino acids

than an animabn a deficient diet. There appears, however, to be
definite limits to the amounbf several of the amino acids that can
be metabolized efficiently even by an animal fed an adequate diet.

The growth depression due to an excess of an individual amino
acid is greater when the diet is low in protein , indicating that the
organism cantolerate an excess of one better when it has an
adequate supply of all of the otherS4uberlich, 1961; gran and
Kamei, 1950; Harper, et al,1955; Fisher, et al, 1960 a and b and
Becker, 1961)However, there have been few studies of amino acid
have been inreased proportionally. In one study , when the
proportion of tyrosine to fibrin was kept constant, toxicity occurred
with each level of protein Also, Severe growth depression due to
excesses of methionone and tryptophan have been observed in
animals fed 80-40 per cent protein dietGran and Kamei, 1950).

2-1-3-4:Amino Acid Antagonism:

Two examples of adverse effects of dietary excesses of
individual amino acids appear to be unique. These are effects of an
excess of leucineHarper et al, 195b5 and anexcess of lysine
(Jones, 196 These are classified as amino acid antagonisms
because excess leucine depresses the utilization of the structurally
similar isoleucine and of valine when the latter two are not limiting
for growth Spolter and Harper, 1991 and excess lysine depresses
the utilization of arginine. An amino acid antagonism differs from
an imbalance in that the growth depression caused by an
imbalance is prevented by a supplement of the most limiting amino
acid, whereas the growth depressi@ue to an antagonism is not
prevented by a supplement of the most limiting amino acid unless
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this is one of the antagonistic amino acids. The distinction between
amino acid antagonism and toxicity is that the former is alleviated
by structurally similar amo acids, whereas the latter is not.
Addition of 2 per cent of Hleucine to an isoleucindeficient diet
increased the requirements of the rat for isoleucintéa(per et al,
1955). And addition of 2 per cent of lysine to a diet marginal in
arginine increasd the requirement of the chick for arginirknes,
1962.

The failure of animals to grow properly on diets containing
certain proteins was demonstrated to result from deficiencies in
the proteins of one or more of these amino agiggl-Khimsawy,
2000.

As late as 1930 only five amino acids were generally accepted
as essential for the growth of ratMathews, 193(). These were
lysine, cystine, tryptophan, tyrosine and histidine. These results
were established for the most paby two methods ofapproach.in
the first method rats were fed water and eation containing fat ,
carbohydrate, a salt mixture compounded to simulate therganic
matter of cow's milk, and same individual protein .rmany such
experiments the protein was fed at a level of about¥d8f the
animals showed good growth over a considerable period of time,
the protein was considered a complete biological protdie;, it
was considered to contain all the essential amino acids in sufficient
quantity for rat growth. If the animals grewoprly, various amino
acids were added to the diet, singly or in combination, in attempts
to establish which of these were required by the animalsd
consequently the ones that were absent or deficient in the protein
employed.
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Osborne and Mendel, 1914ere pioneers in this field andre
particulaty responsible for our early information on this subject.
Casean of milk has long beerregardsas a complete biological
protein, at a level of 18% or slightly less, it supplies sufficient
quantities of all the ammo acids required for growth and
reproduction of rats andbther experimental animals. In much of
the early work, therefore, the nutritive worth of many proteins was
assessed by comparing their growghomoting value to that of
casein. They understood thatasein andovalbumin of egg were
adequate when fed as the only source of amino acids in the diet of
rats.

In the second method of approach to this problem other
investigabrs employed hydrolysates of various proteins as the
source of amino acids in theexperimental diets. In@ne instances
one or more of the amino acids were removed from such mixture,
and f they did not support growth, the "essentiality" of the
removed amino acids was demonstrated. An excellent example of
the use of such a procedurettee work ofJulian and Rose, 1932

It was Rose, 1938who finally perfected the technique of
substtuting mixture of purified amino acids for protein in the diets
of experimental animals.

In the early experiments in Rose's laboratory the amino acids
mixture was made to simulate the composition of casein. Nineteen
different acids were available.

Rose et al , 1948sted ten indispensable amino acids andeni
dispensable amino acids, An indispensable dietary component,
according to Ras is one that annot be synthesized by the animal
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from available food molecules rapidly enough to meet demands for
normal growth. As Rose stated, feedingals contaired only the

ten indispensable amino acids as a source of protein nitrogeea.

rats showed growth gains compdnla to those on diets containing

all the known amino acidsAlmquist et al, 1940reported that
chicks require the ten essential amino acids plus glycine acid for
best growth.

It follows that a high biological value protein contains a balance
of amino acids in proportions required by the body and that as the
balance of amino acids in a protein diverges from these figures, the
biological value falls. The concept of amino acid ilabee has
developed from many studies in animals in which adverse effects,
beyond the expected decrease in protein utilization, have been
observed as a results of feeding loprotein diets, unbalanced by
the addition to the diet of amino acids or unbalaacprotein. The
decreased growth rate or other effect can be reversed by supplying
an additional quantity of the amino acid that inost limiting in the
diet. Harper, 1959 empyed some studies on amino acid
imbalance Heindicated that even a slight incrase in the intake of
certain amino acids can sometimes increase the requirements of
others to maintain a set growth rate when total protein intake is
low. When growth and feed consumption are used to assess
performance, animals fed diets in which thereas amino acid
Imbalance may react in a manner for below that predicted by the
amino acids pattern or the chemical score of the dietifita et al,
1961).

The absence of any one of the indispensable amino acids will
result in incomplete retention (utilizatiy of the remainderlt has
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been proposed that the biological value of certain proteins may be
related not only to their content of indispensable amino acids but
to the relative mtes of their release in andbsorption from the
intestinal tract(Oser, 196%.

Oser, 1965stated that the effect of differential rates of
absorption in vivo would be to furnismdomplete mixtures of
absorbed amino acids at the early stage of absorption followed by
the release and absorption of the supplementary amino acids for
most efficient utilization. It is well known that ingested amino acids
do not accumulate in the blood streantHence the proteins of
highest biological value are these that not only contain the
essential amino acids in adequate amounts but also make them
avalable for absorption at relative rates consistent with most
efficient utilization for protein synthesis and retention.

2-2: Purified Dietsfor Experimental Animalsind Birds:

Latshaw and Jensen, 1972ound that he choline requirement
for prevention of alteficiency signs in the quail was between 1045
and 2090 mg/kgThey added thathe mature Japanese quailan
excellent animal for investigating the metabolism fumattioning of
choline because a simple choline deficiency caadily be
developed irthis species uncomplicated by growate (diminishing
requirement) and other nutritional deficienseych as methionine,
folic acid and vitamin B.

It is obviously of fundamental importance that nitrogen
retention data derived from balance experiments st truthfully
reflect conditions within the animal.Mitchell et al, 1936
determined the nitrogen retention by rats from two protein
mixtures using both balance technique and carcass analysis and

they found a good agreement between the two methods. Carcass
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analysis methods has an obvious advantage when applied to chicks
as they avoid the necessity for the separation of faecal and urinary
nitrogen. DeMueleneare et al, 1960in limited studies with chicks,
used carcass analysis to determine the net proteihzation values

of various samples of maize and also of some protein supplements;
they found reasonable agreement with similar data determined by
Van Landingham et al, 194&ho employed the indirect Thomas
Mitchell method.

In Egypt, similar results werebtained by AbdelSalam,1974.
Abdel-Salam, 1964 suggested a modified procedure for
determining the NPU by carcass analysis to eliminate the variable
body size for the chicks being fed the nitrogen free diet and those
fed the test protein sources for maintance nitrogen.

On the other hand, the levels of minerals in diet can effect NPU
(Morrison and Sabry, 1963 Several mixture of vitamins and
minerals were used to supplement the sepurified diet of chicks (
Moran et al, 1966; EKhimsawy, 1983 and NRC,84).

EFKhimsawy, et al, 1992uggested a level of vitamins mixture
used with sempurified diets for protein evaluation experiments on
Japanese quails.

EFKhimsawy, 2000eported that Japanese quail is an excellent
bird that could be used as experimentalnimal for protein
evaluation. He summarized some advantages of quails
characteristics such as:-Auail related to Avis class, then it
suitable to estimation of protein quality value for poultry.

B- Quail needs high nutrients requirements; it is more St
for less deficienyin any nutrient elements.

73



G Daily feed consumption for quail is lotherefore, a cost of
experiment is low and few amounts of available tested samples
may be adequate to investigation.

D-It is easy to getarge homogenized population from birds
because short live cycle of quail.

ESmall body size lead tbetter handing rearing, housing,
operations, etc.

The original determination of biological value involved
correcting fecal and urinary nitrogen foendogenous losses
measured during a balance period on a nitrogese diet, the test
protein being fed at a low level of intake and at the same caloric
level as the nitrogetfree diet OeMaeyer and Vanderborght,
1961).

Several indices demand measuremeifitemdogenous nitrogen.
Since all methods of estamting endogenous nitrogen are
approximations, further investigations are desirable on this point,
especially the validity of neprotein control group. It has bean
suggested that the difficulties of estimaf endogenous nitrogen
may be avoided by the use of a zero time control group in place of
a nonprotein group Crmer, 1963).This methodwas modified by
EFKhimsawy, 2000, who suggested calculated method for
endogenous nitrogen constant factor (ENF) detigaion in chicks
as following equation:

Nu

ENF=— % __/p
(Wh+We)/ 2

where:
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ENF = endogenous nitrogen factor, definedBbiKhimsawy,
2000as mg of nitrogen losses in urine per gm of average live body
metabolic size per day during experimental period.

Nu = nitrogen losses in urine of chicks fed protéee
diet(mg).

Wb = live body weight of chicks at zero time of
experiment.

We= live body weight of chicks at end of experiment.

P = experimental period (in day).

Nitrogen loses in feces of chicks( feces metabolic nitrogen)
was calculated as mg of nitrogen losses in feces per gm of feed
intake for groups of animals or birds fed protdmnee diet Miller
and Payne, 19611

Method of calculation for nitrogen losses in feces which
described by Miller and Payne, 1961 was modified byE}
Khimsawy, 2000who suggested calculated method for metabolic
nitrogen constant factor (MNF) determination in chicks as follows :

MNF=— N /p
chymebulk

Where,

MNF= metabolic nitrogen factor @ygm chyme bulk/day)
defined byEFKhimsawy, 200@Gs mg of nitrogen losses in feces per
gm of chyme bulk per day during experimental period.

Nu = nitrogen losses in feces of chicks fed protee
diet(mg).
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P = experimental period (in day)

2-2-1: Amino Acids Mixture:

The fecal amino acid method for determining amino acid
availabilities is analogous to the determination of true digestibility
(TD) of the total protein. It consists of measuring the amount of
amino acid ingested in the diet, the amount excreted irfettes
ard the secalled metabolic losses in tifieces the latter is estimated
from the amount of amino acid excreted by an individual fed a
proteinfree diet or a diet with completely digestible protein (either
extracted, freezdried egg protein or casein), aiml adjusted for
differences in the feed intake in the same way as in the
determination of the TD of a proteiKijikan and Lyman, 1948):

Availahbility = {amino acid intake- [fecal amino acid excretion
metabolic amine acid excretion] / amino acid intake}

The presence of a population of mi@manisms in the
alimentary tract of conventional laboratory animals has given rise to
considerable speculation as to the extent to which microbial activity
influences the course of digestion and metabolism of prai@ihon
whether the results are beneficial or detrimental to the host. It is
generally agreed that the effect of the microbial activity increases
with decreases in digestibility. However, it was demonstrated in
experiments with rats Eggum et al, 1979 havng reduced
microbial activity that the microbial effect on amino acid
availability was only marginal in a diet average in crude fibre (2.5
per cent).

While the TDs of the individual amino acids are, in most cases,
found to be approximately the same as Tl of total nitrogen in
the diet considered, it should be noted that the amino acids in
different foods and feedstuffs are not directly additive because they
may not be available to the body to the same degree. By comparing
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casein and barley, for examplecan be shown that approximately

20 per cent more amino acids are required as barley to equalize
biological availability of the amino acids in an equivalent amount of
casein protein Eggum,1973; Kuikan and Lyman, 1948 and
Eggum et al, 1979).

Other procedures for the determination of in vivo amino acid
availability are based upon direct animal growth experiments using
various dietary levels of proteins and amino acids. Assays have been
described for available lysindpttu and Mauron, 1967), sulphur
amino acids Carpenter,et al,1972),and tryptophanGupta and
Elvehjem, 1957).

2-2-2: Mineral Mixtures:

Minerals are the spark of life, and without them we simply
wouldn't function. Minerals are the basic components of all matter.
They are built into key reymes and hormones, and are part of
cells, tissue, bone, blood and body fluids. They also assist in every
aspect of life from the production of hormones and energy,
digestion, nerve transmission and muscle contraction, to the
regulation of pH, metabolismgholesterol, and blood sugar. Our
physical welbeing is more directly dependent upon the minerals
we take into our systems than upon calories or vitamins, or upon
the precise proportion of starch, protein or carbohydrates we
consume. Macro minerals andace minerals supply neither energy
nor fuel to the body but are instrumental in their production and
use. All the vitamins in the world do us little good without minerals.
Enzymes, which are composed of vitamins, minerals and proteins,
also do us little god without adequate mineralgEFKhimsawy,
1991).
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There are more than 100 mineral elements found on earth.
Four of these, oxygen, hydrogen, carbon and nitrogen, make up
96% ofbird body. The remaining 4% tiie body is basically made
up, in part, of the ther minerals, which are available bords, and
these may vary somewhat, depending on whehey live. Daily
mineral intakein Japanese quais about 10 gm., total intake of
carbohydrates, proteins, and lipids are abdi gm. Thus mineral
intake represents only about % of total intake of nutrients, yet
minerals are so potent and so important that without thenirds
wouldn't be able to utilize the othe®6% of foodstuffs and would
quickly perish. There are seven major snas. They are calcium,
magnesium, potassium, phosphorus, sulfur, sodium and chlorine.
birds bodies should contain significant amounts of eatrhce
minerals, on the other hand, are present in the body in very small
amounts. Each makes up less than dnmdredth of one percent
of the body weight. Rocks are the parent material for soil which is
the main source of nutrition for plants, animals and ultimately
humans. The absorption of many minerals declines with old age.
Stress and exposure to environmentaloljption raise the
requirements for minerals, especially zinc, calcium, and ({©k
Khimsawy, 1991).

Animals require at least 60 minerals, 12 essential amino acids,
16 vitamins, and 2 essential fatty acid$ie protein content of food
Is high or low in abut the same proportion as the minerals. This is
because just about all the minerals are used in the amino acid
enzymes which in turn are catalysts helping to make all the protein
compoundgEFHKhimsawy, 2000)

In particular the K and/oNa content of a hig casein diet will
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significantly affect food intake and growth of rat$he role of
minerals in feeding behaviodepends on the dietary conditions
under which these effects are assessed. Food intakel feed
efficiency are similar when rats afed 20% casin diets formulated
with either the BernhartTomarelli (BT) mineral mixturgow in K,
Na and Glor the TD (modified WilliamBriggs) mineral mixture
(Leprohon,et al,1979 However, in situations when rats are
allowed to selectprotein and carbohydrateeparately, BT fedats
consumed significantly more proteithan TD fed rats although
total caloric intakewas similar They suggested that the chloride
content of the dietwas inversely associated with the amount of
casein selected.

Edmund,et al,(198pfound thatthe K and/or Na content but
not the Cl contentwas a factor in determining food intake when
rats were fed a single diet containing 7Q@%sein. Thus, complex
interrelationships existamong mineral, protein and carbohydrate
metabolism and food itake. The mechanism whereby additions of
Kor Na into a high casein diet enhances foathke is unclear.
They addedhat the additions improved palatability of the diet, so
that the rats ate more. Also an increaseeiectrolyte intake might
be expected @ resultin an increase in water intake. However an
inverse relationship was found between foadtake and water
consumption, indicatinghat the food intake enhancing effect of K
and Na was not simply due to an enhancednary volume
removing end product ofprotein catabolism.

Nitrogen intake in excess of requiremembr growth and
maintenance is eliminateffom the body primarily in the form of
urinary urea. It has been documented that activities of various urea

79



cycle enzymes inreased significantly i prolongedconsumption
of high protein diets Ashida,and Harper, 1961); Schimke, (1962)
and SnodgrassandLin 1981).

Thus a relationship between food intake andnary urea does
not necessarily imply thaffood intake is determined by the ability
to excrete urea nitrogen. Because body weigidin correlated
significantly with urinaryammonia nitrogen (inverse relationship)
but not with urinary urea It is suggested thahigh casein diets
containing low amounts dila and K may have an adverse effect on
the balance between ammonia load and urea cycle capacity. The
consequence of this imbalance may be a decrease in food infake.
mechanism for this relationship of K amdh intake to ammonia
excretion is unknownbut some speculation can be offered for the
effect of the K additions. Urea cycle capadstyargely controlled by
the enzyme carbamyphosphate synthetasé/fsek, 1979.

Enzyme carbamylphosphate synthetase is allosterically
activated by the cofactoacetylglutamate, which in turn is readily
formed from glutamate and acetyl Co8téwart & Waiser, 1980).

Of interest here is the observation thaenal slices from K
deficient rats degrade Lglutaminand Lglutamic acid to NH3 more
rapidly than slices from -Hdequate animalgTannen and McGill
1976).

Edmund,et al, (1982 reportedthat the dietary variations in K
and/or Na balance influenced theelative capacity for handling
ammonia.In conclusion, the present study shows thihe dietary
mineral mixture, in particuladue to its K and/or Na conte, will
affect the rat's consumption of high casein diets. dddition to
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contributing to a further understanding of the mechanism by which
amino acids or their breakdown products may influence feeding
behavior, the results contribute to an explanation the variation

in feeding data reported by different laboratories studying this
phenomenon.

Frassetto, et al (1997 found that orally administered
potassium bicarbonate reduces their urinary nitrogen loss. KHCO
reduced endogenous acid production to neadgro, significantly
reduced the blood hydrogen ion concentration, and increased the
plasma bicarbonate concentration, causing a low grade metabolic
acidosis. Urinary ammonia nitrogen, urea nitrogen, and total
nitrogen levels significantly decreased.

Watts et al.(1999 reported that feedlot operators were
feeding P concentrations such that excretion per steer would
amount to 20 kg Plyear, whereas feedinfN\RC (1984)
recommended concentrations would have limited P excretion to
about 7 kg/steer/year. Feeding imerals at concentrations that
closely match animal requirements can help prevent excess
excretion of nutrients in feedlots. Additionally, mineral availability
influences utilization and, therefore, excretion.

Edmund et al (1983 found thatRats consumedignifcantly
less food and had poor growth when fed 70% casein diets
containinga mineral mixturepoor in K Na CFood intake and feed
efficiency improved significantly when thehis diets were
supplemented with KCI and NaCl, Na acetate or K acetat@diut
3-chloropropionate. They added that mwnary urea and ammonia
excretion were directly proportional to foodprotein) intake.
However, body weight gain during the last 3 days of thda$
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study was negatively correlated with urinary ammonia nitrogen
(milligrams per gram food eaten) but not with urinary urea
nitrogen. Theyconcluded that dietary)k and/or Na content affects
food consumption in rats fed high casein diets. Alterationsenal
capacity for handling ammonia may be responsible for the food
intake enhancingeffect of K or Na in rats fed a high casein diet

The mineral content of the diet has been shown affect
protein selection in sel§electing ratgLeprohon, et al, 197pand
food intake of rats fed amino acimnbalanced diets Austic and
Calvert, 1981).

Morris, and Sebastian2002 reportedthat the higher nitrogen
excretion ratesthat occurred before KHGOwas supplemented
reflect an acidosinducednitrogen wasting. Metabolic acidosis
induces nitrogen wastingn part by directlyincreasing the rate of
protein degradationin skeletal muscle, which occurs without a
commensurate increasea its rate ofprotein synthesisNlay, et al,
1986 and Mitch, and Herman 1997).

Walker, et al, (1978found that whenof sodium bicarbonate
supplemenation to diet was increasedrrinary ammonia nitrogen
excretion decreasedMurai, et al, 2008suggestd that high KCI
supplementation decreases the rate of bodyeight gain and
Increases water intake in mice.
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3-MATERIALS AND METHODS

This study was conducted at the poultry experimental station.
Faculty of Agriculture, Mzhar University Nasity, Cairo, Egypt, in
order to suggest and investigate the suitable mineral mixture and
amino acids mixture in purified diets formulation for Japanese
quails as experimental animal.

This study involved tow experiments. Experiment (1) aims to
evaluate of dferent minerals mixtures, experiment (2) to evaluate
different amino acids mixtures. These experimenwtye completed
during 2007.

3-1: Experiment (I):
3-1-1: Birds, Design and Diets:

A total number of 400 one day old Japanese quails were fed to 2
weeksold a practical growing diet containing 24% CP and 3100
Kcal. ME/ Kg diet (Table 1) to obtain standardized birds weights. At
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the and of the second week, a number &birdswere
distributedinto 50 groups of similar average live weigEach
groupinvolved 5 birdandwere randomly housed in 20 wie

screen metabolic cages (25301 25 cm) for 14 days of
experimental period till 4 weeks of age . Quail groups were treated
as follows:

a- Fifteen groupsvere fed on Nfree semipurified diet (Table 2)
supplemented with one of three minerals mixtuf€able 4)five
groups for each mineral mixture.

b- Fifteen groups were fed on setpurified diet containing casein
(Table 2supplemented with one of three minerals mixtures
presented in Tabld. (Five group for each mineral mixture).

c- Fifteen groups were fed on setpurified diet containing
albumen(Table 2supplemented with one of three minerals
mixture presented in Table 4, (five groups for each mineral
mixture).

d- Five groups were fed on practiggowing diet (Table 5) as
control.

All experimental diets were isocolaric isonitrogenic containing
10% CP and4®0 K. cal ME/ kg diet.

Table (I): Formulation and chemical composition of basal diet used in
growing period from 1 to 14 daysr each experiments | and II.

Ingredients %

corn, vellow 55.00
soybean meal (44% CP) 28.00
corn oil 2.00
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fish meaj herring( 72%CP)

5.00

concentrate (33 %CP)* 10.00
Total 100.00
Calculated values:**

CP% 24.00
Methionine % 0.52

Methionine and cystine % 0.87

Lvsine % 1.84

Calcium % 1.11

available Phosphorus % 0.60

ME (k.cal/kq) 310000

Analyzed values:

CP% 23.75
EE % 3.20
CE% 1.80
N-free extract % 57.66
Ash% 5.72
Moisture % 7.87

* concentrate composition: 33% CP, 3% EE, 2.75"% CF, 9.97 % Ca, , 3.9% P, 1.51%

Met;, 1.93% Met. +Cys, 4.31 % Lys., 2.5 % salt and 1629 k.cal ME/Kg .

**calculated according ttNRC, 1994

Table (2): Formulation and chemical composition of spumified
diets used in experiment (1):

Ingredients Semipurified diets %
N-free Casein |Albumen

Corn starch 71.26 60.86 60.66
Corn oil 4.00 4.00 4.00
Dextrose 8.00 8.00 8.00
Cellulose 5.00 5.00 5.00
Casein (97%) - 10.40 -
Albumen (95%) - - 10.60
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Vit. Mix*. 0.10 0.10 0.10
Min. Mix.** 10.44 10.44 10.44
Sodium carbonate 1.00 1.00 1.00
Cholinechloride 0.20 0.20 0.20
Total 100.00/ 100.00/ 100.00
Calculated values:

CP% 0.00 10.09 10.07
ME (k.cal/kq) 340000| 345000[ 344800
Analyzed values:

CP% 0.10 10.13 10.09
EE% 4.02 4.08 3.98
CE% 6.20 6.13 6.08
N-free extract % 77.34 67.35/66.49
Ash % 6.11 6.03 6.24
Moisture % 6.23 6.28 7.12

* as shown in Table (3)

** as shown in Table (4)

Feed and fresh water were offerexl.Libituminto a separated
feed trough. Scattered feed was collected and weighed-day
interval and weekly feed intake was recorded. At the end of the
experimental period, the birds were fasted for approximately 16
hours, and individually weighed. Obed around the average live
weight of eachwaskilled.

Table (3)Composition of Vitamins mixture* used in experiment (1)
and (Il) according t&FKhimsawy et al, 1992 Each 1
gram contain¥

Vitamin Unit Quantity
Thiamin HC1 ma 111.12
Niacin ma 148.00
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Riboflavin mg 17.76
Ca pantothenate mg 20.00
Vit. B12 uG 7.00
Pyrodoxine HC1 mg 6.00
Biotin ma 1.20
Folic acid mg 7.27
Inositol ma 100.00
P-aminobenzoic acid ma 2.00
Menadione mg 10.00
Alphatocpoherol ma 24.00
Ascorbic acid ma 250.00
Vit. D3 |.C.U. 3,600
Vit. A acetate [.U. 33,350
Cellulose to 1000 mg

3-1-2: Suggested mineral levels:

Suggested mineral levels to sepurified diet for Japanese qualil
(Table 4)were calculated for each mineral element used in eath
the three mixturesasfollow:

a- the same level used in sefpurified diet for chickesdescribed
by EFKhimsawy, (1983)

b- level of 120% of above level ( used for chicks)

c- Modified level of Japanese quails requiremecaddculated
according toEFKhimsawy et al, (19923s follow question:

PC
PQ=—-3R
Q 2C Q

Where, PQ = level of mineral element which suggested in
present study.
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PC = level of mineral element in sepuoirified diet for
chicks( E+ Khimsawy, 1983)

RC = level of mineral element in practical diets for
chicks as suggested B}RC1994.

RQ = level of mineral element in practical diets for
Japanese quail as suggested\NiIRC, 1994

Table (4): Suggested level of mineral element in tested mineral mixture used in

experiment (1).

Compounds L1* L2** (gm) L3***
Lo (gm)
CaCOs 57.000 [68.400 |50.667
Ca3(P04)2 536.400 |643.680 |402.300
K2HPO04 17.300 [20.760 |27.680
MgS047H20 67.000 [80.400 |33.500
Fe(C6H507)BH20 9.600 11.520 |(14.400
ZnClI2 3.800 4.560 2.375
Kl 0.766 0.919 0.656
CuS046H20 0.383 0.460 0.383
H3B04 0.172 0.206 0.172
CoS04/H20 0.019 0.023 0.019
MnS04H20 12.500 |[15.000 (12.500
NaM042H20 0.172 0.206 0.172
NaCl 168.600 [202.320 {168.600
Na2Se035%6H20 0.500 0.600 0.500
Cellulose powder t@000 mg

* The same level in serurified diet for chicks described Bk

Khimsawy, (1983).

** level of 120% of 1
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*** Modified level based on Japanese Quail requiremente@saion of
EFKhimsawy et al,1992

Table (5): Formulation and chemical composition of practical
diet used in experiment (I):

Ingredients %
Corn, vellow 75.50
Soybean meal (44%CP) 1.00
Fish meal, herring (72% CP) 4.50
Saw dust 9.50
Gorn ol 7.00
Dicalcium phosphate 2.00
Slt 0.20
Premix.* 0.30
Total 100.00
Calculatedralues
CP% 10.1
ME (k.cal/ka) 340100
Analyzedralues
CP% 10.40
EE % 8.10
CF% 12.30
N-free extract % 52.20
Ash % 7.20
Moisture % 7.80
* Each 3 kg of preircontain:
Vit.A 10,000,000 .U Manganese 60,000 mg.
Vit. D3 2,000,000 LU.C Zinc 50,000 mMg.
VIL.E 10,000 mg. Iron 30,000 mg.
Vit. K.2 1,000 mg. Cupper 4,000 mg.
Vit.Bl 1,000 mg. lodine 300 mg.
Vit. B2 5,000 mg. Cobalt 100 mg.
Niacin 30,000 mg. Selenium 100 mg.
Panothenic acic 10,000 mg. Calcium carbonate ti 3,000,000 mg.
Vit. B6 1,500 mg.
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Vit.BI 2
Folic acid
Biotin

10
1,000
10,000,000

mg.
mg.
LU
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Casein used in this experiment was supplemented with 7 gm.
glycine and 5 gmagrginine per kg of casein in order to
balanced its amino acids pattern accordinggld<himsawy, et

al, (1992) Level and sourcéChemical compounds) of each
mineral element fothe three tested mixture are shown in
Table 4).

3-2: Experiment(2):
3-2-1: Birds, Design and Diets:

A total number of 250 one day old Japanese quails were fed to
2 weeks old a practical growing diet comtiaig 24% CP and
3100 kcal. ME/Kg (Tablg to obtain standardizeduails. A

the end of the second week, a numbafronly 150 birds were
distributedinto 30 groups of similar average live weight for
each group involved 5 birds, and were randomly housezDin
wire-screen metabolic cages (25x30x25 cm.) for 14 days of
experimental period till 4 weeks of age. Five groups for each
treatment were fed on one of isocaloric and isonitrogenus
semtpurified diets containing 10 % CP a3 Kcal. ME/ Kg.
(Table 6) Sources of protein in experimental diets were:

w 5 A Sireemurified dieb
w 5AS0 spased2 y il Ay
w 5AS30 sabuedy Gl Ay
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mixture ofamino acids.

Feed and fresh water were offeredl libitum in separated

2s®ne of fhre@ sudgesed ¢

feed troughs. Scattered feed was collected and weighed at 3
day interval and weekly feed intake was recorded. At the end
of the experimental period, the birds were fasted for
approximately 16 hours and individually weighed. One bird
around the average live weight of each killed by neck gk
for carcass analysis to obtain the final body nitrogen.

Table (6): Formulation and chemical composition of spurified diets
used in experiment (2):

Ingredients g z 8 ?; Amino acids
28 ] s 0 L2 L3
Q 5 N
>

Corn starch 71.26 | 60.86 | 60.66 | 56.26 | 56.26 | 56.26
Corn oil 4.00 | 4.00 4.00 4.00 4.00 4.00
Dextrose 8.00 8.00 8.00 8.00 8.00 8.00
Cellulose 5.00 5.00 5.00 5.00 5.00 5.00
Casein97%) - 10.40 - - - -
Albumen 05%) - - 10.60 - - -
amino acid mixture* - - - 15.00 | 15.00 | 15.00
Vit. Mix.** 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix*** 10.44 | 10.44 | 10.44 | 10.44 | 10.44 | 10.44
Sodium carbonate 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride 0.200| 0.200| 0.200| 0.200 | 0.200 | 0.200
Total 100.00 (100.00 {100.00 | 100.00( 100.00| 100.00
Calculatedralues
CP% 0.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00
ME (k.cal/kg) 3400 | 3450 | 3448 | 3400 | 3400 | 3400
Analyzedvalues
CP% 0.08 | 10.20 | 10.11 | 10.30 | 10.25| 10.17
EE% 3.99 4.10 4.05 4.05 4.01 4.08
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CF% 5.23 5.30 5.18 5.32 5.24 5.19
N-free extract % 77.59 | 67.40 | 67.05| 66.79 | 67.12 | 67.60
Ash % 6.80 6.76 6.81 6.59 6.74 6.74
Moisture % 6.31 6.24 6.80 6.95 6.64 6.21

* As shown in Table (7)

** As shown in Table (4)

*** As shown in Table (3)3

3-2-2: Suggested Amino Acids levels .

Table 7includes amino acidsalculaton for each amino acid
used in each three mixtures as follows:

a- the same level used in sepurified diet for chicks
described byNRC, (1994

b- level of 120 % of above lelM(used for chicks)

c- Modified level of Japanese quails requiremeaddculated

according toEFKhimsawy et al, 1992s follow question:

PC
PQ=—-2 R
Q 2C Q

Where, PQ = level odmino acidswhich suggested in

the presentstudy.

PC = level odmino acidsin semipurified diet for

chicks NRC, 1994
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RC = level of amino acidsin practical diets for
chicks as suggested B)RC1994.

RQ = level ofamino acidin practical diets for
Japanese@uail as suggested by NRC, 1994

Casein in this experiment was supplemented with 7 gm.
glycine and 5 gm. arginine per kg of casein in order to balance
its amino acids pattern according E+Khimsawy, et al, 1992.

Level of amino acids patterns for three ted mixture are
shown in Table (7).

3-3: Metabolism Trials:

The metabolism tal was carried out when the birds were 24
daysold and lasted for 4 days. Droppings were collected
quantitatively every day for each group. The four days
collection for each groupvere mixed thoroughly together,
dried, finely ground and stored in glass jigs analysis.

Table (7): Suggested level of ammo acids (gm) in tested amino acid mixture
used in experiment (2)

Amino acids L1* L2** [ 3***
ArqginineHcl 38.56 46.2.F |-48.20
Cystine 11.74 14.09 9.17
Glycine 20.12 24.14 33.05
HistidineHCIH,O 15.09 18.11 20.89
Isoleucine 20.12 24.14 32.86
Leucine 33.53 40.24 51.51
LysineHCI 37.22 44.67 56.93
Methionine 11.74 14.09 19.57
Phenylalanine 16.77 20.12 29.81
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Proline 13.41 16.09 13.41
Threonine 21.13 25.35 31.69
Tryptophan 5.36 6.43 6.94
Tyrosine 15.09 18.11 27.56
Valine 23.14 27.77 35.45
Total 283.02 [339.62 417.05
Glutamate andAsparatate ® |[401.50 [348.59 [274.70
Cellulose tdl000gm 315.48 |311.79 |308.25

* Thesame level used in semurified diet for chickasdescribed byNRC, (1994)
** | evel of 120% ofL
*** Modified level based on Japanese quails requirements@sation of
EFKhimsawy et al, 1992.
@ Addition of glutamic acid arasparatic acid as proportion of 2:1,

respectively, to isonitrogenation of all level at 66.67% CP

At end of the 28 day one chickvaschosen at random, from
each group, killed, minced, dried finely ground and stored in
glass jars for analysis.

3-4: Measurements and Methods of Interpreting
Results

3-4-1: Digestibility:

Apparent digestibility of protein of tested sefpurified diets
calculated from data obtained by metabolic trials according to
N.R.C., (1963s
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Ni- Nf

Ni

ADC= 3100

where,

ADC= apparent digestion coefficient
Ni=nitrogen intake

Nf =nitrogen in faeces

True digestibility of protein from metabolic trials as
equilibrium according ttNRC,(1963).
Nit - (Nft- Nm)
Nit

TDC= 3100

Where,
TDGC= true digestion coefficient
Nit = nitrogen intake in testd diet.
Nft = nitrogen in faeces of chicks fed test diet.
Nm =metabolic nitrogen in faeces of chicks fed tested diet
3-4-2: Calcuation of metabolic nitrogen

Metabolic nitrogen in faeces of chicks fed tested diais
calculded as chyme bulk (CBjultiplied by Metabolic

Nitrogen Excretions Rate, MNER) accordingHghimsawy,
2000

3-4-3: Estimation ofChyme Bulk (CB):
Chme bulk means mass of contents (as dry matter) in gut
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during feed passage from mouth to anusrathematic mean
of dry matter in feed intake and dry matter in feces according
to EFKhimsawy, 2000 as:

_ DM + DMf
2

CB
Where,
CB= Clyme Bulk.
DMi= dry matter in feed intake.
DMf = dry matter in feces.
3-4-4: Calculation of Dry Mattem Feces:

Drymatter in feces was calculated according=io
Khimsawy, 200@s follows:

DMf = DMd (Nu x 3)

Where,
DMf = dry matter in feces
DMd= dry matter in dropping

Nu = nitrogen in urine ( value ®fuwasmultiplied
by 3 according to the fact that most dry matter in urine was
involved in uric acid which containing 33% nitrogen)

3-4-5: Calculation of Metabolic Nitrogen Execrations Rate
(MNER):

Metabolic nitrogen execrations rate ( MNE&¢alculated
for each experimentrom data recorded by birds fed-Mee
semtpurified dietaccording to EKhimsawy, 2000 as follows:
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MNER= N, 100
CB

MNER= Metabolic nitrogen execrations rate
Nf = nitrogen in éces
CB= Chyne Bulk

3-4-6: Biological Value:
Biological value was carried out accordingvtiichell,
1923modified byEFKhimsawy, 200@s followed :

Ni- Nf - Nu
Ni - Nf

ABV = 3100

where ,
ABV= apparent biological value
Ni= nitrogen intake
Nf = nitrogen infaeces
Nu = nitrogen in urine

Nit - (Nft - Nm)- (Nut- Nu)
Nit - (Nft - Nm)

TBV = 3100

where ,
TB\~£ true biological value

Nit = nitrogen intake of te&d protein.
Nft = nitrogen in feces dfirdsfed tested protein.

Nm =metabolic nitrogen obirds fedtested protein.
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Nut =urinary nitrogen obirds fed tesed protein.
Nu =endogenous nitrogen dfirds fed tested diet

3-4-7: Calcdation of endogenousnitrogen:

Endogenous nitrogewas @lculaed as operated metabolic
body size multiplied by endogenous nitrogen excretions rate
(ENER) according EFKhimsawy, 200@s following:

Endogenous nitrogea OMBS ENER
Where,OMBS= means operated metabolic body size

ENER= means endogenous nitrogen excretions rate
3-4-8:Estimation of Operated Metabolic Body Size
(OMBYS):

Operated metabolic body size (OMB&)sestimated
from live body weight according 6FKhimsawy, 200@s
following:

ouwss:%

where,
OMBS= operated metabolic body size

W, = live body weight at the beginning experiment
W = live body weight at the end of experiment

3-4-9: Calculation of Endogenous Nitrogen Execrations
Rate (ENER):

Endogenous nitrogen execrations rate ENER)was
calculated for each experiment on data recorded by birds fed
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N-free semipurified diet according tcEFKhimsawy, 2000as
follows:

ENER= N
OMB

3100
S

Where,
ENER= endogenous nitrogen execrations rate
Nu = nitrogen inurine
OMBS-= operated metabolic body size

3-4-10: Calculation of Net Protein Utilization (NPU)
(Indirect method):

Net protein utilization at 10% protein level (Nf)JJ
calculated according tMiller and Bender, 195&ndMiller
and Payne, 1964s follow:

ANPU = A DC x ABV
TNPU=TDC xTBV

Where,
ANPU=apparent net protein utilization

TNPUE tru net protein utilization
A DC & TDE€ apparent and true digestion coefficients
ABV& TBW apparent and true biologicablues

3-4-11: Calculation of Net Protein Utilization (NPU)
(Direct
method)i,e. NetProtein Value(NPV):
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Net protein utilization (NPU) called also, net protein value
(NPV) determined by usingpird body nitrogen technique
according tamiller, 1963as:

Nbt- (Nbc- Nit)
Nie

NPV = 3100

where,
NPV = net proteinvalue.
Nb, = total body nitrogen obirds fed test protein
Nb. = total body nitrogen of chicks fedikee diet.
Ni; = nitrogen intake in tegtd protein diets

Nie = nitrogen intake in Mree diet.

3-4-12: Nitrogen Balance Score (NBS):

Apparent and true itrogen balance score (NBS) calculated
from metabolic trial data according to the equation reported
by EFKhimsawy,(2000 as follows:

_ (NIT- NdT) ;0
(NiC - NdC)

aNBS

Where,
aNB$ Apparent nitrogen balance score.
NiT= nitrogen intake by birds fed tested protein.

NdT = nitrogen in dropping by birds fed tested
protein.

NiC= nitrogen intake by birds fechsein.
NdC=nitrogen in dropping by birds fechsein.
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NiT - (NdT- NmT- NeT)
NiC - (NdC- NmC- NeC

tNBS=

3100

where,
t NBS true nitrogen balance score.
NiT =nitrogen intake by birds fed tested protein.

NdT =nitrogen in dropping by birds fedested
protein.

NmMT
protein.

metabolic nitrogen for birds fed tested

NeT= endogenous nitrogenfor birds fed tested
protein.

NIiC =nitrogen intake by birds fed casein.
NCd =nitrogen in dropping by birds fechsen.
NMc= metabolic nitrogen fobirds fed casein.
NEc= endogenous nitrogefor birds fedcasein.

3-4-13: Relative Nitrogen Balance (RNB):

Apparent and true Relative Nitrogen Balance (RNB
calculated from metabolic trial data according to the equation
reported byEFKhimsawy,(2000 as follows:

NCi
Ti

aRNB=aNB$S 3100

where,
aRNB:- apparent elative nitrogen balance

aNB$& apparent itrogen balance score
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NCi=nitrogen intake by birds fed casein.

NTE nitrogen intake by birds fed tested protein.

tRNB=tNBS N—C_I3 100

NTI
where,
tRNB= true relative nitrogen balance
tNBS= true ntrogen balance score.
NCi= nitrogen intake by birds fed casein.

NTi= nitrogen intake by birds fed tested protein.

3-4-14: Protein Efficiency Ratio (PER):

Protein efficiency ratio (PER) means weight gain per
weight of protein eaten.@sborne and Mendel, 1937

3-4-15: Net Protein Ratio (NPR):

Net protein ratio (NPR) is the difference between the body
weight of chicks fed tested diet and those fed a mwatein
diet, expressed per grams of protein eaten by the test group
(Bender and Doell, 195Y.

3-5: CHEMICAL ANALYSIS:
3-5-1: Proximate Analysis.

The proximate analysis of different samples were carried
out for moisture, nitrogen, ether extract, crude fiber and ash
according to the official methodqA.O.A.C. 1985 using
triplicate samples in each determinationhd amount of N-
free extract (NFE) was obtained by difference.

3-5-2: Determination of faecel and urinary nitrogen:
Separation of urinary nitrogen from #&cnitrogen was
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carried out according tdakobsen et al.,1960
3-6: STATISICAL ANALYSIS:

The datawere analyzed by onway analysis of variance
according taSnedecor and Cochran (1973he analyses were
conducted using the general linear model procedure of the
Statistical Analysis SystefvA$1991) where appropriate
treatment means were separated ing) the Duncan's Multiple
Range Test. The linear model used for testing of protein
quality evaluation measurements was:

Y=+ T+ g
where
Y; = The™ observation on thé"” treatment.
u = Overall mean.
Ti= Effect of” treatment

eij =Random error treatment.
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4-RESULTS AND DISCUSSIONS
4-1: EXPERIMENT (I):

4-1-1: Effectof Minerals Mixturein SemiPurified Dietson
Nitrogen lossesn the Quail Body:

As shown in Table (8) and illustrated in Fig. (1) metabolic
nitrogen lost in the feces of quail fed-ikee semipurified diet
containing three tested minerals mixtures were 9.90, 8.29 and
7.20mg/bird/day with metabolic nitrogen excretion rate
(MNER) of 0.123%, 0.103% and 0.094% for lévels? and L3

of mixture mineras, respectively. Statistical analysis indicted
that differences among mineral mixture levels were
significant. Also, amount of nitrogen losses with feces of quail
significantly influenced by mineral mixture in sepuirified

diets.

Table (8): Metaboliaitrogen excretion rate (MNER) and endogenous nitrogen
excretion rate (ENER) as affected by mineral mixture used inetified diets
of Japanese quail.

o Metabolic nitrogen Endogenousitrogen
Mllneralll ._g E = > % 8%§ S > ‘5’5
S |a
e & ° | 2 |28E|D © zZ
L = = |S83|E
A11.20 A A C A A
+0.62
L1 9.90+0.41 0.123 0.93 2.53 0.073
A B B A A B
L2 11.80 (8.29+0.39 0.103 1.07 |2.40 £0.040.069 +0.00]
A C C B B B
L3 11.40 |7.20+0.5] 0.094 1.00 |2.35 +0.0%0.067 +0.00]
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A, B, C... means having the same common letter within each column are insignificantly
different at 0.05 level of probability

SE= Standard Error
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Data presented in Table (8) indicated that endogenous
nitrogen lost in the urine of quail fed-iMee semipurified diet
containing three tested minerals mixtures were 2.53, 2.40 and
2.35 mg/bird/day with endogenous nitrogen excretion rate
(ENER) of 0.073%, 0.069% and 0.067% for lel/elland L3

of mixture minerals, respectively. Statistical analysis indicted
that differences among mineral mixture levels were
significant. Also, amount of nitrogen losses with urine of quail
were significantly influenced by mineral mixture in semi
purified diets.



Results obtained in present study indicated that minerals level
has a significant role in reducethdogenousiitrogen losses;
the best level was the level containing mineral elements at
level propational to Japanese quail, needs (L3). Several
studies in literature showed that dietary level of some mineral
salts influence nitrogen excretiofrassetto, et al (1997)

found that orally administered potassium bicarbonate reduces
urinary nitrogen loss. HCO03 reduced endogenous acid
production to nearly zero, significantly reduced the blood
hydrogen ion concentration, and increased the plasma
bicarbonate concentration, causing a low grade metabolic
acidosis. Urinary ammonia nitrogen, urea nitrogen, anailtot
nitrogen levels significantly decrease@dlsoPapadoyannakis

et al. (1984)reported significant reductions in urinary urea
and total urinary N excretion in response to sodium
bicarbonate administration. In fasting subjects with
ketoacidosis, administrain of bicarbonate salts reduced urea
N excretion significantlyHannafordet al. (1982)reported a
significant reduction in urinary urea excretion in response to
the administration of combined sodium bicarbonate and
potassium chloride in fasting obese $eitts with ketoacidosis.

Watts et al.(1994)reported that feedlot operators were
feeding P concentrations such that excretion per steer would
amount to 20 kg Pl/year, whereas feedinlgRC (1984)
recommended concentrations would have limited P excretion
to about 7 kg/steer/year. Feeding minerals at concentrations
that closely match animal requirements can help prevent
excess excretion of nutrients in feedlots. Additionally, mineral
availability influences utilization and, therefore, excretion.
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Findings in Tabl(8) showed that feed intak&asnot affected
by level of minerals mixture in sespurified diet for quail. On
the other hand, losses in live body gain of quail fediré¢
semtpurified diet, was affected by level of minerals mixture in
the diet Sgnificant high effectwas obtained by L2 which
contain 120% of each mineral element content Lih. Also
significant effectwas obtained by L3 which contaaa mineral
elements atalevel proportional to Japanese quail needs.

Results represented in Tabl®)(and illustrated in Fig.(l)
showed that minerals mixture at level used in serified
diet for chicks I(1) caused significantly the highest nitrogen
losses in feces, when added to either casein or albumen-semi
purified diet for Japanese quails. Whil&)lcontaining mineral
elements at level proportional to Japanese quail needssed
significantly the lowest nitrogen losses in feces. On the other
hand, increasing minerals level (L2) to 120% ovet tfigLl)
significantly decreased nitrogen losses inatjufeces as
compared to that fed L3 mineral mixture

4-1-2: Effect of minerals mixture in casein and albumen
semkpurified diet on nitrogen losses:

Data presented in Tabl(9) and illustrated in Fig)2dicated
that quantities of corrected nitrogen lost feces of birds fed
practical diet was significantlyigherthan that fed casein
semtpurified diets with three tested levels of minerals
mixture and egg albumen serurified diet with (L3) of
minerals mixture. On the other hand, differences among
quartities of nitrogen lost in feces of

birds fed casein senpurified diets with [1) and (L2) minerals
mixture and aloumen senpurified diets with 1) and (L2) of
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mineral mixture were insignificant. But each level of minerals
mixture with casein resulteth significantly large quantities of
nitrogen lost in feces of birds fed than same level with egg
albumen diets.

Table (9): Nitrogen lost rate in feces and urine as affected by
mineral mixture with casein and aloumen used in semi
purified diets of Japagsequail.

= L —~ -
= |z E_s]8 |z &
— 0
> 2 > o2 P S>> B2 3
- > £ g8 FE o ST EX @m
8 £ | 232 = 3 h > &£ m 53 R
e g = c 2 gE 2 < = s e o
= © = Q.= - 0 &) Q.= ~
3 2 o) O] 52 )] g 5 o L =
§ 5|2 |8 |88 BS 2| B8 52 Be E
= © = D= = 5 E5 BS O
= a>)cn S E £ g Q =
Z o = o < O >

Practical|Contro| 12.23B 3.05A 249.4A | 71.40B 1.76D 24.65C
diet I +1.12 +8.12 +0.12 +2.01

L1 15.12A 2.21B 146.2B | 72.66B 3.15B | 43.35AB

+SE | +1.02 +0.23 7.40 +5.20 +0.10 +1.89

. 15.HA 2.09B 138.3B | 72.27B 2.34C 32.38B
Casein L2

+1.23 +0.19 +6.89 +6.20 +0.14 +1.54
+SE

L3 15.10A | 0.84D 55.6C 75.59A 1.39E 18.39D
+SE | +1.25 +0.23 +8.00 +4.38 +0.11 +1.09

15.63A | 3.68A 235.4A | 68.64C | 4.06A 59.15A
L1 +1.62 +0.25 +9.42 +4.97 +0.14 +0.18

+SE
Albumen

L2 12.05B 3.55A 225.9A | 73.06B 2.77C 38.44B
+0.19 +8.24 +5.21 +0.20 +0.17
L3 10.12C 1.88C 124.3B | 75.12A | 1.77D 23.56C
wnyYwml =0.18 +7.89 +5.03 +0.18 +0.16

LOC
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A, B, C... means having the same common letter within each column are
insignificantly different at 0.05 level of probability.

These results may be due to the effect of natural
compounds of mineral elements in natural ingredients in
practical diets which may contain some chelating materials
and also chemical combination of
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crystalline form of mineral salts in purified diets was more
digested and absorbed in digestion tract of birds than natural
compoundgEFKhimsawy, 1991).

As regardhe effect of protein source orcorrectednitrogen
lostin feces data shown in Table (10) and illustrated in F@).(
indicated that sempurified diet with casein, irrespective of
mineral mixture levelyassignificantlydecreasedn feces
comparedwith practical diet, while, nitrogen lostasnot
influencedby egg albumen.

Table (10): Nitrogen lost rate in feces and urine as affected by prsteirce
used in sempurified diets of Japanese quail.

T w < S
X >, > | = 5 X ~ ExFrx =
Sourceofg 2R zZ | = o 2 |9 § ESRS @
S 9S8 93|12 § ¥ e |8 T ETERY o
protein & E 3 = 30 g g S £ 2 % 2 S o S <=
< ZEP TED < 5 |< 13 PERS E
> o5 = sogcs ©

Z D 2

Control | 15 53 3.05A 249.4A 71.40C |1.76d 24.6SC
Prgi‘;tfa' +1.12 +0.25 +8.12 +34 |+012] 201
16.14A 1.71B 105.9C 73.51A |2.30B] 31.29B
Casein | +1.00 +0.42 +5.24 +6.01 |+0.13| +0.20
Albumen| 16.33A 3.03A 185.58 72.27B |2.86A] 39.57A
+0.98 +0.54 +6.54 +511 |+0.08| =+0.76




A, B, C...means having thesame common letter within each column are
insignificantly different at 0.05 level probability.

Table (11)Nitrogen lost rate in feces and urine as affectechiperal mixture
levelused in sempurified diets of Japanese qualil.

© _
g Z
= |o
8 |£
) —~ | E 5
Mineral|o §82§§8¥%QEQE%
Level R & x = |5 S £ £ 5 2 2 (2 |g 2
€ E S TIE Q2 Bl = 0 1|8 ZT |o |8 @
¢ £ md S5l 9 532 &% glg 3 | |8 =
< © EIS® EE &2 8|5 |8 E
> [© > 8 2 © - |2 O
Q c
O ()
() o
= e}
o |=
O pd
Control 1.76
12.23D 3.05A 249.4A 71.40B | C | 24.65C
Plrz‘?“ce +1.12 +0.25 +8.12 +3.4 | 0.1 201
iet >
3.60
18.91A 2.94A 190.8B 70.65C| A | 50.96A
L1
+0.85 +0.23 +6.32 +4.98 |+0.0| 071
9
255
15.58B 2.82A 181.0B 72.67B | B | 35.09B
L2
+0.87 +0.21 +6.31 +4.98 |+0.0| +0.89
7
1.58
14.20C 1.36B 95.8D 75.36A | C | 20.97C
L3
+0.65 +0.31 +6.58 +521 |+0.0| 0.9
8

A, B, C..means having the same common letter within each column iasignificantly
different at 0.05 level of probability.

Concerning effect of mineral mixture level ocorrected
nitrogen lostin feces data show in Table(11) and illustrated
in Fig.(2 indicated that semipurified diet with any tested
minerals mixture, irrespective of source of protein,
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insignificantlydecreased nitrogen lost in faces compared to
practical diet. There wasnsignificant differencesbetween
mineral mixture level(L1) and (L2) The significant éast
nitrogen lostwasrecorded by (L3).

Data presented in Table (9) and illustrated in Bjgifdicated
that nitrogen lost rate (NLRf) in feces of birds fed practical diet
was significantlyhigher than that fed casein senpurified
diets wth three tested levels of minerals mixture and egg
alboumen sempurified diet with (1) and (L3) of minerals
mixture. On the other hand, differences among nitrogen lost
rate (NLRf) in feces of birds fed casein sparified diets with
(L) and (L2) mineral mixture and egg albumen seirified
diets with (1) and (L3) of mineral mixture were insignificant.
But each level of minerals mixture with casein resulted in
significantlylower nitrogen lost rate (NLRf) in feces than same
level with egg albumen diets

As regard of effect of protein source nitrogen lost rate (NLRf),
data show in Table (10) and illustrated in F@).(indicated
that semipurified diet with casein and egg albumen,
irrespective of mineral mixture level, significantly decreased in
faces conpared practical diet. Nitrogen lost rate (NLRf)
recorded by casein was lower than recorded by egg albumen.

Concerning effect of mineral mixture level on nitrogen lost
rate (NLRf) data showed in Table (11) and illustrated in Fig.(3)
indicated thatsemipurified diet with any tested minerals
mixture, irrespective of source of protein, significantly
decreased nitrogen lost rate (NLRf) in faces compared to
practical diet. There @re significant differenceamong
tested mineral mixture level in sam
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purified diet for nitrogen lost rate (NLRf) of Japanese quail.
The significant lowest nitrogen lost rate (NLRf) recorded by
(L3).

Data presented in Table (9) and illustrated in Bigridicated
that quantities of correted nitrogen lost in urine of birds fed
egg albumen senpurified diet containingl(1l) minerals

mixture was significantly increased than that fed other tested
diets, followed in descending order with significantly
difference by that fed casein sepurified diets with [1)
minerals mixture. Level (L3) with either casein or egg albumen
recorded significant low corrected nitrogen lost in urine and
casein sempurified diet with (L3) of minerals mixture
recorded significantly the lowest corrected nitrogentlos
urine. It is unexpected result, practical diets recorded lower
corrected nitrogen lost in urine compardd casein and egg
albumen semypurified diets with [1) and (L2) minerals
mixture.

These results may be due to the (L3) level of minerals
mixture was suitable to decreased nitrogen lost in urine
similar to effect of natural compounds of mineral elements in
natural ingredients in practical diets.

As regard of effect of protein source on corrected nitrogen
lost in urine, data showin Table (10) andlustrated in Fig4)
indicated that sempurified diet with casein, irrespective of
mineral mixture level, significantly lower compared to egg
albumen and significantly higher compared practical diet.

Concerning effect of mineral mixture levelreected
nitrogen lost in urine, data showed in Table (11) and
illustrated in Fig4) indicated that sempurified diet with (1)
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and (L2) minerals mixture, irrespective of source of protein,
significantly increased corrected nitrogen lost in urine
comparal to practical diet. There &re significant differences
among tested mineral mixture level in sepurified diet for
Japanese quail influenced corrected nitrogen lost in urine. The
significant last nitrogen lost recorded by (L3).



Data presented in Table (9) and illustrated in Fig.(5) indicated
that nitrogen lost rate (NLRu) in urine of birds fed egg
albumen semypurified diet containingl(1l) minerals mixture

was significanthhigherthan that fed other tested diets,
followed in cescending order with insignificantly difference by
that fed casein sempurified diets with L1) minerals mixture.
Level (L3) with either casein or egg albumen recorded
significant low nitrogen lost rate (NLRu) in urine and casein
semtpurified diet with (3) of minerals mixture recorded
significantly the lowest corrected nitrogen lost in urine. It is
unexpected result, practical diets recorded lower nitrogen lost
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rate (NLRu) in urine compared casein and egg albumen semi
purified diets with (1) and (L2) nmerals mixture.

As regard of effect of protein source on nitrogen lost rate
(NLRu) in urine, data shavmn Table (10) and illustrated in
Fig.( 5) indicated that serpurified diet with casein,
irrespective of mineral mixture level, significantly lower
compared to egg albumen and significantly higher compared
practical diet.

Concerning effect of mineral mixture level nitrogen lost
rate (NLRu) in urine, data showed in Table (11) and illustrated
in Fig.(5) indicated that serpiurified diet with (1) and (L2)
minerals mixture, irrespective of source of protein,
significantly increased nitrogen lost rate (NLRu) in urine
compared to practical diet. There was significant differences
among tested mineral mixture level in sepurified diet for
Japanese quail influeed nitrogen lost rate (NLRu) in urine.
The significant last nitrogen lost rate (NLRU) in uriaes
recorded by (L3).

Results obtained in present study showed that nitrogen
lost in faces or urine was affected by protein source and
mineral mixture in sempurified diet for Japanese quail. These
results are in agreement to those reported ¥gung et al,

1984 who indicated that endogenous gastrointestinal
secretions as well as the portdtained



visceral and peripheral immune responses are basic
physiological functions. Elevated endogenous secretions and
Immune activities, as affected by developmental stages, diets,
and management factors, decrease the availability of dietary
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nutrients for peripheal muscle synthesis and deposition.
Measurements of in vivo protein, RNA, and DNA synthesis
rates associated with the viscera, peripheral immune cells, and
skeletal muscles should, in principle, be the sensitive
biochemical and cellular endpoints for siidg factors

affecting nonruminant nutrition, metabolism, and growth.

Digestive use of dietary and endogenous N compounds
includes the steps of gastric, exocrine, pancreatic, and
intestinal mucosal enzymatic hydrolyses, microbial
modifications of the lummal nitrogenous compounds in terms
of microbial synthesis, and degradation of AA and nucleosides,
and the absorption of the digestive end products across the
luminal surface. From the physiological point of view,
transport of the digestive end products frothe intestinal

lumen across the intestinal brush border or the apical
membrane via the paracellular and transcellular routes marks
the completion of the entire digestivase process
(Cheeseman, 1986).

Under normal nutritional and physiological conditigrise
endogenous N loss is not the largest single route of N
inefficiency. Inadequate supply of dietary nutrients, especially
protein, AA, and nucleotides, reduces intestinal, hepatic, and
muscle protein synthesis rated.dpezNavarro et al., 1996
Bunin et al., 2000; Frank et al., 2005 hronic lowprotein
intake impairs intestinal, hepatic, muscle, and skin protein
synthesis rates Wykes et al., 1995 Poor dietary protein
quality also reduces the visceral and peripheral tissue protein
synthesis ratesTesseraud et al., 1996; Tujioka et al., 2004).

Birds are believed to be primarily uricotel\/ight, 1995.
Uric acid is a relatively netoxic nitrogen end product. It is
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relatively insoluble and hence excreted with little water. More
energy is needed texcrete a unit of waste nitrogen as uric
acid than as urea or ammonid/fight, 1995; Klasing, 1998)

Nitrogen intake in excess of requirement for growth and
maintenance is eliminated from the body primarily in the form
of urinary urea. It has been documet that activities of
various urea cycle enzymes in creased significantly with
prolonged consumption of high protein dietdghida and
Harper, 1961); Schimke, (1962) and Snodgrass, and Lin 1981).

Thus a relationship between food intake and urinary urea
does not necessarily imply that food intake is determined by
the ability to excrete urea nitrogen. Because body weight gain
correlated significantly with urinary ammonia nitrogen

(inverse relationship) but not with urinary urea, it is suggested
that high case diets containing low amounts of Na and K may
have an adverse effect on the balance between ammonia load
and urea cycle capacity. The consequence of this imbalance
may be a decrease in food intake. A mechanism for this
relationship ofK and Na intake tammonia excretion is
unknown, but some speculation can be offered for the effect
of the K additions. Urea cycle capacity is largely controlled by
the enzyme carbamyphosphate synthetase/fsek, 1979.

4-1-3: Effectof Minerals Mixturein SemiPurified Dietson
Digestionof Caseirand Albumen Protein:

Data presented in Table (12) and illustrated in Fig. (6 and 7)
showed apparent and true values of digestion coefficient (DC),
biological value (BV) and net protein utilization (NPU) as
affecded by mineral mixture with casein and albumen for
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Japanese quail. True values of digestion coefficient ranged
between (93.4 97.66) for casein, and between (89.794.71)

for egg albumen. These results are within the range stated in
literature ( 85.6 byODsman et
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al, 1983 93.0 byElKhimsawy et al, 1987 an#5.0 byE}
Khimsawy, 1983)

Table (12): Digestion Coefficient (DC), Biological Valuex@\Net Protein
Utilization (NPUgs Affectedby Mineral Mixturewith Caseirand Albumerfor
Japanese Quail.

Source ofl Mineral DC BV NPU
protein | Level
App. True APP True App. True
Practical| Control| C C C B C D
diet
+SE | 47.12 | 89.94 | 62.59 | 93.56 | 29.50 | 84.15
+1.12 +1.98 | #2.11
L1 D B E D D D
+SE | 37.96 | 93.41 | 4552 | 89.95 | 17.28 | 84.02
+2.01 | +398 | +2.36 | +4.00 | +1.93
Casein L2 C B C C C C
+SE | 49.21 | 94.01 | 65.60 | 92.85 | 32.28 | 87.28
+2.08 +3.01 | +4.06 | +2.50 | *3.89
L3 A A A A A A
+SE | 58.21 | 97.66 | 76.07 | 96.03 | 44.28 | 93.78
+4.68 | +2.98 +2.01 | *3.47
L1 D C F E D F
Albumen| *SE | 36.39 | 89.79 | 41.74 | 87.46 | 15.19 | 78.53
+1.98 | +4.07 | +2.01 | +4.01 +2.78
L2 C C D C C E
+SE | 46.01 | 89.97 | 60.89 | 91.30 | 28.01 | 82.14
+1.86 +3.89 | #1.87 | +3.09
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L3 B B B B B B

+SE | 54.70 | 94.71 | 72.40 | 94.75 | 39.61 | 89.74
+2.00 | #3.99 | +2.85 | +4.12 +3.97

A, B, C ... means having the same common letter within each column are
insignificantly different at 0.05 level of probability.

True values of biological value ranged between (89.95
96.03) for casein, and between (87.484.75) for egg
albumen. Some of these results are within the range stated in
literature (73.5 byOsman et al, 198387.6 byEFKhimsawy et
al, 1987and 88.6 byElKhimsawy, 1983)but some results
obtained inthe present study werdiigherthanthose
reported in literature Thismay be becausef using the
suitable minerals mixture ithe present study.

True values of net protein utilization ranged between (84.02
93.78) for casein, and between (78.5689.74) for egg

albumen. Some of these results are within the range stated in
literature (62.9 byOsman et al, 198381.5 byEFKhimsawy et

al, 1987and84.2 byEFKhimsawy, 1983)but some results
obtained inthe present study werdnigherthanthose

reported in literature Thismay be becausef using the

suitable minerals mixture ithe present study.

The significant highest value of apparent and true BZ and
NPU were recorded by (L3) with casein, followed with
significant difference by (L3) with aloumen. There was
insignificant differences between (L2) with either casein or
albumen and control. On the other hand,1j with either
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casein or albumen rexded significant less apparent and true
values of digestion coefficient, biological value and net protein
utilization, with exception of true DC with albumand true

NPU of caseircompared to control.

Data presented in Table (13) and illustrated in Baand 9)
showed apparent and true values of DC, BV and,dBU
affected by casein and albumen as a source of protein in-semi
purified diets for Japanese qualil, irrespective of minerals
mixture level. The significant highest value of apparent and
true vales of D@nd NPU were recorded by diet containing
casein as a source of protein.

It is worthy to note that, the apparent values of DC, BV
and NPU for albumen were significantly lower thangafor
control
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(practical diet). The true values of digestion coefficient for
albumen were significantly higher than control, while, true

values of biological value for albumen were significantly lower

than control, but, difference between true value§ NPU for
albumen and control was insignificant.

Table (13): Apparent values of digestion coefficient (DC), biological value (BV)

and net protein utilization (NPU) as affected by casein and albumen semi
purified diets for Japanese quail.

Source of|DC BV NPU

protein  |App. True |App. |[True |App. |[True

Practical [47.12 A|89.94C|62.59 A93.56 A29.50 B84.15 B

diet +1.12 +2.58 +1.98

Casein  |48.46 A|95.03 A62.40 A92.94 A31.28 A88.36 A
+2.01 |+2.01 [+2.36 [+2.36 [+1.93 [+1.93
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Albumen [45.70 B]91.49 B58.34 B91.17B[27.60 d83.47 B
+1.98 [£1.98 [+2.01 [+201 | . | .

A, B, C ... means having the same common letter within each column
are insignificantly different at 0.05 level of probability.

Furthermore , caseias a protein source in sespurified diet

for Japanese quail had significantly higher values in all tested
parameters than albumen, irrespective of minerals mixture
level.

Data presented in Table (14) and illustrated in Fig. (10 and
11) show apparent and true values of DC, BV Rtas
affected by minerals mixture level in sepurified diets for
Japanese qualil, irrespective of source of protein. The
significant highest vak of apparent and true values of DC, BV
and NPU, were recorded by diet containing (L3) of minerals
mixture.

On the other hand,L(1) of minerals mixture recorded
significantly lower values of DC, BV and NPU than control, with
the exception of true DC. Défences between (L2) of minerals
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mixture and control for BV and NPU were insignificant.
Differences between (L2) of minerals mixture and control for
apparent DC was significant in favor of aamhtand for true DC
was significant in favor of(L2).

It is observable that, regardless of protein source, for all
tested parameters, there were significant differences between
(LD and (L3) of minerals mixture in favor of(L3), while (L2)
recorded intermedate values between them for all
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parameters with significant differencaés true DC with the
exception of difference between (L2) andl)whichwas
insignificant.

Table (14): Apparent values of digestion coefficient (DC), biological value (BV)

and net prdein utilization (NPU) as affected by mineral mixture in semi
purified diet for Japanese quail.

Minerals DC BV NPU
level App. [True |ADD. True |App. [True
Practica|47.12 B|89.94 C{62.59 B|93.56 B|29.50 B|84.15 B
diet +1.12 +1.98
L1 37.18 C/91.60 B|43.63 C|88.71 C|{16.24 C/|81.28 C
+2.36  [+2.36 [+1.93 [+1.93
L2 47.61 B|91.99 B|63.25 B({92.08 B{30.15 B{84.71 B
o . |¥2.10 [+2.10 ___ |x2.05
L3 56.46 A[96.19 A|74.24 A|95.39 Al41.45 AI91.76 A
+1.98 [+1.98 [+2.01 . o A

A, B, C ... means having the same common letter within each column are insignificantly
different at 0.05 level of probability.

Results obtained ithe present study indicated that DC, BV

and NPU were obviously affected by level of minerals mixture
in semipurified diets for Japanese quail. Also, it is observables
that these parametersareinfluencedin semipurified diets
compared to practical diets (control).

Results obtained ithe present study are in agreement to
those reported byMorrison and Sabry, 196@/ho found that
the levels of minerals in diet caffect NPU. Similar results
were reported byMoranet al, 1966; EKhimsawy, 1983 and
NRC, 1984.

Mineral intake represents only about 4 % of total intake of
nutrients, yet minerals are so potent and so important that

13¢



without them birds wouldn't be able to utilize the other 96%
of foodstuffs and wouldyjuickly perishEEFKhimsawy, 1991

Watts et al.(1994Yyeported that feeding minerals at
concentrations that closely match animal requirements can
help prevent excess excretion of nutrients in feedlots.
Additionally, mineral availability influences utdtion and,
therefore, excretion.

Morris, and Sebastiaf2002reportedthat the higher
nitrogen excretion rates that occurred before KHCOs was
supplemented reflect an acidosisduced nitrogen wasting.
Metabolic acidosis induces nitrogen wasting in partdbgctly
increasing the rate of protein degradation in skeletal muscle,
which occurs without a commensurate increase in its rate of
protein synthesis (May, et al, 1986 and Mitch, et al 1997).

4-1-4: Effectof Minerals Mixturein SemiPurified Dietson
Net Protein Valuein the Qualil:

Data presented in Table (15) and illustrated in Fig. (12) show
net protein value (NPV) as affected by mineral mixture with
casein and albumen for Japanese quail. Net protein value
recorded by practical diet (control) was the highest value
compared to othetested diets, while the differences

between it and eithedietscontaining L1) , (L2) with aloumen
or (L2) with casein were significant.

Results presented in Table(15) show that net protein value
(estimated by body nitrogen technique ) for casein wagyegh
between 75.67 and 80.91. These results are disagreement
with those
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found byEFKhimsawy, 19830sman et al, 1983EFKhimsawy
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et al, 1987 and EKhimsawy, 1987vho found that net protein
value of casein for chicks rangdmetween 57.0 and 70.1.
Value estimated inthe present study washigh than that
published in literatureperhapsbecauseof the high ability of
digestion and absorption in Japanese quail than chigks(
Khimsawy,2000).

Net protein value as affected by pratesource in semi
purified diet, regardless of minerals mixture level, was
presented in Table (16) and illustrated in Fig. (13).

Table (15): Net protein value (NPV), nitrogen balance score (NBS) and relative

nitrogen balance (RNB) as affected by mineraitune with casein and albumen
for Japanese quail.

Source of Mineral NPV Apparent True
protein Level NBS RNB NBS RNB
Practical diet |Control A C D C D
81.15 110.55 93.58 91.54 77.49
Casein L1 AB D C B B
78.83 100.00 | 100.00 | 100.00 | 100.00
L2 B D C B B
75.67 100.00 | 100.00 | 100.00 | 100.00
L3 A D C B B
80.91 | 100.00 | 100.00 | 100.00 | 100.00
Albumen C E E B C
L1
60.98 62 86 59.22 101.51 | 95.62
+3.69 +8.45 +8.74 +7.81
- +7.35
L2 B B B A A

75.80 143.13 | 151.43 110.93| 117.36
L3 A A A A A

80.27 163.19 | 173.31 | 108.08 | 114.78
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A, B,C...means having the same common letter within each column are
insignificantly different at 0.05 level of probability

Table (16): Net protein value (NPV), nitrogen balance score (NBS) and relative
nitrogen balance (RNB) as affected by casein and albuerairpirified diets
for Japanese quail.

Source of Apparent True
protein Dy NBS RNB NBS RNB
Practical | 81.15A | 110.55B| 93.58C | 91.54C [77.49 C 8.0
diet +3.56 +7.58 +7.59 +6.98
Casein | 78.47B| 100.00 C| 100.00 B | 100.00B | 100.00 B
+2.99 +0.00 +0.00 +0.00 +0.00
Albumen | 72.35C| 123.06 A | 127.98A | 106.84A | 109.26 A
+3.69 +8.45 +8.74 - +7.81
+

A, B, C, ...means having the same common letter within each column are
insignificantly different at 0.05 level of probability

Net protein value for sempurified diets containing either
casein or egg albumen, irrespective of minerals mixture level
were significantly lower than that for control (practical diet ).
On the other hand, casein as a source of protein recorded
significantlyhigher net protein value than egg albumen.

As show in Table (17) and illustrated in Fig. (13) minerals
mixture (L3) recorded the significant high net protein value
compared other tested levels with insignificant difference
between it andthe control (pradical diet). The differences
among three levels of minerals mixture, regardless of source
of protein were significant.

Table (17): Net protein value (NPV), nitrogen balance score (NBS) and relative
nitrogen balance (RNB) as affected by mineral mixturel ieveemipurified
diet for Japanese quail.

Mineral Apparent True
Level NBS | RNB NBS | RNB

NID\/




Practical| BL.IGA | 11055C| 93.58C | 9L154C | 77.49B".
diet | +3.56 o L +6.98 +8.01"
[T | 6901C| 6286D | 50.22D | I0151B | "5.62"£7.81
£391 | 1845 +8.74 o
[2 | 75.74B| 143138 | 151.43B | 110.93A| ~117.36A
£2.99 | 19.04 +8.73 +8.23 +8.42
[3 | 80.50A| 16310A | 173.3LA | 108.08A |"14.78 1" 184
+3.69 +8.94 +8.97

A, B, C, ...means having the same common letter weéhth column are
insignificantly different at 0.05 level of probability
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Results obtained inthe presentstudyindicated that net
protein value estimated by body nitrogen technique was
within the range between apparent and true values of net
protein utilization whichare estimated by nitrogen balance
technique.

These results are in agreement to those reported\C,
1963 and EKhimsawy, 2000.

Mithchell et al, 1936determined the nitrogen retention by

rats from two protein mixtures using both balance technique
and carcass analysis and they found a good agreement
between the two methods. Carcass analysis methods has an
obvious advantage when applied to chicks as taegid the
necessity for the separation of faecal and urinary nitrogen.
DeMueleneare et al, 1960h limited studies with chicks, used
carcass analysis to determine the net protein utilization values
of various samples of maize and also of some protein
supdements; they found reasonable agreement with similar
data determined by/an Landingham et al, 1942ho

employed the indirect Thomalslitchell method.

In Egypt, similar results were obtained AgdelSalam,1974.
Abdel-Salam,1964suggested a modified procack for
determining the NPU by carcass analysis to eliminate the
variable body size for the chicks being fed the nitrogen free
diet and those fed the test protein sources for maintenance
nitrogen.

On the other hand, the levels of minerals in diet can dffec
NPU Morrison and Sabry, 1963 Several mixture of vitamins
and minerals were used for supplemarg the semipurified
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diet of chickg Moran et al, 1966; EKhimsawy, 1983 and
NRC, 198/
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4-1-5: Effectof Minerals Mixturein SemiPurified Dietson
Nitrogen Balance Valuen Quail:

Results of NPV, NBS) and RNB as affected by mineral mixture
with casein and albumen for Japanese quail are shiow

Table (15) and illustrated in Fig.(14, 15 and 16). The significant
highest value bapparent nitrogen balance score (NBS) was
recorded by (L3) of minerals mixture with egg albumen with
significant differences between its and either control or each
of other levels of mineral mixtures. While, Apparent NBS
recorded by (L3) and (L2) with egg albumen was significantly
higher than the same levels with casein, btl)with egg
albumen recorded apparent NBS significantly lower than
which fedcasein.

Regardlss of minerals mixture levels, apparent NBS recorded
by egg albumen was signific@nhigher than either control or
casein Difference between apparent NBS for control and
casein vere significant(Table 16)

Regardless of protein source, apparent NBS medtby (L3)
of minerals mixturehas significantly the highest value with
significant differences between it and either control or eath
the other levels of minerahixtures.

The significant highest value of true NBS was recorded by (L2)
and (L3) of minals mixture with egg albumen with

insignificant difference between theifTable 15) True NBS
recorded by(L1)with egg albumen was insignificantly higher
than the same levels with casein. All levels of minemaidure

with either casein or egg albumen @ced true NBS higher

than control.
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Regardless of minerals mixture levels, true NBS recorded by
egg albumen was significdphigher than either control or
casein, difference between true NBS for control and casein
was significant (Table 16 and Fig. 15).
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Regardless of protein source, true NBS recorded by (L2) and
(L3) of minerals mixture were significantly the highest value
with significant differences between it and leyell)of

minerals mixtures (Table 17 and Fig. 16).

As presented in Table (15) and Fig.(14) the significant highest
value of apparenNBSwas recorded by (L3) of minerals
mixture with egg albumen with sigrofant differences

between itand either control oeachof the other levels of
minerals mixtures. While, Apparent RBS recorded by (L3) and
(L2) with egg albumen was significantly higher than the same
levels with casein, bufL1)with egg albumen recorded
apparentNBS significantly lower than casein.

Regadless 'of minerals mixture levels, apparétBS recorded
by egg albumen was significant higher than either control or
casein, difference between appareNBS for control and
casein was significant (Table 16 and Fig. 15).

Regardless of protein source, appat NBS recorded by (L3)
of minerals mixture was significantly the highest value with
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significant differences between its and either control or each
other levels of minerals mixtures (Table 17 and Fig. 16).

The significant highest value of tru&lBwas reorded by (L2)
and (L3) of minerals mixture with aloumen with insignificant
difference between them. True NBS recorded by)with
albumen was insignificantly higher than the same levels with
casein. Allevels of minerals mixture with either casein or
albumen recorded true RBhigher than control.

Regardless of minerals mixture levels, tri¢BRecorded
by egg albumen was significant higher than either control or
casein, difference between true RBS for control and casein
was significant (Table 16 and Fig. 15).

Regardless of protein source, true RBS recorded by (L2)
and (L3) of minerals mixtureese significantly the highest
value with significant differences betwedimem and either
control or levelL1)of minerals mixtures (Table 17 arid Fig.
16).

Results obtained from nitrogen balanceatrindicated that
nitrogen balance was obviously affectby level of minerals
mixture in semipurified diets, the best level was (L3)
containing amounts of each mineral elements proportional
with quail requirements in natural diets and with stress of
purified diets as investigated istKhimsawy, et al, 1992

Results obtained in present study are in agreements to those
reported bylLeprohon, et al, 1979who found that the mineral
content of the diet has been shown to affect protein selection
in selfselecting rats.



Walker, et al, (1978jound that when sodium lsarbonate
supplementation to diet was increased urinary ammonia
nitrogen excretion decreased.

The effect of minerals mixture on nitrogen balance may be
due to the fact that minerals are the basic components of all
matter. They are built into key enzymesdahormones, and

are part of cells, tissue, bone, blood and body fluids. They also
assist in every aspect of life from the production of hormones
and energy, digestion, nerve transmission and muscle
contraction, to the regulation of pH, metabolism, choleste
and blood sugar. Bird physical wb#ing is more directly
dependent upon the minerals they take into their systems
than upon calories or vitamins, or upon the precise proportion
of starch, protein or carbohydrates they consume. Macro
minerals and trae minerals supply neither energy nor fuel to
the body but are instrumental in their production and use. All
the vitamins in the bird body do little good without minerals.
Enzymes, which are composed of vitamins, minerals and
proteins, also do little goodithout adequate mineral¢EF
Khimsawy, 1991).

4-1-6: Effect of Minerals Mixture in Serfurified Diets on
Body Weight of Quail Body:

Data presented in Table (18) and illustrated in Fig. (17)
show final body weight as affected by mineral mixture with
casen and albumen for Japanese quail. There were
insignificant differences among tested treatments for Initial
body weight indicated that the distribution of birds within
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treatments was completely random. Final body weight
recorded by birds fed senpurified diet containing (L3) of
minerals mixture with either casein or alobumen as a source of
protein was the highest value compared to other tested diets,
with insignificant differences between them.

Table 8): Protein efficiency ratio (PER) and net proteinaéhPR) as

affected by mineral mixture with casein and albumen sennified diets for
Japanese quail.

Source off Mineral live body |Dally live bod] Daily | Daily | per| NPR
protein Level weight gm. gain gm. feed |protein
intake | intake
initial | final | ap* | tr** gm gm.
Practical | Control| A BC | 2.15 | 3.20 C C B A
diet

58 22| 8/ 47 1220 182 | 114 | 170

L1 A B 251 | 3.44 B B AB AB
i 55.11{90.21 20.70| 196 | 1.20 | 1.65

Casein — KB (237 (343 A | A [ BC B
55 A8 | 88 8A 2150 217 [ 109] 159

L3 A A 2.79 | 3.79 A A A A

95.12

56 05 2220| 224 | 124] 1A9

L1 A C 1.92 | 2.86 A A C C
Egg 55.18 | 82.09 22.30| 2.19 | 0.85| 1.46

albumen 2 A B | 243349 A A B B
56.07] 90.04 2190 2201 1101 159

L3 A A 271 | 3.71 A A A A

94.10

56 131 +2 08 22001 221 122 168

A, B, C, ...means having the same common letter within each row are
insignificantly different at 0.05 level
*Apparent value, equal final live body weight minus initial live
body weight for angroup

** True value corrected for final live body weight of birds in
groups fed on Mree diet, equal final live body weight for any
group minus final live body weight of birds in groups fed en N
free diet.

14¢



15C



The significantly lowest live body weight was recorded by
birds fed diet containingL1)of minerals mixture with
insignificant difference between them and control.

Data presented in Table (19) and illustrated in Fig.(18)
indicated that casein as proteimagrce in tested sempurified
diets, irrespective of level of minerals mixture significantly
increased final body weight than either practical or alboumen
diet. Difference between final body weight recorded by
albumen and control was significant in favoradibumen.

Table (19): Protein efficiency ratio (PER) and net protein ratio
(NPR) asaffected by casein and albumen semiified diets for

Japanese guail.
Source of | live body weight | Daily live body | Daily Daily PER NPR

protein gin- gain gm. feed protein
intake | intake
initial | final ap* tre* gmj2, gm.
Practical die] 56.32 A| 86.47C| 2.15C| 3.20C| 18.20" | 1.88B | 1.14A| 1.70A
+0.52 | +1.12 | +#0.10 | #1.12 | +1.98 +0.12 +0.03

Casein 55.61 A|9140A| 256 A| 356 A| 21.50A| 2.16 A | 1.17A | 1.64 AB
+0.98 | +2.04 | #0.11 | +0.11 | +2.04 +0.11 | +0.01 | #0.01

Albumen | 55.79 A[88.74B| 2.35B| 3.35B| 2210 A| 212A | 1.06 B| 1.58B
+0.68 | £1.98 +0.14 | *2.94 +0.01

A, B, C, ...means having the same common letter within each column are
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insignificantly different at 0.05 level of probability.
*Apparent value, equal final live body weight minus initial live
body weight for any group
** True value corrected for final liveody weight of birds in
groups fed on Nree diet, equal final live body weight for any
group minus final live body Weight of birds in groups fed en N
free diet.

Regardless of protein source, results simaw Table (20)
and illustrated in Fig.(18) indited that (L3) and (L2) of
minerals mixture recorded significantly higher final body
weight than either control ofL1) Differences between
control and(L1)for body weight was insignificant, but
differences between (L3) and (L2)exe significant in favor
of(L3).

Whereas, the initial weights of birds withinl #keatments
were insignificantly differentindicating that birds were in
complete



randomdistribution. Daily body gain of birdéapparent or
true) had the same tred among treatments which obtained in
final body weight.

Table (20): Protein efficiency ratio (PER) and net protein ratio
(NPR) asaffected by casein and albumen semiified diets for
Japanese quail.

Mineral level Live body weight gm| Daily live bodygain pany feed Dally PER NPR
gm. intake gm| protein
intake
— - agm,
initial final ap* trex
practical died A C C C B B B A
56.32 86.47 2.15 3.20 18.20 1.88 1.14 1.70
C A A D B
L1 A C C
5515 86.15 291 315 21.50 2.02 1.02 1.56
1214 | yoaq | 00| I3 Hoa | 1212 | 1240 | 187
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L2 A B B B A A C B

55.88 89.45 2.40 3.46 21.70 2.18 1.09 1.59
L3 A A A A A A A A

56.09 94.61 2.75 3.75 22.10 (2.22+0.09 1.23 1.69
+0 AR +1 08 +0 11 +0 12 +2 0/ +0 01 +0 01

A, B, C, ...means having the same common letter within each column are
insignificantly different at 0.05 level of probability.
*Apparent value, equal final live bodyeight minus initial live
body weight for any group
** True value corrected for final live body weight of birds in
groups fed on Mree diet, equal final live body weight for any
group minus final live body weight of birds in groups fed en N
free diet.

4-1-7: Effectof Minerals Mixturein SemiPurified Dietson
Feedand Protein Intakeof Quail:

Data presented in Table (18) and illustrated in Fig. (19) show
daily feed and protein intake as affected by mineral mixture
with casein and albumen for Japanese quail. There were
insignificant differences among tested sepurified diets for
feed intakeexceptbirds fed dietscontaining(L1)of minerals
mixture which was significantly lower than otlseFeed intake
recorded by birds fed practical dibadthe lowest value
compared to other tested diets.

Senice all semipurified diets were isonitrogenoud, i
follows that daily protein intake had the same trend among
treatments
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obtained in daily feed intake.

Regardless minerals mixture levels, data presented in
Table(19) and illustrated in Fig.(20) indicated that Japanese
quail fed semypurified diets containing casein or egg albumen
recorded daily feed and protein intake significantly more than
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that fed practcal diet (control), with insignificant difference
between them.

Irrespective of protein source, results in Table (19) indicated
that neither daily feed intake nor daily protein intakeere
affected by level of minerals mixture.

Results obtained in presestudy indicated that eacbf final
body weight, daily body gain, daily feed intake and daily
protein intake vere affected by protein source and mineral
mixture level. These results coincided with those manifested
by Austic and Calvert, 198Who found thatthe mineral

content of the diet has been shown to affect feed intake of
rats fed amino acid unbalanced diets).

Inadequate supply of dietary nutrients, especially protein, AA,
and nucleotides, reduces intestinal, hepatic, and muscle
protein synthesis ratef_opezNavarro et al., 1996; Burrinet

al., 2000; Frank et al., 2005 hronic lowprotein intake

impairs intestinal, hepatic, muscle, and skin protein synthesis
rates Wykes et al., 1996 Poor dietary protein quality also
reduces the visceral and peripta tissue protein synthesis
rates (Tesseraud et al., 1996; Tujioka et al., 2004)

Edmund, et al (1982pund that Rats consumed significantly
less food and had poor growth when fed 70% casein diets
containing a mineral mixture poor in K Na Cl. Food intaic
feed efficiency improved sigrifantly when theseliets were
supplemented with KCI and NaCl, Na acetate or K acetate but
not 3-chloropropionate. They added that urinary urea and
ammonia excretion were directly proportional to food

(protein) intake. Havever, body weight gain
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during the last 3 days of theday study was negatively
correlated with urinary ammonia nitrogen (milligrams per

gram food eaten) but not with urinary urea nitrogen. They
concluded that dietary K amor Na content affects food
consumption in rats fed high casein diets. Alterations in renal
capacity for handling ammonia may be responsible for the
food intake enhancing effect ofK or Na in rats fed a high casein
diet.

4-1-8: Effectof Minerals Mixturein SemiPurified Dietson
(PERaNd (NPRYf Quail:

Data presented in Table (18) and illustrated in Fig. (21) show
PER and NPR as affected by mineral mixture with casein and
albumen for Japanese quail. Significantly the best (PER) and
(NPR) were recorded by (L3) of minerals mixture with ether
casein or egglbumen. On the other hand, significantly the
worse (PER) and (NPR) were recorde@_fiyof mineral

mixture with aloumen. All senpurified dietsused in this tial
recorded (NPR) with a similar trend.

Regardless minerals mixture levels, data presented i
Table(19) and illustrated in Fig.(22) indicated that Japanese
quail fed sempurified diets containing casein or practical diet
(control) had better PER significantly better than that
containing egg albumen, with insignificant difference between
them. While, birds fed practical diet (controhad significantly
better NPR thanbirds fed other diets of either casein or
albumen, with insignificant difference between them.

Irrespective of protein source, results in Table (20) and
illustrated in Fig.(22) indated that (L3) of minerals mixture
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recorded significantly the best (PER) compasedth other
levels and control. All differences among levels were
significant. NPR recorded by (L3) was significantly better than
other levels, but was
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near from value recorded by control with insignificant
difference. These results showed that both (PER) and (NPR)
were affected by level of minerals mixture.

Results obtained irthe present study arein accordnt
with those reported byChow, et al, 1948wvho found that
differences in ranking order of proteins when using different
assay procedures. Other studies, however, have found similar
ranking orders for different proteins when a series of different
assay pocedures were usedMcLaughlan and Keith, 1975;
Hackler,1977 and Bodwell.1979).

Digestive use of dietary and endogenous N compounds
includes the steps of gastric, exocrine, pancreatic, and
intestinal mucosal enzymatic hydrolyses, microbial
modifications ofthe luminal nitrogenous compounds in terms
of microbial synthesis, and degradation of AA and nucleosides,
and the absorption of the digestive end products across the
luminal surface. From the physiological point of view,
transport of the digestive end pducts from the intestinal
lumen across théntestinal brush border or the apical
membrane via the paracellular and transcellular routes marks
the completion of the entire digestiveuse process
(Cheeseman, 1986).

Values of both (PER) and (NPR) obtainedesgat study by
Japanese quail were lower than published in literature which
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obtained by chickgkFKhimsawy,1983 3.05 and 3.48); El
Khimsawy et al,19873.00 and 3.40) an@sman et al, 1983
(1.94 and 2.42) for PER and NPR, respectively. These results
maybe due to the difference between chicks and quail.



4-2: EXPERIMENT (2):

4-2-1: Effectof Amino Acids Mixturen SemiPurified
Dietson Nitrogen lossesn Quail:

As shown in Table (21) and illustrated in Fig. (23 and 24)
indicated thatthe significantly highest corrected nitrogen lost

in the feces of quail fed serpurified diet was recorded by
albumen followed, in descending order by (L 1) of amino acids
mixture, with significant differencélhe significantly lowest

NLR was recorded ¥ (L3) of amino acids mixture. casein and
(L2) of amino acids mixture recorded an intermediate value
with significant difference between them.

Table21): Nitrogen lost rate in feces and urine as affected by mineral mixture
with casein and albumen usedsemipurified diets of Japanese quail.

X > =9 2 = o 2
Protein % é% é %5 “% E % g é %ﬁ % g
S 5 o8 =2 > 8 =
B B C B C C
casein 15.44 0.97 62.8 67.76 0.22 3.25
+1.11 +0.23 +4.85 +3.25 +0.08 +0.89
B A A B A A
Albumen 15.34 2.71 176.7 68.68 0.93 13.54
+1.02 +0.57 +12.5 +4.12 +0.12 +1.00
Amino AB A B A B B
acids 15.64 2.06 131.7 72.09 0.59 8.18
mixture (1) +.91 +0.96 +10.2 +5.32 +0.09 +0.97
Amino A B D A D
acids 1008 | oes a5 | 7253 | 0 D

16¢



mixture (2) * 015 8.7 3.4 0.0

Amino A E A D
C
acids 15.94 194 728 1 015 D
. 0.310.18
mixture (3) +1.20 +3.5 4.4 +0.01 0.0

A, B, C ... means having the same common letter within each
column are insignificantly different at 0.05 level of probability.

* Negative value
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Findings presented in Table (21) and illustrate&io (23
and 24) indicated that the significantly highest corrected
nitrogen lost in the urine of quail fed sepurified diet was
recorded by albumen followed, in descending order, with
significant difference byL{() of amino acids mixture. Amino
acids mxture (2) and (3) recorded nil nitrogen lost in urine.
When nitrogen lost in uringvascorrected to maintenancas
estimated by birds fed Nree purified diet value resultedere
negative meaning that levels(2) and (3) of amino acids
mixture decreased cabolism of protein in théody.

As showed in Table (21) and illustrated in Fig. (23 and 24)
indicated that the significantly highest nitrogen lost rate in the
urine (NLRu) of quail fed sempurified diet was recorded by
egg albumen followed, in descendingder, with significant
difference by 1) of amino acids mixture.

Amino acids mixture (2) and (3) recorded zero nitrogen lost in
urine. When nitrogen lost in urine corrected to maintenance
estimated by birds fed ¥ree purified diet the value resulted
wasnegative, meaning that levels(2) and (3) of amino acids
mixture decreased catabolism of protein in thedy.

Results obtained in present study indicated that addition of
crystalline amino acids as the balanced pattern significantly
decreased nitrogetost. These results may be due to the fact
that that even a small increase in the concentrations of certain
amino acids can sometimes increase the amounts of others
needed to maintain a given rate of growth when the total
protein intake is lowKarper, 199).



The negative value of corrected nitrogen lost rate in urine
observed in birds fed purified diet containing amino acid
mixture with good balanced pattern was consistent with the
low protein diet.Kies and Fox, 19j0ound that the level of
total nitrogen intake determined the order in which amino
acids become limiting.

The fecal amino acid method for determining amino acid
availabilities is analogous to the determination of true
digestibility (TD) of the total protein. It consists of measuring
the amountof amino acid ingested in the diet, the amount
excreted in the feces, and the ®alled metabolic losses in the
feces.The latter is estimated from the amount of amino acid
excreted by an individual fed a protefree diet or a diet with
completely digesble protein (either extracted, freezdried

egg protein or casein), and is adjusted for differences in the
feed intake in the same way as in the determination of the TD
of a protein Kuikan and Lyman, 1948

On the other handthe contributions of the gdmointestinal
endogenous N secretions, recycling, and losses to wihodly

N homeostasis have been recognized in nonruminarisi€r
and Reeds, 1998 Methods for measuring the endogenous N
and AA losses have been reviewdyéchoti et al., 1997; Fan
and Sauer, 2002)Under normal nutritional and physiological
conditions, the endogenous N loss is not the largest single
route of N inefficiency. However, differences in ingredient
specific endogenous N loss are much more profound than the
ingredientspecificvariability in the true ileal CP and AA
digestibility. Pigs fed high fiber and antigenic protein
components had considerably augmented endogenous N
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losses (Fan and Sauer, 2002; Gaudichon et al., 2002). Thus,
distal ileal endogenous N loss can constitutarge part of
postabsorptive metabolic N inefficiency.

4-2-2: Effectof Amino Acids Mixturean SemiPurified Diets
on Digestion CoefficiencaBiological Value andNet Protein
Utilization:

Data presented in Table (22) and illustrated in Fig. (25 and 26)
show apparent and true values of DC, BV hlilUas affected

by amino acids mixture , casein and albumen for Japanese
quail. The significantly highest value of true digestion
coefficient was ecorded by amino acids mixture(3) followed

in descending order, with significant difference by amino acids
mixture (2) and casein. Egg albumen and amino acid mixture
(1) recorded significantly the lowest value of true digestion
coefficient.

Table (22): Digstion coefficient (DC), biological value (BV) and net protein
utilization (NPU) as affected by amino acids level in gmmified diet for
Japanese quail.

Source of DC BV NPU
protein App. true App. true App. true

R R R A R R
Casein 55.39 97.36 77.29 99.38 42.81 96.76

12.41 +3.08 +2.07 +3.59 +1.01 +3.56
C C C B C C

Albumen 51.36 92.69 71.71 97.31 36.83 90.20
+3.01 +4.10 +2.57 +3.81 +0.99 +3.42

Amino C C C B C C
acids 52.97 94.52 73.48 98.32 38.92 92.92
mixture (1) | +2.98 +4.13 +2.08 +3.21 +1.00 +2.99
Amino B B B A B AB
acids 56.21 98.29 78.03 99.50 43.86 97.80



mixture (2) +1.04 +3.98 +2.15 +4.05 +1.12 +3.02
Amino A A A A A A

acids 58.28 99.70 79.81 | 100.10 | 46.52 99.80
mixture (3) | +2.08 +3.87 +2.34 +3.27 +1.18 +3.09

A, B, C, ...means having the same common letter within each column are
insignificantly different at 0.05 level of probability.

The significantly highest biological value was recorded by
amino acids mixture(3), (2) and casein, followed in descending
order, with significant difference by amino acids mixture (1)
and albumen. Amino acid mixture(3) recorded significantly
the highest alue of true net protein utilization, followed in
descending order, with insignificant difference by amino acids
mixture (2). Egg
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albumen and amino acid mixture (1) recorded significantly the
lowest value of true net protein utilization.

Results obtained in present study indicated that addition
of crystalline amino acids as the balanced pattern significantly
improved digestion coefficient, biological value and net
protein utilization.

Theseresults may be due to the fact that Japanese quails , as
such as other poultry, require certain minimal quantities
amino acids from a biologically available source as part of a
large protein nitrogen intakeHFKhimsawy, 2000

The significant improvemermtbserved in digestion
coefficient, biological value and net protein utilization by level
(3) of amino acids mixture than other levels or both casein and



albumen may be discussed th#dta diet contains a surplus of
amino acids which cannot be used footein synthesis , the
efficiency with which the dietary protein is used will be low.
Also, if the unbalanakamino acidss large enough, the
requirement of the animal for the ammo aqgmlesentin
greatest deficit in the diet may be increasditie extentto
which the amino acid pattern of a diet may be unbalanced
without affecting amino acid requirements has not been
adequately studiedlt is difficult, except, when the quantity of
dietary protein is inadequate to support maximal growth, to
assess accuraly whether the amino acids needs of an animal
have been slightly increased.

Generally, values of digestion coefficient, biological value
and net protein utilization in Japanese quail obtained in
presentstudy were tend to higher than that carried out in
chicks(Osman et al, 1983; E{himsawy, 1983 and El
Khimsawy et al, 1992 These disagreement may be due to the
difference between quail and fowl body magseest and
Beuchat (1997measured minimal nitrogen requirements
(MNR), total endogenous nitrogends (TENL) and the effect
of protein and water intake on the nitrogenous waste
composition in two frugivorbus bird specidzsilbuls and
grackles. The nitrogen requirements of both species were
much lower than expected for their body mass.

Findings obtainedh present study are in agreement with
those reported byRose, 1938wnho finally perfected the

technique of substituting mixture of purified amino acids for
protein in the diets of experimental animals.

In the early experiments in Rose's laboratory the amin
acids mixture was made to simulate the composition of
casein. Nineteen different acids were available.
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Rose et al , 194bsted ten indispensable amino acids and nine
dispensable amino acids. An indispensable dietary
component, according to Rose, is ahat cannot be
synthesized by the animal from available food molecules
rapidly enough to meet demands for normal growth. As Rose
stated, feeding trials containing only the ten indispensable
amino acids as a source of protein nitrogéme rats showed
growth gains comparable to those on diets containing all the
known amino acids.

Almquist et al, 1940eported that chicks require the ten
essential amino acids plus glycine acid for best growth.
follows that a high biological value protein contains a balance
of amino acids in proportions required by the body and that as
the balance of amino acids in a protein diverges from these
figures, the biological value falls. The concept of amino acid
imbalance has developed from many studogsanimals in
which adverseeffects, beyond the expected decrease in
protein utilization, have been observed as a results of feeding
low-protein diets, unbalanced by the addition to the diet of
amino acids or unbalanced protein. The decreased growth
rate or other effect can be reveed by supplying an additional
quantity of the amino acid that is most limiting in the diet.
Harper, 195%mployed some studies on amino acid
imbalance indicatd that even a slight increase in the intake of
certain amino acids can sometimes increase thegureements
of others to maintain a set growth rate when total protein
intake is low. When growth and feed consumption are used to
assess performance, animals fed diets in which there is amino
acid imbalance may react in a manner for below that
predicted bythe amino acids pattern or the chemical score of
the diet Kumta et al, 196
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4-2-3: Effectof Amino Acids Mixturan SemiPurified
Dietson Net Protein Value:

Data presented in Table (23) and illustrated in Fig. (27)
show net protein value (NPV) as affected by amino acids
mixture , casein and albumen for Japanese quail. The
significantly highest net protein value (NPV) was recorded by
amino acids mixture(3) falved in descending order, with
significant difference by amino acids mixture (2) and (1).
Albumen and casein recorded significantly the lowest (NPV).

Table (23); Net protein value (NPV), nitrogen balance score (NBS) and relative
nitrogen balance (RNB) afexted by ammo acids level in sepurified diet for
Japanese quail.

Source of Proteif NPV Apparent True
NBS RNB NBS RNB
Casein C C C C C
74.17 100.00 | 100.00 100.00 100.00
Egg albumen C E E E E
73.76 86.79 84.53 94.04 91.60
+2 A0 +2 A0 +£2 09 +2 00
Amino acids D
mixture (1)
88.75 93.03 92.57 98.27 97.78
Amino acids B B B B B
mixture (2)
89.71 10/'6.01&6 107.86 105.29 106.97
Amino acids A A A A
mixture (3)
95.99 115.08 | 115.65 109.00 1%96;%5

A, B, C, ...means having the same common letter within each column are
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insignificantly different at 0.05 level of probability.




Results obtained in present study indicated that addition
of crystalline amino acids as the balanced pattern significantly
improved (NPV). These results are in agreement with those
obtained byWindmueller and Spaeth (1980vho
demonstrated that a large pportion of dietary dispensable
AA, such asl@, Glu,Aspand Asn, were catabolized in the
intestinal mucosa during the absorption process in rRsrat
(198]) also demonstrated the extensive metabolism of the
dispensable AA during the intestinal absorption with the
portal-arterial mass balance technique in pigs.

Wu (1998)extensively investigated dispensable AA
metabolism with isolated jejunal upper villusidggelial cells in
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vitro in the postnatal developing pitoll et al. (1997, 1998a
showed the preferential use of dietary AA for hepatic protein
synthesis in pigBertolo et al. (1998) and Stoll et al. (1998b)
independently demonstrated a large proponimf the
indispensable AA use by the portiained viscera in pigs with
tracer kinetic techniques. Inadequate supply of nutrients,
especially AA, via the enteral route impaired intestinal growth
in piglets Burtin et al., 2000. In addition to AA, enteral
sources ofnucleotides are utilized for RNA andDNA syntheses
in the gut mucosal(opezNavarro et al., 1996Burtin and
Reeds, 199Y The concept of the firghass visceral use of the
nitrogenous digestive end products refers to the preferential
use and metbolism of a large proportion of the enteral
sources of AA and nucleosides for the visceral growth in
providing fuels and precursors for biosynthe®sirin and
Reeds, 1997; Wu, 1998Therefore, the metabolic status of
the viscera will determine the avability of the enteral

sources of nitrogenous substrates for the synthesis of the N
polymers in the peripheral tissues such as skeletal muscles
and skin.

4-2-4: Effectof Amino Acids Mixturan SemiPurified
Dietson Nitrogen Balance:

Data presented iMable (23) and illustrated in Fig. (28 and
29) showed apparent and true NBS and RNB as affected by
amino acids mixture , casein and albumen for Japanese quail.
The significantly highest apparent and true NBS and RNB were



recorded by amino acids mixture (8)llowed in descending
order, with significant difference by amino acids mixture (2)
which washigher than that recorded by casein. While amino
acids mixture(l) and albumen recorded significantly lower
values of apparent and true NBS aRbNB compared toasein.

Findings obtained in present study indicated that amino
acids mixture (3) wathe mostsuitable balanced pattern than
either mixture (1) or (2). These results may be due to that
amino acids mixture (3) was formulated relatively to Japanese
quail requirements.

The earlier work on dietary protein was concerned
primarily with the quantity in the diet, but recently the type of
protein has assumed equal significance. In other words, the
quality of the protein must be considered in any attempt to
arrive at requirement. This come about with the realization by
chemists that proteins from various sources differ widely in
their amino acids makeup, and that their value in nutrition
depends largely on the presence of specific amino acids.

If a dietcontains a surplus of amino acids which cannot be
used for protein synthesis , the efficiency with which the
dietary protein is used will be low. Also, if the unbalance is
large enough, the requirement of the animal for the amino
acid in greatest deficitni the diet may be increasedlhe
extent to which the amino acid pattern of a diet may be
unbalanced without affecting amino acid requirements has
not been adequately studied and it is difficult,
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except, when the quantity of dietary protein is inadequate to
support maximal growth, to assess accurately whether the
amino acids needs of an animal have been slightly increased .
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4-2-5: Effectof Amino Acids Mixturan SemiPurified
Dietson LiveBody Weightand Feed Intake:

Data presented in Table (24) and illustrated in Fig. (30)
show live body weight and apparent and true daily body gain
as affected by amino acids mixture , casein and albumen for
Japanese quail. The significantly highest liwdyoweight and
apparent and true daily live body gain were recorded by
amino acids mixture, regardless of their level which were
higherthan that recorded by either casein or albumen.

Table (24); Protein efficiency ratio (PER) and net protein ratio (NPR) a
affected by amino acids level in semurified diet for Japanese quail.

live body weigh{ Daily live body| Daily | Protein

S&%rtg?nm gm. gain gm. feed | intake| PER| NPR
intake [ gm.
inial | final | ap* | +-~ | 9M
Casein |[A53.28 B B2.07( B3.14] B B B B
12.24
82.24 225 | 229 | 090 | 1.37
Egg albumen A54.65 B B 2.00| B 3.07| AB B B B
+2.01
82.71 229 | 231 | 087 | 1.33
L2 20 LN 20 LN N LN NN LN N9D
Amino acids|A53.5§ AB | A2.64( A3.71| AB B A1.13| A1.59
mixture (1) | +2.14 | 90.60 +0.01| #0.03
+3.00 22.8 | 2.34
LN DA LN ND
Amino acids| A 54.01A 91.04 A2.65| A3.71| A23.2] AB | A1l1l] A157
mixture (2) +0.41 +0.01| #0.01
+2 47 | +2 59 2 37
Amino acids | A 53.29A92.31] A2.79| A3.86| A23.9| A2.42| A1.15 A159
mixture (3) +2.91 +0.31| £0.07 | £0.01 | £0.00
+2.29

A, B, C, ...means having the same common letter within each column are
insignificantly different at 0.05 level of probability.

*Apparent value, equal final live bodyeight minus initial live body weight for any
group

** True value corrected for final live body weight of birds in groups fed dre&ldiet,
equal final live body weight for any group minus final live body weight of birds in
groups fed on Nree diet
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Findings presented in Table (24) and illustrated in Fig. (31)
show feed and protein intake as affected by amino acid
mixture, casein and albumen for Japanese quail. The
significantly highest feed intake was recorded by amino acids
mixtures, with insignifiant differences among them. Casein
andalbumen recorded low feed intake and protein intake.

Findings obtained ithe present study indicated that addition
of  suitable balanced amino acids mixture in purified diet
increased feed intake and live bodseight. These results are

in agreement with those reported byreest and Beuchat
(1997, who found that In both species, a significant positive
correlation was found between nitrogen balance and nitrogen
intake.

Harper, 195%mployed some studies on amino acid
imbalance indicate that even a slight increase in the intake of
This ammo acids mixture results in the lowest metabolic and
endogenous nitrogen lost in protein free purified diets, higher
live body weight, best efficiary for digestibility, availability

and utilization of amino acids. This mixture recorded the best
nitrogen balance score superior casein.

4-2-6: Effect of Amino Acids Mixture in Sefpurified
Dists on PER and NPR:
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Data presented in Table (24) ailldstrated in Fig. (3
showprotein efficiency ratio (PER) and net protein ratio (NPR)
as affected by amino acids mixture , casein and albumen for
Japanese quaikll levels of tested amino acids mixture
significantly increased PER and NPR values comhpauether
casein or albumen. There was not significant difference
between casein and albumen, or among tested amino acid
mixtures level for either PER or NPR.

It is observed that all tested levels of amino acids mixture,
but not L3 only increased PER awéR values, while values of
protein quality for tested protein sources which obtain by
other parameters indicated that level (L3) of amino acid
mixture was superior other sources, These results may be due
to the fact that crystalline amino acids in theytry diet act
as a growth promoting, accordingly it increase PER and NPR
values because these parameter depending upon growth.
Growth promoting action of crystalline amino acid was not
effected protein quality parameter which depending on
nitrogen balane.

These results are in agreement with those reported by
Balatunde et al., (198) and EFKhimsawy, (1992who found
that Methionine supplementation if the low protein diets
stimulated faster gains than the unsupplemented diets.
Hiramoto et al, (1990)eported that dietary deficient of
Methionine or lysine decreased protein synthesis in the
tissues and in the whole body.

Kamar et al.,(1973)eported that chicks which received
rations containing crystalline amino acids gave heavier
weights and best efficiency of protein utilization than control
at the same crude protein percentage in the diet. Similar
results were obtained biFKhimsawy andelSharkawy,
(1991).



5-SUMMARY

This study was conducted at the poultry experimental station,
Faculty of Agriculture, Ahzhar University Nasr city, Cairo,
Egypt, in order to suggest and investigate the suitable mineral
mixture and amino acids mixture irupfied diets formulation

for Japanese quails as experimental animal.

This study involved tow experiments. Experiment (1) aims
to evaluate of different minerals mixtures, experiment (2) to
evaluate different amino acids mixtures. These experiments
completed during 2007.

Experiment (1):

A total number of 400 one day old Japanese quails were
fed to 2 weeks old a practical growing diet containing 24% CP
and 3100 Kcal. ME/ Kg diet to obtain standardized birds
weights. At the end of the second week, a number2&0
birds only was distributed for 50 groups of similar average live
weight for each group involved 5 birds were randomly housed
in 50 wire-screen metabolic cages (25 x 3 Ox 25 cm) for 14
days of experimetal period till 4 weeks of agd-ifteen groups
were fed on NFree semi purified diets supplemented with
one of three minerals mixture, five groups for each mineral
mixture. Thirty groups were fed on sepurified diet
containing casein or egg albumen supplemented with one of
three minerals mixtures. Thee levels of minerals mixture
were tested in this trial. They are; minerals mixture used in
chicks purified diets (named chicks minerals mixture,
symbolized CMM), minerals mixture containing 120% of each
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mineral elements content in chicks purified diets ifred
fortified minerals mixture symbolized FMM) and at last
mineral mixture containing each mineral elements at level
designed according to equatiosf EFKhimsawy, 200thamed
suggested mineral mixture symbolizédMM). Five groups
were fed on practical growvg diet as control.

All experimental dietsexception for Nfree diet were
iIsocolaric isonitrogeous containing 10% CP arabout 3400
k.cal ME/ kg diet.

Feed and fresh water were offeredd.Libitum into a
separated feed trough. Scattered feed was collectaad
weighed at 3day interval and weekly feed intake was
recorded. At the end of the experimental period, the birds
were fasted for approximately 16 hours, and individually
weighed. One bird around the average live weight of each
killed by broken neck focarcass analysis to obtain the final
body nitrogen.

Experiment(2):

A total number of 250 one day old Japanese quails were
feed to 2 weeks old a practical growing diet containing 24% CP
and 3100 kcal. ME/Kg diet to obtain standardized quails. At
the end d the second week, a number of 175 birds only were
distributed for 30 groups of similar average live weight for
each group involved 5 birds, and were randomly house80in
wire-screen metabolic cages (25x30x25 cm.) for 14 days of
experimental period till 4veeks of age. Five groupgere fed
on one isocaloric and isonitrogenus sepoirified diets
containing 10 % CP and 3100 Kcal. ME/ Kg diet. Sources of
protein in experimental diets were: casein, albumin, amino
acids mixture formulated as suggested by NRCchacks This
was named chicks amino acids mixture, symbolized



CAAM),amino acids mixture containing 120% of each amino
acid content in amino acids mixture suggested by NRC (named
fortified amino acids mixture, symbolized FAAMhe third
amino acidsmixture contaired each amino acids at level
designed according to equatiarf EFKhimsawy,200(q named
suggested amino acids mixture, symbolized SAAM).

Feed and fresh water were offeread Ilibitum into
separate feed troughs. Scattered feed was collectedl an
weighed at 323day interval and weekly feed intake was
recorded. At the end of the experimental period, the birds
were fasted for approximately 16 hours and individually
weighed. One bird around the average live weight of each
killed by broken neck for caass analysis to obtain the final
body nitrogen.

Metabolic and endogenous nitrogen, nitrogen lost rate,
digestion coefficient, biological value (BV), net protein
utilization (NPU), net protein value (NPV),protein efficiency
ratio (PER) and net protein rat{NPR) were determined.

Results obtained could be summarized as following:
Experiment (1):

1 - Amount of nitrogen losses with either feces or urine of
quail were significantly influenced by mineral mixture in semi
purified diets. Minerallevel has a significant role in reduced
nitrogen lossesthe suggested level was significantly the best
level.

2- Feed intake did not affected by level of minerals
mixture in senmypurified diet for quail. On the other hand,
losses in live body gain of guéed Nfree semipurified diet,
was affected by level of minerals mixture in the diet, the
significant high effect obtained by fortified mixture which, but
the significant low effect obtained by suggested mixture.
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3- Semipurified diet with casein, irrggective of mineral
mixture level, significantly low in faces compared practical
diet, while, nitrogen lost did not influenced by egg albumen.

4- semipurified diet with any tested minerals mixture,
irrespective of source of protein, signifioadt#creased
nitrogen lost in faces compared to practical diet. There was
significant differences among tested mineral mixture level in
semipurified diet for Japanese qualil influenced nitrogen lost
in faces. The significant last nitrogelost recorded by
suggested level.

5- Semipurified diet with casein and egg albumen,
irrespective of mineral mixture level, significantly decreased in
faces compared practical diet. Nitrogen lost rate (NLRf)
recorded by casein was lower than recorded by egg albumen.

6- Thee was significant differences among tested mineral
mixture level in sempurified diet for nitrogen lost rate (NLRf)
and (NLRu) in feces and urine of Japanese quail. The significant
lowest nitrogen lost rate (NLRf) and (NLRu) in feces and urine
recorded ly suggested level.

7- Suggested mineral level with either casein or egg
albumen recorded significant low corrected nitrogen lost in
urine. Sempurified diet with chicks minerals mixture and
fortified minerals mixture, irrespective of source of protein,
significantly increased corrected nitrogen lost in urine
compared to practical diet. There was significant differences
among tested mineral mixture level in sepurified diet for
Japanese quail influenced corrected nitrogen lost in urine. The
significant Iat nitrogen lost recorded by suggested level.

8- The significant highest value of apparent and true
digestion coefficient (DC), biological value (BV) and net protein
utilization (NPU) were recorded by suggested minerals level
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with casein, followed with smficant difference by suggested
minerals levels with aloumen.

9- The apparent values of DC, BV and NPU for albumen
were significantly lower than that for control (practical diet).
The true values of digestion coefficient for albumen were
significantly higer than control, while, true values of
biological value for albumen were significantly lower than
control, but, difference between true values of NPU for
albumen and control was insignificant.

10- The significant highest value of apparent and true
valuesof digestion coefficient (DC), biological value (BV) and
net protein utilization (NPU), were recorded by diet containing
(L3) of minerals mixture.

11- Suggested minerals mixture recorded the significant
high net protein value compared other tested levelsthw
insignificant difference between its and control (practical
diet).

12- Regardless of minerals mixture levels, apparent NBS
recorded by egg albumen was significant higher than either
control or casein, difference between apparent NBS for
control and casin was significant. Regardless of protein
source, apparent NBS recorded by suggested minerals mixture
was significantly the highest value with significant differences
between its and either control or each other levels of minerals
mixtures.

13- The signitant highest value of true nitrogen balance
score (NBS) or relative nitrogen balance (RBS)was recorded by
fortified minerals mixture and suggested minerals mixture
with egg albumen, with insignificant difference between
them. Regardless of protein sourc&ue NBS or relative
nitrogen balance (RBS) recorded by fortified minerals mixture
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and suggested minerals mixture were significantly the highest
value with significant differences between its and either
control or chicks minerals mixtures.

14- Casein asptein source in tested senpurified diets,
irrespective of level of minerals mixture significantly increased
final body weight than either practical or egg albumen diet.
Difference between final body weight recorded by egg
albumen and control was sigr@éint in favor of egg albumen.

15 Regardless of protein source, suggested and fortified
minerals mixtures recorded significantly higher final body
weight than either control or chicks minerals mixture.

16- Irrespective of protein source, neither daily feed
intake nor daily protein intake affected by level of minerals
mixture.

17- Significantly the best (PER) and (NPR) were recorded
by suggested minerals mixture with ether casein or egg
albumen. On the other hand, significantly the worse (PER) and
(NPR) wererecorded by chicks minerals mixture with egg
albumen.

18- Irrespective of protein source, suggested minerals
mixture recorded significantly the best (PER) compared other
levels and control. All differences among levels were
significant. (NPR) recorded bByggested minerals mixture was
significantly better than other levels, but was near from value
recorded by control with insignificant difference. Both (PER)
and (NPR) was apparently affected by level of minerals
mixture.

Experiment(2):
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19 Significantlydwest corrected nitrogen lost and lowest
nitrogen lost rate in the feces (NLRf) for quail fed semi
purified diet was recorded by suggested amino acids mixture.

20 Fortified and suggested amino acids mixtures recorded
nil nitrogen lost in urine. When nitgen lost in urine corrected
to maintenance, nitrogen lost in urine was negative.

21- Suggested amino acids mixture recorded the highest
digestion coefficient (DC), biological value(BV), net protein
utilization (NPU) and net protein value (NPV).

22- The sigificantly highest apparent and true nitrogen
balance score (NBS) and relative nitrogen balance (RNB) were
recorded by suggested amino acids mixture.

23 The significantly highest feed intake and live body
weight and apparent and true daily live body gairre |,
recorded by amino

acids mixture, regardless of their level, compared to either
casein or egg albumen. The best value wastained by
suggested amino acids mixture

24- The significantly highest protein efficiency ratio(PER) and
net proteinratio(NPR)were recorded by amino acids mixture,
regardless of their level, the best value was obtained by
suggested amino acids mixture.

25- Addition of crystalline amino acids as the balanced pattern
improved body gain and nitrogen metabolism. Suggested
minerals mixture was the best minerals mixture, and
suggested level of amino acids mixture was suitable balanced
pattern for purified diet using in protein quality evaluation by
Japanese quail.
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