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Abstract

Amino acids (AA) are protein’s hydrolytic products. In the recent years, poultry diets are being formulated on digestible AA
(DAA) basis rather than total AA. Different techniques including precision-fed rooster assay, precision-fed cecectomized
rooster assay, ileal AA digestibility and precision-fed broiler chick assay are used to determine the DAA coefficients of feed
ingredients. However, nutritionists consider that the ileal digestibility in growing and adult birds is more accurate than other
techniques. In all these digestibility techniques, apparent AA digestibility is corrected for endogenous AA losses to achieve
standardized AA digestibility values. The digestibility values, determined using different digestibility techniques, of any feed
ingredient vary. This variation in digestibility values can be minimized by adopting same digestibility technique for the
estimation of DAA coefficients. Birds fed diets formulated on DAA basis resulted in better growth performance, feed
efficiency and production economics. The main objective of this review is to examine the poultry’s performance fed diet

formulated based on the DAA. © 2015 Friends Science Publishers
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Introduction

Amino acids (AA) are critical dietary components and play
a crucial role in normal physiological, metabolic and
structural functions of body. Protein requirement is actually
the need of AA which are structural blocks and hydrolytic
products of protein. Commonly, 20 AA take part in normal
body physiological functions, however, 10 are dietary
essential (indispensable) and remaining 10 are non-essential
(dispensable). The lysine, methionine, tryptophan,
threonine, arginine, leucine, isoleucine, histidine,
phenylalanine and valine are dietary essential AA because
poultry birds are unable to synthesize them (Ravindran and
Bryden, 1999a). The synthesis of glycine in the body of bird
cannot meet the requirements because of its usage in uric
acid synthesis, that’s why it is sometime considered as
dietary essential. Some AA play their role as precursor of
other AA such as phenylalanine and methionine is the
precursors of tyrosine and cysteine, respectively. In broilers
feed, lysine is usually considered as second limiting amino
acid after methionine (Ravindran and Bryden, 1999a).

Importance of Digestible AA

Now-a-days nutritionists are facing challenge to formulae
cost effective feed to attain optimum bird’s performance
(Schutte and Pack, 1995). Protein is very important nutrient
and its quality is influenced both by its AA profile and their

availability to the bird (NRC, 1994). Thus, to attain better
feed efficiency and growth performance, it is crucial to
supply dietary AA level in their required profile,
conforming bird’s dietary requirements (Baker, 1997). The
excess or deficiency levels of AA adversely affect the
growth performance in broilers. Therefore, the required
supply of AA in the diet of birds results in their efficient
utilization. Feeding protein in excess of required level not
only increases feed cost but also causes inefficient
utilization and severe environmental pollution. The
emission of N arising from dietetic protein is the
fundamental cause for ecological footprint occurring from
intense animal production (Morse, 1995). Formulating feeds
in this regard can drop off surplus nutrients being excreted
into atmosphere (Emmert and Baker, 1997). Kerr and Easter
(1995) found that every single point reduction of crude
protein in pig’s diet reduces 8% N emission in environment.
On the other hand, numerous similar trials have been
conducted with broilers (Fancher and Jensen, 1989a, b, c;
Pinchasov et al., 1990; Ferguson et al., 1998; Aletor et al.,
2000).

Actual assessment of the nutrient profile of different
feeds or feed ingredients is important as all the ingested
nutrients cannot be utilized by the animal. Only the portion
of dietary nutrient is used for maintenance and production
which is digested, absorbed and metabolized in body and
refers as the available nutrient. The term availability
comprises the two words i.e., digestion and metabolism
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(Dalibard and Paillard, 1995; Naseer e al., 2014) so AA are
bioavailable when utilized in physiological and metabolic
functions of the body. Bioavailability of AA is defined as
the proportion of dietary AA intake that is absorbed in a
suitable chemical form necessary for protein synthesis
(Batterham, 1992; Lewis and Bayley, 1995). Usually, terms
digestibility and bioavailability of AA are used
interchangeably, however, difference exists between the
both. Fuller (2003) defined digestibility as digestion of
dietary consumed protein and AA and absorption form the
intestinal lumen. The DAA values are preferably used to
represent available AA (Bryden and Li, 2010). Reliable
DAA values permit more efficient poultry ration
formulation (Lemme et al., 2004); therefore, the approach to
formulate diet on DAA basis instead of total AA (TAA) is
considered good. Currently, the nutritionists are formulating
feed on digestible protein and AA (Vogt, 1988; Huang et
al., 2005) because of their advantage of better growth rate
by providing low dietary protein, maximum dietary protein
utilization for body protein synthesis, lowering feed cost,
less nitrogen excretion and decreased limiting AA
requirements (Dari et al., 2005). Ration formulation basing
on DAA improved the production performance in broilers
(Elwell and Soares Jr., 1975; Fernandez et al., 1995;
Rostagno et al., 1995). This band of improvement is wider
when protein sources with poor AA digestibility are used.

Digestibility of AA depends on ingredient properties
like processing, fiber content, protease inhibitor and
presence of complexes (Raharjo and Farrell, 1984; Han ezt
al., 1991; Parsons et al., 1992). Digestibility or balance
trials are pre-requisite for feed ingredient’s assessment used
in formulation. Therefore many studies are the basis of
protein and AA digestibility values used in poultry diet
(Kadim et al., 2002; Huang et al., 2005; Ravindran et al.,
2005). The amount of DAA within the animal body is less
than total amount of that AA in the feed or feed ingredient
(Parsons, 1996).

Ideal Protein Ratio

An ideal protein contains the mixture of AA with exactly
same proportion as required by animal needs with no excess
or deficiency. The awareness of AA balance had been
originated by two leading investigators, Osborne and
Mendel (1914). The word “amino acid imbalance” was
initially used by Hier er al. (1944) who found impaired
growth of rats fed on diet having higher levels of AA such
as glycine, phenylalanine, and proline than the required
levels. The unfavorable properties of AA imbalances were
first documented by Harper et al. (1964). He defined the
imbalances as ‘“harmful things that happen when a second-
limiting AA or a blend of AA missing the limiting AA is
added to feeds marginal in one or next vital AA. The
negative effects of unbalanced feed perhaps reduced by the
adding the majority of limiting AA.

Concept of ideal protein

ratio expresses the
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requirement of critical AA as a percentage to lysine and it
ensures the maximum utilization and retention of nitrogen
as well as minimum nitrogen excretion into the environment
(Baker, 1997). In computing ideal protein ratio, lysine is
kept as reference AA and all other essential AAs are taken
as percentage to lysine due to various reasons. First, the
lysine is second limiting AA after sulfur containing AAs
(methionine, cysteine and cystine) and it is economically
feasible to supplement lysine in the commercial broiler
feeds. Secondly, the analytical determination of lysine in
feed ingredient is very easy. Thirdly, lysine has no precursor
role and dietary lysine is only used for maintenance and
protein accretion. Fourthly, lysine requirement data for
various dietary, body compositional and environmental
circumstances is available (Emmert and Baker, 1997).

To establish ideal protein ratio, it is necessary to
determine required digestible levels of all essential AAs
(Moore et al., 2001). Sometimes it is considered that it is not
possible to determine DAA requirements of all AA because
of the variation due to environmental, genetic, nutritional
and market factors (Dari et al., 2005). To overcome this
problem concept of ideal protein is introduced as a tool to
determine the DAA requirements of indispensible AA in
relation to lysine (Baker and Chung, 1992).

Amino Acid Digestibility

Assessment of AA digestibility is usually done either as
slope-ratio method or digestibility assays (Moehn et al.,
2005). The digestibility values are affected by the method
used for determination (Adeola and Ileleji, 2009; Kim et al.,
2011, 2012a). Digestibility values determined by slop-ratio
method underestimates the bioavailability of AA (Stein et
al., 2007) so digestibility assays are considered better
(Batterham, 1992; Ravindran and Bryden, 1999a; Parsons,
2002; Stein et al., 2007). Precise and accurate methodology
is mandatory to determine DAA coefficients used in cost
effective diet formulation and achieving best performance of
birds (Mosenthin et al., 2000). Bioassay technique is
extensively used to determine digestibility of AA in a single
test either by collecting ileal digesta or excreta. If excreta
are to be collected for AA digestibility, mature roosters are
favored animals because they don’t produce eggs. However,
excreta collection from intact birds to determine AA
digestibility is negated because feces and urine are voided
together and there may also be hindgut microbial
contamination of excreta although it implies little effect on
AA digestibility (Ravindran and Bryden, 1999a; Terpestra,
1978).

The techniques applied to assess DAA differ to a great
extent in their methodology approaches (Sibbald, 1987;
Johnson, 1992; McNab, 1995). In case of ileal digestibility,
site for digesta collection and use of appropriate indigestible
markers are the main factors affecting the results. Numerous
in-vivo and in-vitro methods are also used to determined AA
availability and provide information regarding the entire
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AAs in a single test (Dalibard and Paillard, 1995). In the
past, digestibility studies were conducted by precision-
feeding the intact or cecectomized cockerels and roosters or
by inserting ileal cannula in pigs (Parsons, 1996). In the last
decade, ileal AA digestibility in growing broilers is mostly
practiced and considered as accurate and precise technique
(Kadim et al., 2002; Garcia et al., 2007; Bryden and Li,
2010). Ravindran et al. (2009) conducted a series of studies
and reported greater variation in excreta collection than the
ileal digesta values. Amino acid digestibity values
determined in mature aged birds are not useful in
formulating diets for growing ones (Szczruek, 2010)
because AA requirements are greater in older age
(Adedokun et al., 2008). As cecectomization is not possible
in growing birds so ileal AA digestibility is the only
technique that can be applied in growing birds.

Amino Acid Digestibility Techniques

Precision-fed rooster assay: Various studies on DAA
coefficients for chicken have been reported based on excreta
analysis. Sibbald (1976) built up a quick bioassay by
feeding the mature roosters to assess metabolizable energy
and DAA of various feed ingredients. This assay had
frequently been used to estimate AA digestibility and
generally entitle as the precision-fed rooster assay. In this
assay, first of all birds are kept fasted for 2448 h and then
known quantity of feed or sample under test is placed
directly into the crop of birds. Excreta is subsequently
collected over a period of 48 h or for that period of time for
which one can assume that all the un-digested material has
been excreted and analyzed for AA profile (Ravindran and
Bryden, 1999b). However, because of the microbial
fermentation in caeca of birds, scientists argue on accuracy
of AA digestibility based on excreta experimentations using
intact roosters (Bryden et al., 1990). It has been documented
that microbial protein may possibly share up to 25% of
whole excreta protein (Parsons ef al., 1982). The change in
AA profile of excreta by microbial protein may possibly
alter the AA digestibility values (Ravindran and Bryden,
1999c¢).

Precision-fed cecectomized rooster assay: To avoid
microbial fermentation effects on AA digestibility in intact
roosters, an alternate strategy is to remove caeca surgically
(cecectomy) since the main spot of fermentation would be
removed. Cecectomy is thought to be easier and swifter in
contrast to other surgical dealings, the ileal cannulation
(Parsons, 2002). This assay saves time and expense because
only 30 g feed is incubated in crop of cockerels or roosters
than ad-libitum feeding in growth assays. Due to crop
incubation, it is possible to determine AA digestibility of
any feed ingredient regardless of palatability (Parsons,
2002). This technique doesn’t require any digestibility
marker. Another advantage of precision-fed cecectomized
rooster assay is to determine cysteine digestibility that is not
easily possible by growth assay as two assays would be
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needed; one to determine methionine plus cysteine
digestibility while second just for methionine. Then,
cysteine digestibility can be determined by difference of
both values (Parsons, 1986). However, despite of all the
advantages, there are still some limitations in this assay as
crop intubation of adult birds does not considered as natural
feeding behavior and digestibility values determined in adult
birds may not be applicable to younger ones. This may not
be a problem with most ingredients but it may overestimate
wheat and barley digestibility (Parsons, 2002). Low protein
ingredients (grains) yield highly variable results because of
very low AA intake (Stein et al., 1999). Green et al. (1987)
found no effect of cecectomy on AA digestibility in grains
but observed little variation for oilseed meals. Green and
Kiener (1989) documented similar true AA digestibility of
soybean meal and sunflower meal in intact and
cecectomized roosters. However, considerable decline in
AA digestibility of the meat and bone meal and the feather
meal was observed in cecectomized birds than intact birds
(Green and Kiener, 1989; Han and Parsons, 1991; Parsons,
et al., 1997). In recent years, with increasing animal welfare
concerns, approval of surgical procedures for cecectomy is
becoming difficult by Institutional Animal Care and Use
Committees. Now researchers are working to explore new
options for evaluating feed ingredients for AA digestibility.

Ileal Amino Acid Digestibility

Payne et al. (1968) suggested the analysis of ileal contents
to determine AA digestibility because of very little
microbial contamination in ileal digesta than in the excreta.
Ileal digesta is collected either by inserting cannula in
terminal ileum or mostly practiced, euthanizing or
slaughtering the birds (Ravindran and Bryden, 1999a;
Adedokun et al., 2007, 2008). Ileal cannulation (mostly
practiced in pigs) is surgically much laborious and difficult
(Tanksley et al., 1981). Ileal digestibility enables the AA
digestibility assay possible in growing birds but then ileal
contents would be collected only either by slaughtering or
euthanizing the birds. In this technique, corn-soybean basal
diet is fed for first 17 days of age then semi purified diet
containing test ingredient as a sole source of protein (AA) is
fed ad-libitum form day 18 to 21 (Adedokun et al., 2008).
After that ileal digesta is collected from Mackle’s
diverticulum to few centimeters prior to ileo-caecal junction.
Kadim and Moughan (1997) preferred to collect digesta
from terminal 10-15 cm of ileum.

The limitation of ileal AA digestibility is to require
much greater amount of feed ingredients, extensive labor
and large number of birds due to sacrificing or euthanizing,
the birds can only be used for one trial (Kim et al., 2011).

Precision-fed Ileal Broiler Assay

To deal problems of surgery in cecectomized rooster assay
and huge requirements of feed and birds in standardized
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ileal digestibility chick assay, Kim et al. (2011) developed
another technique by modifying techniques of Sibbald
(1976) and Parsons (1985). In this technique, corn-soybean
basal diet is fed to chicks form 0-21 days of age, at day 21*,
birds are kept fasted for at least 8 h then 10 g test ingredient
with appropriate digestibility marker is crop fed. After four
hours post feeding, ileal digesta is collected form Mackle’s
diverticulum to few centimeters above the ileo-caecal
junction to calculate AA digestibility. To determine ileal
endogenous AA (IEAA) flow, birds are crop fed only 10 g
nitrogen free diet (NFD) than those of ad-libitum feeding in
ileal AA digestibility assay. So difference observed in [IEAA
values by both techniques might be due to feed intake level.
Moter and Stein (2004) reported increased IEAA flow with
the decrease in feed consumption. Another, reason for
increased IEAA flow in precision-fed ileal digestibility
assay could be the fasting period. Thompson and Applegate
(2006) documented altered intestinal morphology due to
decrease in crypt depth, villus width, mucin secretion and
small intestine integrity as the fasting period was increased.
These changes in intestinal morphology may affect IEAA
flow.

Kim et al. (2012a and b) documented that precision-
fed cecectomized rooster assay, standardized ileal
digestibility chick assay and newly developed precision-fed
ileal broiler assay to determine AA digestibility are all
acceptable but sometime inconsistent differences among
assays were also observed.

Endogenous AA Losses

Apparent AA digestibility (AAAD) and true AA
digestibility (TAAD) are the terms to express AA
digestibility. When AAAD is corrected for EAA losses,
TAAD is achieved and is fundamental characteristic of feed
ingredient. Apparent ileal AA digestibility (AIAAD) is
corrected for basal EAA losses to determine standardized
ileal AA digestibility (SIAAD) coefficients (Lemme et al.,
2004). Different techniques are used to calculate EAA
losses but feeding graded level of casein or NFD are mostly
practiced (Kim ez al., 2011). Other techniques are fasting the
birds, regression analysis and peptide alimentation
technique. Fasting changes the bird’s metabolism and the
test animal cannot be considered as physiologically stable.
Offering NFD and regression analysis causes variation in
results with bird’s age (Siriwan er al, 1994). Peptide
alimentation technique enables one to calculate EAA losses
by keeping the bird in normal physiological condition.

Digestibility Marker

To calculate AA digestibility by ileal digesta, use of inert
marker is mandatory as it relates the concentration of AA in
diet and ileal digesta. Amino acid digestibility is calculated
by the ratio of marker percentage in diet to the ileal digesta
(Scott and Hall, 1998). Digestibility marker must be inert,
indigestible and must not affect digestive secretions and
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metabolic process. Commonly used markers are chromic
oxide (Cr,Os), acid insoluble ash (AIA) and titanium
dioxide (TiO,).

Chromic oxide is light green color marker and is non-
toxic to animal (Kotb and Luckey, 1972). Very small
amount of ileal digesta is required for Cr,O; estimation
compared to AIA (Scott and Boldaji, 1997). Easily
incorporation in diet and carried in solid phase shows its
usefulness in ileal digestibility studies. Kotb and Luckey
(1972) reported similar digestibility values by using Cr,0;
as marker and quantitative method in poultry and many
other species. However, Oberleas er al. (1990) criticized
usage of Cr,O; as marker because it rapidly carried in liquid
phase rather than solid phase of digesta. Analytical
estimation of Cr,0O; is highly variable with low repeatability
(Sales and Janssens, 2003). Acid insoluble ash can also be
used as indigestible marker. When added in diet, with acid
digestion in body, Celite® precipitates as residue and its
concentration can be determined in feed and ileal digesta.
The disadvantage of using AIA in ileal digestibility is the
more sample weight (about 3 grams) required for accurate
measurement (Scott and Hall, 1998). Titanium dioxide is
white powdered digestibility marker. Askew (1931)
proposed it as an inert marker. Passage rate of TiO, and
Cr,0; is similar and Njaa (1961) recommended its use in
protein digestibility study in rats. Titanium dioxide has an
advantage over Cr,0O; in a way that it can be lawfully added
to poultry diet (Titgemeyer et al., 2001) and its application
is not under the claims like carcinogenic properties of Cr,O3
(Peddie et al., 1982). Titanium dioxide had been feasibly
used in total tract digestibility in pigs, chickens (Short et al.,
1996), dairy cows (Hafez et al., 1998) and beef steers
(Titgemeyer et al., 2001).

Additivity of DAA

During formulating the feed on DAA basis, it is assumed
that total DAA in the diet is equal to sum of all the DAA
values in a single feed ingredient contained in diet, it is
called as additivity of DAA in apparent or true digestibility
values (Angkanaporn et al, 1996). However, apparent
digestibility values are less additive than those of true
digestibility (Hong et al., 2001; Ravindran, 2004) especially
when ingredients with low DAA values are used or the use
of feed ingredients which have anti-nutritive factors.

Amino Acid Absorption

Absorption is the uptake of digested fluids or substances by
the body tissues for metabolism, maintenance and growth
functions. After ingestion and digestion, absorption of AA is
necessary in order to their availability to animals. Ingested
dietary protein is broken down into small peptides before it
reached small intestine. In small intestine, due to pancreatic
enzymes (trypsin and chymotrypsin) these peptides are
further broke down into free AA, di-peptides and tri-
peptides.
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Main site of peptides and AA absorption is small
intestine in poultry. Small peptides and free AA are
absorbed by enterocytes via specific transporters present in
brush boarder membrane. These AA and peptides are
exported from cell through transporters at blastolateral
membrane (Broer, 2008; Fotiadis et al.,, 2013). Due to
difference in intestinal anatomy, AA absorption may vary
throughout the small intestine (Webb, 1990). Most of
proteases work at optimum pH ranging from 7.2-9.0
(Bondi, 1987) and the intestinal contents meet this pH from
later half to one-third of small intestine (Ben-Ghedalia et
al.,1976). Therefore, most of the nutritionists believe that
greatest proportion of AA is absorbed in middle region of
small intestine in laboratory animals (Webb, 1990).

Transport Systems for AA Absorption

Amino acid transport system is made up of proteins that
recognize, bind and transport one or multiple substrates
across the cell membrane (Gilbert et al., 2008). Free AA, di
and tri-peptides in small intestinal lumen are absorbed via
two transport systems. One transport system is present in
brush border while other in the blastolateral cells of
intestinal epithelial cells. Former system transports free AA
as well as small peptides from intestinal lumen to interior of
epithelial cells while second transports AA to intestinal
serosa form where these enter into the body circulation
system (Mailliard et al., 1995). Neutral AA with smaller
molecular weight and hydrophilic nature are absorbed more
rapidly than neutral AA. Basic AA such as histidine,
arginine and lysine are absorbed at intermediate speed
(Sepulveda and Smith, 1978, 1979).

Different transport systems are used for different
categories (anionic, cationic and neutal) of AA
(Chairoungdua et al., 1999; Rajan et al., 2000; D’Mello,
2003; Broer et al., 2004). These transport systems are based
on substance preference (Christensen, 1984) and is
determined by configuration, size and charge of AA side
chain (Webb, 1990). Often all the AAs with same structures
are absorbed through same transport system.

Share of Different Systems in AA Transport

Amino acid transport through intestinal enterocytes occurs
by three processes i.e. diffusion process, active transport
(Na* dependent) and facilitated diffusion (Na* independent).
Concentration of substrate is the base of relative significance
of each route (Stevens et al., 1984). When substrate’s
concentration is higher, diffusion is the most significant route
but at low AA concentration, active transport is most
significant route of AA uptake. At only situation when
substrate concentration is lower than 1.0 mM, facilitated
diffusion accounts more share than diffusion process (Webb,
1990). Guerino and Baurmucker (1987) reported that at 1.0
mM substrate concentration, Na® independent route
contributes more share for lysine and methionine uptake than
other transport systems. Essential AA’s are absorbed more
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rapidly than non-essential AA. Absorption order of top six
AA as percentage of total AA was methionine, leucine,
valine, phenylalanine, arginine and isoleucine. Transport of
free AA and peptides is independent of each other while
peptides are absorbed more rapidly per unit time than exact
AA constituents but in free form (Rubino et al., 1971; Cheng
etal., 1971; Burston et al., 1972).

Formulation of Diets on DAA Basis

Weight gain: Feed formulation on TAA or DAA basis
affects growth performance in broilers. Rostagno et al.
(1995) reported that diet formulation on DAA basis resulted
in better prediction of dietary protein quality and growth
performance of birds than those of TAA values. Growth rate
in broiler was depressed when soybean meal (SBM) or
feather meal were substituted for crystalline AA in diets
formulated on TAA basis (Smith, 1968). The same trend of
poor growth was also observed when rapeseed meal (RSM),
sunflower meal (SFM) and cotton seed meal (CSM) were
substituted for SBM in broiler diets based on TAA (Green,
1987). However, growth rate in both groups of broilers was
similar when SBM and CSM were used on DAA basis.
Incorporation of CSM up to 20% (Fernandez et al., 1995)
and solvent-expender CSM up to 21% (Gamboa et al.,
2001) in broiler diet indicated that inclusion level of low
quality protein feed ingredients could be increased on DAA
basis. Different studies evaluating canola meal (CM:
Ravindran et al., 1998; Li et al., 2002a), CSM (Ravindran
and Bryden, 1999c; Li et al., 2002b) and meat and bone
meal (Ravindran and Bryden, 1999b; Ravindran et al.,
2002) also resulted in beneficial effects of using ileal
digestible values to enhance share of poor digestible
proteins ingredients in diet (Dari et al., 2005). Khaksar and
Golian (2009) reported more body weight, breast meat yield
and less fat pad in birds fed corn-SBM diet based on DAA
compared to TAA. Douglas and Parsons (1999) reported
superior growth performance in broilers using by 15% spent
hen meal (SHM) on DAA basis. Layer performance
improved by feeding a diet formulated on digestible
methionine and lysine basis instead of total lysine and
methionine (Bougon and Joly, 1990).

In conclusion, formulation of poultry diet on DAA
basis is more beneficial for achieving the better
performance, reducing feed safety margins and increasing
inclusion rate of feed resources with poor digestibility. The
inclusion of poor quality feed resources or ingredients in the
ration formulation results in low feed cost.

Feed efficiency: Better feed efficiency can be achieved by
feeding diets formulated on DAA basis because nutrient
utilization will be more and nutrient excretion will be less.
Wang and Parsons (1998) documented poor feed efficiency
and growth rate in broilers by feeding diet containing meat
and bone meal formulated on TAA compared to DAA. Feed
consumption significantly increased in broilers when diet
was formulated on DAA basis (Han et al., 1992; Moran et
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al., 1992; Dari et al., 2005). Khaksar and Golian (2009) also
found improved feed efficiency and flock uniformity when
broiler diet was formulated on DAA basis.

Protein efficiency ratio: Better protein efficiency ratio
(P<0.05) resulted when diet was formulated on digestible
protein and AA basis compared to total protein and TAA
(Khatun et al., 1999). Bird required less feed to gain per
gram of body protein when diet was formulated on
digestible values (Waldroup, 2001).

Egg production: Egg production in layers improved by
5.5% with the addition of azolla meal on digestible protein
basis. Azolla meal could be replace the sesame meal up to
20% on DAA basis (Khatun et al., 1999). Egg weight and
mass was also improved in layers by feeding diet
formulated on digestible protein (Joly, 1994; Khatun et al.,
1999). This increase in egg weight could be due to provision
of critical AA balance on digestible nutrient basis (Morris
and Gous, 1988).

Carcass composition: Dari er al. (2005) found no effect
(p>0.05) on carcass composition (breast meat with bones
and skin) by feeding diets having low digestible ingredients
but formulated on DAA basis. In contrast, Rostagno et al.
(1995) reported 0.6% increase in the breast meat with skin
and bones with supplementation of lysine and methionine to
less digestible ingredients. Diet formulated on DAA affects
breast meat yield and abdominal fat pad. More breast meat
yield and low abdominal fat pad are associated with
balanced nutrient levels provided through DAA based diet
(Khaskar and Golian, 2009). In conclusion, an improvement
in breast meat yield is a positive factor correlated with feed
formulated on ileal digestible values.

Biochemical parameters: Estimation of serum uric acid,
serum urea nitrogen, serum ammonia and uric acid
concentration of excreta can be used as an indicator of AA
utilization of diet. Nitrogen retention is inversely
proportional to the serum uric acid level. By feeding diets
on DAA basis, reduction in serum uric acid level is possible
(Donsbough et al., 2010).

Economics: Nutritionists are trying to improve economics
of poultry production by reducing the wastage of nutrients
being excreted into environment. It is possible to
manufacture low cost feed on DAA basis (Djouvinov et al.,
2005), economics of study evaluated by Bio Economic
Index (BEI) revealed that broilers fed diets having less
digestible ingredients but formulated on DAA basis resulted
in more profitability even the feed was more expensive due
to supplementation of synthetic AA to meet DAA needs.
Bio economic index by feeding DAA based diet was found
11.58 compared to 10.84 with TAA based diet (Dari et al.,
2005). Formulating diets on DAA basis can save
approximately 1-2 $/ton of feed (Firman, 2001).

Conclusion

The results of the different studies confirmed that feed
formulation on DAA basis is a better approach as it
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enhances productive performance of birds; reduce feed cost
and atmospheric pollution because of efficient nutrient
utilization. Most of the nutritionists have made consensus on
determination of ileal digestibility in growing birds rather
than intact or cecectomized rooster during evaluating feed
ingredients. A broad variation is found in the digestibility
values of AA determined using different digestibility
techniques. This variation in digestibility values can be
minimized by adopting same digestibility technique for the
estimation of DAA coefficients.
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