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ABSTRACT

Three experiments were conducted to determine the apparent (AID) and
standardized (SID) ileal digestibilities of protein and amino acids (AA) in pea protein
isolate (PP1), distiller’s dried grains with solubles derived from a blend of wheat and corn
(wcDDGS) and corn. In addition, two experiments were conducted to estimate the
requirements of digestible sulfur amino acids (dSAA) and digestible lysine (dLYS) for 3-
week old broilers to obtain optimum growth performance (body weight gain, BWG and
feed conversion ratio, FCR) and optimum yield performance (carcass yield, CY, breast
meat yield, BMY, and thigh and drumstick yield, TDY). For digestibility studies, day-old
male Ross 308 broiler chicks were fed test diets from day 1-14. The test diets were
balanced for vitamins and minerals and contained chromic oxide (0.3%) as an
indigestible marker. The protein and AA digestibilities were determined either by the
direct or indirect method. For requirement studies, day-old male Ross 308 broiler chicks
were fed lysine- (Exp. 1) or sulfur AA- (Exp. 2) deficient basal diets balanced for all
other AA, except for the AA under test, according to the ideal protein concept. All test
diets were also balanced for vitamins and minerals and were kept isonitrogenous and
isocaloric within each assay. The average SID estimates of AA were 92.4%, 71.5% and
93.3% in PPI, wcDDGS and corn, respectively. Using regression analysis, the dietary
dLYS requirement estimate was 1.12% and 1.13% for optimum BWG and FCR,
respectively. The dietary dSAA requirement estimates was 0.81% for optimum BWG,

while no significant response was observed for optimum FCR. Both CY and BMY



increased cubically with increasing levels of dLYS, whereas, CY did not respond

significantly and BMY increased linearly with increasing levels of dSAA.
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1.0 GENERAL INTRODUCTION

Proteins are the most vital nutrients of food, acting both as a source of energy as
well as the main component for growth, production and maintenance. Therefore, it is of
utmost importance to assess the dietary proteins, or more clearly the AA profile of feed
ingredients, in order to evaluate their nutritional value (Stein et al., 2007a). The AA
availability rather than total AA content is considered as a more accurate measure to
determine the nutritive value of a feed ingredient (Rostagno et al., 1995). Researchers
have observed that birds fed diets formulated based on digestible AA content performed
better than the birds fed diets formulated based on total AA content (Green et al., 1987,
Fernandez et al., 1995; Rostagno et al., 1995; Wang and Parsons, 1998; Douglas and
Parsons, 1999; Farrell et al., 1999). Because there is no direct and satisfactory method to
estimate the AA availability (Stein et al., 2007a), the digestibility is regarded as a
sensitive and reliable estimate of AA availability (Sauer and Ozimek, 1986; Laplace et

al., 1989; Ten Doeschate et al., 1993; Rostagno et al., 1995; Moughan, 2003).

As the dietary proteins enter the small intestine they get mixed with endogenous
proteins (from enzymes, mucoproteins, desquamated epithelial cells, serum albumin,
peptides, AA, amides, amines) and both the dietary and endogenous proteins together are
subjected to digestive and absorptive processes in the small intestine (Nyachoti et al.,

1997; Mosenthin et al., 2000; Moughan, 2003). Digested free AA and small peptides get



absorbed while undigested and unabsorbed protein products are left. About 70 to 80% of
endogenous nitrogen is reabsorbed while 20 to 30% of endogenous proteins (mainly
mucin) along with other undigested and unabsorbed dietary proteins enter the large
intestine and undergo fermentation by the microflora present in the hindgut, mainly the
caecum (Mosenthin et al., 2000; Fuller, 2003). The cecal microbes either deaminate
nitrogenous substances (dietary and non-dietary origin) (Salter and Fulford, 1974) or
synthesize microbial proteins (Payne et al., 1968; Parsons, 1986). Deamination of AA
leads to the formation of ammonia, which is absorbed from the large intestine, but is not
available for utilization by the bird since it is lost as uric acid (Salter and fulford, 1974).
In this case, the fecal analysis method overestimates the AA digestibilities. On the other
hand, due to microbial net protein synthesis, the fecal analysis method underestimates the
AA digestibilities (Mosenthin et al., 2000). Consequently, microbial action on proteins in
the large intestine interferes with accurate measurement of protein and AA digestibilities.
Most of the AA digestibility values published in the literature has been determined with
adult cockerels/roosters using the Sibbald precision feeding assay (Sibbald, 1979) or
using its modified version (Parsons, 1985). The precision feeding assay has obvious
advantages of simplicity (birds need not to be sacrificed), and ease of using the same
birds repeatedly. However, the differences observed in digestive capabilities of birds with
age (Noy and Sklan, 1995; Batal and Parsons, 2002) as well as differences in AA
digestibility values due to methodology (Fan and Sauer, 1995; Garcia et al., 2007)
questions the application of digestibility values from adult roosters to young broilers.

Moreover, the excreta AA analysis done in a precision feeding assay does not represent



the true picture of AA digestibility as stated earlier. Therefore, it is more accurate to
measure the AA digestibilities in ileal digesta than in excreta (Payne et al., 1968;

Ravindran et al., 1999; Kadim et al., 2002).

If the ileal analysis method is to be used as a precise tool of determining dietary
AA digestibilities, then endogenous AA losses should be determined since ileal digesta
contains endogenous proteins (Mosenthin et al., 2000). Ileal endogenous AA losses
(IEAL) are of two types, non-specific losses (basal or diet-independent) and specific
losses (diet dependent) (Nyachoti et al., 1997; Ravindran and Bryden, 1999; Lemme et
al., 2004). The basal IEAL are related to dry matter intake, whereas, the specific
endogenous losses are related to the composition of a feedstuff (Lemme et al., 2004).
When the AA digestibility coefficients are determined from ileal digesta without taking
into account the endogenous AA fractions, they are called apparent ileal AA digestibility
coefficients. The correction of AID coefficients for the basal endogenous AA losses and
specific endogenous AA losses are categorized as standardized and true AA digestibility
coefficients, respectively. The IEAL are believed to vary with age and method of
determination (Ravindran and Hendriks, 2004; Adedokun et al., 2007). Consequently, the
AID values of AA vary with age (Ten Doeschate et al., 1993; Batal and Parsons, 2002;
Huang et al., 2005; Adedokun et al., 2007; Garcia et al., 2007) and method of AA
determination (Fan and Sauer, 1995; Ravindran and Bryden, 1999; Mosenthin et al.,
2000). Also, the genotype (Huang et al., 2006; Adedokun et al., 2009) and sex of the bird
used for the assay (Ten Doeschate et al., 1993) influences the AA digestibility values.

Hence, it is imperative to correct the AID values to TID or SID values. Actually, the true



ileal digestibility (TID) is a fundamental property of a feed ingredient since it considers
both specific and non-specific losses and is independent of experimental and dietary
conditions. However, procedures for determining total IEAL (both specific and non-
specific) cannot be performed routinely. In contrast, standardized values are independent
of assay conditions, and are additive in a mixed diet (Angkanaporn et al., 1996; Lemme
et al., 2004; Stein et al., 2001, 2005); therefore, standardized ileal digestibility
measurements have been regarded as an appropriate approach to describe AA

digestibility for broiler feed formulation (Stein et al., 2007b).

Although digestible AA values are available their use in poultry feed formulation
is still uncommon. This is not only because of the wide variations (due to type of birds,
feed samples, assay diets and assay methodology) among the published digestible AA
values, but also because of insufficient knowledge of batch to batch variation of AA
digestibility values (Ravindran and Bryden, 1999; Mosenthin et al., 2000; Lemme et al.,
2004). The variations observed in AID of proteins and the AA between and within
samples of the same feedstuff could be explained in terms of feed intake levels by birds
or methodologies used. Therefore, along with addressing the digestibility data, the CV
among the different samples of a feed ingredient due to external (assay conditions) or
internal (feed composition) factors was also studied to account for the source of
variations. This information on digestibility values and their associated CV would
improve precision in formulating diets which are cost effective, have narrow margins of

safety and decrease nitrogen excretion into the environment.



Therefore, the first objective of this research study was to determine the AID and
SID of proteins and AA along with the associated CV among samples of three feed
ingredients (pea protein isolates (PPI), distiller’s dried grains with soluble derived from a

blend of wheat and corn (wcDDGS) and corn) when fed to 21-day old broilers.

The AA requirements of broilers have been reported to vary due to
environmental, dietary and genetic factors; therefore, it is not possible to make an
accurate estimate of requirements for all AA under all combinations of conditions and
genotypes. However, it has also been assumed that dietary requirements for each of the
indispensable AA can be expressed in fixed proportion to the requirement for the other
indispensable AA (Han and Baker, 1994; Baker, 1997; Emmert and Baker, 1997; Mack et
al., 1999; Baker et al., 2002). Considering these facts, nutritionists proposed the concept
of “ideal AA ratios” which refers to the blend of indispensable AA in a diet known to
satisfy the need without any deficiencies or excesses (Emmert and Baker, 1997). The
advantage of applying this concept in meeting the AA requirements of an animal is that
once the ideal ratios are established for a particular age or period, further research
determining AA requirements under a variety of conditions need to concentrate only on
the requirement estimate of the reference AA, and the requirements for the remaining AA
can be calculated relative to the reference AA. This reduces extra AA input (more than
required), minimizes feed cost and nitrogen excretion into the environment (Baker, 1997;
Emmert and Baker, 1997). Also, the ideal protein opens windows for incorporation of
alternative feed ingredients in practical broiler diets without requiring the determination

of total AA requirements for these diets (Emmert and Baker, 1997). It is recommended



that ideal AA ratios should be established using digestibility coefficients to overcome the
differences in dietary AA absorption and utilization, which can cause variations in AA
proportions (Baker, 1997). Several studies have demonstrated the beneficial effects of
formulating broiler diets using digestible values and ideal protein ratios when poorly

digestible ingredients are incorporated.

Therefore, the second objective of this research was to estimate the requirements
of dLYS and dSAA for optimum growth and yield performance in 21-day old broilers
when all the indispensable AA, except AA under test were in proportion according to the

ideal protein concept.



20 LITERATURE REVIEW

21  AADIGESTIBILITY AS AN ESTIMATOR OF AA AVAILABILITY

For more accurate feed formulation, the protein value of a feed ingredient should
be expressed as available AA rather than the total AA (Stein et al., 2007a). Several
methods have been developed to evaluate the availabilities of protein and AA in feed
ingredients for poultry. These methods are in vitro (enzymic, chemical or microbiological
assays), indirect in vivo (plasma AA assays), or direct in vivo (growth or digestibility
assays) (Sibbald, 1987; Ravindran and Bryden, 1999). Among these methods, direct in
vivo were considered most precise. The growth assay (also known as slope-ratio
technique) (Batterham et al., 1979) was found to be time consuming (only one AA can be
assessed at a time), expensive for routine measurement, and has a high standard error of
the mean (Batterham, 1992) when used to measure AA availability in pigs. Therefore, the
digestibility assay gained popularity as a suitable and sensitive measure of availability
(Laplace et al., 1989; Ravindran et al., 1999; Lemme et al., 2004; Garcia et al., 2007;
Stein et al., 2007a). The terms availability and digestibility are often used synonymously,
but they have been defined differently (Batterham, 1992). Availability measurements
accounts not only for digestion and absorption, but also, provide information about
utilization of a nutrient. On the other hand, digestibility measurements define only the
digestion and the absorption of a nutrient, with no clue about the fate of a nutrient at the

tissue level. According to Batterham (1992) the AA bioavailability is the degree to which



AA has under gone the processes of digestion, absorption and metabolism, or in other
words, the proportion of AA in diet that are absorbed in a form suitable for utilization by
the animal. And the digestibility is the process of enzymatic hydrolysis and microbial
fermentation of ingested proteins and peptides followed by absorption of AA and
peptides from the gastrointestinal lumen (Fuller, 2003). Therefore, AA digestibility
values might not be reliable representatives of AA availability values if feed ingredients
assayed are of poor quality. For instance, it has been reported that AA digestibility and
AA availability estimates are similar in case of high quality feedstuffs while these
estimates differ in case of low quality ingredients Achinewhu and Hewitt, 1979;
Batterham, 1992). Also, not all the absorbed AA are available for utilization, for
instance, early maillard reaction products of AA such as lysine and cystine (Parsons,
1992). Besides these constraints, digestibility assays are the most common and favoured
technique for measuring AA availability, because these assays are inexpensive, easy to
use on routine basis, measures all AA at once, and applies directly to an animal (Johnson,

1992; Ravindran and Bryden, 1999).

2.2 DIGESTIBILITY ASSAYS

Digestibility assays are divided into excreta/total tract (using intact or

cecectomised birds) and ileal digestibility (slaughtered or ileal cannulated birds) assay.



2.2.1 EXCRETA/TOTAL TRACT DIGESTIBILITY

The excreta collection method involves, either the total collection of excreta for
an appropriate period of time after feeding, or, random collection of the excreta sample
after the use of markers in the diet (Ravindran and Bryden, 1999). The collected excreta
samples are analyzed for all AA and differences between the amounts of each AA
consumed and excreted are measured to estimate the AA digestibilities (Sauer and
Ozimek, 1986). Most of the published data on excreta AA digestible values of feed
ingredients in poultry was created using the precision feeding cockerel assay of Sibbald
(1979) or a modification of this assay (Parsons, 1981, 1985). According to Sibbald’s
assay, a precise amount of test feedstuff is intubated in the crop of adult cockerels fasted
previously for 24 to 48 hrs. The total excreta from these birds are then collected to
determine AA digestibilities. The advantages of an excreta analysis method are its
simplicity, the efficiency to test many raw materials in a short time, the ease to carry on
large number of birds and the reuse of cockerels (McNab, 1994). Despite the advantages,
the use of excreta as the means of determining digestibility coefficients has been
criticized due to its many drawbacks (Payne et al., 1968; Salter and Fulford, 1974;
Parsons et al., 1981, 1983b, 1986; Raharjo and Farrell, 1984). The first drawback is that,
excreta-based measurements do not take into account the effects of hindgut micro-
organisms on protein digestion/ utilization and thus the resultant contribution of
microbial proteins to the AA profile of excreta (Parsons, 1986; Ten Doeschate et al.,
1993). Second, fasting and force-feeding are not the normal physiological processes

(Ravindran and Bryden, 1999). Third, uric acid contamination may affect excreta
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digestibility (Ten Doeschate et al., 1993; Ravindran et al., 1999). However, it has also
been reported that contribution of urinary AA in poultry excreta is negligible (McNab,
1994). Fourth, the applicability of the data generated using adult cockerels to young
growing chicks is questionable since AA digestibilities vary with age (Ten Doeschate et
al., 1993; Noy and Sklan, 1995; Batal and Parsons, 2002; Huang et al., 2005; Garcia et

al., 2007).

The net result of microbial metabolic activity on the AA digestibility depends
upon the amount and type of dietary AA (Salter and Fulford, 1974; Angkanaporn et al.,
1997) and dietary carbohydrate contents entering the cecum (Parsons, 1983a; Sauer and
Ozimek, 1986). The published reports (Sauer et al, 1977; Parsons et al., 1982, 1984;
Green et al., 1987; Angkanaporn et al., 1997; Ravindran et al., 1999; Nouri- Emamzadeh
et al.,, 2009) on excreta AA digestibility have concluded that, if undigested AA are
deaminated /degraded by hindgut microbes, the recovery of AA in excreta will be lower,
resulting in the overestimation of AA digestibilities. On the other hand, if undigested AA
are used as substrates for microbial protein synthesis, the recovery of AA in excreta will
be higher, resulting in underestimation of digestibilties. Therefore measurement of

excreta digestibility is not a precise estimator of AA digestibility.

The cecum is the main site of bacterial activity in the hindgut which significantly
influences AA excretion in poultry; therefore, cecectomy was suggested as a tool to
overcome the modifying action of cecal microbes on dietary proteins in the large

intestine. Published reports show variable results on use of cecectomy. While some
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authors favoured this technique (Parsons, 1984; 1986; Johns et al., 1986; Green et al.,
1987; Angkanaporn et al., 1997; Nouri-Emamzadeh et al., 2009; Nouri-Emamzadeh and
Yaghobfar, 2009) others doubted it (Whitacre and Tanner, 1989; McNab, 1994).
Moreover, as reported by Sakata (1987) if short chain fatty acids which are end products
of cecal microbial fermentation, are regulating the digestive processes in gastrointestinal

tract, the practice of cecectomy is not favourable.

2.2.2 ILEAL DIGESTIBILITY

Researchers have compared the ileal and excreta method of AA digestibility
(Ravindran et al., 1999; Kadim et al., 2002) and have regarded the ileal digestibility assay
as a more reliable predictor of dietary protein quality and AA digestibility as well as a
precise estimator of broiler performance (Payne et al., 1968; Kadim and Moughan,

1997a, b; Ravindran et al., 1999; Kadim et al., 2002).

Since, most of the dietary AA are absorbed either in or before the ileum (Webb,
1990), the terminal ileum is a perfect site for the digesta collection (Raharjo and Farrell,
1984; Laplace et al., 1989). lleal digesta can be obtained either by slaughtering the birds
and manually collecting digesta from the distal ileum or by inserting a T-cannula in the
distal ileum of adult cockerels (Raharjo and Farrell, 1984; Ravindran and Bryden, 1999).
In the slaughter method, birds are killed humanely, and the small intestine is exposed to
separate the ileum which corresponds to the part of the small intestine extending from the

Meckel’s diverticulum to 2 cm proximal to the ileo-cecal junction (Ravindran et al.,
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1999; Lemme et al., 2004). Kadim and Moughan (1997a) stated that the suitable site for
sampling ileal digesta from the broiler chicken is the terminal 15 cm of the ileum. The
digesta from several birds within a cage is pooled by gentle flushing using the distilled
water to obtain sufficient sample for analysis. In the ileal cannulation method, adult
cockerels are surgically opened and a T- piece cannula is placed in the distal ileum
(Raharjo and Farrell, 1984; Gurnsey et al., 1985). Although, this method is practical and
allows the reuse of experimental birds, yet it has many drawbacks such as the rejection of
cannula, the need to use appropriate markers, and the physical alteration to the intestine
which may interfere with normal physiological processes of the animal (Tanksley et al.,
1981). Thus, the slaughter method of ileal digesta collection is preferred over the ileal
cannulation. To eliminate the need of collecting total digesta, an indigestible marker (e.g.
chromic oxide, titanium oxide, acid-insoluble ash) which does not affect the nutrient
digestibility and which can be completely recovered, is added to the test diets. Chromic
oxide has been shown to be a suitable marker (Achinewhu and Hewitt, 1979; Raharjo and
Farrell, 1984; Johns et al., 1986; Ten Doeschate et al., 1993). The AA digestibility

coefficient (DC) is calculated using the following formula

[1] DC (%) =100 - ((Mdiet X AAdigesta) / (Mdigesta X AAdiet) X 100),

where Mgiet and Myigesta are the concentrations of marker (mg/kg DM) in the diet and
digesta, respectively, and AAgier and AAdigesta are the concentrations of AA (mg/kg

DM) in the diet and in the digesta respectively.
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2.3. FACTORS INFLUENCING ILEAL AA DIGESTIBILITY

2.3.1 Method of AA digestibility determination

The AA digestibility in a feedstuff can be determined using the direct, difference
or regression methods. In the direct method, the assay diet is balanced for vitamins and
minerals and the requirements of energy are met using oils, dextrose or starch. The test
feed ingredient is the sole source of dietary protein in the assay diet (Lin et al., 1987; Fan
and Sauer, 1995). Therefore, the AA digestibility coefficient in the test feed ingredient is
actually the AA digestibility value in the assay diet which is calculated according to the

equation [1] stated previously.

The difference method involves the formulation of a basal and an assay diet. The
basal diet contains a basal feed ingredient, which provides the sole source of dietary AA.
The assay diet consists of a mixture of the basal diet and a test feed ingredient (Van
Leeuwen et al., 1987). Assuming that there are no interactions between the digestibility
values of AA in the basal and test feed ingredient, the relationship between digestibility
values can be expressed according to the equation [2]. The digestibility value of an AA in
the test feed ingredient can then be determined according to the equation [3] (Van

Leeuwen et al., 1987)

[2] Dp=(DexSg)+(DaxSa)

[3] DA = (DD— DB X SB) / SA
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Dp = AID of an AA in the assay diet (%); Dg = AID of an AA in the basal feed
ingredient (%); Sg = contribution level of an AA from the basal feed ingredient to the
assay diet, and Sg = 1- Sp (%). Da = AID of an AA in the assay feed ingredient (%); and

Sa = contribution level of an AA from the assay feed ingredient to the assay diet (%).

The regression method evaluates simultaneously the digestibility values of AA in
the basal and the assay feed ingredient. Similarly to the difference method, it is assumed
that there are no interactions between the digestibility values of AA in the basal and the
assay feed ingredients. The basal and the assay feed ingredients are mixed at graded
levels to formulate a series of assay diets. The linear relationships between the ileal
digestibility value of an AA in the assay diet and the contribution levels of AA from the
basal and assay feed ingredient to the assay diet can be expressed according to the

equation [4] (Fan and Sauer, 1995).

[4] Dpi=Da + (Dg—Da) x Sgi

Dpi, Dgand Da = AID of an AA in the ith assay diet (%), basal feed ingredient (%) and a
test feed ingredient (%), respectively; Sg; = contribution level of an AA from the basal
feedstuff to the ith assay diet, Sgj= 1- Sai;and Sa;= contribution level of an AA from the

test feedstuff to the ith assay diet.

The method of determination is an important factor responsible for variation in
ileal protein and AA digestibility values reported for samples of the same feed ingredient.
Fan and Sauer (1995) evaluated three methods for the determination of AID values of AA

in barley and canola meal for swine. They observed that AID of AA in barley when
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determined with the difference method were significantly lower than the AID of AA
determined by the direct method, while no differences for AID of AA in canola meal
were noted by either method. Therefore it was suggested that in order to eliminate these
variations, the method of determination specifically suited for a feed ingredient should be
used to determine AA digestibility. For example, if it is a high-protein feed ingredient
any of the direct, difference and regression methods can be used, if it is a low-protein
feed ingredient either the difference or the regression methods are appropriate and if it is
a poorly palatable feed ingredient, the regression method should be used to measure

digestibility (Fan and Sauer, 1995; Mosenthin et al. 2000).

2.3.2 Dietary protein and AA levels

The differences in protein and AA levels in samples of the same feed ingredient
or between different feed ingredients can also lead to variations in ileal AA digestibility
values (Sibbald, 1979; Green et al., 1987; Fan and Sauer, 1999; Short et al., 1999). The
feed intake levels (Kadim and Moughan, 1997b) and more precisely protein intake levels
(Fan et al., 1994; Angkanaporn et al., 1997) have been shown to influence the AID
values. The AID of AA increases with increase in dietary protein level till a plateau is
obtained after which AID coefficients become independent of dietary AA levels (Fan et
al., 1994; Fan and Sauer, 1999; Lemme et al., 2004). Therefore it can be said that the
AID values are most affected in low protein feed ingredients such as cereals and grain
legumes and are least affected in high protein ingredients (Fan et al., 1994). This is

because the low intake of dietary protein causes release of endogenous AA which get
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mixed with dietary AA and thus contribute to total digesta (Kadim and Moughan et al.,
1997b; Gatel, 1994; Ravindran and Hendriks, 2004; Adedokun et al., 2007). Also,
increased intake levels of fibre and ANF increases the IEAL (Parsons et al., 1983a;

Raharjo and Farrell, 1984).

2321 ILEAL ENDOGENOUS AA LOSSES

Endogenous losses can be divided into two fractions, the basal or non-specific
losses and dietary or specific losses (Lemme et al., 2004). The basal losses represent the
AA losses which are influenced by dry matter intake of the animal, the animal’s age and
the physiological status, as well as, by experimental conditions (Ravindran and Hendriks,
2004; Stein et al., 2007b). Whereas, the specific losses represent AA losses which are
influenced by the characteristics of a specific feed ingredient, such as protein,
concentration and type of fibre and ANF (Moughan, 2003; Lemme et al., 2004; Stein et
al, 2007b). Thus, it can be stated that the IEAL are the part of animal’s requirement and
therefore, AID values should be corrected for IEAL to account for accurate digestibility

estimates of a feed ingredient.

When the AID coefficients of AA are corrected for basal IEAL or specific IEAL
they are called standardized ileal digestibility (SID) coefficients or true ileal digestibility
(TID) coefficients, respectively. The methods available to measure IEAL are: classical
methods (nitrogen-free diet, regression analysis or fasted birds), peptide alimentation

ultrafiltration method (enzymically hydrolysed casein), isotope dilution method and the
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homoarginine method. These methods have been discussed in detail elsewhere (Sibbald,
1987; Nyachoti et al., 1997; Ravindran and Bryden, 1999). The TID is a fundamental
property of the diet and is independent of dietary conditions and therefore AA
digestibility in a feed ingredient should actually be expressed in terms of the TID. But,
the methods used to determine specific IEAL are expensive, time consuming, have large
estimation errors and are not easy to conduct routinely. In addition, for use of the TID in
feed formulation the AID and IEAL are required to be determined in the same assay
(Lemme et al., 2004). On the other hand, the SID coefficients are insignificantly variable
with assay conditions (Ravindran and Bryden, 1999; Stein et al., 2001), and therefore can
be calculated from the published estimates of basal IEAL (Lemme et al., 2004).

Therefore, the SID coefficients are preferred over the TID coefficients.

Protein content of casein diets and the enzymically hydrolysed casein diets can
increase the levels of IEAL (Ravindran and Hendriks, 2004; Adedokun et al., 2007;
Golian et al., 2008), thus among the methods used to measure the basal IEAL, the use of
nitrogen-free diet (NFD) has been suggested as the method of choice (Nyachoti et al.,
1997; Ravindran and Bryden, 1999; Ravindran and Hendriks, 2004; Adedoun et al.,
2007; Golian et al., 2008). The NFD method is based on the assumption that the assay
diet (nitrogen-free) enables normal digestive processes to take place, and the excreted AA
are of endogenous origin (Lemme et al., 2004). In the current study, IEAL values
determined previously in our lab (Golian et al., 2008) using NFD method were used to

calculate SID.
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2.3.3 Age of birds

Research has shown that digestive capabilities in chicks are lower during the 1%
week of age (Noy and Sklan, 1995; Batal and Parsons, 2002). Also, digestibility
coefficients have been observed to increase with the age of birds. For instance,
digestibility coefficients in 29-day old birds were observed to be lower than in 43-day old
(Ten Doeschate et al., 1993). Huang et al. (2005) observed an increase in AA
digestibilities in broilers from 14- to 28-day of age. The variations in lleal endogenous
amino acid losses (IEAL) due to the age and type of bird were thought to be partly
responsible for the above observations (Johnson, 1992; Ravindran and Hendriks, 2004;
Adedokun et al., 2007; Golian et al., 2008). For instance, Adedokun et al. (2007) reported
that the IEAA flow in broilers on day 5 was double the IEAA flow on day 21. Siriwan et
al. (1993) observed that the AID coefficients in isonitrogenous diet were lower in broilers
(0.84) than in cockerels (0.88) (Siriwan et al., 1993). They further reported that even after
correcting the AID values for IEAL, the digestibility differences remained lower in
broilers than cockerels (0.90 & 0.92). From these studies it can be inferred that it is not

wise to apply digestibility values estimated in adult cockerels to young broilers.

In conclusion, there exist large variations in AID of protein and AA between
feedstuffs as well as among samples of the same feedstuff. These variations are attributed
to differences in assay conditions/methodological factors (method of digesta collection,
method of digestibility determination) or inherent feed factors (variety of grain, fibre

levels, anti-nutritional values, processing conditions, fertiliser application and
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environmental conditions) (Sauer and Ozimek, 1986; Knabe et al., 1989; Johnson, 1992;
Mosenthin et al., 2000; Bandegan, 2009, Bandegan et al., 2009, 2010). But separate
contribution of these variations (i.e. variations due to feed factors or due to assay

conditions) to total variation is needed for a clear understanding of observed CV.

24  STANDARDIZED ILEAL DIGESTIBILITY

Additivity is an important issue in feed formulation, because it indicates whether
digestible AA content of mixed diet could be predicted from the digestible AA contents
of single feed ingredients. Angkanaporn et al. (1996) showed that AID of AA in soybean
meal, sunflower meal, meat and bone meal are additive when combined together to form
a complete diet. However, as mentioned earlier, apparent digestible values are influenced
by feed intake and dietary proteins or AA contents of feed ingredients, particularly of
poorly digestible and low protein ingredients (Beilorai and losif, 1987; Fan et al. 1994;
Angkanaporn et al. 1997; Fan and Sauer, 1999), therefore, the additive nature of AID is
questionable (Furuyu and Kaji, 1991; Fan et al., 1994; Stein et al., 2005). On the other
hand, SID estimates are determined by allowing the bird’s normal feed intake behaviour,
are independent of the dietary protein levels and of the method by which AID values are
originally estimated; therefore, SID estimates are more additive in a mixture of feed
ingredients ( Lemme et al., 2004; Stein et al., 2005, 2007a, 2007b). The AID values are
corrected to SID values by accounting for basal IEAL according to the following

formula:
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SID, % = AID + [(basal IEAL/ AAgier) * 100] where, basal IEAL = basal ileal

endogenous AA losses, AAgiet= amino acid content of the diet.

2.5 IDEAL CHICK PROTEIN CONCEPT

The AA requirements of broilers, are influenced by many different factors,
including, dietary factors (protein level, energy level, and amount of feed intake),
environmental factors (disease, crowding, feeder space and heat stress), and genetic
factors (sex and capacity for lean vs. fat growth) (D’Mello, 2003). However, it is neither
possible to apply the AA requirements determined under certain circumstances to others,
nor to consider all the factors together while determining the AA requirements (Baker
and Han, 1994; Baker, 1997; Mack et al., 1999; Baker et al., 2002). This problem was
addressed by poultry nutritionists by using the ideal chick protein (ICP) concept (Han and
Baker, 1994; Baker, 1997) as a basis of poultry feed formulation. The ICP is defined as
the blend of indispensable AA supplied in the diet fed to the bird without any excesses or

deficiencies (Emmert and Baker, 1997).

The ICP concept was based on certain assumptions. First, the changes in AA
requirements would not lead to changes in relative proportion of different AA. Second,
the dietary requirement for each of the indispensable AA can be expressed in fixed
proportion to the requirements of a reference AA as well as to the requirement for other
indispensable AA. Third, the supplied AA satisfies the requirement of a bird for AA and

are not utilized for protein accretion and maintenance (Emmert and Baker, 1997). The



21

advantage of applying the ICP concept in practical feeding is that once ideal AA ratios
are once established for a certain age period, from accurately determined requirement of
the reference AA under a range of different circumstances one could calculate the
requirements of other indispensable AA under the same conditions (Baker, 1997). Also,
if AA in broiler diets are balanced according to ICP, the increase in performance of birds

would be in direct proportion to the increase in supply of AA (Vieira et al., 2004).

Although in practical broiler diets methionine is the most limiting AA, lysine was
chosen as a reference AA with the requirements for all other indispensable AA expressed
as a percentage of lysine. The reasons for selecting lysine as a reference AA were: (1) it
is used only for protein accretion and maintenance with no other precursor role; (2) the
analysis of lysine in feedstuffs is straight-forward unlike SAA and tryptophan; (3) it is the
second most limiting AA in broiler diets; (4) it is easily available in synthetic form and
thus its supplementation in diets is feasible; (5) the large body of data is readily available
on lysine requirement for variety of dietary, environmental and body compositional

circumstances (Baker and Han, 1994; Emmert and Baker, 1997).

The ideal AA ratios were derived by conducting several individual AA
requirement bioassays. These procedures resulted in three or more data sets for each
indispensable AA which were used to establish relationships between lysine and other
indispensable AA (Baker and Han, 1994). For the successful use of ideal protein ratios in
broiler diet formulation, points to be considered, are; (1) the precise estimate of dLYS,

since it is the basis for setting the requirements of all other indispensable AA; (2) the use
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of the same strain, sex and age of birds as well as the same basal diet in determining the
requirements for all AA; (3) the diets within and between bioassays should be kept
isonitrogenous and isoenergetic; (4) the graded responses should be clear-cut to the
limiting AA under test; (5) the use of objective and consistent curve-fitting procedures to
predict AA requirements; (6) the use of digestible rather than the total AA values of feed
ingredients (Baker and Han, 1994). In addition, the digestibility coefficients of dietary
AA should be used to establish accurate ideal AA ratios because the differences in AA
digestibilities among various dietary sources could lead to the differences in absorption
and utilization of AA and thereby changes in proportion of AA relative to each other
(Emmert and Baker, 1997). This is particularly true when crystalline AA or when
alternative feed ingredients like animal protein meals are used in feed formulation. Since,
SID coefficients of feed ingredients are preferred over AID and TID coefficients for
practical feed formulation (Stein et al., 2005; 2007b), therefore, AA requirements should

also be established using SID coefficients of AA present in assay diets.

2.6 DIFFERENT IDEAL AA PROFILES

The different ideal AA profiles available for use in broiler feed formulation are
NRC (1994), Baker and Han (1994), Baker et al. (2002) and Mack et al. (1994). The
NRC (1994) recommendations were established based on total AA, in 0- to 3-week old
broilers fed a maize-soybean meal diet, therefore NRC (1994) ratios are not considered

precise when feed ingredients of different digestibility coefficients are used in feed
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formulation. In contrast, Baker and Han (1994), Baker et al. (2002) and Mack et al.
(1999) established AA requirement ratios on a digestible basis. Baker and Han (1994)
calculated requirement ratios using crystalline AA diets fed to chicks during the second
and third week of life. The Baker et al. (2002) ratios were specified for broilers from 8- to
12-day of age. Mack et al (1999) calculated the AA ratios using 9.2 g/kg lysine (required
for optimum feed efficiency) as a reference point in chicks fed low protein (172 g/kg)
maize-soybean meal diets from 20- to 40- days of age. The attempt to verify the efficacy
of different ideal AA profiles was made by some researchers. For instance, Dari et al.
(2005) conducted two experiments using corn-soybean meal based diets (Exp.1) and
corn- soybean meal-wheat bran-feather meal and meat-meal-based diets (Exp. 2)
formulated either according to NRC (total AA) or Illinois ICP (IICP) (digestible AA)
profile with 20% CP in 3- to 6-week old Hubbard male chicks. In both experiments,
BWG and economic evaluations were better for broilers fed IICP based diets, while
carcass composition and carcass yield were not significantly affected by formulation
procedures. In Exp. 2, birds fed diets formulated using digestible AA basis, had
improved feed efficiency compared with those fed diets formulated using total AA basis,
even with low CP diets. Baker and Han (1994) reported equal performance in chicks fed
NRC- or IICP-based diets. In contrast, Taherkhani et al. (2005) reported that 3-week old
chicks fed NRC-based diets had significantly higher BWG and FCR in both sexes
relative to chicks fed IICP-based diets. The same authors (Taherkhani et al., 2005, 2008)
observed similar performance in 21- to 42-day old chicks regardless of dietary AA

profile. Thus, they concluded that the ratio of threonine (relative to lysine) in 1ICP
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estimated by Baker et al. (2002) (Thr:Lys ratio of 57 %) relative to Baker and Han (1994)
and Baker (1997) (Thr:Lys ratio of 67%) is insufficient for 3-week old broilers. Baker
and Han (1994) indicated that except for histidine and leucine, the ratios of AA according
to IICP are lower but adequate than respective ratios suggested by NRC (1994), and, the
higher ratios of histidine and isoleucine suggested by IICP compared to NRC (1994) are
not required. From the above studies, it can be inferred that 1ICP AA ratios set by Baker
and Han (1994) can serve as a good basis for formulating the dose-response diets in

requirement studies.

2.7 VARIABLES IN THE DETERMINATION OF AA REQUIREMENTS

Dose-response experiments relate input or independent variables such as,
nutrients (from deficient to excessive levels) with output or dependent variables or
response criteria, such as, growth parameters and body composition (blood or tissue
component, bone strength and immune competency) (Vedenov and Pesti, 2008). The
requirement of AA in broilers has been best defined by growth data in ad-libitum feeding
studies. The growth data is measured by BWG and FCR over a defined period of time
(Baker, 1986). Several reports have indicated that AA requirements vary with the
response criteria (Sibbald and Wolynetz, 1986, 1987; Rhodehutschord and Pack, 1999;
Baker et al., 2002; Lumpkins et al., 2007). Live BWG, feed intake and FCR measured
over the intended period of time are common response criteria used to measure AA

requirements. Published literature has shown a higher AA requirement for the optimum
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FCR than BWG (Han and Baker, 1993, 1994; Baker and Han, 1994; Mack et al., 1999;
Baker et al., 2002; Zaghari et al., 2002; Garcia and Batal, 2005; Lumpkins et al., 2007).
In contrast, similar AA requirement estimates for BWG and FCR have been reported by
others (Mendonca and Jensen, 1989; Morris et al., 1992; Huyghebaert and Pack, 1996;
Labadan et al., 2001; Garcia et al., 2006; Aftab and Ashraf, 2009). For profitable broiler
production, in addition to growth parameters, attention should be directed towards
measurement of CY and BMY as response criteria (Sibbald and Wolynetz, 1986;
Hickling et al., 1990; Moran and Bilgili, 1990; Acar et al., 1991; Bilgili et al., 1992;
Holsheimer and Ruesink, 1993; Renden et al., 1994). The AA requirement estimates for
optimum BMY has been found to be higher than optimum BWG and FCR (Sibbald and
Wolynetz, 1986; Jensen et al., 1989; Hickling et al., 1990; Moran and Bilgili, 1990; Acar
et al., 1991, Bilgili et al., 1992; Holsheimer and Ruesink, 1993; Han and Baker, 1994;
Renden et al., 1994;Gorman and Balnave, 1995; Kidd et al., 1998; Kerr et al., 1999;
Corzo et al., 2006), hence, different response criteria should be considered when

estimates for AA requirements are to be determined.

Another important consideration in the determination of AA requirements is the
type of mathematical model used for analyses (Leclerg, 1998; Rhodehutschord and Pack,
1999; Baker et al., 2002). For instance, Baker et al. (2002), using quadratic regression
analyses, obtained 1.08% and 1.15%, whereas, using broken line methodology, obtained
0.85% and 0.97% as the lysine requirement estimates for maximum BWG and FCR,

respectively. Similarly, Dozier et al. (2009) reported 1.07% and 1.10% as estimates for
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the optimum BWG and FCR using quadratic regression analysis, whereas, respective

estimates using the broken-line model were 1.09% and 1.15% .

28 METHODS TO DETERMINE AA REQUIREMENTS

Categorically, the methods used to determine AA requirements are empirical and
factorial. The factorial approach takes into account a number of factors (potential of
genotype, differences between and within individuals, effect of nutrient or environment
on weight gain, feed intake and carcass composition, constraints on the animal by
environment and feed intake) to establish optimum economic returns (D’Mello, 2003).
Because of the difficulty in integrating all the above stated factors a factorial approach is
not much used. The most of the published literature has employed empirical methods in
requirement studies (Han and Baker, 1991, 1993; Kerr et al., 1999; Kidd and Fancher,
2001; Corzo et al., 2002). Two commonly used empirical approaches are, the graded
supplementation technique, and, the diet dilution technique. D’Mello (1982, 2003)
described in detail advantages and limitations of both empirical techniques, and favoured

the graded supplementation technique as the method of choice for requirement studies.

The graded supplementation technique is the most frequently used method to
assess the AA requirements of growing animals (D’ Mello, 1982). The general
methodology for this technique is to formulate a basal diet which is adequate in all other
nutrients except the nutrient under test. The graded supplements of AA (synthetic or

crystalline form) under test are added to a basal diet providing dose response diets
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varying from deficient to excessive levels of AA under test. All the dose-response diets
are kept isocaloric and isonitrogenous by addition of vegetable oil or dextrose and
glutamic acid (D’Mello, 1982, 2003). To obtain correct estimates of the required AA
against a given response criteria it is recommended that; (1) a minimum of 4 levels of
dose response diets should be assayed so that the data can be fitted to a descriptive
response curve which could facilitate objective assessment of the AA requirement
(Robbins et al., 1979); (2) graded increments should be equally spaced so that statistical
analysis is easier; (3) the value of regression coefficient (R?) should be used to define the
linearity of response; (4) all performance data obtained against the graded AA levels
should be interpreted carefully in order to obtain accurate optimum response (Baker,

1986).

29 REVIEW OF THE LITERATURE AVAILABLE ON DIGESTIBLE

LYSINE REQUIREMENTS ESTIMATED IN THREE-WEEK OLD BROILERS

The NRC (1994) recommendation of lysine required for 3-week old broilers is
1.10% total lysine. Although NRC recommendations have been considered adequate for
broiler performance, research has indicated that they are low for maximum production of
modern broilers. Han and Baker (1991), conducted an experiment to determine the lysine
requirement of fast-growing (Hubbard x Hubbard) and slow-growing (New Hampshire x
Columbian) broiler chicks from 8- to 21-day of age. A corn-soybean-feather meal-based

lysine-deficient diet was supplemented with L-lysine.HCL to get 10 graded levels of
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dietary dLYS ranging from 0.51% to 1.41%. Requirements for dLY'S were determined to
be 1.01% for maximum BWG and 1.21 % for maximum FCR, irrespective of the strain.
They indicated that BMY in finishers increased quadratically in response to lysine
addition, and the lysine requirement for maximum BMY was almost similar to that
required for maximum FCR. Vazquez and Pesti (1997) using computer generated models,
predicted lysine requirement estimates for optimum BWG and FCR as 1.21% and 1.32%
of the diet for 0- to 3-week old broilers. Kidd et al. (1997) fed a sorghum-peanut meal-
based diet at two different levels of dietary lysine (1.10% and 1.20% of diet) to broilers
from 1- tol8-day of age, and observed that increasing dietary lysine from 1.10% to
1.20% significantly improved BWG and FCR. Again, Kidd et al. (1998) showed that
when broilers are fed dietary lysine at levels above the NRC (1994) recommendations,
they have improved growth and carcass performance. In addition, they pointed out that
the breast meat accretion is dependent on levels of lysine in the starter diet and is
independent of levels of lysine in the grower-finisher diet. Knowles and Southern (1998)
determined the lysine requirement estimates in 14- or 15-day old Cornish rock males by
the one-slope broken line methodology. The dietary lysine estimates obtained were
1.00%, 0.90% and 1.10% for the average daily BWG, the average daily feed intake and
the average daily FCR, respectively. Further, these authors concluded that the lysine
requirement estimates suggested by NRC (1994) for starters are adequate to obtain the
maximum BWG and feed intake, but not to obtain the maximum FCR. Kidd and Fancher
(2001) conducted two experiments with Ross x Ross 508 male broilers from day 1 to 21

of age to study requirements of lysine in starter chicks and the effect of lysine supplied in



29

starter diets on the CY. The graded increments of L-lysine used to formulate test diets
contained lysine from 80% to 130% of NRC (1994) recommendations. These authors
reported that dietary lysine requirement for growth performance is 107% to 111% (1.18%
to 1.22 % total lysine of diet or 1.07% to 1.11% digestible lysine of diet) of NRC (1994)
lysine recommendations; the dietary lysine at 100% of NRC (1994) recommendations fed
from day 1 to 18 of age is optimal for growth and CY at day 41 and 42 of age. Labadan et
al. (2001) conducted four experiments using four different dietary CP levels (22%, 21%,
20% and 18%) in four consecutive experiments to determine the lysine requirements in
male chickens from time of hatching to 8 weeks of age. They observed that lysine
requirements as a percentage of total diet for maximum BWG, BMY and FCR were
1.28%, 1.32% and 1.21% from 0- to 2-week; 1.13%, 1.21 % and NS (no significant)
estimate from 2- to 4-week; 0.99%, 0.99% and 1.00% from 3- to 6-week and 0.81%,
0.81% and NS estimate from 5- to 8-week. Zaghari et al. (2002) estimated lysine
requirements in male and female broilers (Arian) from 6- to 21-day post-hatch. Corn-
soybean meal-based lysine-deficient diets with L-lysine levels varying from 0.85% to
1.35% were assayed. They determined that males require higher levels of digestible
lysine for maximum BWG and FCR (1.075% and 1.179%, respectively) than females
(1.049% and 1.149%, respectively). Garcia and Batal (2005) conducted two experiments
to study the digestible lysine requirements of broilers at day 4 and day 21 post-hatch. A
corn-soybean-gluten meal-basal diet was supplemented to achieve dietary digestible
lysine levels of 0.88%, 0.98%, 1.08%, 1.18% and 1.28% (experimentl ) and 0.78%,

0.88%, 0.98%, 1.08% and 1.08% (experiment 2). The lysine requirement estimates for
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optimum gain calculated using quadratic regression analysis were 0.98% and 0.95% at
day 4 and 1.01% and 0.99% at day 21, respectively. Similarly for FCR, the digestible
lysine requirement estimates were calculated to be 1.08% and 0.98 % at day 4 and 1.01%
and 0.94% at day-21. Garcia et al. (2006) estimated that the digestible lysine requirement
of 21-day old male broilers for maximum BWG are slightly higher than that of females
reared in battery cages (0.96% vs. 0.94%) or floor cages (0.98% vs. 0.93%). However,
based on FCR, the average dLYS requirement for females was slightly higher than that of
males reared in battery (0.99% vs.0.96%) and floor pens (1.01% vs. 0.99%). Dozier et al.
(2009), using the quadratic broken line methodology estimated that dLYS requirement
for males and females Ross x Ross TP16 broilers was 1.10% and 1.00% of diet,

respectively, for maximum BWG and FCR.

From the above stated lysine requirement studies it can be concluded that AA
requirement is not a single clearly defined point. It is variable depending upon the age,
sex and genotype of a bird, response criteria used, mathematical method or statistical
approach applied, feed ingredient and its nutritive value and environmental factors.
Therefore, recommendations established under one condition might not be optimum

under other conditions.

210 REVIEW OF THE LITERATURE AVAILABLE ON DIGESTIBLE
SULFUR AA (MET+CYS) REQUIREMENTS ESTIMATED IN THREE-WEEK

OLD BROILERS
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Methionine is the first limiting AA in typical corn-soybean meal- based broiler
diets. It is an essential component required for protein synthesis, as a methyl donor and as
a precursor for cysteine. Although physiological requirement exists for both methionine
and cysteine (Graber and Baker, 1971), cysteine is a dispensable AA whose requirement
is met from methionine. Therefore, both methionine and cysteine are addressed together
as SAA. Considerable research has been conducted to quantify the maximum need of a
bird for SAA. The NRC (1994) recommended levels of methionine for 21-day old
broilers is 0.50% and for SAA is 0.90%, still most researchers and commercial
nutritionists tend to use slightly higher SAA (NRC, 1994). For instance, Gormon and
Balnave (1995) conducted an experiment in 21-day old Australian broilers and estimated
that the percentage of dietary methionine required for optimum BWG is 0.65%. Knowles
and Southern (1998) obtained the requirement estimates of 0.66% dSAA for maximum
BWG and 0.63% for FCR in 15-day old broilers. Sklan and Noy (2003) estimated a
requirement of 0.81% and 0.81% dietary dSAA based on BWG and FCR, respectively,
for 7- day old broiler chicks. Kalinowski et al. (2003) studied the dose response
relationships of methionine at fixed dietary cysteine levels and of cysteine at fixed dietary
methionine levels in fast and slow feathering broilers. Using corn-soybean meal-based
SAA-deficient diets formulated according to NRC (1994), and using regression equations
for data analysis, these authors determined that the methionine requirement of 0.50% is
adequate for 3-week old broilers regardless of feathering rate, but the cysteine
requirement for slow feathering males (0.39%) is less than that required for fast

feathering males (0.44%). Garcia and Batal (2005) conducted two experiments to study
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the changes in dSAA requirements of broilers during the first 21-days post-hatch. Corn-
soybean meal-corn gluten meal-based SAA-deficient diets were formulated to meet the
NRC (1994) requirements. Graded levels of DL-met and L-cys were added to achieve
dietary digestible levels of 0.68%, 0.78%, 0.88%, 0.98% and 1.08 % SAA (experiment
1) or dietary digestible levels of 0.61%, 0.71%, 0.81%, 0.91% and 1.01% SAA
(experiment 2). Using quadratic regression analysis, the estimated dSAA requirements
for BWG at day 4 and day 21 varied from 0.83% to 0.88% (experiment 1) and from
0.71% to 0.75% (experiment 2). The dSAA requirements for optimum FCR were 0.88%
at day 4 and 0.83% at day 21 in experiment 1, and 0.81% both at day 4 and day 21 in
experiment 2. Lumpkins et al. (2007) conducted three experiments with Cobb 500 chicks
to evaluate variations in the estimated dSAA requirements of broilers due to rearing
environment, sex, or growth performance. The SAA deficient corn-soybean meal-corn
gluten meal based-diets with graded levels of dSAA ranging from 0.54% to 0.94% in
experiment 1, 0.53% to 1.03% in experiment 2, 0.49% to 0.89% in experiment 3 were
formulated. The dSAA requirements for maximum FCR (0.71%) and BWG (0.67%) were
similar based on sex, rearing environment, or both. Whereas, due to battery and floor
pens, the dSAA requirement based on maximum FCR (0.68%) was higher than the
requirement estimates for maximal BWG (0.61%). Aftab and Ashraf (2009) conducted an
experiment to determine SAA requirements in Hubbard x Hubbard chicks from 4- to 21-
day post-hatch. Corn-soybean meal-based SAA deficient diets were formulated. The DL-
methionine was supplemented to provide SAA levels ranging from 0.64% to 0.89%. The

dSAA requirements were estimated to be 0.67% and 0.65% respectively, for BWG and
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FCR. Schutte and Pack (1995b) reported that the requirement for SAA was 0.88% of the
total lysine (or 0.75% apparent dSAA or 0.78% true dSAA) in broilers from 14 to 38

days of age.

As previously stated for lysine requirement studies, a similar conclusion can be
drawn from SAA requirement studies that AA requirements vary due to bird,
methodological and environmental factors. The AA requirements should be established

depending upon the prevailing conditions and then used in practical feed formulation.

Since, the digestible AA system is a better representative of AA availability than
the total AA system; the AA requirements should also be established using the digestible
system. Moreover, genetic selection has led to production of modern birds which differ
from their ancestors not only in growth rate but also in dietary requirements; thus the
requirement of AA for modern broilers need to be re-established using the digestible

ideal AA ratios.

2.11 CONCLUSION

The determination of digestibility coefficients of protein and AA is a reliable and
practical method of determining bioavailability of proteins and AA in the diet. Further,
digestibility coefficients obtained from the ileal digesta rather than excreta are a more
precise indicator sof broiler performance. Since AID values are influenced by the IEAL;

SID values should be estimated and used in practical broiler feed formulation. In
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addition, the CV and its components associated with the digestibility estimates should

also be reported to account for variations occurring due to feed or assay factors.

Methionine and lysine are the first and the second most limiting AA in broiler
feeding, therefore these AA need to be supplemented in required amounts for optimum
broiler production. The ideal protein/AA ratios have been proposed to exactly match the
bird’s requirement. Accordingly, the lysine is a reference AA and basis for calculating
requirements of all other AA. Therefore, accurate estimation of the lysine requirement in
a practical diet is critical. The graded supplementation technique has been considered as
the most commonly used empirical method of deriving AA requirements. The published
data available on AA requirement indicates that the response criteria and mathematical

approaches used could considerably vary from the derived AA recommendations.

This research project aimed to estimate the SID of protein and AA in three
Canadian broiler feed ingredients and to create a data set which could assist nutritionists
and the broiler feed industry to achieve more accurate feed formulations. The use of SID
estimates in feed formulation narrows safety margins, decreases feed cost, reduces
nitrogen excretion and therefore environmental pollution. This project also aimed to
derive, based on digestible ideal AA ratios, the requirements of lysine and sulphur AA for
optimum growth and carcass performance of modern broilers which could maximize

profitability in broiler market.
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3.0 THESIS OBJECTIVES

. To determine the AID and the SID of protein and AA in PPI, wcDDGS and corn samples

fed to 3-week old broilers.

. To derive the requirements of dlys and dSAA in 3-week old broilers fed diets formulated

on the basis of IICP.
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4.0 MANUSCRIPT I

STANDARDIZED ILEAL AMINO ACID DIGESTIBILITY IN PEA PROTEIN
ISOLATES, DISTILLERS’ DRIED GRAINS WITH SOLUBLES DERIVED

FROM A BLEND OF WHEAT AND CORN AND CORN FED TO BROILERS

41 ABSTRACT

Three separate experiments (Exp.) were conducted with broilers to estimate the
ileal digestibility of AA in four samples of pea protein isolates (PPI) (Exp. 1), five
samples of distiller’s dried grains with solubles derived from a blend of wheat and corn
(wecDDGS) (Exp. 2) and five samples of corn (Exp. 3), respectively. One hundred and
eighty day old Ross 308 male broiler chicks were used in Exp.1 and 216 in each of Exp. 2
and 3. The birds were fed a commercial starter diet from day 1 to day 15, followed by test
diets from day 15 to day 21 of age. The four test diets in Exp.1 contained PPI, five test
diets in Exp. 2 contained a mixture of wcDDGS and wheat (AC Barrie) and five test diets
in Exp. 3 contained a mixture of corn and wheat, as the source of protein. Whereas, the
direct method was used in Exp. 1, the indirect method was used in Exp. 2 and 3, to
determine the digestibility coefficients. A sample of wheat, as a reference to test the
repeatability of the digestibility experiments was also assayed separately in each Exp.
All test diets were balanced for minerals and vitamins, and chromic oxide (0.3%) was

included in all diets as a digestibility marker. Each test diet was randomly assigned to 6
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replicate cages (each cage with 6 birds). On day 21, all birds were sacrificed to collect
ileal digesta, which was analyzed to determine AID of AA. The AID estimates were then
corrected for basal ileal endogenous AA losses (previously determined in our laboratory),
to calculate SID of AA. The overall SID estimates for CP and AA were 92.8% and 92.4%
in PPI, 67.0% and 71.5% in wcDDGS and 85.4% and 88.4% in corn, respectively.
Among the indispensable AA, the SID estimates were highest for phenylalanine (96.1%),
arginine (95.9%) and lysine (95.7%) in PPI, for leucine (81.1%), methionine (80.9%) and
phenylalanine (80.8%) in weDDGS, and for arginine (98.7%), methionine (97.6%) and
phenylalanine (96.6%) in corn. Whereas, least digestible SID estimates were for SAA
(87.2 %) in PPIL, lysine (53.6 %) in wcDDGS and threonine (84.9 %) in corn,
respectively. The highest CV% associated with SID estimates of AA were observed for
cysteine (11.6%) and SAA (6.0%) in PPI, for lysine (27.9%) and aspartic acid (20.1%) in
wcDDGS and for threonine (9.5%) and glycine (9.2%) in corn. Both the AID and the SID
estimates for CP and for each AA in reference wheat were not significantly different (P >

0.05) across the three experiments.

4.2 INTRODUCTION

Canada is the world’s largest producer of Peas (23% of total production) and
Manitoba is the third largest pea producing province in Canada. Peas have high starch
content and are thus an excellent source of energy in broiler feeding (Igbasan and
Guenter, 1996; Igbasan et al., 1997). With low levels of methionine (3.0%) and high

levels of lysine (6.5%), theAA profile of pea complements nutritionally well with canola
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meal and cereals, which are high in methionine (4.5%) and low in lysine (3.0%) (NRC,
1994). Peas are known for high nutritive value and large production in Western Canada,
but the chemical and nutritional composition of available peas varies among cultures
(Igbasan et al., 1997; Fan and Sauer, 1999; Grosjean et al., 2000; Friesen et al., 2006),
location and growing conditions (Guegen and Barbot, 1988; Igbasan et al., 1996; Fan and
Sauer, 1999). Also, protein and AA digestibility (apparent and true) of peas is influenced
by the composition of pea proteins (albumins or globulins), pea carbohydrates (soluble or
insoluble fibre) and ANF like trypsin inhibitors, lectins, saponins and tannins (Gatel,
1994; Fan and Sauer, 1999; Grosjean et al., 2000; Wiseman et al., 2003; Gabriel et al.,
2008b). Le Guen et al. (1995) observed that piglets fed diets based on PPI (derived from
2 cultures namely, Frijuanae and Finale), showed higher apparent ileal nitrogen
digestibility (83.7% and 85.4% for Frijuanae and Finale, respectively) and weight gains
than those fed whole pea-based diets (AID of nitrogen was 69.0% for Frijuane and
75.0% for Finale, respectively). These authors concluded that the high digestibility of
PPI-based diets, compared to whole pea-based diets, is due to negligible amounts of
albumins, carbohydrates and ANF in PPIL. Also, it has been suggested that isolated pea
protein might have modified physical properties and more accessibility to digestive
enzymes (Gatel, 1994). The results of in vitro digestibility experiments also indicated the
potential of protein isolates as an excellent protein ingredient in poultry diets. For
instance, protein digestibility estimated using pepsin-trypsin and pepsin-pancreatin
enzymes, was reported to be 80.6% to 82.6% and 78.6% to 79.2 % in PPI (Chavan et al.,
2001), 90.0% in flaxseed protein isolates (Wanasundra and Shahiddi, 1997) and 84.0% in

PPI using the multi-enzyme system (Johnson and Brekke, 1983), respectively. While
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there exist studies reporting apparent digestibility of AA in PPI for piglets (Le Guen et
al., 1995), in pea protein concentrates for piglets (Valencia et al., 2008) and for broilers
(Valencia et al., 2009), no information is available on AID and SID of CP and AA in PPI

for broilers.

In recent years, increased use of ethanol as a biofuel, has led to large availability
of DDGS. Increased availability of DDGS has opened an outlet for its use in monogastric
feeding, and therefore, further research related to utilization of DDGS in poultry
nutrition. Various studies have demonstrated that, if broiler diets are kept nutritionally
adequate in energy and lysine, DDGS can be incorporated at modest levels into poultry
feeding without deleterious effects on bird performance (Runnels, 1966, 1968; Waldroup
et al., 1981; Parsons et al., 1983b, Lumpkins et al., 2004; Thacker and Widyaratne, 2007,
Wang et al., 2007; Youssef et al., 2008). Moreover, in modern ethanol plants, cereal
feedstock is exposed to more controlled processes of heating and drying (Swiatkiewicz
and Koreleski, 2008), thereby yielding more valuable DDGS (often referred to as new
generation DDGS) than produced from either old ethanol plants or the beverage industry
(old generation DDGS). For instance, Lumpkins and Batal (2005) observed that lysine
digestibility (75 to 80%) in DDGS obtained from modern beverage plants is equal to
digestibility of lysine in corn (81%). Also, Lumpkins et al. (2004) has indicated that new
generation DDGS is a highly acceptable feed ingredient in commercial broiler diets,
which can be safely used at 6% in the starter diets and 12 to 15% in the grower-finisher
diets. However, the use of DDGS as a feedstuff is of great concern since factors related to

its production (drying versus wet process, original grain composition used as cereal base,



40

amount of solubles added back) cause large variations in its nutrient content and
influences its digestibility (Martinez-Amezcua et al., 2007). While no significant
variation in AA digestibilities (except for lysine) among batches of wheat-derived DDGS
from the same source were observed by Bandegan et al. (2009), others reported large
variations both within a source, as well as between plants (Speihs et al., 2002; Nyachoti

et al., 2005; Feine et al., 2006; Lan et al., 2008).

A plethora of literature is available on the use and digestibility of old generation
wheat derived DDGS in pigs (Nyachoti et al., 2005; Lan et al., 2008) and poultry
(Thacker and Widyaratne, 2007; Bandegan et al., 2009) as well as of corn-derived DDGS
in pigs (Stein et al., 2006; Urriola et al., 2009). Also, the AA profile and digestibility, of
new generation corn-derived DDGS has been studied in vivo in pigs (Speihs et al., 2002;
Fastinger and Mahan, 2006) and cecectomised roosters (Lumpkins et al., 2004; Lumpkins
and Batal, 2005; Fastinger et al, 2006; Batal and Dale, 2006) and in vitro using the
immobilized digestibility enzyme assay technique (Fiene et al., 2006). Thus far there are
no reports on SID of protein and AA in DDGS produced from modern ethanol plants
which used blends of corn and wheat as a fermentable cereal base. In addition, little
information is available on the variation factors (feed or bird) associated with overall CV

observed in the digestibility of AA in DDGS samples.

Because the high starch content (source of energy) and low concentration of non-
soluble polysaccharides and ANF (Coweison et al., 2005), corn is the most widely used
cereal in poultry diets. It was thought to be the most consistent cereal in terms of nutrient

value, but this perception has been questioned by many (Sauer et al., 1977; Green et al.,
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1986; Furuyu and Kaji et al., 1991; NRC, 1994; Jondreville et al., 2001; Ravindran et al.,
1999; Song et al., 2004; Adedokun et al., 2008, 2009) by speculating on the variability in
nutritive composition and consequently AA digestibility coefficients in corn. It has also
been demonstrated that field location and corn heat unit (CHU) rating of corn cultivars
could also affect the nutrient composition and agronomic parameters of corn (Opapeju et
al., 2007). Enormous production of high-yielding, low corn heat units (CHU)-rated
cultivars in Manitoba has increased the potential of corn for use in broiler feeding. But, to
date, digestibilities of AA in Manitoba-grown corn for broilers have not been determined.
Therefore, it is critical to evaluate CP and AA digestibilities and their associated
variability among corn grown in different parts of Manitoba before utilizing them in feed

formulation.

With respect to AA nutrition, the nutritive value of a feed ingredient is judged
more accurately by AA availability than AA profile. The best and most practical indicator
of AA availability is the AA digestibility. There is no doubt that ileal rather than fecal
digesta is a better predictor of AA digestibility in poultry, but AA digestibility is
influenced by genotype, age, sex and method of determination (Ten Doeschate et al.,
1993; Song et al., 2004; Huang et al., 2005; Garcia et al., 2007). The AID values are
dependent on AA/protein intake,does not take into account the endogenous losses in
digesta and therefore are non-additive in mixed diets and AID values needs correction
before use as a reference in feed formulation. In commercial feeding both high quality
(high digestibility) and low quality feed ingredients (low digestibility) are utilized in feed

formulation, therefore it is crucial that digestibility estimates of different feed ingredients
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are additive when used in mixed diets. The AID values corrected for basal IEAL
produces SID values which are additive in mixtures of feed ingredients and a closer

representative of true digestibility (Stein et al., 2005; 2007a).

4.3 OBJECTIVES

To determine the AID and SID estimates of protein and AA and their associated

CV in PPI, weDDGS and corn samples fed to 21-day old broilers.

44 MATERIALS AND METHODS

441 DIETS

Four PPI (from Nutri-pea limited at Portage La Prairie, Manitoba, Canada), five
wcDDGS (from Husky’s Mohawk Ethanol plant at Minnedosa, Manitoba, Canada) and
five corn (from different locations in Manitoba, Canada) samples were assayed in three
independent experiments. The PPI samples were collected from five different processing
periods; weDDGS samples were collected from five different fermentation batches with
different grain source and processing days; and corn samples were obtained from five
different local farms. A sample of reference wheat (AC Barrie) was also obtained from a
local farm. Each test diet in Exp 1 contained PPI (25%) as the sole source of protein
while 51% and 47.7% of wheat was mixed with weDDGS in Exp. 2 and with corn in

Exp. 3, respectively. The reference wheat assayed in each experiment was included at
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91.7%. All test diets contained chromic oxide (0.3%) as a digestibility marker and were

balanced for minerals and vitamins as per NRC (1994) recommendations.

442 BIRDS AND CONDUCT OF EXPERIMENT

The experimental protocol was reviewed and approved by the Animal Care
Protocol Management and Review Committee of the University of Manitoba and birds

were cared for according to the guidelines of the Canadian Council on Animal Care

(1993).

Day old one-hundred eighty (Exp.1) or two hundred sixteen (Exp. 2 or Exp. 3)
Ross 308 male broilers (Ross, Aviagen) were obtained from a local hatchery (Carlton
Hatchery, Grunthal, Manitoba, Canada) and were housed in Petersime battery brooders
(Petersime Incubator Co., Gettysburg, Ohio). Batteries were placed in a well-illuminated
(24 h fluorescent lightning) and temperature controlled (32, 28 and 24°C during 1, 2 and
3 week, respectively) in the room. Chicks received a commercial starter diet (FeedRite,
Ridley Inc., Winnipeg, Manitoba, Canada) in the form of crumbles (3100 Kcal/Kg, 19%
CP) from day 1 to day 14 of age. On day 15, chicks were fasted for 3 hours, weighed and
allotted in groups of 6 to 30 pens (Exp. 1) or (Exp. 2 or Exp. 3) 36 pens such that weight
distribution per pen was similar. Each of five (Exp. 1) or six (Exp. 2 or Exp. 3) diets per
experiment were randomly assigned to six replicate cages and fed to chicks for one week.
The feed and water were offered ad libitum throughout the experimental period. On day

21, birds were killed by cervical dislocation and body cavity of each bird was opened.
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The section between Meckel’s diverticulum and 4 cm anterior to the ileo-ceco-colonic
junction was isolated and contents were gently squeezed and collected into sample bags.
Digesta from all the birds within a cage was pooled in a bag, immediately frozen and
subsequently freeze dried. The dried ileal digesta sample bags were stored in airtight bags

and stored at room temperature until analysis.

443 CHEMICAL ANALYSIS

Test diets and digesta samples were finely ground using a coffee grinder (CBGS
Smart Grind; Applica consumer products, Inc., Shelton, CT) for dry matter, nitrogen and
AA analysis. Dry matter was determined according to the AOAC (2000) method
(procedure # 934.01) and nitrogen was analyzed using the Leco nitrogen analyzer (model
CNS-2000; Leco Corp., St. Joseph, MI). Amino acid concentrations of the diet and
digesta were determined by Evonik-Degussa Corporation (Hanau-Wolfang, Germany)
using ion-exchange chromatography with postcolumn derivatization with ninhydrin
(Llames and Fontaine, 1994). Sulfur AA (methionine and cystine) were first oxidized
with performic acid, which were then subsequently neutralized with sodium metabisulfite
(Commission Directive, 1998). Amino acid concentrations were quantified with the
internal standard by measuring the absorption of reaction products with ninhydrin at 570
nm. For chromium analysis, samples were ashed at 600°C for 12 hours in a muffle
furnace and analyzed using inductively coupled plasma mass spectrometry (ICS-AES

Vista, Varian) according to the method (procedure # 985.01) of AOAC (2005).
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444 DIGESTIBILITY CALCULATIONS

The AID estimates of protein and AA in PPI (Exp. 1) and in reference wheat were

calculated using the direct method (Fan and Sauer, 1995) as follows:

(AAM)q - (AA/M)ig
AID =

(AA/M)q

Where, (AA/M)q = ratio of AA to marker concentration in diet and (AA/M);q = ratio of

AA to marker concentration in ileal digesta.

Because difference method is more appropriate than direct method for feedstuff
which have poor palatability or have low protein content (Fan and Sauer, 1995), the AID
coefficients of protein and AA in weDDGS (Exp. 2) or corn (Exp. 3) were calculated
using the difference method (Fan and Sauer, 1995). Assuming that there are no
interactions between the digestibility values of AA in the basal (wheat) and test feed
ingredient (wcDDGS or corn), the relationship between digestibility values can be
expressed according to equation [1]. The digestibility values of AA in the test feed

ingredient were then determined according to equation [2] (Van Leeuwen et al., 1987).

[1] Dp= (DB X SB) + (DA X SA)

[2] Da=(Dp—Dg x Sg)/Sa
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Dp= AID of an AA in the test diet (%);
Dg = AID of an AA in the basal feed ingredient (%);

Sp = contribution level of an AA from the basal feed ingredient to the test diet, Sg = 1- Sp

(%)

D= AID of an AA in the test feed ingredient (%);
And Su = contribution level of an AA from the test feed ingredient to the test diet (%)

Basal ileal endogenous AA losses (see Appendix, Table 9.1) estimated previously in our
lab using a nitrogen-free diet (Golian et al., 2008) were used for the correction of AID

values to the SID values of AA in all three experiments using the following formula:
SID = AID + [(basal [AA¢n/ AA diet) x 100]

Where, IAAcnq = Ileal endogenous AA loss, and AA diet = amino acid content of the diet.

445 STATISTICAL ANALYSIS

The digestibility estimates of CP and AA from each experiment (PPI, wcDDGS,
and corn and reference wheat samples) were analyzed using the Nested procedure of SAS
Institute, Inc. (1990). The model used in data analysis was: Yj; = p + t; + e;;, where Y;; =
digestibility of j’th cage of bird in i’th sample, p = population mean, t; = effect of the i’th
sample and e;jj - error deviation of the j’th AA in the 1’th treatment. The variance due to

the samples (o,”) and cages within samples (o.”) was determined for AID and SID for CP
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and for each AA (in each experiment). These variance measurements used to calculate
total coefficients of variation (CV, %) showed the relative importance of between sample

variability and within sample variability.

45 RESULTS AND DISCUSSION

Crude protein and AA concentration in PPI, weDDGS, corn samples are
presented in Table 4.1, also, the protein and AA contents in the reference wheat are
included in footnotes. The protein and AA content in PPI was higher than published
values of CP and AA in peas (Igbasan et al., 1997; Ravindran et al., 2005; Bandegan,
2009; Owusu-Aseidu et al., 2002) but compares well with the AA ranges published
previously for pea protein (Jondreville et al., 2001; Degussa, 2006). This study
demonstrated that PPI have high amounts of leucine (6.5%) and lysine (5.6%) among
indispensable AA and glutamic acid (14.3%) and aspartic acid (8.9%) among dispensable
AA but low amounts of histidine (1.9%) and SAA (1.6%), methionine being the lowest
(0.8%). Among the indispensable AA, similar trends were reported previously (Chavan et
al., 2001). Earlier reports of high contents of lysine and low contents of SAA in peas
(Gatel, 1994; NRC, 1994; Bandegan, 2009) have been explained by the AA composition
of storage protein which are high in lysine but low in SAA (Croy et al., 1980). Globulins
rather than albumins contain higher amounts of arginine and dispensable AA, and these
AA get further concentrated when pea protein is separated from starch (Igbasan et al.,
1997). While the most variable AA in PPI were isoleucine and valine with CV of 14.4%

and 12.9%, methionine and SAA were least variable among indispensable AA with CV
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Table 4.1. Crude protein and AA composition (%) in pea protein isolate (PPI) (n = 4), distiller’s dried grains with solubles derived from a
blend of wheat and corn (weDDGS) (n = 5) and corn (n = 5) fed to broilers'? (DM basis)

Items PPI wcDDGS Corn

Range Mean CV%’ Range Mean CV% Range Mean CV%
DM 94.6 -95.3 94.9 0.30 92.8-93.5 93.1 0.40 88.0-90.5 89.9 0.90
Cp 84.4 - 86.0 84.9 0.89 30.7-31.9 314 1.45 6.22 - 7.51 6.77 8.06
Indispensable AA
Arg 5.85-7.15 6.40 8.60 1.17-1.27 1.23 2.93 0.30-0.38 0.34 9.50
His 1.76 - 2.14 1.91 8.99 0.89 -0.94 0.92 2.15 0.20 -0.28 0.23 11.8
Ile 2.98-4.18 3.51 14.4 1.36 - 1.44 1.40 2.80 0.25-0.32 0.29 9.88
Leu 6.19-7.14 6.52 6.84 3.61-3.95 3.76 3.65 1.01-1.18 1.12 9.21
Lys 5.34-6.11 5.64 5.92 0.79-0 .85 0.82 2.65 0.20-0.26 0.23 9.06
Met 0.77 - 0.82 0.80 2.57 0.71-0.79 0.75 4.13 0.18-0.28 0.21 18.0
TSAA 1.54 - 1.66 1.58 3.27 1.35-147 1.42 3.63 0.34-0.48 0.40 15.7
Phe 3.98-4.53 4.16 6.39 1.58 -1.61 1.60 0.74 0.37-0.47 0.42 11.9
Thr 2.54 -2.85 2.68 4.83 1.11-1.22 1.16 3.12 0.28-0.39 0.35 13.2
Val 3.04-4.10 3.52 12.93 1.53-1.59 1.57 1.41 0.31-0.36 0.34 5.74
Dispensable AA
Ala 3.28 -3.54 3.42 3.52 2.07-2.27 2.15 3.85 057 -0.75 0.66 14.2
Asp 8.35-9.54 8.90 5.45 1.89 - 1.98 1.96 1.79 0.47-0.62 0.55 12.5
Cys 0.72 - 0.85 0.78 7.33 0.64 -0.71 0.67 3.83 0.15-0.24 0.19 19.2
Glu 13.5-149 14.3 4.28 6.43 -7.24 6.84 443 1.44 -1.94 1.69 14.4
Gly 2.67-3.22 2.88 8.34 1.21-1.25 1.23 1.49 0.25-0.30 0.28 8.24
Pro 3.08-343 3.25 441 2.64-2.79 2.73 2.15 0.66 - 0.83 0.77 12.9
Ser 3.53-3.97 3.75 4.90 2.39-1.52 1.44 3.48 0.32-0.46 0.40 15.3

1. n = number of different samples of a feed.

2. The values of DM, CP, Arg, His, Ile, Leu, Lys, Met, Met+Cys, Phe, Thr, Val, Ala, Asp, Cys, Glu, Gly, Pro and Ser in reference wheat
sample were 94.9, 15.3, 0.59, 0.34, 0.40, 0.98, 0.38, 0.31, 0.67, 0.72, 0.49, 0.50, 0.58, 0.74, 0.36, 4.96, 0.59, 1.58 and 0.69, respectively.

3. CV = Coefficient of variations between different samples of same ingredients.
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of 2.6% and 3.3%. The nutrient variability observed among the PPI samples assayed in
current study could be explained by publishes reports about cultures, location and
growing conditions (Guegen and Barbot, 1988; Igbasan et al., 1996; Fan and Sauer,
1999) which tend to vary the chemical and nutritional composition of whole-peas.With
some differences in concentrations of arginine and valine, CP and AA concentrations of
wheat compare well with wheat assayed previously in our lab (Bandegan et al., 2009) and
also with those reported earlier (Thacker and Widyaratne, 2007; Lan et al., 2008). The CP
and AA concentrations of corn samples were within the range reported in previous
studies (NRC, 1994; Ravindran et al., 1999; Opapeju et al., 2007) but were different from
others (Garcia et al., 2007; Adedokun et al., 2008). The variability observed in the AA
composition of cereals is due to variations in genetic variety, cultivars and geographical
location (where crop is grown) (Opapeju et al., 2007), husbandry practices, season and

year of harvest (Evers et al., 1999; Jondreville et al., 2001).

Interestingly, the CP and AA levels in weDDGS, were closer to values reported
for corn DDGS (NRC, 1994; Speihs et al., 2002; Fastinger and Mahan, 2006; Fastinger et
al., 2006; Stein et al., 2006) than for wheat DDGS (Bandegan et al., 2009), which may be
due to the original grain composition used for fermentation by ethanol plants. Distiller’s
dried grains with solubles assayed in this study were obtained at the time when a blend of
approximately 75% corn and 25% wheat was used as a cereal base for ethanol
production. The protein and AA content in weDDGS were observed to be higher than
respective contents in wheat and corn samples. Studies in pigs and poultry using wheat-

derived DDGS (NRC, 1994; Nyachoti et al., 2005; Thacker and Widyaratne, 2007; Lan et
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al., 2008; Bandegan et al., 2009) have also reported AA content to be 2 to 3 folds higher
than in wheat. This is because removal of alcohol and carbon dioxide (fermentation
products) leaves behind concentrated amounts of other nutrients. The higher nutrient
content than cereal base and enormous availability has encouraged the use of DDGS in
poultry diets. However, attention should be directed towards the energy and lysine
content of broiler diets which contain high levels of DDGS to prevent impaired feed
utilization and bird performance (Waldroup et al., 1981; Parsons et al., 1983b; Lumpkins

et al., 2004; Thacker and Widyaratne, 2007).

Of the entire indispensable AA assayed in wheat, wcDDGS and corn, the contents
of methionine (0.31%, 0.75% and 0.21%) and lysine (0.38%, 0.82% and 0.23 %) were
lowest and that of leucine (0.98%, 3.65% and 1.12 %) were highest, respectively. In
terms of the variability observed for the indispensable AA profile, methionine and SAA
were most variable both in weDDGS and corn, while phenylalanine in wcDDGS and
valine in corn were least variable. A comparison of protein and AA variability revealed
corn as the most variable and wcDDGS as least variable among the feed ingredients
analyzed. The high CV observed among the corn samples in current study could be due to
differences in location or cultivars as has been previously demonstrated by Opapeju et al.
(2007). The corn samples assayed by Opapeju et al. (2007) were also obtained from
different parts of Manitoba.

The AID and SID of CP and AA in PPI, weDDGS, corn and reference wheat
(included in footnote) are shown in Tables 4.2 and 4.3. The average AID and SID

estimates of indispensable AA in PPI ranged from 82.5% for SAA to 94.7% for arginine,
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Table 4.2. Apparent ileal protein and AA digestibility coefficients in pea protein isolate (PPI) (n = 4), distiller’s dried grains with solubles
derived from a blend of wheat and corn (wecDDGS) (n = 5) and corn (n = 5)'~ samples fed to broilers.

Items Pea protein isolates wcDDGS Corn

Range Mean Range Mean Range Mean
Cp 85.8-94.0 90.6 61.2-70.1 65.1 779 - 86.2 82.1
Indispensable AA
Arg 89.2 -96.8 94.7 71.3-79.8 75.4 92.7-99.9 95.3
His 85.5-94.6 92.5 60.1 -73.2 67.7 88.8 -93.7 90.7
Ile 85.5-93.5 90.7 63.8-72.2 68.0 85.7-92.5 88.4
Leu 87.6 -95.0 92.0 76.5 - 82.1 79.8 92.3-95.8 93.8
Lys 90.9 - 96.8 94.5 44.3-59.4 50.7 84.1-92.0 87.6
Met 86.3-95.1 90.8 76.7 - 83.1 79.6 93.6-97.1 95.2
Met+Cys 75.5-87.9 82.5 69.0-759 72.8 88.0-92.8 90.2
Phe 87.7-95.0 92.2 74.6 - 80.3 77.2 88.1-93.0 89.8
Thr 77.8 -90.6 86.0 56.0 - 63.5 59.0 69.8 - 80.0 73.9
Val 83.9-93.2 89.1 63.3-71.5 67.4 85.5-924 88.1
Dispensable AA
Ala 84.2-94.0 89.6 71.7-179.8 76.1 90.9 -95.0 92.8
Asp 87.6 - 94.6 91.9 50.1-61.0 54.7 84.6 -92.2 87.7
Cys 58.9-82.5 72.6 59.5-67.2 62.6 81.2-87.8 83.5
Glu 90.3-96.9 94.6 77.8 - 82.9 80.2 91.8-96.9 94.4
Gly 78.4-92.6 88.1 55.5-64.5 59.2 79.5-89.3 83.0
Pro 83.1-91.8 89.2 73.5 - 80.8 77.1 86.9-92.2 89.7
Ser 82.7-92.9 88.9 64.2 - 70.8 67.2 82.3-89.2 84.8

1. n = number of different samples of a feed fed to 6 cages, each with 6 birds.
The average AID coefficients in reference wheat samples of CP, Arg, His, Ile, Leu, Lys, Met, Met+Cys, Phe, Thr, Val, Ala, Asp, Cys, Glu, Gly,
Pro and Ser were 87.8, 83.1, 87.1, 89.4, 89.5, 81.2,91.9, 91.1,93.1, 83.8, 86.2, 82.5, 82.0, 90.1, 95.8, 83.6, 95.1 and 88.1, respectively.
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Table 4.3. Standardized ileal protein and AA digestibility coefficients in pea protein isolate (PPI) (n = 4), distiller’s dried grains with solubles
derived from a blend of wheat and corn (wecDDGS) (n = 5) and corn (n = 5)"* samples fed to broilers’

Items PPI wcDDGS Corn

Range Mean Range Mean Range Mean
Cp 88.1-96.1 92.8 63.2-72.1 67.0 81.1-89.6 854
Indispensable AA
Arg 90.5-98.0 95.9 73.2-81.8 77.3 96.7 - 103 98.7
His 87.6-97.9 94.4 61.8-74.8 69.3 91.6 - 96.6 93.6
Ile 88.0-96.2 92.9 66.2 - 74.6 70.3 90.2 - 97.1 92.9
Leu 89.7 -96.7 93.9 77.9 - 83.5 81.1 93.8-98.6 96.5
Lys 92.3-98.0 95.7 47.0-62.3 53.6 89.0-97.0 92.5
Met 87.5-97.2 93.5 78.0 - 84.5 80.9 96.1 -99.6 97.6
Met+Cys 80.4-91.8 87.2 71.2 -78.1 74.9 91.7 - 96.6 93.9
Phe 92.2 -98.7 96.1 78.3-84.0 80.8 94.9-99.9 96.6
Thr 84.8 - 96.7 92.3 61.1-69.0 64.3 80.7-91.2 84.9
Val 86.9 -95.8 91.9 65.8-74.0 69.8 90.5-97.2 92.8
Dispensable AA
Ala 83.9- 96.5 92.2 73.5-81.5 77.8 94.5-98.6 96.3
Asp 89.7-96.4 93.7 53.3-64.2 57.8 90.6 - 98.3 93.8
Cys 66.7 - 89.1 79.7 62.4-70.2 65.6 86.2 -92.7 88.5
Glu 92.0-98.3 96.0 78.6 - 83.8 81.0 93.3-984 96.0
Gly 81.9-95.6 91.2 58.0-67.1 61.8 84.4-942 87.9
Pro 88.1-96.3 92.5 74.9 - 82.1 78.3 89.3-94.6 92.1
Ser 86.6 - 96.2 92.3 67.3-74.0 70.3 88.1-95.2 90.7

1. n = number of different samples of a feed fed to 6 cages, each with 6 birds.

2. The average AID coefficients in reference wheat samples of CP, Arg, His, Ile, Leu, Lys, Met, Met+Cys, Phe, Thr, Val, Ala, Asp, Cys, Glu,
Gly, Pro and Ser were 87.8, 83.1, 87.1, 89.4, 89.5, 81.2,91.9, 91.1, 93.1, 83.8, 86.2, 82.5, 82.0, 90.1, 95.8, 83.6, 95.1 and 88.1, respectively.

3. The SID estimates were calculated by correcting AID estimates for IEAL determined previously in our lab (Golian et al., 2008).
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and 87.2% for SAA to 96.1% for phenylalanine, respectively. Similar estimates for
dispensable AA varied from 72.6% for cysteine to 89.6% for alanine and 79.7% for
cystiene to 96.0% for glutamic acid. A trend similar to this for AA digestibility values
was reported in protein isolates of beach pea (Chavan et al., 2001) and pea (Bandegan,
2009). The ranking of AA in terms of highest (glutamic acid) and lowest (SAA,
particularly cystiene) digestibility values compares well with previous reports on SID of
AA in field peas for adult cockerels (Igbasan et al., 1997), and on AID of AA in peas for
cecectomized broiler chickens (Gabriel et al., 2008a). No published data was available on
AID and SID of AA in PPI in broilers for comparison purposes. The AID estimates of
AA in PPI fall within the range reported for AID estimates for peas in broilers (Wiseman
et al., 2003; Gatel, 1994), but are higher than AID estimates published for peas using
adult cockerels (Igbasan et al., 1997) and broilers (Kluth et al., 2005; Gabriel et al.,
2008a). Also, our AID estimates were higher than the previously reported AID estimates
for pea protein concentrates in broilers (Valencia et al., 2009). Different digestibility
estimates reported by different researchers could be due to the difference in feed
ingredient assayed (whole pea or pea protein isolate or pea protein concentrate), type of
bird (intact or cecectomised birds or adult cockerels) or digestibility estimates (apparent

or standardized or true).

Pea protein isolates assayed in this study were obtained from Nutri-pea Limited
where PPI were prepared according to the wet process reviewed in detail by Gueguen
(1983) from finely ground dehulled raw peas. The wet process produce PPI in the

following steps: (1) NaOH alkalinisation and centrifugation of finely ground dehulled
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raw peas to separate starch and fibre from protein slurry; (2) acidification of protein
slurry using HCI to make protein curd; (3) neutralization of protein curd by NaOH, and
(4) application of dry heat to obtain protein isolate powder. Pea protein isolated in this
way accounted for 810g CP/kg (as analyzed by Nutri-pea Limited and in our laboratory).
The wet process concentrates proteins only; whereas, the dry process (or air classification
technique used to prepare pea protein concentrates) concentrates proteins as well as ANF
(Gueguen, 1983). Removal of ANF during the process of isolating pea protein removes
90% of albumins, and leaves easily digestible globulins (Le Guen et al., 1995). The
addition of pea ANF concentrate to pea protein isolate diet in pigs has been shown to
reduce AID by 7 units (Le Guen et al., 1995). The non-purified fibre in raw peas, as
opposed to purified fibre in PPI may lead to increased mucus production or decreased re-
absorption of endogenous AA in the small intestine (De Lange et al., 1989) and decreases
N and AA digestibility (Furuyu and Kaji, 1991). Moreover, dehulling and fine grinding
of peas also improves AA digestibility (Igbasan et al., 1997; Valencia et al., 2008, 2009)
by removing fibre content and effect of tannins and by decreasing particle size (Gabriel
et al., 2008b). Therefore, the presence of ANF in pea protein concentrates and of ANF,
carbohydrates, pea pectins and pea cell walls in whole raw peas accounts for their low
AA digestibility (Gatel and Grosjean, 1999; Le Guen et al., 1995). In addition, heat
treatment has been shown to be an effective method of increasing AA digestibility by
either inactivating protease inhibitors (Stein and Bohlke, 2007) or by changing
conformation of pea proteins and making them more accessible to digestive enzymes
(Owusu-Aseidu et al., 2002). Since PPI is devoid of ANF, fibre and cell wall

components, the digestibility of PPI is higher compared to whole-peas. Therefore, the
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estimates of AA digestibility obtained in our study were higher than digestibility
coefficients published previously for raw peas and pea protein concentrates (Igbasan et

al., 1997; Kluth et al., 2005; Gabriel et al., 2008b; Valencia et al., 2009).

The highest AID estimate for arginine and lysine, while the lowest estimates for
SAA obtained in this study and in earlier studies on peas (Gatel, 1994; NRC, 1994; Fan
and Sauer, 1999; Wiseman et al., 2003; Friesen et al., 2006), PPI (Le Guen et al., 1995)
and pea protein concentrates (Valencia et al., 2009) supports the hypothesis of enzyme
specificity as an important indicator of apparent AA absorption in the small intestine (Fan
and Sauer, 1999). Based upon known specificity of proteases and peptidases, it is
assumed that arginine and lysine are absorbed first after enzymatic hydrolysis (Low,
1980). A low degree of SAA digestibility in peas has been related to the presence of ANF
like protease inhibitors. The pancreatic proteases are rich in methionine and cysteine and
the presence of protease inhibitors divert the SAA from body tissue synthesis to

additional production of pancreatic enzymes (Gatel, 1994; Wiseman et al., 2003).

Among the indispensable AA of wheat, AID and SID estimates of methionine
(89.9% and 91.9%), SAA (88.2 % and 91.1%) and phenylalanine (87.8% and 93.1%)
were highest and that of threonine (74.8% and 83.8%) and lysine (77.3% and 81.2%)
were lowest. These results are in close agreement with the AID coefficients reported
previously in our lab for pigs (Nyachoti et al., 2005) and poultry (Bandegan et al., 2009)
and those of others in broilers (Ravindran et al., 1999, 2005; Huang et al., 2005). Both in
terms of AID and SID, arginine (95.3% and 98.7%) and methionine (95.2% and 97.6%)

were the most digestible, while threonine was the least digestible (73.9% and 84.9%)
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among indispensable AA in corn. Similarly, in weDDGS, leucine (79.8% and 81.1%),
methionine (79.6% and 80.9%) and phenylalanine (77.2% and 80.8%) had the highest
estimates of AID and SID, and lysine (50.7% and 53.6 %) and threonine (59% and
64.3%) had the lowest estimates. Similar trends were reported in our previous studies
using wheat DDGS in broilers (Bandegan et al., 2009) and pigs (Nyachoti et al., 2005;
Lan et al., 2008). Overall, average AID and SID estimates of CP and AA in wcDDGS
(69.1% and 71.5%) were lower than respective values in wheat (84.0% and 87.7%), and
corn (88.8% and 93.25%). The high fibre concentration in DDGS (Nyachoti et al., 2005;
Stein et al., 2006) might be responsible, in part, for the low CP and AA digestibility. In
addition, heat treatment used during the drying process of DDGS could damage the
protein; or the use of AA in DDGS for microbial protein synthesis during fermentation
have been suggested as a possible causes of reduced digestible AA values in DDGS
compared to the cereal base (Stein et al., 2006).

In the present study, lysine was found to be the most variable and least digestible
AA in weDDGS with AID and SID estimates of 50.7% and 53.6 %, respectively. This
finding concurs with the earlier reports for corn DDGS in poultry (Lumpkins et al., 2004;
Lumpkins and Batal, 2005; Batal and Dale, 2006; Cromwell et al., 1993; Speihs et al.,
2002) as well as wheat DDGS in pigs (Nyachoti et al., 2005; Lan et al., 2008) and poultry
(Thacker and Widyaratne, 2007; Bandegan et al., 2009). The lower availability of lysine
and other AA in DDGS could be the result of heat damage of these AA, as observed for
over-processed soybean meal (Parsons et al., 1992) and for dark coloured DDGS (Batal
and Dale, 2006; Fastinger et al., 2006). At high drying temperatures maillard reactions

occurs between proteins and carbohydrates. Amino acids get attached to reducing sugars
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and become cell bound which protects them from digestive action of proteases, making
them poorly digestible (Mauron, 1981). Furthermore, increased ileal endogenous flow of
nitrogen and AA could lower respective AID values (Nyachoti et al., 1997). Threonine is
poorly absorbed in the small intestine and is a major indispensable AA in gut secretions
(Siriwan et al., 1993; Ravindran and Hendriks, 2004; Ravindran et al., 2005) and,
therefore, was found to be among the least digestible AA in all feed ingredients assayed
in the present study.

Most of the digestibility data currently available for corn has been determined
either in cecectomized roosters (Sibbald, 1979; Green et al., 1987) or in grower-finisher
broilers (Ravindran, 1999; Huang et al., 2005, 2006). Since it has been shown that AID
coefficients varies with genotype and age of the bird (Ten Doeschate et al., 1993; Huang
et al., 2006); it is difficult to compare AA digestibility values obtained in 3-week old
broilers to older age group. With slight differences, the SID coefficients for corn obtained
in the present study concurs with SID estimates reported previously (Lemme et al., 2004;
Garcia et al., 2007; Adedokun et al., 2008). The SID estimates of arginine, methionine,
alanine, aspartic acid, glutamic acid and serine in corn were higher than the respective
values determined by Garcia et al. (2007). Garcia et al. (2007) used Cobb 500 and
enzymatically hydrolysed casein method to obtain SID coefficients. Adedokun et al.
(2008) determined SID values by using either the high density protein diet (HDP) or
nitrogen free diet (NFD) in 21-day old male Ross 308 broiler chicks (similar to the strain
used in the present study). The average SID values determined by HDP rather than
determined by NFD (Adedokun et al., 2008) fall within the range reported in our study

for SID values for all AA except isoleucine, methionine, glutamic acid and serine. The
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high SID values obtained for the last four stated AA were observed to be greater than

100%, as explained by the authors (Adedokun et al., 2008).

The AID is a function of bird behaviour (or methodology) and feed ingredients
composition (Ravindran et al., 2005; Huang et al., 2005, 2006; Adedokun et al., 2009);
therefore, variations in feed utilization among birds and variations in nutritional
composition among feed samples would contribute to variations in AA digestibilities.
Utilization of feed ingredients in poultry diets with no clear understanding of variations
observed will at best result in variable improvements in performance and at worst reduce
the performance, uniformity and profitability of the end product. Hence, it is as important

to report CV associated with digestibility coefficients as to report digestibility values.

The CV and its components associated with the AID and SID estimates of each
AA in PPI, weDDGS and corn are presented in Table 4.4 and 4.5. In all three feed
ingredients, the CV values for AID estimates of AA were observed to be greater than
corresponding SID estimates, emphasizing the effect of varying bird feed intake levels.
Because correcting apparent digestibility to standardized digestibility to overcome
problems related to intake variability, SID values should be used in practical feed
formulation. Of the three feed ingredients assayed, the CV range was widest for
wceDDGS (6.6% to 29.4%) and narrowest for corn (3.2% to 10.7%), with threonine and
lysine as the most variable and leucine and methionine as the least variable indispensable
AA. In PPI, the CV ranged from 2.7% to 13.5%, with lysine, leucine and methionine as

least and threonine and SAA as the most variable indispensable AA. Studying the
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Table 4.4. Coefficient of variation (CV) associated with AID of CP and AA determined in broiler chicks fed diets containing pea protein isolate (PPI) (n = 4),
distiller’s dried grains with solubles derived from a blend of wheat and corn (wcDDGS) (n = 5) and corn (n=5) samples'

Item PPI wcDDGS Corn
CV%™  Variance components CV% Variance components CV% Variance components
Between samples ~ Within samples Between samples ~ Within samples Between samples ~ Within samples
CP 3.7 72.0 28.0 14.8 14.5 85.5 8.6 41.1 58.9
Indispensable AA
Arg 4.4 62.7 37.3 12.3 20.9 79.1 7.0 29.2 70.8
His 4.1 69.9 30.1 18.4 24.5 75.5 5.5 12.1 87.9
Ile 3.7 65.7 343 12.9 14.3 85.7 6.3 41.8 58.2
Leu 33 69.5 30.5 7.3 15.2 84.8 3.2 335 66.5
Lys 2.7 69.5 30.5 29.4 24.4 75.6 7.9 32.1 67.9
Met 4.6 64.2 35.8 8.1 24.0 76.0 3.0 26.6 73.4
Met+Cys 6.8 69.7 30.3 9.8 6.4 93.6 44 37.7 62.3
Phe 3.2 66.4 33.6 8.6 7.7 92.3 5.6 10.6 89.4
Thr 6.1 79.1 20.9 16.7 8.3 91.7 10.7 42.9 57.1
Val 4.6 74.3 25.7 13.5 67.4 32.6 6.5 35.2 64.8
Dispensable AA
Ala 5.4 73.0 27.0 9.6 22.4 77.6 3.9 29.9 70.1
Asp 2.9 72.1 27.9 21.1 14.8 85.2 6.8 40.0 60.0
Cys 13.5 73.1 26.9 12.1 0.0 100.0 6.7 44.1 55.9
Glu 2.7 70.8 29.2 6.6 9.5 90.5 4.0 40.7 59.3
Gly 4.8 71.9 28.1 18.6 13.5 86.5 9.7 40.4 59.6
Pro 4.5 75.8 24.2 8.8 14.8 85.2 4.5 44.8 55.2
Ser 4.7 82.0 18.0 12.0 8.9 91.1 6.6 42.9 57.1
1. Samples were assayed in 6 replicate cages (each with 6 birds).
2. Total CV = gx 100%, where os® = variance due to samples; 6> = variance due to cages within samples and 7 = respective mean of the PPI or wcDDGS or corn

samples as shown in Table 4.2.
3. Percentage contribution to the total variation calculated as os’/ (os’+c.’) and o,/ (os*+o.’) for samples and cages within samples, respectively.
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Table 4.5. Coefficient of variation (CV) associated with SID of CP and AA estimates determined in broiler chicks fed diets containing pea protein isolate (PPI)
(n = 4), distiller’s dried grains with solubles derived from a blend of wheat and corn (wcDDGS) (n = 5) and corn (n = 5)* samples

ltem PPI wcDDGS Corn
CV%>? Variance components CV% Variance components CV% Variance components
Between Within Between Within Between Within
samples samples samples samples samples samples
CP 3.5 69.9 30.1 14.4 15.0 85.0 8.3 41.9 58.1
Indispensable AA
Arg 2.8 60.3 39.7 12.1 21.2 78.2 6.7 29.1 70.9
His 3.9 66.7 33.3 17.9 24.2 75.8 5.4 12.9 87.1
lle 34 61.1 38.9 12.6 14.8 71.1 6.0 36.8 63.2
Leu 3.1 65.8 34.2 7.2 15.2 84.8 3.2 37.3 62.7
Lys 2.5 66.1 33.9 27.9 24.7 75.3 7.5 32.6 67.4
Met 4.2 58.6 41.4 8.2 24.2 75.8 3.0 29.1 70.9
TSAA 6.0 64.8 35.2 9.5 6.7 100.0 4.3 39.2 60.8
Phe 2.8 56.7 43.3 8.4 9.1 90.9 54 13.0 87.0
Thr 5.1 73.2 26.8 15.6 14.6 85.4 9.5 44.3 55.7
Val 4.2 70.6 29.4 13.2 14.1 85.9 6.3 35.9 64.1
Dispensable AA
Ala 5.0 70.0 30.0 9.4 22.1 77.9 3.9 33.5 66.5
Asp 2.7 68.1 31.9 20.1 15.3 84.7 6.4 40.9 59.1
Cys 11.6 69.0 31.1 114 0.2 99.8 6.4 44.7 55.3
Glu 2.5 67.5 32.5 6.6 9.9 90.1 4.1 37.6 62.4
Gly 5.3 68.5 315 18.0 14.1 85.9 9.2 40.5 59.5
Pro 4.1 71.8 28.2 8.6 133 86.7 4.4 45.0 55.0
Ser 4.2 78.4 21.6 11.7 14.7 85.3 6.3 445 55.5
1. Samples were assayed in 6 replicate cages (each with 6 birds).
__Voe?+ gs? 2 . 2 . . _ .
2. Total CV = TX 100%, where os™ = variance due to samples; 6.” = variance due to cages within samples and y = respective mean of the PPI or weDDGS

or corn samples as shown in Table 4.3.
3. Percentage contribution to the total variation calculated as os”/ (6s*+0.”) and 6.”/ (os*+o.”) for samples and cages within samples, respectively.
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variance components of the CV, it was observed that both for weDDGS and corn, within
sample variation (assay condition) was more than between sample variation (feed
differences), whereas the reverse was true for PP1. Because DDGS has high fibre content
(Nyachoti et al., 2005; Stein et al., 2006), which can cause differences in intake levels
and consequently digestibility of nutrients among birds consuming the same sample, the
within sample variation was more than the between sample variation in wecDDGS.
Similar results have been reported previously by our lab (Bandegan et al., 2009). The
variability in starch, protein, fibre and AA content of corn (Song et al., 2004) could cause
variable feed intake levels of birds and therefore, greater within sample variation than
between sample variation. The presence of ANF in peas is considered a great contributor
to variability observed in the nutritive value of various samples. Also, because PPI is
devoid of ANF and highly digestible, the total variation associated with the AID and the

SID of each AA in PPI was observed to be greater between samples than within samples.

The AID and SID coefficients (Table 4.6 and 4.7) in a sample of wheat (AC
Barrie) used as a reference were determined in each of the three independent experiments
to assess the repeatability of the broiler ileal digestibility assay. The total inter- assay CV
ranged from glutamic acid and proline to threonine and asparctic acid for AID (0.80% to
5.2%) and from proline to threonine for SID (0.6% to 4.5%). No significant differences
(P < 0.05) were detected in the AID and SID of CP and AA among experiments. The
variance components showed higher variation from within assays rather than between

assays. These findings prove the reproducibility of the ileal digestibility assay used in our
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Table 4.6. Apparent ileal CP and AA digestibility coefficients and their associated coefficient of variation (CV) determined in broiler chicks fed
diets containing a reference wheat sample in 3 different assays'

Items Assay Variance components3
1 2 3 Average CV,” % Between assays (os°)  Within assays (ce”) P
CP 85.0 84.0 86.6 85.2 3.2 28.1 71.9 0.09
Indispensable AA
Arg 81.0 79.4 81.9 80.8 3.8 3.2 96.8 0.34
His 85.4 84.2 84.8 84.8 3.2 0.0 100.0 0.67
Ile 85.0 85.7 87.2 86.0 3.2 10.6 89.4 0.24
Leu 86.3 86.4 87.8 86.9 23 7.9 92.2 0.28
Lys 77.2 76.2 78.6 77.3 3.9 2.2 97.8 0.36
Met 90.5 89.1 90.1 89.9 1.9 9.1 90.9 0.26
Met+Cys 88.4 87.6 88.6 88.2 1.7 0.0 100.0 0.45
Phe 87.6 87.3 88.4 87.8 24 0.0 100.0 0.56
Thr 73.4 74.1 77.0 74.8 52 31.8 68.3 0.07
Val 81.6 82.1 83.7 82.5 3.1 13.5 86.5 0.21
Dispensable AA
Ala 78.6 77.3 80.2 78.7 4.1 18.2 81.8 0.16
Asp 76.5 75.6 77.1 76.4 52 0.0 100.0 0.40
Cys 85.6 86.4 87.3 86.4 3.1 6.8 93.2 0.29
Glu 94.9 94.5 95.1 94.8 0.8 16.3 83.7 0.18
Gly 80.0 79.0 81.0 80.0 3.0 34 96.6 0.34
Pro 93.5 93.1 93.6 93.4 0.8 0.0 100.0 0.46
Ser 82.7 83.1 84.8 83.5 3.0 21.4 78.6 0.14
1. Same sample of wheat was fed to 6 cages per assay (each with 6 birds).
__Voe?+ os? 2 . L2 . i1 _
2. Total CV = — 100%, where os” = variance due to samples; 6.” = variance due to cages within samples and y = average.

3. Percentage contribution to the total variation calculated as os® (os™+ o) and o.”/ (os*+o.’) for samples and cages within samples,
respectively.
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Table 4.7. Standardized ileal CP and AA digestibility coefficients and their associated coefficient of variation (CV) determined in broiler chicks
fed diets containing a reference wheat sample in 3 different assays'

Items Assay Variance components”
1 2 3 Average CV.,” % Between assays (os°)  Within assays (oe”) P

CP 87.7 86.7 86.6 87.8 2.9 20.2 79.8 0.15
Indispensable AA

Arg 83.8 82.0 83.8 83.1 2.7 0.00 100 0.40
His 87.8 86.4 87.1 87.1 3.0 0.00 100 0.61
Ile 88.6 89.0 90.6 89.4 3.0 8.63 91.4 0.27
Leu 89.2 89.0 90.4 89.5 2.2 6.64 93.4 0.29
Lys 81.1 80.0 82.5 81.2 3.8 2.77 97.2 0.35
Met 92.4 91.1 92.2 91.9 1.9 10.4 89.7 0.25
Met+Cys 91.4 90.4 91.5 91.1 1.5 1.45 98.6 0.37
Phe 92.8 92.5 93.7 93.1 2.3 0.34 99.7 0.55
Thr 82.8 82.9 85.8 83.8 4.4 25.5 74.5 0.11
Val 85.4 85.7 87.4 86.2 2.9 11.5 88.5 0.23
Dispensable AA

Ala 82.5 81.0 83.9 82.5 3.9 17.4 82.6 0.17
Asp 81.8 80.7 83.4 82.0 4.5 0.00 100.0 0.45
Cys 89.4 89.9 91.0 90.1 2.2 5.09 94.9 0.32
Glu 95.9 95.4 96.1 95.8 0.8 16.9 83.1 0.18
Gly 83.7 82.5 84.6 83.6 3.0 4.47 95.5 0.33
Pro 95.2 94.8 953 95.1 0.6 0.69 99.3 0.38
Ser 87.3 87.6 89.3 88.1 2.8 18.5 81.5 0.16
1. Same sample of wheat was fed to 6 cages per assay (each with 6 birds).

2. Total CV = @X 100%, where os” = variance due to samples; o.” = variance due to cages within samples; 7 = average.

3. Percentage contribution to the total variation calculated as os”/ (os™+ o) and o> / (os™+c.’) for samples and cages within samples,
respectively.
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laboratory and confirm that the digestibility values obtained in different experiments are
comparable. Similar conclusions were also drawn previously in our lab (Bandegan et al.,

2009).

46 CONCLUSION

Results of the present study show that overall AID and SID coefficients for PPI
were 89.5% and 90.6%, for weDDGS were 65.1% and 68.9%, and for corn were 82.1%
and 88.4%, respectively. The SID estimates of indispensable AA in PPI indicated that
lysine (95.7%), arginine (95.5%) and phenylalanine (96.1%) are the most digestible AA
and SAA (87.2%) are the least. The SID estimates of indispensable AA in weDDGS were
evident with leucine (81.1%), and methionine (80.9%) as the most digestible, whereas,
lysine (53.6%) and threonine (64.3%) as the least digestible. Among the indispensable
AA in corn, SID estimates were highest for arginine (98.7%) and methionine (97.6%) and
lowest for threonine (84.9%). The CV for AID and SID estimates in PPI, wcDDGS and
corn were marked with lysine, leucine and methionine as the least variable, and SAA,
lysine and threonine as the most variable indispensable AA. While, the CV for protein
and AA contents were highest in corn, the CV for protein and AA digestibility estimates

were highest in weDDGS.

The digestibility dataset created in the current study for PPI, weDDGS and
Manitoba-grown corn would help nutritionists in including these feed ingredients in
poultry diets since diets formulated on digestibility basis closely matches bird’s AA and
protein requirements, produces consistent performance, have narrow margins of safety,

are cost-effective and minimizes nitrogen excretion.
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5.0 MANUSCRIPT II

REQUIREMENT ESTIMATES OF DIGESTIBLE LYSINE AND DIGESTIBLE

SULFUR AMINO ACIDS IN THREE-WEEK OLD BROILERS.

5.1 ABSTRACT

Two separate experiments (Exp.) were conducted to estimate the requirements of
dietary digestible lysine (dLYS) (Exp. 1) and of dietary digestible SAA (dSAA) (Exp. 2)
in three-week old broilers. One hundred eighty (Exp. 1) or 150 (Exp. 2) Ross 308 male
broilers were fed wheat-DESBM-based diets deficient in lysine (Exp.1) or SAA (Exp.2).
Six graded levels of dietary dLYS (Exp. 1) varying from 0.80% to 1.30% and five graded
levels of dietary dSAA (Exp. 2) varying from 0.52% to 0.92% were assayed. The
experimental diets were kept isocaloric and isonitrogenous by incorporation of dextrose
or vegetable oil and glutamic acid, respectively. On day 0, birds were weighed and
randomly distributed to either 36 (Exp.1) or 30 cages (Exp.2) and allowed ad-libitum
access to experimental diets and water throughout the experimental period. Body weight
and feed intake per cage were recorded on day 0 and day 21 to calculate body weight
gain (BWG) and feed conversion ratio (FCR). At the end of the experiment, all birds
were sacrificed by cervical dislocation and skin, feathers, head, toes and viscera were
removed. Skinless whole carcass (rack + breast meat + thigh + drumstick), breast muscle

and thigh + drumstick were weighed separately to calculate yield (as percentage of live
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bird weight) of carcass (CY), breast muscle (BMY) and thigh + drumstick (TDY),
respectively. The dietary dLYS and dietary dSAA requirement estimates obtained from
significant quadratic (P < 0.05) regression equations were 1.12% and 0.81% for optimum
BWG, respectively. The obtained dietary dLYS requirement estimates for optimum FCR
was 1.13%, while no significant response was observed for FCR to dSAA levels. The CY
and BMY increased cubically with increasing levels of dietary dLYS, whereas, CY
showed no significant response. The BMY increased linearly with increasing levels of

dietary dSAA. No effect was observed on TDY in either experiment.

5.2. INTRODUCTION

Methionine and lysine are the first and the second most limiting AA in practical
broiler diets and, therefore, research in the area of broiler AA requirements has mostly
been centered on them. The NRC (1994) recommendations for lysine and methionine are
considered inadequate for optimum production of modern broilers (Han and Baker, 1991,
1993; Baker and Han, 1994; Kidd et al., 1997). Firstly, because NRC (1994)
recommendations are derived from broiler studies conducted two decades ago and,
secondly, because these recommendations (NRC, 1994) present total rather than
digestible AA requirements. Considering that the AA availability of a feed ingredient is
better judged by its digestible AA content rather than the total AA content (Ravindran
and Bryden, 1999), it is more accurate to describe the AA requirements of a bird in terms
of digestible rather than total values. Birds fed digestible AA based diets perform better

than those fed total AA based diets (Dari et al., 2005). Therefore, in order to best utilize
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the genetic potential of modern broilers, several studies have been conducted to establish/
re-establish the digestible AA requirement. The requirements of a bird for AA vary with
genetics, age, sex, diet and environment, and, therefore, it is not practical to determine the
requirements for each AA under every practical condition. The poultry researchers at
University of Illinois established “ideal chick protein ratios” (also known as Illinois ideal
chick protein concept, 11CP) using digestibility coefficients (Han and Baker, 1994; Baker,
1997). In this concept, lysine was considered as a reference AA and levels of all other
AA were determined in proportion to lysine. However, it was assumed that though
absolute requirements of AA may differ, established AA to lysine ratios would remain
same under all practical conditions (Han and Baker, 1994; Baker, 1997). Therefore,
optimum requirements have to be determined only for lysine under different production
conditions, and optimum requirements for all other AA are obtained using optimum

ratios (Baker, 1997).

Body weight gain and feed conversion ratio are the usual response criteria
whenever requirements are estimated, but profitable broiler production could be better
expressed in terms of carcass attributes. This is because the market for breast meat is
increasing, and the optimum AA requirements for CY are different from those for growth
performance. For instance, the requirements for lysine have been found to be higher for
optimum BMY than for optimum growth (Jensen et al., 1989; Acar et al., 1991; Bilgili et
al., 1992; Holsheimer and Ruesink, 1993; Han and Baker, 1994; Renden et al., 1994,
Kidd et al., 1998; Kerr et al., 1999; Corzo et al., 2006). Hence, both growth performance

and processing yield should be considered when AA requirements are to be derived.
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Breast muscle constitutes 30% of total edible meat in the carcass and 75% of the
breast meat is protein (Summer and Leeson, 1985). Respectively, lysine and methionine
represent the highest and the lowest content among AA of breast meat (Kerr et al., 1999).
It was observed that dietary lysine increases breast muscle accretion (Sibbald and
Wolynetz, 1986; Renden et al., 1986; Moran and Bilgili, 1990; Gormon and Balnave,
1995; Labadan et al., 2001) but broilers fed diets containing high lysine require additional
supplementation of methionine to optimize BMY (Hickling et al., 1990; Schutte and
Pack, 1995a; Huyghebaert and Pack, 1996). Moreover, it has also been reported that
lysine levels in starter diets influences the BMY in grower-finisher broilers (Holsheimer
and Ruesink, 1993; Kerr et al., 1999; Kidd et al., 1998). Considering the above findings,
it would be of interest to study the effect of graded levels of methionine and lysine on CY
and BMY at 21-day of age and also to determine if requirements of lysine and SAA are
higher for maximum BMY than for maximum BWG. Since TDY has been found to be
inversely related to BMY (Kerr et al., 1999), the requirements of lysine and SAA in

relation to TDY should also be studied.

5.3. OBJECTIVES

Two separate experiments were conducted with the objective to derive the
requirements of dLY'S and dSAA for optimum growth performance (BWG and FCR) and
optimum processing yield (CY, BMY and TDY) in three-week old broilers, when all AA,

except those under test are in proportion according to 1ICP (Baker and Han, 1994).
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54. MATERIALS AND METHODS

541 DIETS

Dry extruded-expelled soybean meal (DESBM) (Jordan Mills Inc., Delmar
Commidities Ltd., Winkler, Manitoba, Canada) and wheat (James farm, Winnipeg,
Manitoba, Canada)-based diets deficient in lysine (Exp. 1) or SAA (Exp. 2) were
formulated. The total AA composition of DESBM and wheat (Table 5.1) were analyzed
using ion-exchange chromatography with post-column derivatization with ninhydrin
(Llames and Fontaine, 1994). Sulfur AA were first oxidized with performic acid, and
subsequently neutralized with sodium metabisulfite for analysis (Commission Directive,
1998). The AA concentrations were quantified with the internal standard method by

measuring the absorption of reaction products with ninhydrin at 570 nm.

The digestible AA values in DESBM and wheat (Table 5.1) were calculated from
SID coefficients (estimated previously in our lab by Bandegan, 2010) and the total AA
contents analyzed. The calculated digestible levels of AA were used in formulation of
basal lysine (Exp. 1) or SAA (Exp. 2)-deficient diets to meet requirements of all
indispensable AA, except those under test, according to the IICP for 3-week old broilers.

The requirements of all other nutrients either met or exceeded NRC (1994)
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Table 5.1. The SID® coefficients, analyzed total AA and calculated® digestible AA in wheat and DESBM

Item SID coefficients Total AA values Calculated digestible values
Amino acid (%) Wheat DESBM Wheat DESBM Wheat DESBM
Arginine 85.2 92.9 0.53 2.41 0.45 2.24
Histidine 87.1 89.6 0.30 0.93 0.26 0.84
Isoleucine 90.4 89.5 0.43 1.48 0.39 1.33
Leucine 90.5 89.6 0.86 2.57 0.78 2.30
Lysine 83.7 90.8 0.41 2.26 0.34 2.05
Methionine 914 925 0.19 0.41 0.17 0.38
Met+Cys® 91.1 87.5 0.45 0.98 0.41 0.86
Phenylalanine 93.8 95.9 0.60 1.76 0.57 1.69
Threonine 85.4 88.0 0.38 1.44 0.33 1.27
Valine 87.7 88.4 0.51 1.62 0.44 1.43
Alanine 83.8 89.0 0.48 1.55 0.40 1.38
Aspartic acid 83.8 87.7 0.70 3.91 0.58 3.43
Cystine 90.8 82.5 0.26 0.57 0.24 0.47
Glutamic acid 90.6 914 3.73 6.44 3.60 5.89
Glycine 84.1 86.0 0.54 1.54 0.45 1.32
Proline 95.4 89.4 1.18 1.85 1.12 1.65
Serine 89.1 88.6 0.61 1.84 0.54 1.63

'SID coefficients adapted from Bandegan et al. (2010).

?Digestible levels of AA in wheat and dry extruded expelled soybean meal (DESBM) were calculated from respective SID coefficients and
analyzed total AA values.

3Sulphur AA.
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recommendations. The desired graded levels of L-Lysine or DL-Methionine and L-
Cysteine were added to the basal diets (Table 5.2 and Table 5.3) at the expense of
glutamic acid and dextrose to formulate six (Exp. 1) or five (Exp. 2) dose-response diets,
respectively. The dietary digestible lysine levels assayed (Exp. 1) were 0.80%, 0.90%,
1.0%, 1.10%, 1.20% and 1.30% and corresponding calculated total lysine levels were
0.91%, 1.01%, 1.11%, 1.21%, 1.31% and 1.41% (at 87.1% digestibility). The dietary
dSAA levels (Exp. 2) assayed were 0.52%, 0.62%, 0.72%, 0.82% and 0.92% and
corresponding calculated total SAA levels were 0.59%, 0.69%, 0.79%, 0.89%, and 0.99%
(at 89.9% digestibility). All experimental diets were kept isonitrogenous and isocaloric and

were balanced for vitamins and minerals.

5.4.2 BIRDS AND CONDUCT OF EXPERIMENT

The experimental protocol was reviewed and approved by the Animal Care
Protocol Management and Review Committee of the University of Manitoba and birds
were cared for according to the guidelines of the Canadian Council on Animal Care

(1993).

One-day old 180 (Exp.1) or 150 (Exp.2) Ross 308 male broiler chicks were
obtained from a local hatchery (Carlton, Grunthal, Manitoba, Canada) and were housed for
21-days in Petersime battery brooders (Petersime Incubator Co., Gettysburg, Ohio) placed
in well-illuminated (24 h) fluorescent lighting rooms. The initial temperature of the room

was kept at 32°C and was reduced weekly by 4°C. The chicks were weighed
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Table 5.2. Ingredients of lysine (Exp. 1) and sulfur (Exp. 2)-deficient basal diets, as fed basis *

Ingredient % Experiment 1 Experiment 2
HRS Wheat 40.54 53.0
Ext. SBM 32.5 31.4
Vegetable oil 3.3 7.0
Dextrose 10.55 0.697
Cellulose 5.97 -
Glutamine 1.79 2.80
Limestone 1.39 1.44
Biophos 1.65 1.55
Vitamin/mineral premix? 1.5 1.5
L-Arginine 0.14 0.11
L-Lysine.HCI - 0.23
L-Valine 0.13 0.09
L-Isoleucine 0.08 0.05
L-Threonine 0.12 0.10
L-Leucine 0.06 -
L-Cysteine 0.11 -
DL-Methionine 0.17 0.033

IDiet formulation is based on digestible AA in wheat and dry-extruded expelled soybean meal calculated as explained in Table 5.1.
2\/itamin and mineral premix included the following per kilogram of diet: vitamin A, 1 million 1U/g; vitamin D3, 500,000 1U/g; vitamin
E, 100,000 1U/g; riboflavin, 7921mg; pantothenic acid, 14507 mg; niacin, 22088 mg; choline, 290116 mg; vitamin Bi,, 1000 mg/kg.
folic acid, 96% ; thiamine, 81%; biotin, 20000 mg/kg; virginiamycin (Stafac-22), 22 g/kg; monensin sodium (Coban), 200 g/kg; MnO,
60%; ZnO, 72% ; CuSQy, 25.2% ; FeSO,, 31% ; calcium iodate premix, 8.9% ; sodium selenite, 0.2%.



Table 5.3. Calculated composition of digestible lysine- and digestible SAA -deficient diets used in Exp. 1 and Exp. 2,
respectively

Calculated composition Experiment 1 Experiment 2
ME, kcal/kg 2624 2921
Crude protein, % 20.7 22.9
Digestible SAA, % 0.72 0.52
Digestible Met, % 0.36 0.28
Digestible Cys, % 0.36 0.28
Digestible Lys, % 0.80 1.00
Digestible Arg, % 1.05 1.05
Digestible His, % 0.38 0.40
Digestible Phe, % 0.78 0.83
Digestible Thr, % 0.67 0.67
Digestible Leu, % 1.12 1.13
Digestible lle, % 0.67 0.67
Digestible Val, % 0.77 0.77
Calcium, % 0.94 0.94

Available Phosphorus, % 0.45 0.45
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on day 1 and randomly assigned to cages such that each cage had similar initial weight. In
each experiment six cages of five birds each were assigned to each of six (Exp. 1) or five
(Exp. 2) experimental diets in a completely randomised design. The experimental diets

and water were offered for ad-libitum consumption.

Body weight and feed intake were recorded at the beginning and the end of the
experiment to calculate BWG and FCR over the 21-day experimental period. Weight of
dead birds was taken into account to correct for calculated average BWG and FCR. Also,
at the end of the experiments, birds were sacrificed by cervical dislocation and skin,
feathers, head, feet, and viscera were removed. Skinless carcass (breast muscle + rack +
thigh + drumstick), breast meat (Pectoralis major and Pectoralis minor) and thigh +

drumstick were weighed to calculate CY, BMY and TDY.

543 STATISTICAL ANALYSIS

Growth performance and processing yield data from the completely randomised
design was evaluated using GLM procedure of SAS (SAS, Institute Inc, 1990) and
treatment means were compared using Tukey’s test when treatment effects were found to
be significant (P < 0.05). These data were also subjected to Proc Reg (Draper and Smith,
1981) to determine the best fit regression between dependent(y) and the independent (x)
variables using the following polynomial model: yi; = b, + bix; + boxi? + byxi® + ejj, where
yij = response criteria measurement on j’th bird in i’th level of dLys or dSAA, x; = dLys or
dSAA level, bo = intercept, b; = regression on x;, b, = regression on X%, bs = regression on

x> and ejj = error deviation. The highest significant polynomial terms, among linear,
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quadratic and cubic terms was determined and used for interpretation of data. Equations
found to have significant (P < 0.05) quadratic terms (and not significant cubic terms) were
used in subsequent analysis. This was done by setting the first derivative of the quadratic
equation to zero, and solving the resultant equation and checking for the maximum or

minimum response.

5.5.  RESULTS AND DISCUSSION

5.5.1 EXPERIMENT 1

The calculated and analyzed contents of total lysine in respective experimental
diets were in close agreement (Table 5.4). Therefore, the requirement estimates obtained
using calculated dLYS levels (Table 5.6) were very similar to those obtained using
analyzed dLYS levels (Appendix 9.2). A significant quadratic response (P < 0.01) was
observed for BWG and FCR with increased levels of digestible lysine (Table 5.5). Using
quadratic regression equations, the estimated dietary dLY'S required to obtain maximum
BWG (1.12%) was very close to dLYS levels required to obtain maximum FCR (1.13%)
(Table 5.6). Corresponding total lysine values (at 87.1% digestibility) were 1.29% and
1.30%. Our results are in agreement with the findings of Kidd et al. (1997) that starter
chicks fed diets containing 1.20% total lysine have improved BWG and FCR than those

fed diets containing 1.10% total lysine.

A number of studies have been conducted to estimate lysine requirements in starter
chicks, but results obtained from these studies are quite variable. These variations have

been attributed to genetics (Bilgili et al., 1992), response criteria (Sibbald and Wolynetz,
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total lysine (Exp. 1) and total sulfur AA (Exp. 2) content in experimental diets

Item

Experimental diets

Total AA (%)

Lysine Calculated

Analyzed

Met+Cys Calculated

Analyzed

Experiment 1

1 2 3 4 5 6
0.91 1.01 1.11 1.21 1.31 1.41
0.92 1.00 1.15 1.23 1.28 1.41
Experiment 2
1 2 3 5
0.59 0.69 0.79 0.89 0.99
0.81! 0.79 0.83 0.93 1.09

'Analyzed values greater than 0.1 of calculated values were considered different, therefore experimental diet containing
0.52% dietary dSAA (or 0.59% SAA, based on 89.9% digestibility) was eliminated from statistical analysis of data.



Table 5.5. Growth and yield performance of broilers® fed graded levels of digestible lysine from day 0 to 21 (Exp. 1)

Digestible Growth performance parameters Processing yield parameters (%, of live wt.)
Lysine .

(0}(’) o diet) BWG? (g/bird) FCR? (g/g) cY? BMY? TDY ?
0.80 315 3.02 47.5 6.96 19.1
0.90 434 2.58 51.3 10.2 19.3
1.00 578 2.20 52.5 135 18.9
1.10 673 1.97 53.6 15.3 18.6
1.20 567 2.23 51.5 12.2 18.8
1.30 527 2.30 53.2 14.3 19.0
SEM? 19.2 0.05 0.62 0.28 0.25
PrOD@DI ity ===
Linear 0.0001 0.0001 0.0029 0.0064 NS
Quadratic 0.0001 0.0001 0.0048 0.0152 NS
Cubic NS* NS 0.0073 0.0297 NS

'Values are means of 6 replicates with 5 birds per pen.

’BWG= body weight gain, FCR = feed conversion ratio, CY= Carcass yield, BMY= breast muscle yield, TDY= thigh +
Jrumstick yield.

¥Standard error mean.

NS = not significant.
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Table 5.6. Estimated requirements based on quadratic regression analysis of digestible lysine (%) and digestible SAA (%) in 3-

week old broilers

Requirement

Response .
Amino acid criteria Equation® R estimates
(% of diet)
Digestible BW gain, g -3337.9 + 7070.1 x (lysine) - 3153.9 x (lysine x lysine) 0.82 1.12
Lysine
FCR, 9/g 13.588 — 20.459 x (lysine) + 9.0804 x (lysine x lysine) 0.86
1.13
Digestible
SAA BW gain, g -1191.1 + 5029 x (SAA) - 3116.9 x (SAA x SAA) 0.45 0.81

'Prediction equation based on formulated digestible lysine or digestible SAA for optimum response



79

1986, 1987; Rhodehutschord and Pack, 1999; Baker et al., 2002; Lumpkins et al., 2007),
ingredient quality, nutrient levels and environmental factors (Kidd and Fancher, 2001).In
addition, the mathematical model or statistical approach used for estimation could also
lead to considerable differences in recommendations (Leclerg, 1998; Rhodehutschord and
Pack, 1999; Baker et al., 2002). For instance, Baker et al. (2002) reported 1.08% and
1.15% as the lysine requirement for maximum BWG and FCR, respectively, based on
quadratic regression equations. Whereas, corresponding values based on the broken line
regression method were 0.85% and 0.97%. Similarly, Dozier et al. (2009) reported 1.07%
and 1.10% as subjective (95% of maximum response) estimates for optimum BWG and
FCR using the quadratic regression analysis, but obtained 1.09% and 1.15% using the
broken-line quadratic model. Hence, it is difficult to compare requirement estimates
obtained from different studies. While, the regression analysis has been considered as a
better method to describe dose-related response to nutrients than the broken line model
which underestimates the amount of nutrients required for optimum performance (Mack et
al., 1999), the broken line methodology has been used widely in requirement studies with
an arbitrary point set either at 90% (Baker and Han, 1994; Baker et al, 2002) or 95%
(Dozier et al., 2009) of maximum response. In contrast, estimates reported in the present
study were not based on any subjective estimation. If, the present data were also estimated
subjectively (90% or 95% of maximum response) the dietary dLYS levels required for
maximum BWG and FCR become 1.01% to 1.03% and 1.06 to 1.08%, respectively.
Interestingly, these subjective estimates concur well with previous estimates reported for
optimum BWG (Han and Baker, 1991, 1993; Vazquez and Pesti, 1997; Knowles and

Southern, 1998; Labadan et al., 2001; Zaghari et al., 2002; Garcia and Batal, 2005) and for
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optimum FCR (Vazquez and Pesti, 1997; Knowles and Southern, 1998; Garcia and Batal,
2005; Dozier et al., 2009). Therefore, comparisons among dose-response studies should be

made with caution.

The CY and BMY showed a cubic response (P < 0.01 and P < 0.03) with increased
levels of dietary dLYS (Table 5. 6). Cubic increases in breast weight and proportional
BMY at increasing dietary lysine levels have been reported previously in grower-finisher
broilers (Hickling et al., 1990 in 6 week old Ross x Arbor Acres; Acar etal., 1991 in6to 8
week and Han and Baker, 1994 in 3 to 6 week old Ross x Ross; Kerr et al., 1999 in 7 week
old Peterson x Arbor Acres male broilers). To the best of our knowledge, no such study
conducted in starters is available for comparison purposes. The increased lysine (1.30% of
diet) in starter diets has been shown to increase the deposition of protein in 2-week old
broilers (Holsheimer and Ruesink, 1993). It has also been reported that lysine required for
maximum protein accretion is more than that required for maximum body weight (Sibbald
and Wolynetz, 1986; Holsheimer and Ruesink, 1993) as well as higher than that
considered adequate for feed efficiency (Hickling et al., 1990; Moran and Bilgili, 1990;
Acar et al., 1991; Bilgili et al., 1992; Renden et al., 1994; Gorman and Balnave, 1995;
Kidd et al., 1998). Interestingly, increases in CY and BMY from 1.20% to 1.30% dietary
dLYS levels were not accompanied by increase in BWG. Increased muscle mass without
corresponding increase in body weight could be due to decreased abdominal or muscle fat
content, as suggested by others (Hickling et al., 1990; Renden et al., 1984; Han and Baker,
1991; Kerr et al., 1999). The percentage of CY and BMY was highest in birds fed dLYS at
1.10 % of diet. This was also the level of lysine at which optimum weight gain and feed

efficiency were obtained. Therefore, the dLYS required for maximum CY and BMY are
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either equal to or higher than the levels required to obtain maximum BWG and FCR. The
requirements for optimum CY and BMY could have been better derived if higher graded
levels (higher than 1.30%) of dietary dLYS were assayed. No significant response was
observed in TDY with increased levels of dietary dLYS. This current finding in starters
was in agreement (Holsheimer and Ruesink, 1993) or in disagreement (Kerr et al., 1999)

with previous findings in grower-finishers.

It was observed that the levels of dLYS required to optimize BWG is similar to
those required to maximize FCR. Similar trends have been reported for lysine (Labadan et
al., 2001; Garcia et al., 2006), and SAA (Mendonca and Jensen, 1989; Morris et al., 1992;
Huyghebaert and Pack, 1996; Aftab and Ashraf, 2009) as well as for tryptophan,
threonine, isoleucine and valine (Baker et al., 2002). In contrast, higher requirements for
optimum FCR than BWG for lysine (Han and Baker, 1993; Baker and Han, 1994; Garcia
and Batal, 2005; Baker et al., 2002; Zaghari et al., 2002) and for SAA (Han and Baker,
1993, 1994; Baker et al., 2002; Mack et al., 1999; Lumpkins et al., 2007) have also been

reported.

5.5.2 EXPERIMENT 2

Except for the diet formulated to contain 0.52% dSAA, the calculated and analyzed
SAA levels in other dose-response diets were in close agreement (Table 5.4). Therefore,
data from only 4 experimental diets (diets containing dSAA levels 0.62%, 0.72%, 0.82%

and 0.92%) were used in the statistical analysis. The BWG responded in a quadratic



Table 5.7. Growth and yield performance of broilers’ fed graded levels of digestible SAA from day 0 to 21 (Exp. 2)

- 0 ,
Digestible Growth performance parameters Processing yield parameters (%, of live wt.)
SAA BWG? (g/bird) FCR? (g/g) CY? BMY? TDY?

(% of diet)

0.62 729 1.25 52.8 13.3 18.8
0.72 815 1.26 53.7 14.8 18.8
0.82 836 1.21 53.2 14.3 185
0.92 798 1.27 53.8 15.1 18.5
SEM® 20.1 0.015 0.56 0.29 0.24

Probability---------=-m oo
Linear 0.003 NS NS 0.002 NS
Quadratic 0.005 NS NS NS NS
Cubic NS* NS NS NS NS

"Values are means of 6 pens each with 5 birds.

’BWG= body weight gain, FCR = feed conversion ratio, CY= Carcass yield, BMY= breast muscle yield, TDY=
thigh+drumstick yield.

3Standard error mean.

*NS = not significant.
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manner (P < 0.05) with increasing levels of dietary dSAA from 0.62 to 0.92% (Table 5.7).
The requirement estimates obtained from calculated dSAA (Table 5.6) and analyzed
dSAA values (Appendix 9.2) are closely related. In the current study the analyzed values
within 10% of calculated values were considered similar. Using quadratic regression
analysis the dietary dSAA estimate for BWG was 0.81% (Table 5.6). The corresponding
total SAA levels (at 89.9% digestibility) were 0.90%. No significant response was
observed for FCR with increasing dSAA levels. The dSAA estimates obtained for BWG
were in agreement with some studies (Baker and Han, 1994 - 0.78%; Garcia and Batal,
2005- 0.75% or 0.83%; Dozier et al., 2009 - 0.85%) and were in disagreement with others
(Knowles and Southern, 1998 obtained a requirement of 0.66 at 1.00% dLYS; Aftab and

Ashraf, 2009 reported 0.67%).

Our dSAA estimates of 0.81% for 21-days are also similar to a dSAA estimate of
0.80% for 7-day old broilers (Sklan and Noy, 2003). While some researchers have
considered NRC (1994) SAA recommendations to be higher than required (Knowles and
Southern, 1998; Aftab and Ashraf, 2009), our results suggest NRC (1994)

recommendations for total SAA requirement (0.90%) in 21 day old broilers to be adequate.

Due to a lack of significant quadratic response for CY, BMY and TDY to
increasing levels of dietary dSAA, no requirements estimates for these response criteria
was determined. The BMY increased linearly with increasing levels of dietary dSAA,
indicating that optimum BMY was not obtained from the graded levels of dSAA used in
this experiment; therefore, the level of dietary dSAA required for maximum BMY might

be higher than 0.92%. No published report was available for comparison of yield
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performance to graded levels of SAA at 21 day of age in broilers. Again, as stated
previously that differences in feed ingredients used as well as response criteria,
mathematical approach and statistical analysis could lead to variations in AA requirements
estimated by different researchers, therefore, comparison between studies should be made

with caution.

Though it was not the aim of the present study to predict the requirements of SAA
from lysine requirements derived in Exp.1 and compare them with SAA requirements
derived in Exp. 2, the use of similar diets (feed ingredients, feed formulation based on
digestible ideal ratios), birds (strain, age) and environmental conditions, as well as the use
of similar statistical analysis in Exp 1 and Exp. 2, provided us an opportunity to do so. The
lysine requirements obtained in Exp. 1 were 1.12% and 1.13% for maximum BWG and
FCR, and 0.72 (ideal SAA:lysine suggested by Baker and Han, 1994) of these levels are
approximately 0.80% and 0.81% , which are very similar to the dSAA requirements
obtained in Exp. 2. Using the average of requirements (obtained in the present study)
optimum dietary ratio of dSAA to dLYS was calculated to be 0.715:1 which is similar to

IICP recommendation of 0.72:1 for 0 to 21 day old broilers (Baker and Han, 1994).

5.6. CONCLUSION

The dLYS levels of 1.12% and 1.13% and dSAA levels of 0.81% were estimated
as requirements for maximum BWG and maximum FCR, respectively. It can be concluded

that the AA levels (lysine or SAA) required to optimize BWG did not differ from the
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levels required to maximize FCR, whereas the lysine required to obtain maximum CY
and BMY might be higher than levels required to optimize growth performance. The
estimates obtained in current study consider NRC (1994) recommendations of lysine and
SAA for three-week old broilers to be adequate. Though not addressed in this study, but
economics of input and output variables should be considered before using the

requirement recommendations from dose response studies in practical feed formulations.
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6.0 GENERAL DISCUSSION

The first objective of the current study was to determine the SID of protein
and AA in PPI, wecDDGS and corn in 3-week old broilers. The ileal protein and AA
digestibility in broilers is a reliable estimate of AA availability in a given feed
ingredient (Stein et al., 2007a). However, due to variable amounts of IEAL, the AID
coefficients of AA vary with the dietary protein intake levels (Fan et al., 1994). The
SID coefficients derived by correcting AID values for basal IEAL have been
considered to be a more accurate representative of AA availability (Lemme et al.,
2004). Our previous studies have reported that the differences in methodology and
inherent properties of feed ingredients could cause differences in digestibility
estimates both within and between feed samples (Bandegan et al., 2009b, 2010). This
can call into question the accuracy of diet formulation, increases safety margins and
thus cost of feed. Therefore, the CV associated with digestibility estimates of AA in

feed ingredients was also determined.

The AA contents in feed ingredients have been related to AA composition of
storage protein. For example, the storage protein in peas is high in lysine and low in
SAA (Croy et al., 1980), while the storage protein in cereals (wheat and corn) is low
in lysine. Therefore, PPI had high content of lysine (5.6%) and low content of SAA
(1.6%), whereas, both wcDDGS and corn had low contents of methionine (0.75% and
0.21%) and lysine (0.82% and 0.23%) and high contents of leucine (3.65% and 1.12
%), respectively. The AA contents of corn were observed to be thrice the AA contents

of weDDGS. Similar reports have been obtained previously both in pigs and poultry
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using wheat-DDGS (NRC, 1994; Nyachoti et al., 2005; Thacker and Widyaratne,
2007; Lan et al., 2008; Bandegan et al., 2009b).The methionine was least and
isoleucine and leucine were most variable indispensable AA in PPI. On the other
hand, methionine was the most and valine was the least variable indispensable AA of
wcDDGS and corn. Overall, the CV associated with AA composition was highest in

corn followed by PPI and wcDDGS.

The overall average SID estimates of AA in PPI, wcDDGS and corn were
93.3%, 71.5% and 93.25%, respectively. The negligible contents of ANF and cell wall
in PPl (Gatel and Grosjean, 1999; Le Guen et al., 1995) could be responsible for
higher digestibility of PPl compared to peas. The high digestibility estimates of
arginine and lysine in PPI could be due to high enzymatic hydrolysis of these AA
(Low, 1980), and the low digestibility estimates of methionine and cysteine might be
due to presence of protease inhibitors in peas which divert SAA from body tissue
synthesis to additional production of pancreatic proteases. (Gatel, 1994; Wiseman et
al., 2003). It was observed that AA digestibility estimates were related to the AA
contents of feed ingredients. Therefore, the SID of methionine was the lowest (87.2%)
and highest (97.6%, 80.9%) among indispensable AA of PPIl, wcDDGS and corn,
respectively. The lysine was found to be the most variable and least digestible AA in
wcDDGS with AID and SID estimates of 50.7% and 53.6%, respectively. The lower
availability of lysine in DDGS could be the result of heat damage of these AA (Batal
and Dale, 2006; Fastinger et al., 2006). At high drying temperatures, maillard
reactions occur and lysine gets attached to reducing sugars and becomes cell bound
which protects them from digestive processes making them poorly digestible

(Mauron, 1981).
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Not many studies were available for comparing the digestibility data. The
digestibility estimates obtained for PPI were higher than AID estimates of Valencia et
al (2009). This could be due to different process used for PPI production. Since the
AA composition of DDGS depends upon the composition of grains used and
production technology it is apparent that the AA digestibility would vary. Also,
different growing and cultivation conditions affect the nutrient composition of corn so
does the AA digestibility. Moreover, digestibility estimates vary with genotype, age
and type of bird, method of determination (Ten Doeschate et al., 1993; Huang et al.,
2006) as well as protein content of the feed ingredient (Fan et al., 1994) therefore AA

digestibility comparisons across different studies is difficult.

The CV associated with the SID estimates were the highest and widest (6.6%
to 29.4%) in weDDGS, followed by corn (3.2% to 10.7%), and PPI (2.7% to 13.5%)
in that order. Along with threonine, SAA in PPI, and lysine in wecDDGS and in corn
were the most variable and least digestible indispensable AA, whereas leucine and
methionine were the least variable indispensable AA in all the three feed ingredients
assayed in this study. In congruence to our previous study in broilers (Bandegan et al.,
2009Db) the within sample variations were observed to be more than between sample
variations among wcDDGS samples. This could be explained by the fact that DDGS
has a high fibre content (Nyachoti et al., 2005; Stein et al., 2006), which could cause
differences in intake levels and consequently the differences in digestibility of AA
among birds. Similarly, starch, fibre, protein and AA contents among corn samples
can vary considerably (Coweison, 2005) leading to the variability in bird intake levels
of nutrients, therefore the CV for within samples showed more variation than between

samples. Whereas, the reverse was true for PPl and reason for this finding is not
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known. It was observed during experiment that PPI being fine powder was not very
palatable. Therefore, if mixture of PPl and wheat in 50:50 was used as an assay diet
and AA and protein digestibility in PPl was calculated by difference method the

partition of CV could have been better defined

The AID coefficients in a sample of wheat (AC Barrie) used as a reference
were determined in a series of three independent experiments (Table 4.7) to assess
repeatability of the broiler ileal digestibility assay. The total inter-assay CV ranged
from 0.8% to 5.2% for glutamic acid and proline to threonine and aspartic acid,
respectively. No significant differences (P < 0.05) were detected in the AID and SID
of CP and AA among experiments. The variance components showed higher variation
from within rather than between assays. These findings prove the reproducibility of
the ileal digestibility assay used in our laboratory and confirm that the digestibility

values obtained in different experiments are comparable.

The second objective of the current study was to determine the optimum
requirement of dLYS and dSAA for maximum growth (BWG and FCR) and
maximum processing yield performance (CY, BMY and TDY) in 3-week old broilers.
The SAA and lysine are the most limiting AA in practical broiler diets; therefore
required supplementation of SAA and lysine in broiler diets results in improved
performance. It has been observed that AA requirements in broilers vary with external
(environment, diet) and internal (genetic) factors but it is not possible to estimate AA
requirements under all combination of conditions and genotype (Emmert and Baker,
1997). Therefore, a reference AA was chosen and all other indispensable AA were
expressed in fixed proportion to the reference AA to yield ideal AA ratios (Han and

Baker, 1994). The ideal AA ratios (also known as ideal protein concept) refer to the
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levels of all the indispensable AA present in sufficient amounts i.e. without any
excesses or deficiencies (Emmert and Baker, 1997). And such ratios are established
using digestibility coefficients to overcome the differences in dietary AA absorption

and utilization, which can cause variations in AA proportions (Baker, 1997).

The six graded levels of dietary dLYS (0.80%, 0.90%, 1.00%, 1.10%, 1.20%
and 1.30%) and the five graded levels of dietary dSAA (0.52%, 0.62%, 0.72%, 0.82%
and 0.92%) were assayed. The significant quadratic response (P < 0.01) was observed
for BWG and FCR with increased levels of dietary dLYS (1.12% and 1.13%) and for
BWG (0.81%) with increased levels of dietary dSAA. While no significant response
was observed for FCR with increased levels of dietary dSAA. The requirement
estimates to obtain maximum BWG and FCR were similar for dLYS. Similar trends
have also been reported by others for lysine (Labadan et al., 2001; Garcia et al., 2006)
as well as SAA (Mendonca and Jensen, 1989; Morris et al., 1992; Huyghebaert and

Pack, 1996).

It has also been reported that lysine levels in starter diets influence the BMY
in grower-finisher broilers (Holsheimer and Ruesink, 1993; Kidd et al., 1998; Kerr et
al.,, 1990) but broilers fed diets containing high lysine require additional
supplementation of methionine to optimize BMY (Hickling et al., 1990; Schutte and
Pack, 1995a; Huyghebaert and Pack, 1996). The CY and BMY increased cubically (P
< 0.01 and P < 0.03) with increased levels of dietary dLYS while BMY increased
linearly with increased levels of dSAA in diet. Interestingly, increases in CY and
BMY from 1.20% to 1.30% dietary dLYS levels were not accompanied by increase in
BWG. However, numerical percentage of CY and BMY was highest in birds fed

dLYS at 1.10 % of diet. This was also the level of lysine at which optimum weight
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gain and feed efficiency were obtained. Therefore, levels of dLYS required to obtain
maximum CY and BMY are either equal to or higher than the levels required to
obtain maximum BWG and FCR. No studies in starters were available for direct
comparison of results but similar findings have been reported in finishers by others
(Sibbald and Wolynetz, 1986; Holsheimer and Ruesink, 1993; Bilgili et al., 1992;
Gorman and Balnave, 1995). No significant response was observed in TDY with
increasing levels of dietary dLYS and in CY and TDY with increasing levels of

dietary dSAA.

The AA requirement estimates for broiler performance varies due to genetics
(Bilgili et al.,, 1992), response criteria (Sibbald and Wolynetz, 1986, 1987;
Rhodehutschord and Pack, 1999), mathematical model or statistical approach used
(Leclerg, 1998; Rhodehutschord and Pack, 1999; Baker et al., 2002) ingredient
quality, nutrient levels and environmental factors (Kidd and Fancher, 2001).

Therefore comparisons between different AA requirement studies were difficult.

Since similar methodology (age and strain of bird), feed ingredients and
environmental conditions were used in both experiments, SAA requirements were
predicted from lysine requirement values using ideal AA ratios. The levels of SAA
required for optimum performance were 72% of the levels of lysine required for
optimum performance. The predicted requirement of SAA was very close to
experimentally obtained requirement value. Also, these recommendation ratios were
similar to IICP recommendations for Lys:SAA in 0 to 21 day old broilers (Baker and

Han, 1994).
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7.0 GENERAL CONCLUSIONS

The SID coefficients for CP in PPI, wcDDGS and corn were 90.6%, 68.9%,
88.4%. Methionine was the most digestible indispensable AA in wcDDGS and corn
but was the least digestible indispensable AA in PPI. Threonine was the least
digestible AA in all feed ingredients assayed. Lysine was among the least digestible
AA in weDDGS and corn, whereas, it was among the most digestible AA in PPI. The
average CV associated with SID estimates of AA was highest in wcDDGS followed

by corn and PPI.

The estimates of dLYS to optimize BWG (1.12%) were similar to the
respective levels required to maximize FCR (1.13%). The dSAA levels to optimize
BWG was 0.81% while no significant response was observe for FCR. The levels of
dLYS required to optimize CY and levels of dLYS and dSAA required to optimize
BMY, might be higher than corresponding levels required to optimize growth

performance.

Recommendations for future research:

More studies on SID estimates of AA in PPl fed to broilers to utilize the high
digestibility potential of PPI.

Methods of enhancing the AA digestibility, especially of lysine in DDGS.

Determine the requirement of dLY'S for optimum CY and BMY in starters with levels

higher than 1.30% of diet based upon 1ICP concept.
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Determine the requirement of dSAA for optimum CY and BMY in starters with levels
higher than 0.92% of diet based upon 1ICP concept.
Standardized method for comparing the results of different requirement studies in

broilers.
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9.0 APPENDIX

Table 9.1. Basal ileal endogenous AA flow (mg/kg DM intake) in chicks fed a
nitrogen-free diet

CP 4368

Indispensable amino acids

Arg 203
His 91
lle 200
Leu 298
Lys 173
Met 65
Phen 420
Thr 434
Trp 71
Val 270

Dispensable amino acids

Ala 217
Asp 430

Cys 143
Glu 492
Gly 245
Pro 289
Ser 343

Adapted and modified from Golian et al. (2008)
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Table 9.2. Estimated requirements based on quadratic regression analysis of digestible lysine (%) and digestible SAA (%) in

3-week old broilers

Response

Amino acid o Equation R2 R(iguirtement

(% of diet) criteria estimates

Digestible Lysine BW gain, g -3269.7 + 6896.6 x (lysine) - 3060.5 x (lysine x lysine)  0.82 1.12
FCR, g/g 13.137 — 19.462 x (lysine) + 8.5727 x (lysine x lysine) 0.85 1.13

Digestible

SAA BW gain, g -1933.5 + 6284 x (SAA) - 35465 x (SAA x SAA) 0.40 0.89

'Prediction equation based on determined digestible lysine or digestible SAA for optimum response.
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