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Testing the Ideal Protein Concept in Broiler Starter Phase (0-28 Days) using Low
Protein Diets Supplemented with the Most Limiting Essential Amino Acids
Abstract

The study tested the ideal protein concept by evaluating the growth performance and nitrogen
utilization of broiler birds (0-28 days). The most limiting essential amino acids (EAAs), L-Lysine, DL-
Methionine, L-Tryptophan and L-Threonine were used in supplementing broiler diets in which crude
protein levels were reduced across the diets. Crude protein levels were varied from 23.0% in both
the control diet (conventional broiler starter diet with plant protein origin and fish meal) and diet 2
with the most limiting EAAs to diet 6 with the lowest crude protein of 11.0%. All the low crude
protein diets were supplemented with the limiting EAAs. Growth parameters and nitrogen retention
were investigated and data obtained were analysed statistically using Minitab (Version 16). The feed
intake reduced significantly (P<0.05) across the diets with the highest value of 58.68+0.03g/b/d
obtained for birds on the control diet of 23.0% CP (conventional broiler starter diet with plant
protein origin and fish meal) and the lowest Fl value obtained for birds on 11.0% CP diet with EAAs
supplementation (diet 6). The average weight gain (WG) also had the highest value of
33.4740.03g/b/d for birds on the conventional control diet. Birds on the least CP inclusion of 11.0%
(diet 6) had the lowest average WG of 13.35+0.87g/b/d. Expectedly, the feed conversion ratio (FCR)
had the best and lowest value of 1.7510.01 for birds on the conventional control diet and the lowest
for birds on the 11.0% CP (diet 6) at 3.31+0.20. The protein efficiency ratio (PER) had the best and
highest value of 3.23+0.06 for birds on the 14.0% low crude protein diet.The average nitrogen
retention (NR) had the highest significant value of 0.7840.02gN for birds on the 11.0% CP diet (diet
6). The lowest significantly different (P<0.05) AND value of 45.65+0.79% was obtained for birds on
11.0% low CP diet supplemented with EAAs. Birds on conventional control diet in which 23.0% CP
was used with an animal protein source and birds on 20.0% CP with EAAs supplementation had the
best similar FCR of 1.75+0.01and 1.90+0.02, respectively. Crude protein can be reduced by 3
percentage points from the conventional 23.0% (NRC 1994 recommendation) to 20.0% CP without
any detrimental effects on the growth performance

indices of broiler starter birds (1-28days). Protein efficiency ratios were better for growing birds on
EAAs supplementation.

Keywords: Percentage point reduction of crude protein, essential amino acids, low crude protein
diets

Introduction

The concept of ideal protein has been proposed more than 50 years ago and is still very relevant.
The diet of poultry is supplemented with synthetic amino acids to enhance production. Researchers
have reported several benefits of amino acid supplementation as follows: (1) reducing cost in
production, (2) producing the optimal balance of essential amino acids that presumably enhances
growth, maximizes edible meat yield, reduces carcass fat and enables precise selection of progeny
for breeding programs, and (3) balancing an animal’s nutrient intake to conserve resources and
minimize wastes (Parr and Summers, 1991; Moran and Stillborn; Aletor et al., 2010; Bregendahl et
al., 2002; Sterling et al., 2005; Waldroup et al., 2005).

Ideal protein concept is often used to express animals’ amino acid requirements. It is becoming
increasingly clear to broiler nutritionists that the understanding of the value of formulating on a



digestible amino acid basis using crystalline amino acids such as DL-Methionine, L-Lysine and L-
Threonine and other limiting essential amino acids is appropriate. Since the ultimate goal of poultry
nutritionists is to reduce feed costs, while maximizing the broilers’ efficient use of dietary protein
and other nutrients, formulating on a digestible amino acid basis and using crystalline amino acids
allows the nutritionists to balance dietary amino acids with the ingredients at their disposal, and
minimize feed costs via the reduction in dietary soybean meal, dried distillers grains, and animal by-
product use. Despite these tools, the nutritionist continually faces challenges when it comes to
advances in broiler genetics such as intense selection for greater feed intake, growth, feed
conversion and/or higher breast meat yield. While these selection criteria may seem minor, some of
the selections just mentioned very likely affect the amino acid requirements of broilers, specifically
digestible lysine (dLys) and digestible threonine (dThr).

Amino acid (AA) supplements (Met, Lys, and Thr) are used in commercial broiler diets to reduce diet
cost and decrease nitrogen excretion without compromising performance objectives.

Materials and Methods

Experimental Site The experiment was carried out in the Poultry Unit of the Teaching and Research
Farm (T & RF) of Ekiti State University, Ado-Ekiti with geographical coordinates of 70 38’0” North, 50
13’ 0” East The T &RF and a tropical humid climate with distinct wet and dry seasons. The rainy
season spans over seven months starting from March/early April to October with a dry spell in
August. Temperature in this area is fairly uniform throughout the year with little deviation from the
mean annual of 270oc. The topography is moderately sloppy with the highest point having the slope
of not greater than 6%. The main vegetation is grass but activities like bush fallowing influences
vegetation. The experiment was carried out between March and June, 2016. Further laboratory
analyses were carried out at the Animal Production and Health Sciences Laboratories of Ekiti State
University and The Federal University of Technology, Akure.

Site Preparation Prior to the arrival of broiler chicks, the poultry house and metabolism cage were
thoroughly washed and fumigated with diskol (a disinfectant containing 4% benzalkonium chloride,
3% glutaraldehyde, 14% formaldehyde, stabilizers, antioxidants and activators). The house was
covered to prevent heat loss and brooding equipment installed.

Sourcing of Pharmaceutical Feed-Grade Amino Acids

Feed-grade L-Lysine, L-Tryptophan and L-Threonine amino acids were ordered from Ajinomoto
Animal Nutrition, Ajinomoto North America, Inc., 4020 Ajinomoto Drive, Raleigh, USA.
Pharmaceutical-grade amino acids are reputed to be between 99% and 100% pure. Ajinomoto amino
acids are used for multiple nutritional applications, including intravenous solutions, infant and
pediatric formulas and other dietary supplements. They are on the list of U.S. Food and Drug
Administration (FDA) having complied with the current Good Manufacturing Practice (cGMP).
Ajinomoto is a research leader in the nutritional physiology of amino acids, generating knowledge
and understanding of the properties and

behavior of amino acids, and creating even more medical and nutritional applications. DLMethionine
was purchased locally from a reputable feed mill in Akure, Ondo State, Nigeria. The technical
information on the feed grade amino acids are as follows:

L-Lysine Monohydrochloride (feed grade, 78.8%)

Commercial Guarantee:



L-Lysine content 78.8% minimum

Physical data:

Chemical formula C6H14N202HCL

Molecular weight 1182.65

Appearance Yellowish-white,crystalline powder

Purity (L-lysine base)  78.8% (on as-is basis); 80.0% (dry matter basis)

Dry matter 98.5% (minimum)

Bulky Density 0.55 to 0.65grams/cm3 (34.3 to 40.5 lbs/ft3)
Total nitrogen 115.12% (on an as-is basis)

Chloride (Cl) 19.40%(on an as-is basis)

Crude protein (% 16g-N1)  94.40% (on an as-is basis)

Calculated energy

poultry, ME 4,120 (kcal/kg) 1870 (kcal/lb)

Stability:

Shelf life 3 years (25 kg Bags); 1year (1,000 kg Totes)

Pelleting stability stable under commercial pelleting conditions
L-Threonine (feed grade, 78.8%

Commercial Guarantee:

L-Threonine content 98.5% minimum

Physical Data:

Chemical formula C4AHINO3

Molecular weight1 119.12 Appearance white to off-white crystalline or granule
Content 98.0% (on an as-is basis); 98.5% (dry matter basis)

Dry matter 99.5% (minimum)

Bulk Density 0.6 t0 0.7 grams/cm3(37.4 to 43.7 Ibs./ft3)

Total nitrigenl 11.52% (on an-is basis)

Crude protein (%/16g-N1) 72.03% (on an as-is basis)
Calculated energy:

Poultry, ME 3,570 (kcal/kg) 1,619(kcal/Ib)
Stability:

Shelf life (unopened packaging) 3 years (25 kg Bags); 1year (1,000 kg Totes)



Pelleting stability stable under commercial pelleting conditions
L-Tryptophan(feed grade,98.0% on a dry matter basis)

Commercial Guarantee:

L-Tryptophancontent 98.0% (on a dry matter basis)

Physical data:

Chemical formula  C11H12N202 Percent Nitrogen 13.45% (on an as-is basis)

Molecular weight 1204.23

Appearance Yellowish-white, crystalline powder Solubility in H20 1.136 g/100 g water at 202C
Purity 98.0% (Min)

Dry matter 98.5% (minimum)

Bulky Density 0.20 to 0.30grams/cm3

Chloride (Cl) 19.40% (on an as-is basis)

Crude protein (% 16g-N) 84.0% (on a dry matter basis)

Poultry2,

ME 5,850 (kcal/kg) or 2,650(kcal/Ib)

Stability:

Shelf life 3 years (25 kg Bags); 1year (1,000 kg Totes)
Pelleting stability stable under commercial pelleting conditions

DL-Methionine (feed grade,99.0% on a dry matter basis)
Commercial Guarantee: = DL-Methioninecontent 99.0% minimum
Physical Data:

Chemical formula C5H11NO2S

Molecular weightl 149.21

Appearance white tolight greycrystal orpowder

Content 99.0% (dry matter basis)

Dry matter 99.0% (minimum)

Bulk Density 0.55to 0.65grams/cm

Experimental Diets The feed ingredients used in ration formulation were purchased locally from a
reputable commercial feed miller. Feed-grade amino acids were sourced as previously discussed.
The experimental diets were compounded and manually mixed on the clean floor of the Poultry
Section of the Teaching & Research Farm. The dietary treatments were made up of the control diet 1
which had an approximate value of 23.0% crude protein of both plant and animal (fish meal) origins
with a substantial supplementation of DL-Methionine and LLysine. Diet 2 also had 23.0% all of plant



origin with four most limiting EAAs. Diets 3, 4, 5 and 6 contained reduced inclusion levels of crude
protein of plant origin at approximate values of 20.0%, 17.0%, 14.0% and 11.0%, respectively. In
essence, crude protein was reduced by 3 points across the diets from diet 3 to diet 6. The four most
limiting essential amino acids (NRC, 1994) in broilers were supplemented as required in the low
crude protein diets. Please turn this to table format

Table 1.NRC (1994) requirement for crude protein and the most rate limiting amino acids for broilers

Please remove outside border

Weeks of Age
Nutrients% 0-3 3-6 6-8
Crude protein 23.00 20.00 18.00
Methionine 0.59 0.38 0.32
Total sulfur
Amino acids 0.90 0.72 0.60
Lysine 1.10 1.00 1.00 0.85 1.00 0.85
Threonine 0.80 0.74 0.68
Tryptophan 0.20 0.18 0.16
Isoleucine -.80 0.73 0.62
Arginine 1.25 1.10 1.00
Valine 0.90 0.82 0.70
RESULTS

Growth Performance

The results obtained for the growth performance of broiler starter birds (1-28days) is
presented on Table2.

The average feed intake (Fl) varied significantly (P<0.05) from the highest value of
58.68+0.03g/b/d obtained for the birds on the control diet (diet 1) 1 to 44.18+ 0.10g/b/d
obtained for birds on the 11% crude protein (CP) diet with essential amino acids
supplementation (diet 6). The feed intake reduced significantly (P<0.05) across the diets with
the highest value obtained for birds on the control diet and the lowest Fl value obtained for
birdson 11% CP diet with essential amino acids supplementation (diet 6).

The average weight gain (WG) also had the highest value of 33.47+0.03g/b/d for birds on the
conventional control diet with the minimum lysine acid methionine supplementation. Birds

on diet 3 (20.0% CP) had the average WG value of 29.65+0.25g/b/d next to the highest value



obtained for birds on diet 1. Birds on the least CP inclusion of 11.0% (diet

6) had the lowest average WG of 13.35+0.87g/b/d. There were significant variations (P<0.05)
among all the average WG values.

Table2:Experimental diets for chicks fed varying crude protein levels with amino acids
INGREDIENTS Control Diet 1

make your result table numerals be in 2dp and remove borders

INGREDIENTS Control Diet 1 | Crude Protein Reduction/Amino Acids supplementation
Diet2 Diet3 Diet4 Diet 5 Diet 6
23.0% CP 20.0% CP | 17.0% CP | 14.0%CP | 11.0%C
Maize (11% CP) | 56.4 56.7 56.7 56.7 56.7 56.7
Soyabean meal 36.0 39.0 32.0 25.0 18.0 11.0
(45% CP)
Fish meal (72% 3.0 - - - - -
CP)
Rice husk - - 5.0 5.0 11.0 16.0
Palm oil - - 2.0 5.0 6.0 8.0
Bone meal 2.5 2.5 2.5 2.5 2.5 2.5
Oyster shell 1.0 1.0 1.0 1.0 1.0 1.0
Salt 0.3 0.3 0.3 0.3 0.3 0.3
**Premix 0.5 0.5 0.5 0.5 0.5 0.5
Amino acid supplementation
Lysine 0.15 1.5 1.5 1.5 1.5 1.5
Methionine 0.15 1.0 1.0 1.0 1.0 1.0
Threonine - 1.0 1.0 1.0 1.0 1.0
Trytophan - 0.5 0.5 0.5 0.5 0.5
Calculated composition
Crude Protein, % | 23.3 23.0 19.8 16.6 13.7 10.8
*ME (Kcal/Kg) 2893.3 2889.7 2884.0 2960.1 2872.5 2866.8
Crude Fibre, % 3.9 4.1 3.8 34 7.4 9.0
Fat, % 3.8 3.6 3.5 33 3.1 2.9
Proximate Composition
Crude Protein 23.1 23.3 18.9 16.9 14.2 11.3
Crude Fibre, % 3.9 4.1 3.8 34 7.4 9.0
Fat, % 3.8 3.6 3.5 33 3.1 2.9
MC, % 9.35+0.08 9.42+0.04 | 9.46%0.06 | 9.43+0.03 | 9.36+0.06 | 9.34+0.05

supplementation at broiler starter phase (1 —28days)

*ME, metabolizable energy = (0.860+0.629(GE-0.78CF) by Campbellet al.,(1986) **Contained vitamins A(10,000,000iu); D(2,000,000iu);
E(35,000iu);K(1,900mg); B12 (19mg); Riboflavin(7,000mg); Pyridoxine(3,800mg); Thiamine(2,200mg); D Panthotenic acid(11,000mg);
Nicotinic acid(45,000mg); Folic acid(1,400mg); Biotin (113mg); and trace elements as Cu(8,000mg); Mn(64,000mg); Zn(40,000mg);
Fe(32,000mg); Se(160mg); 12(800mg); and other items as Co(400mg); Choline(475,000mg); Methionine(50,000mg); BHT(5,000mg) and
Spiramycin(5,000mg) per 2.5kg CP:Crude Protein, ME:Metabolized Energy.

Table 3: Performance of chicks fed varying crude protein levels with amino acids supplementation at
starter phase (1-28days)



Parameters Control Diet | Crude Protein Reduction/Amino Acids supplementation

23% Cp Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

23.0% CP 20.0% CP 17.0% CP 14.0% CP 11.0% CP

Av. Feed 58.68+0.03a | 55.48+0.04c | 56.11+0.06b | 54.51+0.09d | 51.35+0.13e | 44.18%0.10f
Intake,g/b/d
Av. Weight 33.47+0.03a | 25.73+0.32d | 29.65+0.25b | 26.63+0.11c | 22.90+0.16e | 13.35+0.87f
Gain, g/b/d
Feed 1.75+0.01e | 2.15+0.03bc | 1.90+0.02de | 2.05+0.01cd | 2.24+0.02b | 3.31%0.20a
Conversion
(feed/gain)
Protein 2.49+0.01d | 2.05%#0.12e | 2.65+0.02c | 2.84+0.04b | 3.23+0.06a | 2.47+0.06d
Efficiency
(PER)

a, b, ¢, Means within a rowwith different superscript are significantly different (P<0.05).

The feed conversion ratio (FCR) had the best and lowest value of 1.75+0.01 for birds on the

control diet and the lowest for birds on the 11.0% CP (diet 6) at 3.31+0.20. The FCR values

of 2.15+0.03 and 2.24+0.02 obtained for birds on 23.0% CP and 14.0% CP, respectively were

similar (P>0.05). The FCR of 1.90+0.02 for birds on 20.0% CP was also similar (P> 0.05) to

the FCR obtained for birds on the control diet and FCR value of 2.05+0.01 obtained for birds

on 17.0% CP diet (diet 4).

The protein efficiency ratio (PER) had the best and highest value of 3.23+0.06 for birds on

the 14.0% (diet 5) and the lowest value of 2.05+0.12 for birds on 23.0% CP diet (diet 2).

Nitrogen Utilization

The nitrogen utilization of chicks fed varying crude protein levels with amino acids

supplementation at broiler starter phase (1-28 days) is presented in Table 4

The average nitrogen intake (NI) had the highest significant (P<0.05) value for birds on the

control diet at 2.17+0.01gN and lowest (P<0.05) for birds on the 11.0% CP diet (diet 6) at

0.80+0.02gN. There was a consistent reduction in the average NI values from birds on the

control diet to the birds on the diet with the least crude protein of 11.0%. The nitrogen in

droppings had similar (P>0.05) values ranging from 0.02gN to 0.04gN. The average nitrogen

retention (NR) had the highest significant value of 0.78+0.02gN for birds on the 11.0% CP

diet (diet 6).

Table 4: Nitrogen utilization ofchicks fedvarying crude protein levels with amino acids
supplementation at broiler starter phase (1-28days) Parameters Control Diet 23.0% CP Crude



Parameters Control Crude Protein Reduction/Amino Acids supplementation

Diet23% Cp | Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

23.0% CP 20.0% CP 17.0% CP 14.0% CP 11.0% CP

Nitrogen intake | 2.17+0.01a | 2.06+0.03b | 1.80+0.01c | 150%0.02d 1.16+0.02e | 0.80%0.02f
(gN/bird/day)
Nitrogen in 0.0410.01 0.04+0.00 0.02+0.00 0.0210.00 0.03£0.01 0.02+0.00
droppings
(gN/bird/day)
Nitrogen 2.14+0.01a | 2.02+0.01b | 1.79+0.03c | 1.47+0.01d | 1.13+0.0le | 0.78%0.02f
Retention
(gN/bird/day)
Apparent 75.70£0.11a | 76.64+0.65a | 75.10£0.03a | 59.65+0.79b | 56.25+0.21c | 45.65+0.79d
Nitrogen Dig.
(%)

a, b, ¢, Means within a row with different superscript are significantly different (P<0.05).

The Apparent Nitrogen Digestibility (AND) values were similar (P>0.05) for birds on the

control diet, diet 2 (23.0% CP minimum amino acids supplementation and diet 3 (20.0% CP)

at 75.7040.11%, 76.64+0.065% and 75.10+0.03%, respectively. The lowest significantly

different (P<0.05) AND value of 45.65+0.79% was obtained for birds on 11.0% CP diet (diet

6).

DISCUSSION

Growth Performance remove

The significant variation (P<0.05) of the average feed intake (FI) (P<0.05) from the highest

value of 58.68+0.03g/b/d obtained for the birds on the control diet (diet 1) to 44.18+

0.10g/b/d obtained for birds on the 11% crude protein (CP) diet with essential amino acids

supplementation (diet 6) is remarkable. The control diet was formulated with protein of both

plant and animal origins and was ensured to meet the nutrient requirements (NRC, 1994) of

the broiler starter chickens. Amino acid supplementation was restricted to the minimum

conventional requirements for methionine and lysine supplementation at broiler starter phase

of production.The feed intake reduced significantly (P<0.05) across the diets with the highest

value obtained for birds on the control diet and the lowest Fl value obtained for birds on the

least CP diet (11% CP) even with adequate essential amino acids supplementation.There are

conflicting literatures on the feed intake of broiler birds at starter phase.A relatively old




literature in which responses of broiler chicks at 7-21 days to low protein diets supplemented
with synthetic amino acids were measured indicated that body weight gain and feed
efficiency, but not feed intake, were depressed by lowering CP content (Pinchasov et al.,
1990). Also in the same league are the more recent works (Aletor et al., 2000; Kamran et al.,
2008)where it was found that chicks fed the lowest-CP diets consumed more feed. However,
some other studies on low protein diets for broilers (Aftab et al., 2006) showed depressed
feed intake and was reported as the negative effect of low crude protein (LCP).

There were significant variations (P<0.05) among all the average WG values. The average
weight gain (WG) with the highest value of 33.47+0.03g/b/d being for birds on the
conventional control diet with the minimum lysine and methionine supplementation and the
lowest WG of 13.35+0.87g/b/d being for birds on the least dietary CP of 11.0%. The feed
conversion ratio (FCR) also had similar result withthe best and lowest value of 1.75+0.01 for
birds on the control diet and the lowest for birds on the 11.0% CP at 3.31+0.20. However, the
FCR of 1.90%0.02 for birds on 20.0% CP (with essential amino acids supplementation) was
also similar (P> 0.05) to the FCR obtained for birds on the control diet and FCR value of
2.05+0.01 obtained for birds on 17.0% CP (with essential amino acids supplementation). The
FCR values of 2.15+0.03 and 2.24+0.02 obtained for birds on 23.0% CP (with essential

amino acids supplementation) and 14.0% CP (with essential amino acid supplementation),
respectively were similar (P>0.05).

The variations in the WG and FCR values for the broiler starter phase of production can best
be explained by the several corroborative studies (Aletoret al., 2000; Aviagen, 2000;
Bregendahlet al., 2002; Brooks et al., 2003; Corzoet al., 2004; Pesti, 2009). It has been
reported that chickens fed low-protein feeds, despite having enough of each essential amino
acid (to support excellent growth), failed to thrive and were excessively fat. It was realized
that chickens require the essential amino acids plus some other amount of nonessential amino
acids to synthesize protein at acceptable rates (Pesti, 2009). Therefore, it was clear that
chickens require not only the essential amino acids but also some other quantity of amino
acids, which have been referred to as the “nonessential” amino acids. Clearly, some quantity
of these nonessential amino acids is needed (essential) for growth. The sum of the essential
and nonessential amino acids may also be referred to as the CP requirement. The 1994 NRC,

for instance, set the CP requirement for 0-to 3-wk-old broilers at 23%.



The fact that the FCR of birds on the 17.0% CP diet with essential amino acids
supplementation were still similar (P>0.05) to the FCR values obtained for birds on 23.0%

and 20.0% CP diets with essential amino acids supplementation disagreed with previous

work where data suggest that after the starter period, reducing dietary CP to 90% of the
recommended values had no detrimental impact on broiler performance (Abassiet al., 2014).
Data from the present result indicated that CP can equally be reduced with about 3 points
from conventional recommendation (NRC, 1994) without adverse effect on the growth
parameters that were investigated in this study. The assumption here is that higher crystalline
amino acids content of diet may result in better amino acid availability and better
performance because it is assumed that the availability of free crystalline amino acid is higher
than that of amino acids in intact proteins.

The protein efficiency ratio (PER) had the best and highest value of 3.23+0.06 for birds on

the 14.0% (diet 5) and the lowest value of 2.05+0.12 for birds on 23.0% CP diet (diet 2).
Nitrogen Utilization

The average nitrogen intake (NI) expectedly had the highest significant (P<0.05) value for
birds on the control diet at 2.17+0.01gN and lowest (P<0.05) for birds on the 11.0% CP diet
(diet 6) at 0.80+0.02gN. The consistent reduction in the average NI values from birds on the
control diet to the birds on the diet with the least crude protein of 11.0% was consistent with
the average feed intake by experimental birds on each dietary treatment. Since the feed intake
was significantly impeded for the low crude protein diets, it was expected that nitrogen intake
would also be reduced. However, the similarity (P>0.05) in the nitrogen in droppings among
all experimental birds ranging from 0.02gN to 0.04gN and the highest nitrogen retention
value of 0.78+0.02gN obtained for birds on the least crude protein diet of 11.0% CP called

for attention. Earlier report (Scott, 1992) that CP retention increased from 35 to 43% (P <
0.05) and that actual CP excreted increased from 293 to 317 g/kg (P > 0.05) corroborated this
recent finding. Scott (1992) inferredthat the increased gut microflora as the bird matures and
the efficiency of nitrogen and other nutrients (eg., starch and fiber) utilization at different
stages of development might have beenresponsible for this result.

The Apparent Nitrogen Digestibility (AND) values were similar (P>0.05) for birds on the
control diet, diet 2 (23.0% CP minimum amino acids supplementation and diet 3 (20.0% CP)

at 75.70+0.11%, 76.64+0.065% and 75.10+0.03%, respectively. The lowest significantly



different (P<0.05) AND value of 45.65+0.79% was obtained for birds on 11.0% CP diet (diet
6).1t has been postulated that the higher crystalline amino acids content of diet may result in
better amino acid availability (Abassi et al., 2014) and consequently, the better protein
efficiency ratio obtained for some experimental chicks in on very low crude protein diets. It is
also ascertained that the availability of free crystalline amino acid is higher than that of amino
acids in intact proteins.

CONCLUSION (please remove the numbering)

i. The growth parameters for birds on conventional control diet in which 23.0% CP was

used with an animal protein source and the growth parameters for growing birds on

20.0% CP with EAAs supplementation had the best similarFCR

ii. Therefore crude protein can be reduced by 3 percentage points from the conventional
23.0% (NRC 1994 recommendation) to 20.0% CP without any detrimental effects on

the growth performance indices of broiler starterbirds (1-28days).

iii. Protein efficiency ratios were better for growing birds on EAAs supplementation.
RECOMMENDATION

Broiler production especially at the starter phase of production can be made more commercially
profitable when the cost of synthetic essential amino acids are affordable such that a 3
percentage reduction in the recommended crude protein level is achieved in practical feed
formulation for broilersat starter growing phase (1-28 days).

REFERENCESplease number your reference

Abbasi M.A.l., Mahdavi A.H.l., Samie A.H.l and Jahanian R.l. (2014). Effects of different

levels of dietary crude protein and threonine on performance, humoral immune

responses and intestinal morphology of broiler chicks.RevistaBrasileira de

CiénciaAvicola. vol.16 no.1 Campinas Jan./Mar. 2014.
http://dx.doi.org/10.1590/S1516-635X2014000100005

Aftab U., Ashraf M. and Jiang Z. (2006). Low protein diets for broilers. World’s Poultry
Science Journal. 62. 4:688-701

Aletor V.A., Hamid I.1., Nieb E., Pfeffer E. (2000). Low-protein amino acid-supplemented

diets in broiler chickens: effects on performance, carcass characteristics, whole-body
composition and efficiencies of nutrient. Journal of the Science of Food and

Agriculture 80:547-554.



Aviagen. 2000. Broilers, Protein and Profit. Ross Tech. 00/39. Aviagen, Newbridge,
Midlothian, Scotland, UK.

Bregendahl K., Sell J.L. and Zimmerman D.R. (2002). Effect of low-protein diets on growth
performance and body composition of broiler chicks.The Journal of Applied Poultry
Research. 81 (8): 1156-1167.

Brooks, S. E., H. M. Allen, and J. D. Firman. 2003. Utilization of low crude protein diets fed
to 0—3 wk broilers. Poult. Sci. 82(Suppl. 1):37. (Abstr.)

CampbellG. L.,SalmonR. E.andClassenH.L.(1986). Prediction of metabolizable energy of broiler diets
from chemical analysis.PoultryScience, 65 (11):2126—2134. https://doi.org/10.3382/ps.0652126

Corzo A, Fritts C.A., Kidd M.T. and Kerr B.J. (2005).Response of broiler chicks to essential
and non-essential amino acid supplementation of low crude protein diets. Animal Feed
Science and Technology 118(3&4):319-327.

Kamran Z., Sarwar M., Nisa M., Nadeem M.A., Mahmood S., Babar§ M.E. and Ahmed S.
(2008).Effect of Low-Protein Diets Having Constant Energy-to-Protein Ratio on
Performance and Carcass Characteristics of Broiler Chickens from One to Thirty-Five
Days of Age. Poultry Science 87 (3): 468-474. doi: 10.3382/ps.2007-00180

Moran, E. T., Jr., and B. Stilborn (1996). Effect of glutamic acid on broiler given sub
marginal crude protein with adequate essential amino acids using feeds high and low in
potassium. Poult Sci. 75:120-129.

NRC. 1994. Nutrient Requirements of Poultry. 9th rev. ed. Natl. Acad. Press, Washington,
DC.

Parr, J. F., and J. D. Summers (1991). The effects of minimizing amino acid excesses in
broiler diets. Poult. Sci. 70:1540-1549.

Pesti G. M. (2009). Impact of dietary amino acid and crude protein levels in broiler feeds on
biological performance.) ApplPoult Res.18 (3): 477-486.

doi: 10.3382/japr.2008-00105

please number your references



