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Growth Performance and Nitrogen Value of
Broiler Finisher Birds (29-57 days) in Low-Protein
Diets Supplemented with the Most Limiting
Essential Amino Acids

ABSTRACT

This study evaluated the growth performance and nitrogen utilization of broiler birds (29-57
days) in which ideal protein concept was tested using the most limiting essential amino
acids (EAAs), L-Lysine, DL-Methionine, L-Tryptophan and L-Threonine. Six dietary
treatments in which crude protein varied from 20.0% to 8.0% were used to feed broiler
birds at the finishing phase (29-57 days) of production. Growth parameters and nitrogen
retention were investigated and data obtained were analysed statistically using Minitab
(Ver. 16). The results obtained indicated the broilers raised on the 17.0% crude protein diet
had the highest significant (P<0.05) average feed intake (FI) of 108.13+ 0.74g/bird/day but
had feed conversion ratio (FCR) of 2.82+ 0.01 similar to diet in which CP was
conventionally fixed at 20.0% with minimum EAAs supplementation. The best protein
efficiency ratio (PER) of 3.80+0.03 obtained for broilers on the least CP level of 8.0%. The
average nitrogen retention (NR) values were similar (P>0.05) and higher than other values
at 3.06+0.01gN and 3.01+0.01gN for birds on the control diet and birds on 20.0% CP with
minimum EAAs supplementation, respectively. The average apparent nitrogen digestibility
(AND) value of 76.37+£0.18% was the highest and significant (P<0.05) for birds on 20.0%
CP with EAAs supplementation. Growth parameters for birds on conventional control diet
had the best FCR. However, birds reared on 17.0% CP diet with EAAs supplementation
had similar growth parameters with birds reared on another 20.0% CP diet with EAAs
supplementation. Crude protein can therefore be reduced by 3 percentage points without
any detrimental effects on the growth performance indices of broiler finisher birds (29-57
days). However, the poor nitrogen retention (NR) and apparent nitrogen digestibility (AND)
for birds on the low protein diets is noteworthy.

Keywords: Low-protein diets, Most limiting essential amino acids, nitrogen retention.

1. INTRODUCTION

The application of the concept of the ideal protein in feed formulation makes it possible to adjust the
supply of the indispensable amino acids to the requirements of animals in order to avoid deficiencies
and limit excesses. These excesses, which are mainly caused by protein-rich raw materials, such as
soybean meal, provide some amino acids which go beyond the animal's requirements; they have
therefore to be catabolised by animals and they are at the origin of the excretion of nitrogen
compounds which are transformed into nitrates in the environment. In the implementation of the
concept of the ideal protein, feed-use amino acids are indispensable ingredients to optimize the
balance of amino acids in feed formulas — meeting objectives of performance, profitability and
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respect for the environment. The reduction of nitrogen input to farms, reduces protein diets and
lower the nitrogen output to the environment for instance in broiler, a reduction of 2 points of dietary
protein content result in a 13% to 14% reduction in nitrogen excretion [1, 2].

In addition, health conditions can be improved by reducing the dietary protein supply. The crude
protein level is reported as a predisposing factor for necrotic enteritis [3, 4].

Moreover, an excess of protein would lead to physiological need for an increase in water
consumption to achieve efficient nitrogen excretion. As a consequence, high crude protein diets lead
to higher level of nitrogen and water excretion compared with low crude protein diets, leading to
deterioration in litter quality and the bird’s environment. This study was therefore designed against
the background that further searchlights should be beamed at the need to reduce the protein intake
and emphasize the ideal protein concept of optimizing the balance of amino acids in broiler
production.

2. MATERIALS AND METHODS

2.1 Experimental Site

The experiment was carried out in the Poultry Unit of the Teaching and Research Farm (T & RF) of
Ekiti State University, Ado-EKkiti with geographical coordinates of 7° 38'0” North, 5° 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 27°. The
topography is moderately sloppy with the highest point having the slope of not greater than 6%. The
main egetation 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.

2.2 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.

2.3 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. DL-Methionine 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%)
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Commercial Guarantee:
L-Lysine content
Physical data:
Chemical formula
Molecular weight;
Appearance

Purity (L-lysine base)
Dry matter

Bulky Density

Total nitrogen,

Chloride (Cl)

Crude protein (% 169g-N,)
Poultry, ME

Stability:

Shelf life

Pelleting stability

L-Threonine (feed grade, 78.8%)
Commercial Guarantee:
L-Threonine content

Physical Data:

Chemical formula

Molecular weight,

Appearance

Content

Dry matter

Bulk Density

Total nitrigen;

Crude protein (%/169-N,)
Poultry, ME

Stability:

Shelf life (unopened packaging)
Pelleting stability

78.8% minimum

CsH14N,O,HCL

182.65

Yellowish-white, crystalline powder

78.8% (on as-is basis); 80.0% (dry matter basis)
98.5% (minimum)

0.55 to 0.65grams/cm® (34.3 to 40.5 Ibs/ft’)
15.12% (on an as-is basis)

19.40% (on an as-is basis)

94.40% (on an as-is basis)

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

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

98.5% minimum

C4HgNO;

119.12

white to off- white crystalline or granule

98.0% (on an as-is basis); 98.5% (dry matter basis)
99.5% (minimum)

0.6 to 0.7 grams/cm® (37.4 to 43.7 Ibs./ft%)

11.52% (on an-is basis)

72.03% (on an as-is basis)

3,570 (kcal/kg) 1,619(kcal/lb)

3 years (25 kg Bags); lyear (1,000 kg Totes)
stable under commercial pelleting conditions

L-Tryptophan (feed grade, 98.0% on a dry matter basis)

Commercial Guarantee:
L-Tryptophan content
Physical data:
Chemical formula
Percent Nitrogen
Molecular weight;
Appearance

Solubility in H,O

Purity

Dry matter

Bulky Density

Chloride (Cl)

Crude protein (% 16g-N)
Poultry, ME

Stability:

Shelf life

Pelleting stability

98.0% (on a dry matter basis)

C11H12N,0,

13.45% (on an as-is basis)
204.23

Yellowish-white, crystalline powder
1.136 g/100 g water at 20°C
98.0% (Min)

98.5% (minimum)

0.20 to 0.'3>Ograms/cm3

19.40% (on an as-is basis)
84.0% (on a dry matter basis)
5,850 (kcal/kg) or 2,650(kcal/lb)

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

DL-Methionine (feed grade, 99.0% on a dry matter basis)

Commercial Guarantee:
DL-Methionine content
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Physical Data:

Chemical formula CsH11NO,S

Molecular weight, 149.21

Appearance white to light grey crystal or powder
Content 99.0% (dry matter basis)

Dry matter 99.0% (minimum)

Bulk Density 0.55 to 0.65 grams/cm®

2.4 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 20.0% crude protein of both plant and animal (fish meal) origins with a
substantial supplementation of DL-Methionine and L-Lysine. Diet 2 also had 20.0% all of plant
origins 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 17.0%, 14.0%, 11.0% and 8.0%, 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 [5] in broilers were supplemented as required in the low crude protein
diets.

2.5 Statistical analysis

Data were subjected to analysis of variance (ANOVA) using Minitab Analytical Computer Package
[6]. Duncan’s Multiple Range Test was used to separate significant differences among the means
and the separated mean values were compared where necessary at a level of p<0.05.

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

for broilers

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 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
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Table 2. Experimental diets for broilers fed varying crude protein levels with EAA supplementation (finisher phase, 29 — 57days)

INGREDIENTS Control Crude Protein Reduction/Amino Acids supplementation

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

20.0% CP 17.0% CP 14.0% CP 11.0% CP 8.0% CP

Maize 65.4 61.1 56.8 57.3 57.1 59.1
Soyabean meal 28.0 32.0 25.3 19.8 13.0 6.0
Fish meal (72% CP) 2.0 - - - - -
Rice husk - - 8.0 10.0 15.0 20.0
Palm oil - - 3.0 6.0 8.0 8.0
Bone meal 2.5 2.5 2.5 25 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
EAA supplementation
Lysine 0.15 1.0 1.0 1.0 1.0 1.0
Methionine 0.15 0.7 0.7 0.7 0.7 0.7
Threonine - 0.7 0.7 0.7 0.7 0.7
Trytophan - 0.2 0.2 0.2 0.2 0.2
Calculated composition
Crude Protein, % 19.9 19.9 17.0 14.1 11.0 7.7
**ME (Kcal/Kg) 2893.3 2889.7 2807.16 2890.74 2871.32 2828.23
Crude Fibre, % 3.9 4.1 3.8 3.4 7.4 9.0
Fat, % 3.8 3.6 3.5 3.3 3.1 2.9

*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); 1,(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.

*ME, metabolizable energy = (0.860+0.629(GE-0.78CF) [7].
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3. RESULTS AND DISCUSSION

3.1 Growth Performance

The growth performance of chicks fed varying crude protein levels with essential amino acids
(EAASs) supplementation at broiler finishing phase (29-57 days) is presented in Table 3.

The average feed Intake (FI) had the highest significant (P<0.05) value of 108.13+0.74g/b/d for
birds on 17.0% CP diet (diet 3) followed by FI value of 98.56+0.39g/b/d obtained for birds on
14.0% (diet 4). The lowest average value of 70.93+0.18g/b/d was obtained for birds on 8.0% CP
diet (diet 6) and significantly different (P<0.05) from all other FI values.

The average weight gain (WG) of 50.26+0.23g/b/d was significantly higher (P<0.05) than all other
WG values. The lowest WG value of 21.68+0.27g/b/d was obtained for birds on the 8.0% CP diet
(diet 6) and this was significantly lower (P<0.05) than all other WG values. The feed conversion
ratio (FCR) was lowest and optimum at 1.94 + 0.01 for birds on the significantly different (P<0.05)
from all other values. The FCR value of 2.57+£0.03 obtained for birds on the 11.0% CP diet (diet
5) was next in decreasing order. The FCR values of 2.81+0.01 and 2.82+0.01 were similar
(P>0.05) for birds on 20.0% CP (diet 2) and 17.0% CP (diet 3). The FCR value of 3.27+0.05 was
the highest significant (P<0.05) value obtained for birds on 8.0% CP (diet 6).

The protein efficiency ratio (PER) varied significantly (P<0.05) among birds across the six diets.
Birds on 8.0% CP diet (diet6) had the highest (P<0.05) PER of 3.80+0.03 followed by 3.53+0.03
obtained for birds on the 11.0% CP diet (diet5). Birds on the control diet 1 had a PER value of
2.60£0.03 while birds on diet 4 (14.0% CP), 5 (14.0% CP) and 2 (20.0% CP), respectively in
decreasing order of 2.37+£0.03, 2.09+0.03 and 1.80+0.02.

The results obtained from the present study with broiler finisher birds opened a relatively new
vista of knowledge into ideal protein concept in broiler production as it was rather curious that
average feed intake (FI) even though highest and significant (P<0.05) for birds at 17.0% CP diet
still had a feed conversion ratio (FCR) similar to diets in which CP was conventional at 20.0%
with essential EAA supplementation. The average FCR for birds on 11.0% CP diets (2.57+0.03)
was also curiously lower and better than the FCR values obtained for birds on every other diet
except the control diet in which animal protein (fish meal) was used with moderate conventional
addition of only methionine and lysine. Depressed feed intake in the low crude protein diets in the
present study has been previously reported [8] and appears to partially explain the negative effect
of low crude protein diets in some cases. The protein efficiency ratio (PER) surprisingly had the
highest value of 3.80+0.03 for birds on the least CP diets of 8.0%.

The relative poor growth performance of broiler finisher birds on the low protein diets have been a
subject of controversy in several previous studies [9, 10, 11, 12, 13, 14,15]. However, it is clear
that chickens fed low-protein feeds, despite having enough of each essential amino acid (to
support excellent growth) may still fail to thrive because chickens require the essential amino
acids plus some other amount of nonessential amino acids to synthesize protein at acceptable
rates [16, 17, 18]. 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 [18]. Clearly, some quantity of these nonessential amino acids is needed (essential)
for growth. Practically, the sum of the essential and nonessential amino acids in feedstuffs used
for feed formulation in monogastric animals and poultry in particular, is the CP requirement for the
particular class of animal and may difficult to have a complete supplementation of these essential
and nonessential amino acids when crude protein is significantly reduced in practical feed
formulation.

Furthermore, it has long been recognized [19] and further established [5] that the amino acid
requirements of the bird are proportional to the CP content of the diet. It has been proved that amino
acids are needed in direct proportion to the dietary protein level [9, 10, 11, 12, 13, 14, 20]. Apart
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from calorie intake and other notable factors, dietary protein level has been highlighted as another
determinant of feed consumption [9, 10, 11, 12, 13, 14, 21]. This explains the remarkably poor feed
intake values obtained for birds on 11.0% CP and 8.0% CP in the present study.

The present result indicating a similar growth performance indices for birds when 17.0% and 20.0%
CP diets supplemented with essential amino acids were fed to experimental broiler chickens at
finisher phase corroborated earlier result and conclusion that the CP levels in broiler diets can be
reduced by 3 to 4 percentage points without sacrificing performance provided that free amino acids
are supplemented in the diet to equal the amino acid levels in a conventional diet [17]. Earlier
experiments [17] were all based on the hypothesis that CP levels could be decreased by
supplementing synthetic amino acids. Perhaps the most elucidating and corroborative study was one
in which the data suggest that after the starter period, reducing dietary CP to 90% of the
recommended values had no detrimental impact on broiler performance, with the best result
obtained when diets supplemented with Thr at the level of 110% of recommended values [22]. 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 high average protein efficiency ratio (PER) values of 3.80+0.03 and 3.53+0.03 obtained for birds
on the least 8.0% CP and 11.0% CP diets, respectively agreed with a previous study [23] where
protein efficiency ratio (PER) among some other parameters investigated were more efficient
(P<0.01) in the lower-protein diets. It was also reported that nonessential amino acid (NEAA)
supplementation significantly (P <0.01) decreased the efficiency of N utilization and that reducing
dietary CP from 225 to 153¢g kg'1 decreased N excretion in a highly significant linear fashion
(P=0.001; r=0.73) [23].

A more recent study (Pesti, 2009) agreed with the present study by the conclusion of his work that
CP level is still a significant contributor to variation in both broiler growth and FE, even when purified
amino acids are added to the lower CP feeds

3.2 Nitrogen Utilization
The nitrogen utilization of birds fed varying crude protein levels with EAAs supplementation at broiler
finisher phase (29-57 days) is presented in Table 4.

The average nitrogen intake (NI) were similar (P>0.05) at 3.20+0.14gN, 3.06+0.02gN and
2.9610.02gN for birds on the control diet 1, diet 2 (20.0% CP with EAAs supplementation) and diet 3
(17.0% CP), respectively. The least NI value of 0.92+0.01gN was obtained for birds on diet 6 (8.0%
CP).

The values of nitrogen in droppings were similar (P>0.05) for birds on the control diet and birds on
diet 2 (20.0% CP with minimum EAAs supplementation), 3 (17.0% CP), 4 (14.0% CP) and 5 (11.0%
CP) all having the same value of 0.04gN in their droppings. Only birds on diet 6 (8.0% CP) had a
significantly lower (P<0.05) average value of 0.03gN nitrogen in droppings.

The average nitrogen retention (NR) values were similar (P>0.05) and higher than other values at
3.06+0.01gN and 3.01+0.01gN for birds on the control diet 1 and diet 2 (20.0% CP with minimum
EAAs supplementation), respectively. The average apparent nitrogen digestibility (AND) value of
76.37+0.18% was the highest and significant (P<0.05) for birds on diet 2 (20.0% CP with minimum
EAAs supplementation). This was followed by a significant (P<0.05) AND value of 75.16+0.03%
obtained for birds on the control diet 1. Birds on diet 3 (17.0% CP) had a significantly different
(P<0.05) value of 70.49 £ 0.04 for AND. The lowest significant (P<0.05) AND value of 40.17+0.09%
was obtained for birds on diet 6(8.0% CP).

The feed intakes were similar (P>0.05) amongst birds on the conventional control diet with minimal
methionine and lysine augmentation and also birds on 20.0% and 17.0% CP diets with essential
EAA supplementation. However, the least NI value of 0.92+0.01gN was obtained for birds on least
CP intake of 8.0% with essential EAAs supplementation.
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The nitrogen in droppings of birds on the least 8.0% CP diet had the lowest significant value
(P<0.05) of 0.03gN but there were similarities in the values of nitrogen in droppings for birds on
other diets. The present result agreed with the previous works [1] that chicks fed low-protein diets
excreted less N (P < 0.001) than did chicks fed the high-protein diets but disagreed with another
study that reported a decrease in N excretion in the low-protein-fed chickens [23].

The average nitrogen retention (NR) values were similar (P>0.05) and higher than other values at
3.06+£0.01gN and 3.01+0.01gN for birds on the control diet 1 with minimal methionine and lysine
supplementation and diet 2 (20.0% CP with minimum EAA supplementation), respectively. The
average apparent nitrogen digestibility (AND) value of 76.37+0.18% was the highest and significant
(P<0.05) for birds on diet 2 (20.0% CP with minimum EAA supplementation).

The poor nitrogen retention (NR) and apparent nitrogen digestibility (AND) for birds on the low
protein diets even with essential EAA supplementation agreed with previous work [1] with the report
that chicks fed low-protein diets grew slower, used feed less efficiently, and retained less N and
more ether extract than chicks fed the control diets (P < or = 0.05), despite additions of crystalline
GIn or Asn and despite increased dietary concentrations of crystalline essential and nonessential
amino acids.
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Table 3. Performance of chicks fed varying crude protein levels with essential amino acids
supplementation at broiler finisher phase (29 — 57days)

Parameters Control Diet Crude Protein Reduction/EAAs supplementation

20.0% CP

(Standard diet) i Diet 3 Diet 4 Diet 5 Diet 6

20.0% CP 17.0% CP 14.0% CP 11.0% CP 8.0% CP

Av. Feed Intake, | 97.19+0.23° 94.88+0.17° 108.13+ 0.74* | 98.56+0.39° | 92.33+0.21° | 70.93+0.18'
g/b/d
Av. Weight Gain, | 50.26+0.23" 33.84+0.23° 38.36%0.15" 32.72+0.52° | 35.92+0.33° | 21.68+0.27'
g/b/d
Feed Conversion | 1.94+0.01° 2.81+ 0.01° 2.82+ 0.01° 3.02+0.03° | 2.57+0.03° 3.27+0.05%
(feed/gain)
Protein Efficiency | 2.60+0.03° 1.80+0.02' 2.09+0.03° 2.37+0.03° | 3.53+0.03° 3.80+0.03%

(PER)

a, b, ¢, Means within a row with different superscript are significantly different (P<0.05).
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Table 4. Nitrogen utilization of chicks fed varying crude protein levels with EAA supplementation at
broiler finisher phase (29 — 57days)

Parameters Control Crude Protein Reduction/EAA supplementation

Diet

20.0% CP | Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

20.0% CP 17.0% CP 14.0% CP 11.0% CP 8.0% CP

Nitrogen intake 3.20+0.14% | 3.06+0.02% | 2.96+ 0.02* 2.26+0.08" 1.67+0.07° 0.92+0.01°
(gN/bird/day)
Nitrogen in 0.04+0.00° | 0.04+0.00* | 0.04+0.00° 0.04+0.00% 0.04+0.00% 0.03+0.01°
droppings
(gN/bird/day)
Nitrogen Retention 3.06+0.01* | 3.01+0.01* 2.91+0.01° 2.18+0.02° 1.59+0.01° 0.88+0.02°
(gN/bird/day)
Apparent Nitrogen 75.16£0.03 76.37+0.18% | 70.49+0.04° 54.30+0.08° | 45.57+0.06° 40.17+0.09"
Dig. (%)

a, b, ¢, Means within a row with different superscript are significantly different (P<0.05).
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5.

CONCLUSION

The growth parameters for birds on conventional control diet in which 20.0% CP was
used with an animal protein source had the best FCR.

However, birds reared on 17.0% CP diet with EAAs supplementation had similar growth
parameters results with birds reared on another 20.0% diet with EAAs supplementation.
Crude protein can therefore be reduced by 3 percentage points without any detrimental
effects on the growth performance indices of broiler finisher birds (29-57 days).

There were relative poor nitrogen retention (NR) and apparent nitrogen digestibility (AND)
for birds on the low protein diets even with essential EAA supplementation.

RECOMMENDATION

Broiler production especially at the finisher 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 broiler birds.
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