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INTRODUCTION 
 
Protein is considered as one of the major cost 

components in commercial poultry feed. Reduction of 
dietary protein level and use of synthetic amino acid is 
suggested to reduce the feed cost and also to contain the 
environmental pollution of nitrogen (Corzo et al., 2009). 
For protein reduction, locally available feed ingredient such 
as de-oiled rice bran (DORB) can be thought of as 
substitute to partially replace soybean meal the costliest and 
widely used protein source. Piyaratne et al. (2009) used rice 
bran (with oil) up to 20% in broiler rations by balancing 
limiting amino acids. However, in this study, the limiting 
amino acids were not supplemented as crystalline amino 
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ABSTRACT: The aim of present experiment was to investigate the effect of protein reduction in commercial broiler chicken rations 
with incorporation of de-oiled rice bran (DORB) and supplementation of limiting amino acids (valine, isoleucine, and/or tryptophan) 
with ration formulation either on total amino acid (TAA) or standardized ileal digestible amino acids (SIDAA). The experimental design 
consisted of T1, TAA control; T2 and T3, 0.75% and 1.5% protein reduction by 3% and 6% DORB incorporation, respectively by 
replacing soybean meal with supplemental limiting amino acids to meet TAA requirement; T4, SIDAA control, T5 and T6, 0.75% and 
1.5% protein reduction by DORB incorporation (3% and 6%) with supplemental limiting amino acids on SIDAA basis. A total of 360 d-
old fast growing broiler chicks (Vencobb-400) were divided into 36 homogenous groups of ten chicks each, and six dietary treatments 
described were allocated randomly with six replications. During 42 days trial, the feed intake was significantly (p<0.05) reduced by TAA 
factor compared to SIDAA factor and protein factor significantly (p<0.05) reduced the feed intake at 1.5% reduction compared to 
normal protein group. This was observed only during pre-starter phase but not thereafter. The cumulative body weight gain (BWG) was 
significantly (p<0.05) reduced in TAA formulations with protein step-down of 1.5% (T3, 1,993 g) compared to control (T1, 2,067 g), 
while under SIDAA formulations, BWG was not affected with protein reduction of 1.5% (T6, 2,076 g) compared to T4 (2,129 g). The 
feed conversion ratio (FCR) was significantly (p<0.05) reduced in both TAA and SIDAA formulations with 1.5% protein step-down (T3, 
1.741; T6, 1.704) compared to respective controls (T1, 1.696; T4, 1.663). The SIDAA formulation revealed significantly (p<0.05) higher 
BWG (2,095 g) and better FCR (1.684) compared to TAA formulation (2,028 g; 1.721). Intake of crude protein and all limiting amino 
acids (SID basis) was higher in SIDAA group than TAA group with resultant higher nitrogen retention (4.438 vs 4.027 g/bird/d). The 
nitrogen excretion was minimized with 1.5% protein reduction (1.608 g/bird) compared to normal protein group (1.794 g/bird). The 
serum uric acid concentration was significantly reduced in T3 (9.45 mg/dL) as compared to T4 (10.75 mg/dL). All carcass parameters 
were significantly (p<0.05) higher in SIDAA formulation over TAA formulation and 1.5% protein reduction significantly reduced 
carcass, breast and thigh yields. In conclusion, the dietary protein can be reduced by 0.75% with TAA formulation and 1.5% with 
SIDAA formulation through DORB incorporation and supplementation of limiting amino acids and among formulations, SIDAA 
formulation was better than TAA formulation. (Key Words: Broiler Chicken, De-oiled Rice Bran, Growth Performance, Limiting 
Amino Acids, Low Protein Diets, Standardized Ileal Digestible Amino Acids) 
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acids, rather the soybean meal content was increased to 
balance the limiting amino acids and hence, the protein 
content of the diet was increased by 2.0% in the diet 
balanced for all limiting amino acids. Moreover, in none of 
the studies utilizing DORB (Das and Ghosh, 2000; Khan et 
al., 2002; Piyaratne et al., 2009), the protein reduction was 
addressed and most of the studies were conducted with a 
low total lysine level (<1.10%) to avoid deficiencies of 
other limiting amino acids, and the used lysine levels in fact 
were far below the recommended levels for present day fast 
growing commercial broilers. In this context, our previous 
study clearly demonstrated significant reduction of broiler 
performance in 6% DORB based low protein diets due to 
deficiencies of amino acid valine, isoleucine and tryptophan 
(Basavanta Kumar et al., 2015). 

Feed formulation to balance amino acid viz., total amino 
acids (TAA), apparent/true digestible, apparent/true ileal 
digestible and standardized ileal digestible amino acid 
(SIDAA) basis were suggested and tried. Among these, 
formulation of diets based on SIDAA was suggested as a 
mean for better utilization of substitutable feed ingredients 
(Hoehler et al., 2006; Szczurek, 2010). However, some 
studies (Djouvinov et al., 2005; Mairoka et al., 2005; 
Ghaffari et al., 2007) did not show any advantage in feed 
formulation based on SID/ileal digestible amino acid basis 
compared to TAA basis. Keeping this concept in view, the 
study was undertaken to reduce protein in broiler rations by 
incorporation of DORB with supplementation of limiting 
amino acids and in addition, a comparison was made 
between TAA and SIDAA formulations. 

 
MATERIALS AND METHODS 

 
Ingredients and amino acid analysis 

The feed ingredients procured were analyzed for 

moisture, crude protein (CP), ether extract, crude fiber 
(AOAC, 2005), nitrogen free extractives as difference and 
the amino acid composition was estimated at Evonik 
Laboratory. The experimental diets were formulated based 
on the analyzed amino acid composition of ingredients. The 
SIDAA profile of the experimental diets was arrived at by 
multiplying the amino acid profile of each raw material 
with digestibility coefficients suggested by Hoehler et al. 
(2006; Table 1), and the metabolizable energy content of the 
diet was estimated according to Rostagno (2011) based on 
the analyzed proximate composition and the reported 
digestibility coefficients for each nutrient from Rostagno 
(2011). 

 
Experimental design and diets 

Three levels of DORB (0, 3%, and 6%) were combined 
with two types of formulation (TAA or SIDAA) to yield a 
total of six treatments (Table 2). The TAA control diet (T1) 
was a typical corn-soybean meal type commercial diet and 
was formulated in such a way to meet the fourth limiting 
amino acid (valine/isoleucine) requirement solely from feed 
ingredients and first three limiting amino acids (methionine, 
lysine and threonine) were supplemented to meet TAA 
requirement. In T2 and T3, the protein was reduced by 
0.75% and 1.5% units by replacing soybean meal with 3% 
and 6% DORB, respectively and all limiting amino acids 
were balanced with supplementation of crystalline amino 
acid on TAA basis to meet ideal amino acid ratio 
recommended by Baker (1997). Parallelly, a SIDAA corn-
soy control diet (T4) was formulated to meet recommended 
ideal SIDAA ratio (Hoehler et al., 2006) in such a way to 
meet the requirement of fourth limiting amino acid 
(valine/isoleucine). In treatments T5 and T6, the soybean 
meal was replaced with 3% and 6% DORB, respectively 
and both treatments were formulated to meet SIDAA 

Table 1. Ingredient amino acid profile and individual amino acids standardized ileal digestibility coefficients of ingredients employed in 
feed formulation 

Ingredients Lys Met M+C1 Thr Val Ile Trp Leu Arg Phe Gly+Ser His 

Total amino acid composition (%, as is)2          

Maize 0.255 0.173 0.357 0.306 0.408 0.296 0.061 1.050 0.408 0.418 0.745 0.255

Soybean meal 2.727 0.577 1.214 1.712 2.080 2.00 0.577 3.364 3.334 2.279 4.656 1.184

Rapeseed meal 1.741 0.690 1.641 1.481 1.801 1.421 0.51 2.482 2.352 1.471 3.239 1.021

De-oiled rice bran 0.732 0.321 0.631 0.621 0.892 0.571 0.200 1.162 1.223 0.732 1.620 0.451

Meat and bone meal 2.121 0.523 0.898 1.292 1.815 1.115 0.207 2.457 3.187 1.391 8.320 0.681

Percentage standardized ileal digestibility coefficients3         

Maize 92 94 90 85 92 95 81 94 93 94 75/83 95 

Soybean meal 90 91 86 85 88 89 89 89 93 89 80/84 92 

Rapeseed meal 80 84 80 73 79 79 80 82 87 83 76/72 85 

De-oiled rice bran 74 77 72 69 75 75 79 73 86 76 70/67 82 

Meat and bone meal 69 72 62 62 70 69 53 71 77 70 69/52 71 
1 Methionine+cysteine. 
2 Based on the analyzed amino acid profile of ingredients.  
3 Adopted from Hoehler et al. (2006) except for Gly+Ser, which were adopted from Bryden et al. (2009), as apparent digestible coefficients. 
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requirement with supplementation of crystalline amino 
acids. In order to have a reasonable comparison between 
TAA and SIDAA formulated groups, all the diets were 
made iso-caloric and the SID lysine content of TAA control 
(T1) was considered as a basal level for SIDAA based 
control (T4). The other limiting amino acids levels were 
maintained to meet minimum ideal amino acid ratio 
recommended either for TAA or SIDAA. The diets were 
formulated using Microsoft Excel based program. All diets 
were fed in mash form during pre-starter (0 to 14 days), 
starter (15 to 28 days) and finisher (29 to 42 days) phases. 
The ingredient and nutrient composition of the experimental 
diets is presented in Table 2, and the amino acid 
composition of the experimental diets is presented in Table 
3. 

 
Experimental birds 

The present experiment was carried out after approval 
for use of chicks and experimental procedures by 
Institutional Animal Ethics Committee under the guidelines 
of Committee for the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA), Ministry of 
Environment, Forests and Climate Change, Government of 
India. A total of 360 one d-old straight run fast growing 
commercial broiler chicks (Vencobb-400) were divided into 
thirty six homogenous groups with ten chicks in each pen. 

The six experimental diets were randomly allocated to six 
pens each and each pen was considered as one replicate unit. 
All the chicks were reared under deep litter system in 
conventional open ventilated shed with standard vaccination 
program and uniform managemental practices throughout 
the 42 d period. 

 
Parameters studied 

Growth performance parameters: At weekly interval the 
replicate wise feed intake and body weight (BW) of 
individual birds were recorded. The mortality of the bird 
was recorded as and when occurred. The mortality 
corrected feed conversion ratio (FCR) was calculated as 
unit feed intake to the unit body weight gain (BWG) 
(Kumar et al., 2015). 

Intake of metabolizable energy, crude protein and amino 
acids: Based on the feed intake, intake of metabolizable 
energy (ME) was calculated from the estimated value while 
the CP and amino acid intakes were calculated based on the 
analyzed CP and amino acid composition.  

Serum biochemical profile: On 42nd d, blood was 
collected from two birds form each replicate for serum 
collection which was analyzed for uric acid using clinical 
auto-analyzer (BS-300, MINDRAY, ShenZen, China) as per 
the manufacture’s specifications using a standard 
commercial kit. 

Table 2. Ingredient composition (%, as is) of the experimental diets at pre-starter, starter and finisher phases 

 Pre-starter phase (1-14 d) Starter phase (15-28 d) Finisher phase (29-42 d) 

TAA formulation (%) SIDAA formulation (%) TAA formulation (%) SIDAA formulation (%) TAA formulation (%) SIDAA formulation (%)

DORB level 0 3 6 0 3 6 0 3 6 0 3 6 0 3 6  0 3 6 

CP reduction 0 –0.75 –1.5 0 –0.75 –1.5 0 –0.75 –1.5 0 –0.75 –1.5 0 –0.75 –1.5  0 –0.75 –1.5

Treatment T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6 T1 T2 T3  T4 T5 T6 

Ingredient (%)                    

Maize 49.83 49.27 48.68 48.39 47.80 47.16 55.07 54.49 53.90 53.62 52.99 52.34 62.28 61.69 61.10 59.64 59.00 58.35

Soybean meal 40.93 37.93 34.93 42.11 39.11 36.11 33.85 30.85 27.85 35.07 32.07 29.07 26.00 23.00 20.00 28.21 25.21 22.21

DORB - 3.00 6.00 - 3.00 6.00 - 3.00 6.00 - 3.00 6.00 - 3.00 6.00 - 3.00 6.00

Meat and bone meal - - - - - - 4.00 4.00 4.00 4.00 4.00 4.00 5.00 5.00 5.00 5.00 5.00 5.00

Rice bran oil 4.39 4.72 5.06 4.68 4.99 5.28 4.14 4.46 4.77 4.44 4.74 5.03 4.20 4.51 4.81 4.73 5.01 5.30

Calcite powder 1.25 1.28 1.30 1.25 1.27 1.29 0.54 0.56 0.58 0.53 0.55 0.57 0.44 0.46 0.48 0.43 0.45 0.47

L-lysine, 78% 0.116 0.157 0.280 0.082 0.181 0.282 0.136 0.218 0.300 0.100 0.200 0.300 0.169 0.250 0.332 0.105 0.205 0.305

DL-methionine, 99% 0.288 0.307 0.328 0.292 0.325 0.359 0.299 0.319 0.339 0.284 0.318 0.352 0.247 0.266 0.286 0.248 0.281 0.315

L-threonine, 98% 0.040 0.076 0.112 0.037 0.083 0.131 0.079 0.115 0.151 0.049 0.096 0.143 0.074 0.109 0.145 0.046 0.093 0.141

L-valine, 98% - 0.036 0.076 - 0.062 0.122 - 0.039 0.079 - 0.062 0.122 - 0.034 0.074 - 0.053 0.113

L-isoleucine, 98%  - 0.016   0.049 - 0.024 0.071 - 0.035 0.093 - 0.046 0.092 - 0.058 0.116

L-Tryptophan, 98% - - - - - - - - - - - - - - 0.001 - 0.003 0.020

Potassium carbonate - 0.036 0.072 - 0.035 0.073 - 0.037 0.075 - 0.039 0.076 - 0.036 0.072 - 0.037 0.074

Constant  
 components1 

3.15 3.15 3.15 3.15 3.15 3.15 1.90 1.90 1.90 1.90 1.90 1.90 1.60 1.60 1.60 1.60 1.60 1.60

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Calculated nutrient composition (as is)                

CP (%)2 22.85 22.10 21.33 23.28 22.54 21.92 22.12 21.41 20.46 22.50 21.90 21.09 19.69 18.96 18.23 20.40 19.65 18.92

ME (kcal/kg) 3,000 3,000 3,000 3,000 3,000 3,000 3,100 3,100 3,100 3,100 3,100 3,100 3,200 3,200 3,200 3,200 3,200 3,200

Ca (%) 1.01 1.01 1.01 1.01 1.01 1.01 0.90 0.90 0.90 0.91 0.91 0.91 0.89 0.89 0.89 0.89 0.89 0.89

Pav (%) 0.47 0.47 0.48 0.47 0.48 0.48 0.45 0.45 0.46 0.45 0.45 0.46 0.44 0.44 0.45 0.44 0.45 0.45

TAA, total amino acid; SIDAA, standardized ileal digestible amino acid; DORB, de-oiled rice bran; CP, crude protein; ME, metabolizable energy. 
1 Contained Fe, 9,000 mg; I, 200 mg; Cu, 1,500 mg; Mn, 9,000mg; Zn, 8,000 mg; Se, 30 mg; vit A, 1 mIU; vit. D3, 0.2 mIU; vit. E, 3.0 g; vit. C, 5.0 g; vit. 

B1, 0.2 g; vit. B2, 1.0 g; vit. B6, 0.3 g; vit. B12, 0.0015; niacin, 3.0 g; calcium-D-pantothenate, 1.5 g; biotin, 0.010 g; folic acid, 0.20 g; vit-K, 0.4 g; Di-
calcium phosphate, 2,000g; salt, 400 g herbal liver stimulant, 170 g; semduramicin, 3.0 g; tetracyclin, 3.0 g; toxin binder, 200 g. During starter phase, as 
above, except Di-calcium phosphate, 750 g. During finisher phase, as in pre-starter phase, except Di-calcium phosphate, 450 g.  

2 Analyzed value. 
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Carcass characteristics: On d 42, two birds from each 
replicate were randomly selected, starved over night with 
the provision for ad libitum water and sacrificed by cervical 
dislocation. The dressing percentage was calculated as the 
per cent of the carcass weight to the BW after removing the 
feathers, neck, legs and internal viscera. Weights of 
different cuts viz., breast, thigh, drumstick, and wing of the 
carcass were taken and each part was expressed as 
percentage of pre-slaughter BW (g/100 g). 

 
Statistical analysis 

The experimental data was statistically analyzed by 
two-way analysis of variance (ANOVA) with Bonferroni 
post test (p<0.05) to separate the factor and interaction 
effect and also by one-way ANOVA with Tukey’s multiple 
range test (p<0.05) by using GraphPad Prism (GraphPad 
Prism 5.01 for windows, GraphPad Software, San Diego 
CA, USA, www.graphpad.com). 

 
RESULTS AND DISCUSSION 

 
Feed intake 

The feed intake (Table 4) under TAA formulation was 
significantly reduced with 1.5% protein reduction (6% 
DORB; T3) compared to TAA control (T1) despite of 
limiting amino acid supplementation. This was only 
observed during pre-starter phase. Interestingly under 
SIDAA treatments, such type of negation was not seen. 
Factorial analysis revealed significantly (p<0.05) higher 
feed intake in SIDAA formulation and 1.5% unit protein 
reduction was found to significantly reduce the feed intake 
compared to normal protein group (0% DORB) during pre-

starter phase. The influence of dietary treatments or factors 
on the feed intake only during relatively younger age (<14 
days) could be due to relatively under developed GIT (Batal 
and Parson, 2002) which undeniably resulted in poor amino 
acid digestibility, consequently resulting in still lesser 
SIDAA composition than estimated (Adedokun et al., 2008). 
The resultant amino acid imbalance might have severely 
depressed the feed intake during pre-starter phase. During 
rest of the phases, the feed intake remained similar among 
the treatments irrespective of differences in the amino acid 
profile of diets, which follows the “Theory of food intake 
and growth” proposed by Emmans (1981; 1989) which 
emphasizes that, birds attempt to grow at their genetic 
potential, for which they attempt to eat sufficient quantity 
feed (hence nutrient) required to grow at that rate unless and 
until the bulkiness of feed or the inability of birds to lose 
sufficient heat to environment constrains the feed intake. 
The non-significant pattern of feed intake observed between 
SIDAA and TAA formulations was also observed by 
Mairoka et al. (2005) and subsequently many studies also 
reported similar feed intake between TAA and digestible 
amino acid formulations (Szczurek, 2010; Nasr and Kheiri, 
2012). Similar to findings of this study, non-significant 
effect of low protein limiting amino acid supplemented 
diets on the feed intake was also observed in previous 
studies (Narmond et al., 2008; Darsi et al., 2012). 

 
Cumulative intake of metabolizable energy, crude 
protein and limiting amino acids 

The cumulative intake of ME was not affected due to 
dietary treatments, while the CP intake (Table 4) tended to 
decrease (p<0.001) as the level of protein reduced by 1.5% 

Table 3. The total and standardized ileal digestible amino acid composition of experimental diets (%, as is) at pre-starter, starter and 
finisher phases 

Amino  
 acid 

Pre-starter phase (0-14 d) Starter phase (15-28 d) Finisher phase (29-42 d) 

Require- 
ments 

TAA formulation SIDAA formulation  Require-
ments

TAA formulation SIDAA formulation Require-
ments

TAA formulation SIDAA formulation

T1 T2 T3  T4 T5 T6  T1 T2 T3 T4 T5 T6 T1 T2 T3  T4 T5 T6 

Total amino acid content1 (%, as is) 

Lys 1.33 1.33 1.33 1.33 1.33 1.35 1.36 1.25 1.25 1.25 1.25 1.25 1.27 1.28 1.10 1.10 1.10 1.10 1.11 1.12 1.13

M+C  0.96 0.96 0.96 0.97 0.98 0.98 1.00 0.94 0.94 0.94 0.94 0.93 0.95 0.96 0.83 0.83 0.83 0.83 0.84 0.86 0.87

Thr  0.89 0.89 0.89 0.89 0.90 0.91 0.93 0.88 0.88 0.88 0.88 0.86 0.87 0.88 0.77 0.77 0.77 0.77 0.77 0.78 0.80

Val  1.05 1.05 1.05 1.05 1.08 1.09 1.14 1.00 1.00 1.00 1.00 1.02 1.04 1.06 0.88 0.89 0.88 0.88 0.92 0.93 0.95

Ile 0.89 0.97 0.92 0.89 0.99 0.94 0.94 0.86 0.88 0.86 0.86 0.91 0.89 0.90 0.76 0.76 0.76 0.76 0.80 0.81 0.82

Trp 0.21 0.27 0.26 0.24 0.27 0.26 0.25 0.21 0.24 0.23 0.21 0.24 0.23 0.22 0.18 0.20 0.19 0.18 0.21 0.20 0.21

Standardized ileal digestible amino acid content2 (%, as is) 

Lys 1.21 1.21 1.20 1.18 1.21 1.21 1.21 1.12 1.12 1.11 1.09 1.12 1.12 1.12 0.98 0.98 0.97 0.96 0.98 0.98 0.98

M+C  0.88 0.87 0.86 0.84 0.88 0.88 0.88 0.84 0.85 0.83 0.82 0.84 0.84 0.84 0.76 0.74 0.73 0.71 0.76 0.76 0.76

Thr  0.77 0.76 0.75 0.74 0.77 0.77 0.77 0.73 0.74 0.73 0.72 0.73 0.73 0.73 0.65 0.65 0.64 0.63 0.65 0.65 0.65

Val  0.95 0.94 0.91 0.90 0.95 0.95 0.95 0.90 0.88 0.86 0.84 0.90 0.90 0.90 0.80 0.77 0.75 0.73 0.80 0.80 0.80

Ile 0.82 0.87 0.81 0.77 0.89 0.83 0.82 0.78 0.79 0.76 0.75 0.81 0.78 0.78 0.71 0.68 0.67 0.65 0.71 0.71 0.71

Trp 0.19 0.24 0.22 0.20 0.24 0.23 0.21 0.18 0.21 0.19 0.17 0.21 0.20 0.18 0.17 0.17 0.15 0.14 0.18 0.17 0.17

TAA, total amino acid; SIDAA, standardized ileal digestible amino acid; M+C, methionine+cysteine. 
* Requirements were calculated according to ideal amino acid ratio (Baker, 1997) except at pre-starter phase, where valine requirement was calculated 

according to ideal amino acid ratio of Hoehler et al. (2006), The diet amino acid composition was derived based on analyzed ingredient amino acid 
composition.  

** Requirement were calculated according to ideal amino acid ratio (Hoehler et al., 2006) and diet composition was derived by multiplying amino acid 
composition with SID coefficients of amino acid of each ingredient (Hoehler et al., 2006). 



Basavanta Kumar et al. (2016) Asian Australas. J. Anim. Sci. 29:1616-1624 

 

1620

unit (T3) in TAA formulations and by 0.75% and above in 
SIDAA formulated treatments compared to respective 
controls. Results revealed significantly higher CP intake in 
SIDAA formulations over TAA formulations and step down 
of protein by 0.75% and 1.50% units significantly reduced 
the CP intake vis-à-vis normal protein group. The 
cumulative ME intake fairly remained similar among the 
treatments as an indication of adoptive behavior of birds to 
consume feed to meet their energy requirement for growth 
(Emmans, 1981; 1989). The deficiency of available amino 
acids (SIDAA) in T2 perhaps resulted in increased feed 
intake to match for the limiting amino acid deficiency, 
which made the birds to consume similar CP as that of T1. 
In contrast, under SIDAA treatments, since the diets were 
having same SIDAA levels, the birds probably did not 
increase their feed intake as the bird’s amino acid 
requirement was met, subsequently resulting in lesser CP 
intake with 3% DORB inclusion itself. The higher CP 
intake due to SIDAA factor than TAA factor was rather a 
reflection of relatively higher dietary CP content in diet per-
se. Inclusion of DORB to reduce CP with limiting amino 
acid supplementation resulted in significant reduction of CP 
intake both at 3% and 6% inclusions compared to no DORB 
group, justifying the importance of supplemental amino 
acids in reducing dietary protein levels (Narmond et al., 
2008; Darsi et al., 2012). The significantly higher intakes of 
all limiting amino acids (SID basis) observed under SIDAA 
formulation over TAA formulation was a reflection of 

higher SID amino acid content in SIDAA formulations than 
TAA formulation. The protein factor significantly reduced 
the intake of SID valine with protein reduction of 1.5% 
units, while SID isoleucine and tryptophan intakes were 
significantly reduced at and above 0.75% unit protein step 
down compared to normal protein group. The interaction 
effect of main factors was noticed only for SID valine and 
tryptophan intakes, where the SIDAA formulation 
significantly improved intakes of these two amino acids for 
same level of protein. In spite of protein reduction, the birds 
were able to meet the requirement of first three limiting 
amino acids probably by making minor adjustment in feed 
intake however; this adaptation was not adequate to 
increase the intake of subsequent limiting amino acids 
(valine, isoleucine, and tryptophan). 

 
Body weight gain 

The BWG (Table 5) under 1.5% unit low protein TAA 
formulation (T3) was significantly (p<0.001) reduced during 
pre-starter and on cumulative basis compared to control (T1). 
In contrast, under SIDAA formulation, 1.5% protein 
reduction (T6) revealed significant BWG reduction vis-à-vis 
control (T4) only during pre-starter phase however; similar 
performance was evident during rest of the phases and 
cumulatively irrespective of protein level. The BWG under 
SIDAA formulated 1.5% low protein diet (T6) was 
comparable to TAA control (T1) during all phases and 
cumulatively. The results revealed significantly (p<0.05) 

Table 4. Feed intake and cumulative intake of metabolizable energy, crude protein and amino acids in broiler chicken fed DORB based 
low protein, limiting amino acid supplemented diets 

DORB 
 level  
 (%) 

Formulation 
type 

Treatment  
no. 

Feed intake (g/bird) 
ME 

(Mcal/bird)

Cumulative nutrient intake (g/bird) 

0-14 d 15-28 d 29-42 d 0-42 d CP SID Lys
SID 

M+C
SID Thr SID Val SID Ile SID Trp

0 TAA T1 328.1b 1,038 2,055 3,421 10.78 709.3b 35.81ab 26.90abc 23.59ab 28.06bc 24.92bc 6.40d

3 TAA T2 305.5ab 1,042 2,067 3,415 10.76 684.1ab 35.24ab 26.35ab 23.17ab 27.18ab 24.11ab 5.83b

6 TAA T3 277.0a 1,064 2,065 3,406 10.74 656.4a 34.64a 25.81a 22.73a 26.14a 23.57a 5.29a

0 SIDAA T4 344.8b 1,068 2,076 3,489 10.99 744.1c 36.56b 27.75c 23.94b 29.53d 26.36d 6.82e

3 SIDAA T5 324.1b 1,015 2,099 3,438 10.84 707.7b 35.94ab 27.30bc 23.54ab 28.92cd 25.53cd 6.21cd

6 SIDAA T6 305.9ab 1,057 2,128 3,492 11.01 692.8b 36.48b 27.71c 23.90b 29.37cd 25.87cd 6.10bc

  SEM 5.430 8.091 13.68 15.47 0.051 5.432 0.192 0.167 0.124 0.240 0.197 0.084

  p-value 0.001 0.431 0.733 0.492 0.498 <0.001 0.018 <0.001 0.028 <0.001 <0.001 <0.001

Factor effects              

Effect of formulation type             

TAA 303.5a 1,048 2,062 3,414 10.76 683.3a 35.23a 26.35a 23.16a 27.13a 24.20a 5.84a

SIDAA 324.9b 1,047 2,101 3,473 10.94 714.9b 36.33b 27.59b 23.79b 29.27b 25.92b 6.38b

  p-value 0.027 0.952 0.234 0.110 0.081 <0.001 0.003 <0.001 0.008 <0.001 <0.001 <0.001

Effect of protein reduction (%)             

0.00 336.4b 1,053 2,066 3,455 10.88 726.7b 36.18 27.32 23.76 28.80b 25.64b 6.61b

–0.75 314.8ab 1,029 2,083 3,426 10.80 695.9a 35.59 26.82 23.35 28.05ab 24.82a 6.02a

–1.50 291.5a 1,061 2,097 3,449 10.87 674.6a 35.56 26.76 23.31 27.75a 24.72a 5.69a

  p-value 0.001 0.252 0.804 0.579 0.762 <0.001 0.244 0.151 0.192 0.009 0.006 <0.001

Interaction effect (p value) 0.733 0.356 0.650 0.720 0.725 0.672 0.306 0.185 0.234 0.023 0.231 <0.009

DORB, de-oiled rice bran; ME, metabolizable energy; CP, crude protein; SID, standardized ileal digestible; M+C, methionine+cysteine; TAA, total amino 
acid; SIDAA, standardized ileal digestible amino acid. 
a-c Within a column and within a group, means bearing different superscripts differ significantly (p<0.05). 
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improved BWG under SIDAA formulation over TAA 
formulation throughout the experimental period. The 
protein factor revealed a feasibility of protein reduction of 
0.75% with limiting amino acid supplementation, while 
further protein reduction (1.5%) significantly reduced the 
BWG during pre-starter and on cumulative basis.  

During the pre-starter phase, comparison within 
formulation type revealed significant growth retardation on 
1.5% unit protein step down among both TAA and SIDAA 
based treatments which could be due to age related 
differences in digestibility coefficients of amino acids in 
ingredients (Adedokun et al., 2008). On cumulative basis, 
among TAA based treatments, 1.5% protein step down (T3) 
resulted in significant depression of BWG despite of 
limiting amino acid supplementation. This can be attributed 
to differences in amino acid content on SID basis, which 
inevitably resulted in significantly reduced intake of all 
limiting amino acids. In contrast, among SIDAA 
formulations, the BWG was similar to that of control (T4) 
despite of protein reduction. Significantly improved BWG 
due to SIDAA formulation type is a clear reflection of 
significantly higher intake of all limiting amino acids. The 
lower intake of lysine (3.03%), M+C (4.49%) and threonine 
(2.65%) to minor extent and valine (7.31%), isoleucine 
(6.64%) and tryptophan (8.46%) to a major extent in TAA 
formulation type over SIDAA type perhaps impeded protein 
accretion and subsequently reduced the growth performance. 
Among amino acid, methionine is primarily required for 
initiation of protein synthesis and has been revealed to 

influence myogenic gene expression in broilers (Wen et al., 
2014) and moreover, lysine, methionine, threonine, valine 
and isoleucine are components of muscle protein and their 
deficiency invariably reduced the BWG. The growth 
retardation as a result of deficiency of either individual or 
various combinations of limiting amino acids lysine, 
methionine, threonine, valine, isoleucine and tryptophan is 
well noticed in previous studies (Corzo et al., 2009; Corzo 
et al., 2011; Basavanta Kumar et. al., 2015). This type of 
difference between TAA and DAA formulation was also 
reported by earlier studies (Szczurek, 2010; Nasr and Kheiri, 
2012). 

 
Feed conversion ratio 

The FCR (Table 5) was influenced by six dietary 
treatments and both factors throughout the feeding phases 
and cumulatively. Among both TAA and SIDAA 
formulations, the FCR was found to significantly 
deteriorate with a protein step down of 1.5% units 
compared to respective controls during all phases and 
cumulatively. On cumulative basis, the better FCR observed 
in SIDAA control (T4) was significantly superior to all TAA 
based treatments (T1 to T3) and 1.5% low protein SIDAA 
treatment (T6). Factorial separation revealed significantly 
(p<0.001) improved FCR in SIDAA formulation over TAA 
formulation during all the three phases and on cumulative 
basis. The protein factor revealed significant deterioration 
of FCR with a protein reduction level of 0.75% and above 
during pre-starter phase and cumulatively, while during the 

Table 5. Body weight gain, feed conversion ratios, nitrogen excretion, retention (39 to 42 day) and serum uric acid levels (42nd day) of 
birds under different treatments 

DORB  
 level (%) 

Formulation 
type 

Treatments
Body weight gain (g/bird) Feed conversion ratio (feed/gain) Nitrogen (g/bird/d) Serum 

uric acid 
(mg/dL)0-14 d 15-28 d 29-42 d 0-42 d 0-14 d 15-28 d 29-42 d 0-42 d  Excretion Retention

0 TAA T1 275.1bc 739.6 1,052ab 2,067bc 1.193ab 1.466bc 1.990abc 1.696bc 1.747ab 4.189ab 10.15ab

3 TAA T2 248.2ab 733.8 1,043a 2,025ab 1.216c 1.489cd 2.011cd 1.724cd 1.736ab 4.051ab 9.94ab

6 TAA T3 225.7a 719.2 1,048a 1,993a 1.227c 1.508d 2.024d 1.741d 1.547a 3.840a 9.45a 

0 SIDAA T4 291.9c 761.4 1,075ab 2,129c 1.181a 1.433a 1.964a 1.663a 1.840b 4.338b 10.75b

3 SIDAA T5 272.1bc 733.4 1,076ab 2,081bc 1.191ab 1.444ab 1.979ab 1.686ab 1.717ab 4.491b 10.62ab

6 SIDAA T6 254.1ab 729.5 1,092b 2,076bc 1.204bc 1.461b 1.995bc 1.704bc 1.668ab 4.485b 10.24ab

  SEM 4.990 5.177 4.668 9.300 0.003 0.005 0.004 0.005 0.024 0.056 0.085

  p-value <0.001 0.297 0.005 0.001 <0.001 <0.001 <0.001 <0.001 0.011 <0.001 0.036

Factor effects             

Effect of formulation type            

TAA   249.7a 730.9 1047a 2,028a 1.212b 1.488b 2.008b 1.721b 1.677 4.027a 9.85 

SIDAA   272.7b 741.4 1081b 2,095b 1.192a 1.446a 1.979a 1.684a 1.742 4.438b 10.54

  p-value 0.004 0.308 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.131 <0.001 0.875

Effect of protein reduction (%)            

0.00   283.5b 750.5 1,064 2,098b 1.187a 1.450a 1.977a 1.680a 1.794b 4.263 10.45

–0.75   260.1ab 733.6 1,059 2,053ab 1.204b 1.466ab 1.995ab 1.705b 1.726ab 4.271 10.28

–1.50   239.9b 724.4 1,070 2,034a 1.216c 1.484b 2.009b 1.723b 1.608a 4.163 9.85 

  p-value <0.001 0.120 0.553 <0.001 <0.001 0.001 <0.001 <0.001 0.004 0.522 0.098

Interaction effect (p-value) 0.818 0.676 0.553 0.664 0.011 0.480 0.873 0.892 0.367 0.076 0.945

DORB, de-oiled rice bran; TAA, total amino acid; SIDAA, standardized ileal digestible amino acid.
 a-b Within a column and within a group, means bearing different superscripts differ significantly (p<0.05). 
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starter and finisher phases, protein step down of 1.5% 
resulted in significant FCR depression compared to normal 
protein group (0% DORB) and protein reduction of 0.75% 
unit being mediocre remained similar to both normal 
protein group and 1.5% low protein group. 

The significantly better feed efficiency noted on 
factorial approach under SIDAA groups can be traced back 
to a significantly higher intake of all limiting amino acids as 
described previously. The deficiencies of various amino 
acid viz., valine (Corzo et al., 2011), valine and isoleucine 
(Corzo et al., 2009) and valine, isoleucine and tryptophan 
on DORB based rations (Basavanta Kumar et al., 2015) 
have been shown to depress feed efficiency similar to 
present study. The protein factor with a reduction of 1.5% 
unit protein and supplementation of limiting amino acids 
resulted in significant depression of FCR at all production 
phases, while, 0.75% unit protein reduction significantly 
reduced FCR only during pre-starter phase. Our present 
findings contradicts previous studies (Waldroup et al., 2005; 
Darsi et al., 2012) which could be due to the age related 
differences in the SIDAA coefficients of ingredients 
(Adedokun et al., 2008) and due to this reason, even in spite 
of formulation on SIDAA basis, in reality still there might 
be moderate limiting amino acid deficiency and probably 
this deficiency was overcome by birds through slightly 
increasing feed intake to grow at their genetic potential 
(Emmans, 1981; 1989) consequently resulting in 
deterioration of feed efficiency despite of optimum BWG. 

 

Nitrogen excretion, retention and serum uric acid levels 
The nitrogen excretion (g/bird/d; Table 5) was 

significantly minimized in TAA formulated 1.5% low 
protein diet (T3) than highest observation of SIDAA control 
(T4). Formulation type had no influence on nitrogen 
excretion, while the dietary protein level significantly 
(p<0.05) minimized nitrogen excretion at 1.5% protein 
reduction compared to normal protein diet. On the other 
hand, the nitrogen retention noticed in all SIDAA 
formulated treatments was significantly superior to T3. This 
positive effect of SIDAA formulation on nitrogen retention 
was clearly separated on factorial analysis. The serum uric 
acid level was significantly reduced in TAA based 1.5% low 
protein diet (T3) compared to SIDAA control (T4). The 
serum uric acid level was significantly reduced in TAA 
based 1.5% low protein diet (T3) compared to SIDAA 
control (T4), where a protein reduction of more than 2% 
existed supporting the previous findings (Narmond et al., 
2008; Darsi et al., 2012). 

 
Carcass parameters 

The results revealed significantly higher yields of all 
carcass parameters (Table 6) due to SIDAA formulation 
over TAA formulation. The protein factor significantly 
reduced the yields of carcass, breast and thigh at 1.5% 
protein reduction compared to normal protein group. The 
abdominal fat percentage was significantly lower in SIDAA 
formulation over TAA formulation. Similar to our present 
findings, previous studies also reported higher carcass and 

Table 6. Carcass characteristics of birds fed low protein, limiting amino acid supplemented diets at the end of 42nd day trial 

DORB  
 level (%) 

Formulation 
type 

Treatment 
no. 

Carcass parameter (% of pre-slaughter weight) 

Carcass yield Breast yield Thigh yield Drumstick yield Wing yield

0 TAA T1 71.26ab 21.81ab 13.35b 09.66abc 7.702abc 

3 TAA T2 71.32ab 21.20ab 12.75ab 09.12ab 7.180ab 

6 TAA T3 70.60a 20.71a 12.25a 08.96a 7.016a 

0 SIDAA T4 72.66c 22.06b 13.61b 10.33c 8.393c 

3 SIDAA T5 72.54bc 21.97ab 13.52b 10.20bc 8.264bc 

6 SIDAA T6 71.88abc 21.57ab 13.11ab 09.84abc 7.901abc 

  SEM 0.151 0.135 0.117 0.119 0.114 

  p-value <0.001 0.026 0.003 0.001 0.001 

Effect of formulation type      

TAA   71.06a 21.24a 12.78a 9.247a 7.299a 

SIDAA   72.36b 21.87b 13.41b 10.12b 8.186b 

  p-value <0.001 0.016 0.004 <0.001 <0.001 

Effect of protein reduction (%)       

0.00   71.96b 21.94b 13.48b 9.995 8.048 

–0.75   71.93ab 21.59ab 13.14ab 9.660 7.722 

–1.50   71.24a 21.14a 12.68a 9.400 7.459 

  p-value 0.040 0.044 0.012 0.080 0.085 

Interaction effect p-value 0.957 0.576 0.460 0.745 0.755 

DORB, de-oiled rice bran; TAA, total amino acid; SIDAA, standardized ileal digestible amino acid.
a-b Within a column and within a group, means bearing different superscripts differ significantly (p<0.05). 
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breast meat yields (Szczurek, 2010), breast and thigh yields 
(Khaskar and Golian, 2009) in ileal digestible amino acid 
formulations over TAA formulations. The abdominal fat 
percentage was significantly lower in SIDAA formulation 
over TAA formulation, which perhaps better explains 
diversification of energy towards protein accretion in 
presence of balanced SIDAA profile (Szczurek, 2010).  

 
CONCLUSION 

 
The findings of the present study revealed possibility of 

protein reduction in broiler diets by 1.5% units with 
incorporation of DORB (6%) and supplemental limiting 
amino acids on SIDAA formulation, while on TAA 
formulation only 0.75% unit protein reduction (3% DORB) 
was found possible. Among formulation types, SIDAA 
formulation was found to significantly improve broiler 
performance than TAA based formulation. In addition, the 
protein step down also minimized the nitrogen excretion 
and SIDAA formulation improved the nitrogen retention 
over TAA formulation. 
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