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INTRODUCTION  
 
Rice bran is one of the major ingredients used in 
poultry feed formulations. Even though the in vitro 
nutritive value of RB is comparable with other ce-
reals and their by-products, its in vivo nutritive val-
ue is inferior, mainly due to the presence of a range 
of anti-nutrients such as phytate, fibre, lipases and 
anti-proteolytic substances. As the RB is cheap and 
locally available, the price of poultry feed can be 
reduced substantially if higher RB levels can be 
included in poultry diets. However, more than 20% 
RB in broiler diets reduces the performance and 
mineral status of the birds while increasing the min-
eral excretion (Warren and Farrell 1990). General-
ly, in ration formulation, only the lysine and methi-
onine is considered. As protein value of RB is low 
due to the presence of phytase, fibre and anti-
proteolytic substances (Selle et al. 2000), other 
amino acids can easily be limiting, particularly 
when higher levels of RB are included in poultry 
diets. Apart from lysine and methionine, other AAs 
such as isoleucine, valine and threonine are also 
low in RB. It is hypothesized that balancing of diets 
for more AAs namely lysine, methionine, isoleu-
cine, valine and theronine would mitigate the ad-
verse affects of higher RB inclusion levels on 
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ABSTRACT 
 
Objective of this study was to determine whether the adverse effects associated with high dietary rice 
bran (RB) inclusion levels in broiler diets could be corrected by balancing diets for higher number of 
amino acids (AA). The experiment followed a completely randomize design in 2x4 factorial arrange-
ment. Eight experimental diets were formulated using linear model based computer software 
(CUFATotal Feed). Treatment factors were two dietary RB levels (20 and 40%) and four levels of AA 
considerations in ration formulation (1. lysine and methionine, 2. 1 + isoleucine, 3. 2 + valine, 4. 3 + 
threonine). When rations were balanced for lysine and methionine, many of the other AAs were in ex-
cess. No practical ration could be formulated to meet the threonine requirement. Twenty-two-day old 
broiler chicks (n=144) were allocated into 48 pens and fed one of the eight experimental diets ad libitum 
from 23-43 days. Balancing the diets for higher number of AAs had no significant effect on any of the 
growth performance parameters. Live weight on day 43, weight gain from day 23-43 and feed intake 
and the tibia ash contents of the broiler fed 40% dietary RB were significantly lower than those of 20% 
RB fed counterparts. However, feed conversion ratios were not significantly different between the birds 
fed two dietary RB levels. Interaction between RB levels and the number of AAs considered in ration 
formulation was not significantly different with respect to any of the growth parameters measured. It 
was concluded that balancing rations for up to four amino acids; lysine, methionine, isoleucine and va-
line did not mitigate the adverse effects of 40% dietary RB in broiler growth performance.  
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growth performance of broiler chicken. The present 
study tests the above hypothesis.  
 
 
MATERIALS AND METHODS  
 
Broiler chicks (Hybro PG+) were brooded in an 
electrically heated floor brooder until day 10. Until 
day 22, birds were fed a commercial broiler starter 
diet. On day 22, chicks (n=144) were weighed and 
allocated into 48 pens hence live weight variation 
between pens were minimum. Pens (75cm x 60cm 
x 60cm) were randomly allocated into eight dietary 
treatments arranged into 2 x 4 factorial arrange-
ment. Eight nutritionally balanced diets were for-
mulated using linear model based computer soft-
ware (CUFATotal Feed) (Table 1). Treatment fac-
tors were two dietary RB levels (20 and 40%) and 
four levels of AA considerations in ration formula-
tion 1. lysine and methionine (LM), 2. lysine, me-
thionine and isoleucine (LMI), 3. lysine, methio-
nine + isoleucine and valine (LMIV), 4. lysine, me-
thionine + isoleucine valine and threonine 
(LMIVT). Digestible amino acid contents of the 
feed ingredients were considered in ration formula-
tion. Birds were fed experimental diets and water 
ad libitum from day 23-43. Cage-wise daily feed 
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intake and the live weights of the birds were deter-
mined weekly. On day 43, tibia of a randomly se-
lected bird from each cage were removed and used 
to determine the fat free tibia ash contents. Data 
were analyzed using GLM procedure of statistical 
software SAS (1989). Main effects were considered 
significant when P<0.05 and when interactions 
were significant, LS mean comparison was per-
formed to compare the means.  
 
 
RESULTS  
 
Ration composition 
The ingredient composition and calculated nutrient 
composition of the diets are shown in Table 1.  

The maize meal level reduced with increasing 
dietary RB inclusion level. The levels of sesame 
meal and soybean meal changed in an erratic man-
ner across the diets. 

 
Growth performance and carcass parameters  
Effects of two dietary rice bran levels and balanc-
ing the diets for up to four AAs on growth perfor-
mance and carcass parameters of broiler chicken 
are shown in Table 2 and 3. Performance parame-

ters such as live weight on day 30, 37 and 43, 
weight gain from day 23-30 and total weight gain 
from day 21-43 and feed intake were significantly 
low for the birds fed 40% RB, compared to those 
fed 20% RB. Feed conversion ratio was not signifi-
cantly affected by the dietary RB levels. None of 
the growth performance parameters was signifi-
cantly affected by the number of AAs for which the 
rations were balanced.  

Tibia ash content was also significantly lower 
when 40% RB was fed. The relative weight of the 
liver and the fat were significantly reduced at 40% 
dietary RB level.  

None of the growth performance or carcass 
parameters was significantly affected by the inter-
action between the RB level and the number of 
AAs for which the rations were balanced.  
 
DISCUSSION  
 
Ration formulation and composition  
Given the complex specifications required in the 
nutrient composition of the rations, it was not pos-
sible to maintain the ingredient composition similar 
across the eight rations formulated. At both RB lev-
els, to balance the rations for threonine, the fish 

MKDK PIYARATNE ET AL : AMINO ACID ON GROWTH PERFORMANCE OF BROILERS 58 

RB level 200 g/kg 400 g/kg   

AA level LM LMI LMIV LMIVT LM LMI LMIV LMIVT   

Ingredient (g/kg)                   

Maize meal 413.2 393.0 394.5 389.9 257.4 222.0 204.5 210.0   

Fish meal 23.8 40.0 26.0 54.4 47.1 49.6 44.9 58.9   

Rice bran 200.0 200.0 200.0 200.0 400.0 400.0 400.0 400.0   

Sesame meal 177.7 184.8 124.6 98.2 110.7 145.8 184.1 80.0   

Soybean 100.0 100.0 168.7 178.9 100.0 100.0 81.1 165.7   

Coconut Oil 60.0 60.0 60.0 55.5 60.0 60.0 65.0 62.4   

Shell powder 4.7 4.3 6.9 7.8 8.2 6.8 5.3 9.5   

Dicalcium Phosphate 11.9 10.2 11.7 9.5 8.9 8.0 7.9 7.5   

Salt 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5   

Vitamin mineral mix 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5   

DL Methionine 0.5 0.1 0.7 0.3 0.6 0.2 0.0 0.4   
L Lysine 3.2 2.4 1.9 0.5 2.1 1.8 2.2 0.3   

Calculated nutrient composition (g/kg) Requirement (g/kg) 

Crude protein 200.0 213.1 206.9 220.0 200.0 214.3 217.8 220.0 200.0 

Arginine 14.6 15.4 14.3 14.5 13.7 15.2 16.1 14.6 11.4 

Histidine 4.5 4.7 4.7 5.0 4.5 4.7 4.8 5.0 3.2 

Isoleucine 6.8 7.3 7.3 8.0 6.8 7.3 7.3 7.8 7.3 
Leucine 13.9 14.7 14.6 15.7 13.3 14.0 13.9 14.8 10.9 

Lysine 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

Methionine 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 

Methionine+Cystine 8.4 8.6 8.5 8.6 8.4 8.7 8.8 8.7 8.2 

Phenylalanine 8.2 8.6 8.6 9.0 7.9 8.5 8.6 8.8 6.6 

Phenylalanine+Tyrosine 16.2 17.1 17.2 18.1 16.1 17.2 17.3 18.0 12.2 

Threonine 6.0 6.5 6.4 7.0 6.1 6.5 6.6 7.0 7.3 
Tryptophan 2.5 2.7 2.7 2.9 2.5 2.7 2.7 2.8 1.8 

Valine 8.3 8.9 8.7 9.4 8.5 9.1 9.1 9.4 8.2 

Calcium 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 

Nonphytate Phosphorus 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

Metabolizable energy (Kcal/kg) 3200 3200 3180 3180 3200 3179 3180 3180 3200 

Fibre 51.5 51.7 52.2 51.15 66.3 68.1 69.0 67.8 50.0 

Threonine deficiency % 17.8 11.2 12.3 4.1 16.1 10.4 10.3 4.8   

Table 1: Ingredient composition and calculated nutrient composition of the experimental diets  
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meal level had to increase. The percentage deficien-
cy of threonine, compared to the required level var-
ied from 4-18% (Table 1). Of the five AAs consid-
ered in the ration formulation, threonine was  con-
sidered last after methionine, lysince, isoleucine 
and valine. Difficulty of balancing the ration for 
threonine suggests that, threonine should have been 
considered before isoleucine and valine. Fernandez 
et al. (1994) and Kidd and Kerr (1996) showed that 
threonine was the third limiting amino acid of broil-
ers fed corn-soybean based diets. The rations of this 
experiment were based on corn, RB, sesame and 
soybean. Nutrient compositions of the formulated 
rations suggest that threonine could be the third 
limiting amino acid in broiler rations based on the 
above ingredients as well. Even the diet balanced 
for LMIV with 20% RB was deficient in threonine. 
Kidd (2000) reported that threonine deficiency re-
sulted in decreasing utilization of sulfur amino ac-
ids and lysine. Except one (LMIVT; 20% RB) all 
other rations exactly met the lysine requirement. 
The levels of methionine and cystein were also just 
above the required level. Therefore, it can be as-
sumed that threonine was the limiting amino acid 
under the present experimental conditions. The re-
sults of this experiment highlight the importance of 
balancing the broiler rations for threonine.  

At both RB levels, formulation of the diets for 
more amino acids increased the dietary crude pro-
tein contents as well. However, as discussed below, 
high dietary Crude Protein contents had no benefi-
cial effects on growth performance.  

 
 

Growth performance 
In general, growth performance parameters were 
significantly lower for the broilers fed 40% dietary 
RB than those fed 20% RB. Adverse effects of 
higher dietary RB levels in broiler diets are well 
documented (Atapattu and Gamage 2007; Warren 
and Farrell 1990; Farrell and Martin 1998a; Martin 
et al. 1998). Rice bran contains a range of antinutri-
ents such as phytates, fibre and anti-proteolytic sub-
stances known reduce the in vivo nutritive value of 
rice bran and thereby the performance of broilers 
when fed at higher levels. Week-wise analysis of 
growth performance revealed that negative effects 
of 40% dietary RB on weight gain and feed conver-
sion ratio became significant during the first week 
of treatment imposition. Similarly, feed intake was 
not significantly reduced after day 37. These find-
ings suggest that adverse effects of high dietary RB 
levels may diminish as birds become mature. Ma-
ture broilers may have relatively better anatomical 
and physiological mechanisms to cope up with anti-
nutrients such as phytate, fibre and anti-proteolytic 
substances. Farrell and Martin (1998b) also found 
that older ducks performed better with higher die-
tary RB levels than young ducks.  

The final Feed Conversion Ratio of the birds 
fed 40% (1.953) dietary RB was similar to that of 
the birds fed 20% RB (1.957). Since the cost of 
formulations can substantially be reduced by in-
creasing the level of RB in the diet, the actual feed-
ing value of higher dietary RB levels should better 
be compared on gain per unit feed cost basis than 
on direct growth parameters such as weight gain 
and live weight.  

Table 2: Effects of two dietary rice bran levels and balancing the diets for up to four amino acids on the growth 
performance of broiler chicken  

59 

RB level  20 %   40 %   Probability  
AA LM LMI LMIV LMIVT LM LMI LMIV LMIVT SEM RB AA RB*AA 

Live weight (g)  

23 d 1061 1061 1046 1069 1054 1059 1047 1062 5.9 NS * NS 

30 d 1420 1443 1384 1402 1333 1326 1339 1344 19.3 ** NS NS 

37 d 1861 1916 1838 1864 1769 1781 1768 1801 25.9 ** NS NS 

43 d 2176 2228 2147 2201 2149 2082 2044 2105 39.3 ** NS NS 

Weight gain (g)  

23-30 d 359.5 382.2 338.9 333.3 278.3 268.2 292.2 282.2 19.0 ** NS NS 

30-37 d 441.1 472.2 453.3 462.2 436.1 455.0 429.5 457.2 20.7 NS NS NS 

37-43 d 314.5 312.2 308.9 337.0 380.6 300.6 276.1 303.9 32.1 NS NS NS 

23-43 d 1115.0 1166.7 1101.1 1132.5 1095.0 1022.8 997.8 1043.4 38.8 * NS NS 

Feed intake per bird (g)   

23-30 d 84.3 89.9 81.8 83.9 70.9 71.7 74.2 73.6 2.4 ** NS NS 

30-37 d 159.8 166.2 152.5 153.5 144.9 145.3 146.7 143.8 4.6 ** NS NS 

37-43 d 134.4 138.2 125.1 117.6 125.3 121.1 126.2 120.9 6.1 NS NS NS 

23-43 d 107.2 110.5 101.4 100.2 96.6 94.8 97.4 95.6 2.8 ** NS NS 

Feed convertion ratio   

23-30 d 1.645 1.674 1.716 1.784 1.789 1.889 1.802 1.862 0.08 * NS NS 

30-37 d 2.576 2.472 2.373 2.329 2.330 2.236 2.429 2.240 0.10 NS NS NS 

37-43 d 2.154 2.241 2.044 1.958 1.789 2.018 2.308 1.999 0.14 NS NS NS 

23-43 d 2.024 1.995 1.941 1.870 1.883 1.948 2.052 1.928 0.06 NS NS NS 



       

 

Availability of AAs from RB for poultry is low 
due to several reasons such as complexing with 
phytic acids (Ravindran et al. 1995; Rutherford et 
al. 1997; Selle et al. 2000), negative effects of fibre 
(Warren and Farrell 1990) and anti-proteolytic sub-
stances (Kratzer and Chiaravanout 1974; Deolanker 
and Singh 1979; Tashiro and Maki 1979;. Mitsuda 
et al. 1977 ). It was assumed that balancing the di-
ets for higher number, not only for methionine and 
lysine, but also for isoleucine, valine and threonine 
would improve the performance of broilers. At both 
RB levels balancing the diets for higher number of 
amino acids increased the levels of several amino 
acids than the requirement and dietary CP content 
by about 2 percentage units. Even under such a sit-
uation, rations balanced for higher number of AAs 
had no significant positive effect on any of the 
growth performance parameters. This suggests that 
even at 20% dietary RB level, balancing the rations 
for more amino acids has no beneficial effects on 
growth performance.  

Absence of significant interaction between RB 
levels and the number of AAs considered in ration 
formulation suggests that adverse effects of higher 
dietary RB inclusion levels on growth performance 
of broiler chicken can not be mitigated by balanc-
ing diets for more amino acids.  

Broilers inability to respond positively to high-
er AA levels may be due to two reasons. Adverse 
effects of RB on growth performance are attributed 
to a range of factors such as phytate, fibre and anti-
proteolytic substances. Balancing the rations for 
more AAs, at best addresses only the aspects relat-
ed to low AA availability of RB. Therefore, even 
though balancing for more AAs improved the avail-
ability of AAs, the actions of other anti-nutrients 
might have exerted negative impacts overriding the 
positive effects of increased AA availability. This 
suggests the importance of addressing the problems 
bring about by many or all anti-nutrients present in 
RB simultaneously, if its inclusion level to be in-
creased in poultry diets.  

 
Carcass parameters  
The lower tibia ash content of the birds fed 40% 
RB suggests that the availability of phosphorus was 
low. This may probably be due to the higher phytic 

P contents of the rice bran. Interestingly, increase 
of the RB level from 20% to 40% significantly re-
duced the percentage weight of liver from 4.1 to 
2.4%. Furthermore, the percentage of the fat was 
also significantly reduced from 2.6 to 2.2 when die-
tary RB level was increased from 20 to 40%. All 
diets were isocaloric and thus the additional amount 
of energy that deposited as fat might have generat-
ed at metabolic level. Since RB reduces the availa-
bility of AAs, the levels of AAs available for the 
metabolic utilization could be higher when 20% RB 
was fed. Since threonine became the limiting factor 
at both RB levels, it may be possible that more AAs 
might have left unutilized, deaminated and deposit-
ed as fat by the birds fed 40% RB. In other words, 
though the amount of AAs available for the utiliza-
tion was low, the birds fed 40% RB seem to have 
utilized them more effectively, than those fed 20% 
RB.  
 
 
CONCLUSION  
 
The results of this study suggest that broiler rations 
based on rice bran, soy, maize and sesame could be 
deficient in threonine and thus threonine should 
also be considered in ration formulation. Balancing 
rations for up to four amino acids; lysine, methio-
nine, isoleucine and valine does not improve the 
performance nor mitigate the adverse effects of 
40% dietary RB in broiler growth performance.  
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