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1. INTRODUCTION 

 

Poultry is one of the fastest growing segments of the agriculture sector 

with annual growth of 8 to 10 percent per annum. Presently India ranks third in 

egg production and fourth in poultry meat production in the world. This is due to 

initiation of intensive poultry production systems through the implementation of 

modern technology by the way of improved managemental practices, genetic 

improvement and enhanced feed production technology. The paradigm shift in 

poultry production in India is a result of increasing demand for poultry meat by 

ever increasing population attached with high nutritive value, relatively cheaper 

price and absence of any religious taboos regarding consumption as in case of 

other meat product. A prime objective of poultry producer always seems to be to 

improve feed efficiency and productivity by reducing the cost of production per 

bird. Major emphasis has been laid on research work on feed requirement of birds 

as it is a major input constituting 70-75% of total cost of production. 

The increase in high cost of conventional animal feed ingredients in most 

of the developing countries has necessitated scientists to search for alternative 

sources of feed ingredients. The demands for alternative ingredients is higher in 

developing countries and thus have a profound effect on the demand for feed and 

raw materials. Corn and soybean meal are major ingredients of poultry feed. The 

cost of virtually all feed ingredients like corn, soybean meal, Di-calcium 

phosphate, fat and even vitamins has gone beyond expectation (Dale, 2009). Due 

to the ever increasing demand and less supply of raw feed ingredients, cost of 

feed production has increased. Alternatives for protein and energy sources in 

poultry diets will be an important means to meet future requirements and minimize 

the cost of feed production. There are two ways for decreasing the cost of 

production; one by decreasing feed cost, which seems to be impossible due to 

rising costs of feed ingredients and another is to explore new feed ingredient, 

which is cheaper, locally available and comparable with respect to its nutrient 

contents as compared to traditionally used feed ingredients. 
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Use of unconventional feed ingredients is one of the alternative to reduce 

the cost of production by replacing the conventional feed ingredients. But the 

choice of these alternative ingredients depends on many factors and the 

important ones are availability, absence of toxic principle, nutrient availability, 

quality composition, cost of product and economical feasibility. It is well accepted 

that the fastest growth rate with superior feed efficiency is possible by the 

conventional feeding standards and ingredients. However, the unconventional 

feed sources play a key role in reducing cost of feed by replacing the proportion 

conventional feed ingredients.  

Different types of cereals are used for the production of biofuel. Due to 

large production of biofuel, millions of tons of fermentation residues are available 

to the feed industry for its use in animal and poultry feed. Distillers Dried Grains 

with Solubles (DDGS) is a product available from distilleries where maize, jowar, 

wheat, rice and other cereals are used. Tremendous amount of work has be 

carried out on the suitability of DDGS obtained from of maize, jowar, wheat and 

other cereals except Rice Distillers Dried Grains with Solubles (RDDGS). 

RDDGS is the byproduct of the processing of rice alcohol industry which is 

produced from the distillation of fermented rice. In processing, rice is cooked at 

1310C and 2.6 kg/ m2 pressure and yeast is added to the cooked rice for 

fermentation (Huang et al., 1999). Then the alcohol is distilled from fermentation 

liquor and then leftover is known as Rice Distillers Dried Grains with Solubles 

(RDDGS). It contains a valuable source of supplemental protein to the tune of 

47% compared to 35% in soybean meal (National Research Council, 1989; Chiou 

et al., 1996) and metabolisable energy around 3500 kcal/ kg. It is also more 

nutritious than the cereals in grain from which it is made up of, as it contains other 

nutrients recovered from fermented grains. It is also high in protein compared to 

rice and more in energy and less in fiber than its byproduct like rice bran or rice 

polishing. The final product also contain yeast residue. It does not contains any 

antinutritional factor, as might be the case with trypsin inhibitors in soybean. The 

cost of RDDGS is always less than that of the soy DOC. The nutrient content and 

feeding value of RDDGS is expected to be different from most commercially 
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available DDGS sources since the ingredients for rice liquor production include 

primarily rice grains.  

There is very little information available on feeding and nutritional value of 

this important by-product. Therefore, the aim of this study is to evaluate these 

product and its effect on broilers. With this view, the trial has been designed on 

broilers with following objectives.  

1. To study the effect of using different levels of Rice Distillers Dried Grains  

     with Solubles (RDDGS) on the performance of broilers.        .                                       

 

 2. To study the economics of broiler production by using different levels of   

     Rice Distillers Grains with Solubles (RDDGS) in the feed.        
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2. REVIEW OF LITERATURE 

  

 

 Poultry industry has recorded highest growth as far as other livestock 

industry is concerned. Feed is a major input in poultry production constituting 

70-75% of the total cost of production. Over the period of time, there is acute 

shortage of the conventional feed ingredients. Hence, there is need to identify  

some unconventional feed ingredients that can replace the conventional 

ingredients in poultry feed. Now a days, due to a large production of biofuel, 

millions of tons of fermentation residues are available to the animal feed 

industry, which is known as Distillers Dried Grains with Solubles (DDGS). 

DDGS is the product available from distillaries where maize or other cereals 

like jowar, wheat or rice is used. 

 Lot of work has already been done on corn DDGS and other cereals 

DDGS except rice DDGS. So the present trial was aimed to study the effect of 

different levels of Rice Distillers Dried Grains with Solubles (RDDGS) on 

performance of broilers. Thus, while reviewing the literature more emphasis is 

given on the use of Brewers Dried Grains (BDG) and Distillers Dried Grains 

with Solubles (DDGS) of maize, jowar, wheat and rice in poultry and pig diets 

and its effect on performance and economics of production.  

 

  Manh et al. (2002a) conducted a study to evaluate the effects of 

replacement of fish meal with rice distiller’s waste (hem) on performance and 

carcass quality of growing pigs. Thirty growing Yorkshire pigs of 20 ± 1 kg live 

weight, individually housed, were allocated according to a completely 

randomized design into five different diets containing "Hem" (Rice distillers' 

waste) at levels of 0, 25, 50, 75 or 100% of the protein provided by fish meal, 

in a basal diet of rice bran and broken rice. In a parallel experiment, thirty 

finishing pigs (59 ± 2 kg) were used in a similar design to measure effects of 

"Hem" on performance and carcass quality. There were no differences among 

the diets in any of the performance parameters in both the growing and 

finishing stages. Carcass quality traits were also the same on all diets. It was 

concluded that in diets for growing-finishing pigs, based on broken rice and 

rice bran,   "Hem" can be the sole protein supplement supporting performance 

levels comparable with the use of fish meal. 
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Manh et al. (2002b) conducted a study to evaluate four levels of fresh 

brewery waste in diets based on rice bran, broken rice and fish meal. The 

brewery waste replaced 0 (control), 30, 60 or 100% of the fish meal protein. 

Feed DM intakes and growth rates were reduced as the dietary levels of 

brewery waste were increased, with the effect being more marked in the 

finishing phase. Contrasting results were obtained for feed DM conversion, 

with apparently better conversion on the diets with brewery waste in the 

growing phase, but poorer conversion on these diets in the finishing phase. A 

30% replacement level appeared to give the best economic return. An on-farm 

trial was conducted with four households with four pigs in each with initial 

weights of 40 to 46 kg. The control diet used in the on-station trial was 

evaluated in one household, while in the other three households the 30% 

replacement rate with brewery waste was applied. Performance of the pigs 

was very good in all the households, with no apparent difference between the 

control diet and the diet with 30% replacement of fish meal protein by the 

brewery waste. It is concluded that in diets for fattening pigs, based on broken 

rice, rice bran and fish meal, brewery waste can replace 30% of the fish meal 

on  a protein basis, without affecting performance. 

 

 Roberson (2003) conducted two experiments with large white female 

turkeys to evaluate the effect of Dried Distillers Grains with Soluble (DDGS) 

derived from ethanol production on growth and performance from 8 to 15 

week of age. Experiment-1 consisted of inclusion levels of 0, 9, 18, or 27% 

DDGS to corn-soybean meal based diet and the treatment diets were 

formulated with metabolizable energy value of 2870 kcal/kg for DDGS and on 

digestible amino acid basis. The grower diet was fed from 56 to 77 day of the 

age and the finisher diet was fed from 77 to 105 day of age. Body weight was 

linearly decreased at 105 d as % DDGS increased in the diet. Feed 

conversion was increased at P ≤ 0.100 from 77 to 105 d of age as DDGS 

inclusion level increased. In Experiment-2, dietary treatments consisted of 0, 7 

or 10% DDGS in the grower period. Half of the birds fed 10% DDGS in the 

grower period were fed 7% DDGS in finisher period. The mash diets were 

formulated with metabolizable energy value of 2805 kcal/kg for DDGS and on 

a total amino acid basis. There were no significant effects on body weight or 
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feed conversion in Experiment-2. Results indicated that ethanol derived DDGS 

can be effectively included at 10% in growing/finishing diets for turkey hens if 

proper formulation matrix values for all nutrients are used. 

 

 Abe et al. (2004) conducted a study to evaluate the use of hydrolyzed 

distillers dried grains (HDG) for feeding value by inclusion into a basal diet at 

0, 5, 10, 15 and 20%. The corn-soybean meal based turkey starter diet was 

formulated to provide similar levels of ME, digestible lysine (lys) and 

methionine (met), calcium and phosphorus. Male poults (large white) were fed 

a commercial diet until three days of age. At three days of age, they were 

weighed and assigned into cages such that there was an equivalent cage 

body weight. Poults were fed the experimental diets to 18 days of age (ten 

replicate cages/ seven poults/ cage). At the end of the trial, two poults per pen 

were randomly selected, euthanized and internal organs (spleen, heart, 

gastrointestinal tract and bursa) were weighed. There was significant linear 

decrease (P ≤ 0.01) at 11 day of age in average daily gain (ADG) and feed 

intake as HDG level was increased and a cubic effect (P ≤ 0.02) in ADG 

during 11 to 18 days. In conclusion, up to 10% HDG can be included in turkey 

starter diets although higher levels may be possible after two weeks of age. 

 

 Lumpkins et al. (2004) conducted two experiments to evaluate the 

use of distillers dried grains with soluble (DDGS) from modern ethanol plants 

in broiler diets. Experiment-1 was a 2  factorial experiment with diets 

containing two levels of DDGS (0 and 15%) and 2 diet densities (high and 

low). The high and low-density diets were formulated to contain 22% CP and 

3000 kcal / kg ME, respectively. Eight pens of six chicks were fed an 

experimental diet from 0 to 18 days of age. Weight gain and feed efficiency 

(gain: feed ratio) of the chicks receiving the high-density diets were (P ≤ 0.05) 

better than those of chicks fed the low density diets. However, within the two 

densities there was no difference in performance of chicks fed diets with 0 or 

15% DDGS. In Experiment-2, six replications of 50 chicks were fed one of four 

dietary treatments for 42 days. The diets were formulated to be iso-caloric and 

iso-nitrogenous and contained 0, 6, 12, or 18% DDGS. There was no 

significant difference in performance or carcass yield throughout the 42 days 

experiment except for a depression in the body weight gain and feed 
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conversion when chicks were fed diets with 18% DDGS in the starter period. 

These studies indicated that DDGS from modern ethanol plants is an 

acceptable feed ingredient for broiler diets and can be safely used at 6% in 

starter period and 12 to 15% in the grower and finisher diet. 

 

 Nguyen et al. (2004) replaced part of the commercial concentrate 

component of the diet by locally available wheat brewing by-product in an 

attempt to lower feed costs of small-holder broiler production in the area of 

Hue city, central Vietnam. There were three experimental diets containing 

either 5, 10, or 15% brewing by-product. The three diets were fed on five small 

holder farms to groups of 20 broilers each. The results showed that beer by-

products enhanced growth and improved feed efficiency. Slaughter carcass 

traits and the weights of breast and drumstick were enhanced by the feeding 

of beer by-product. The inclusion of 10% beer by-products in diet increased 

the antibody titer against Newcastle disease when the birds were aged nine 

weeks, but not when they were aged either four or twelve weeks. It is 

concluded that substitution of brewers’ wheat for part of the concentrate 

component can render broiler diets less expensive and more efficient. 

 

 Noll (2004) summarized results from three trials where diets containing 

up to 12% DDGS were fed to market toms during the grower and finisher 

period and found no difference in body weight gain and feed conversion 

compared to the control corn-soybean meal-meat meal diets. 

 

 Fasuyi (2005) conducted a study to include to maize-sorghum brewers 

dried grains (MSBDG) in broiler starter diet. Four broiler starter diets were 

formulated such that MSBDG were fed at 0, 10, 20, and 30% inclusion levels 

at expense of maize. A batch of 240 starter-chicks was randomly assigned in 

triplicate to these dietary treatments. Each diet was fed 60 birds/ treatments 

from day-old for 35 days. The final weight, average weight and nitrogen 

retention of chicks fed MSBDG at 10% and 20% dietary levels were similar to 

those fed the control diet; both being significantly (P ≤ 0.05) higher than those 

fed diet-4 (30% dietary inclusion). The weight gain, average feed consumption 

as well as feed efficiency declined in diet-4 (at 30% inclusion level). At the end 

of the trial, the chicks were sacrificed for carcass characteristics, relative 
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organ and muscle measurements. The relative weights of the heart and belly 

fat was significantly (P ≤ 0.05) influenced by dietary treatments. It was 

concluded that MSBDG can act as an energy substitute for maize at inclusion 

levels of about 20% in broiler starter diets without any adverse effect on 

performance, carcass characteristics and muscle development in broiler. 

 

 Swain et al. (2005) conducted a study to determine the effect of 

feeding brewery dried grain with or without Kemyzyme-HF supplementation on 

performance of broilers. Performance, carcass traits and organ weights were 

evaluated in 150 commercial broilers from day-old to six weeks. Two basal 

diets were formulated containing maize, groundnut cake, fish meal and wheat 

bran with 22.8% CP and 2800 kcal/kg ME at starter phase (0-3 weeks) and 

19.9% CP and 2900 kcal/kg ME diet at finisher phase (4-6 weeks). The five 

groups of broiler chicks were fed with five diets where first diet was control and 

the other four diets contained 5 and 10% brewery dried grains (BDG) with 

(0.75 g/kg feed) or without Kemzyme-HF (a cellulose-complex with β-

glucanase). Body weight and feed efficiency of the broilers fed with 5% BDG 

and Kemzyme-HF were comparable to that of the control group. Carcass traits 

were not significantly different among the treatments except in drumstick 

weight, which was significantly (P ≤ 0.05) higher in the chicks fed with 5 and 

10% BDG with or without Kemozyme-HF. Organ weights also had similar 

response like the carcass traits, except for the heart which was significantly (P 

≤ 0.05) higher in chicks fed with 5 and 10% BDG with Kemozyme-HF. 

Incorporation of 5% BDG with Kemozyme-HF at 0.75 g/kg feed was 

suggested for economic production. 

 

 Martinez-Amezcua et al. (2006) conducted three experiments to 

evaluate the effectiveness of Opti Phos phytase and citric acid for releasing 

the P that is not bioavailable in distillers dried grains with solubles (DDGS). 

The effect of Opti Phos phytase on AMEn and amino acid digestibility was 

also determined. New Hampshire × Columbian chicks were fed experimental 

diets from 8 to 21 days of age. For Experiment-1, a basal P-deficient diet 

contained 40% DDGS plus supplemental amino acids and DDGS was the only 

source of P. The basal diet was then supplemented with 1,000 or 10,000 

phytase units (FTU)/kg of Opti Phos phytase or with 0.2% of P from KH2PO4. 
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In Experiment-2, a slope-ratio chick growth and tibia ash assay used a P 

deficient soybean meal basal diet, and it was found that the bioavailability of P 

in DDGS was 67%. For Experiment-3, a P-deficient basal diet with 30% DDGS 

plus supplemental amino acids was supplemented with 0.05 or 0.1% P from 

KH2PO4, with 3% citric acid, or with 1,000 or 10,000 FTU/kg of Opti Phos 

phytase. In Experiment 1, both 1,000 and 10,000 FTU/kg of phytase increased 

tibia ash but had no effect on AMEn. Both 10,000 phytase units (FTU)/kg of 

phytase and supplemental P increased digestibility of amino acids. In 

Experiment-3, supplemental phytase and citric acid increased tibia ash 

(mg/tibia), and it was estimated that phytase and citric acid could release from 

0.04 to 0.07% P from DDGS. In terms of bioavailability coefficients, the 

bioavailability of the P in DDGS was increased from 62 to 72%. These 

concluded that phytase and citric acid increase the bioavailability of P in 

DDGS, but phytase at 1,000 FTU/kg had no consistent effect on AMEn and 

amino acid digestibility. 

 

 Wang et al. (2007a) studied the use of moderate to high levels of 

DDGS in broiler diets and evaluated the effects of rapid and multiple changes 

in level of DDGS during the growth period. Diets were formulated to contain 0, 

15, or 30% DDGS with diets formulated on the basis of digestible amino acids 

to meet levels typical of the U.S. broiler industry. Other groups were fed 0 and 

15% or 0 and 30% DDGS on alternate week basis, with one group starting 

with diets containing no DDGS and other groups starting with diets containing 

15 or 30% DDGS. Birds fed diets containing 15% did not differ significantly in 

live performance or carcass characteristics from birds fed diets with no DDGS, 

whether fed on a continuous basis or alternated weekly between 0 and 15% 

DDGS. Birds that were continuously fed diets with 30% DDGS had 

significantly reduced body weight and feed intake at 35 and 42 days compared 

to birds fed the control diet with no DDGS and had reduced breast meat yield. 

When birds were fed diets with 0 or 30% DDGS alternating on a weekly basis 

live performance was approximately midway between that of birds fed diets 

with 0 or 30% continuously and similar to that of birds fed 15% DDGS on a 

constant basis, but breast meat yield tended to be reduced. It was concluded 

that effective use of diets with 15% DDGS when formulated on a digestible 
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amino acid basis and showed that abrupt removal of this level of DDGS did 

not adversely affect performance of broilers. 

 Wang et al. (2007b) evaluated the use of or increasing levels of DDGS 

in diets for broilers. Diets were formulated for starter (0 to 14 days), grower (14 

to 35 days) and finisher (35 to 42 days) periods to contain 0, 15, or 30% 

DDGS. Varying levels of DDGS were fed during study; with some birds 

receiving a constant level while others received increasing amounts as the 

bird aged. The DDGS levels used in the study were as follows (starter-grower-

finisher, %): 1) 0-0-0; 2) 0-15-15; 3) 0-15-30; 4) 0-30-30; 5) 15-15-15; 6) 15-

15-30; 7) 15-30-30 and 8) 30-30-30. Each of the dietary treatments was fed to 

four replicate pens of 25 birds each. Body weights and feed consumption were 

determined at 14, 35 and 42 days of age. The results indicated that increasing 

levels of DDGS had a trend to reduce the weight: volume ratio and visually 

decreased pellet quality. Diets containing 15% DDGS could be fed throughout 

the entire feeding period of 1 to 42 days of age with no adverse effects on live 

performance or carcass composition. Inclusion of 30% DDGS in the diet 

during starter or grower periods reduced body weight, elevated FCR and 

typically had reduced breast meat yield, compared to birds fed diets with 15% 

DDGS or birds fed the control diet with no DDGS. 

 

 Choi et al. (2008) investigated the effects of the addition of corn 

Distiller’s Dried Drains with Solubles (DDGS) to broiler diets on growth 

performance and meat characteristics. A total of 3,200 day-old, unsexed 

Cobb-500 broiler chicks were randomly allotted to 16 pens (replicates), with 

200 chicks per pen. There were four diet treatments (0, 5, 10, and 15% 

DDGS), and four replicates per treatment. From 8 to 21 days of age, the birds 

were fed broiler starter diets containing similar energy (TMEn 3,100 kcal/kg) 

and protein (21.6%) contents. From 22 to 35 days of age, they were fed 

grower diets containing similar nutrients (3,150 kcal/kg, 19.5% crude protein). 

No significant difference was found in growth performances among the four 

treatments. As the DDGS level increased, the concentration of unsaturated 

fatty acids in meat increased (P < 0.05). The color scores of breast and thigh 

muscles were not significantly influenced by DDGS, however, the yellowness 

of shank increased significantly by the addition of DDGS. The hardness of 

breast and thigh meats was not affected by the addition of DDGS. It was 
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shown that the use of DDGS in broiler diets up to 15% could decrease the 

feed cost by replacing part of corn and soybean meal, without any negative 

effect on growth performance and meat qualities. 

 

 Min et al. (2008) conducted a study to evaluate the use of distillers 

dried grains with solubles (DDGS) combined with glycerin in broiler diets. In a 

3 × 2 factorial arrangement, 600 one-day-old commercial strain Cobb 500 

broilers were randomly assigned to experimental diets with 0, 15 and 30% 

DDGS of known composition; within each level of DDGS the diets contained 0 

or 5% glycerin, respectively, from 0-42 days of age. Diets were formulated to 

meet digestible amino acid requirements and were fed in pelleted form. Each 

dietary treatment was replicated four times. Body weight gain and feed 

consumption were measured and carcass characteristics were evaluated at 42 

days of age. Inclusion of 30% DDGS had no adverse effect on body weight of 

chicks; however birds fed diets with 30% DDGS had greater feed intake and 

poorer feed conversion than birds fed the control diet at most age periods. 

This was highly correlated to the reduced pellet quality of diets containing the 

high levels of DDGS. Birds fed diets with 30% DDGS also had significantly 

reduced dressing percentage compared to birds fed the control diet with no 

DDGS. However, there was no adverse effect on breast meat yield related to 

the higher levels of DDGS inclusion. Addition of 5% glycerin from biodiesel 

production to the diets had no significant effect on body weight, feed intake or 

feed conversion. There was no significant effect of the addition of glycerin on 

dressing percentage or yield of various carcass parts. With one minor 

exception, there was no significant interaction between addition of glycerin 

and level of DDGS in the diet, even though pellet quality declined when 

glycerin was added to the diets. Overall, the results of this study demonstrates 

that 15% DDGS of known nutritional quality can be utilized in diets for growing 

broilers with no adverse effects provided diets are formulated on a digestible 

amino acid basis and meet the nutritional requirements of the broiler. Higher 

levels may be tolerated but there may be a loss in feed conversion unless 

pellet quality can be improved. A loss in dressing percentage at higher levels 

of DDGS has been consistently noted in this and previous studies. 

Incorporation of 5% glycerin from biodiesel production as a source of energy 

appears satisfactory. 
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 Patil (2008) studied the effects of using distillery dried grains with 

solubles (DDGS) in the diets with certain feed additives on performance of 

broilers. The trial conducted on 250 day-old ‘vencobb’ broiler chicks for period 

of five weeks. The day old chicks were randomely divided into five equal 

groups. The group A was control. Group B received 10% DDGS. Group C 

received 10% DDGS with an enzyme (maxigrain) @0.5 kg/ ton. The birds from 

group D received diet containing a 10% DDGS with acidifier (Kemgest-Dry). 

The birds from group E received diet containing a 10% DDGS with enzyme (@ 

0.5 kg/ ton) and acidifier (@1kg/ ton). The performance of birds from different 

groups was compared with respect to growth and performance. Thus it 

concluded that use of DDGS along with enzyme and acidifier, either singly or 

in combination is beneficial for recording better growth with respect to live 

weight, gain in weight, better feed conversion ratio and higher net profits at the 

end of fifth week. 

 

   Wang et al. (2008a) evaluated high levels of of distillers Dried Grains 

with Solubles (DDGS) in broiler diets throughout 49 days a growing period. 

Diets were formulated based on digestible amino acid content to contain 0, 10, 

20, 30, 40, or 50% DDGS. Body weight and feed consumption were 

determined at 14, 35, 42, and 49 days of age. Result indicated that level of 

DDGS had little effect on body weight at any age until 20% inclusion. After 

which body weight declined significantly. Increasing DDGS levels significantly 

increased calorie conversion ratio. Dressing percentage decreased linearly 

with increasing DDGS levels from 0-50%. There was a significant reduction in 

breast meat or leg quarter yield as a percentage of live weight with increasing 

DDGS inclusion, while birds fed higher levels of DDGS had higher wings as 

percentage of live weight. It concluded that up to 30% DDGS could be used in 

broiler diets. 

 

 Wang et al. (2008b) conducted a study evaluate various levels of corn 

distillers dried grains with soluble (DDGS) were fed in broilers. The diets 

formulated were either iso-caloric using metabolizable energy levels similar to 

current U. S. industry levels or containing optimum density commensurate with 
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1% supplemental poultry oil. In each diet type 0, 15 and 30% DDGS were 

incorporated. There was little difference in pellet quality between diets with 0 

or 15% DDGS but quality deteriorated severely in diets with 30% DDGS. Over 

the 42 days study, birds fed with 30% DDGS had significantly lower body 

weight and poorer feed conversation ratio as compare to control with no 

DDGS. Birds fed with 15% DDGS did not differ significantly with body weight 

and FCR than control diet. 

 

  Min et al. (2009a) conducted a trial to assess the effects of various 

dietary enzymes on energy digestibility of diets high in Distillers Dried Grains 

with Soluble (DDGS) for broilers. A 2 × 4 factorial arrangement of treatments 

was used in which a corn soybean meal control diet and a diet with 30% 

DDGS were supplemented with two different commercial enzyme products. In 

addition to the unsupplemented control, each enzyme was fed at the level 

suggested by the manufacturer, twice the recommended level, and four times 

the recommended level. Allzyme SSF (Alltech, Nicholasville, KY) was used in 

the first experiment, and Rovabio Excel (Adisseo, Alpharetta, GA) was used in 

the second experiment. Male commercial strain chicks that were 15 (trial 1) or 

20 (trial 2) days old were randomly assigned to the experimental diets, with 

each treatment replicated thrice. After a five days period of acclimation to the 

diets, excreta samples were collected. The energy contents of the diet and 

excreta were determined and digestibility of dietary energy was calculated. In 

both trials, there was a significant (P ≤ 0.05) difference in gross energy 

digestibility between the corn-soybean meal control diets and diets with 30% 

DDGS. However, no significant improvement in gross energy digestibility was 

obtained by adding any level of the two enzymes. Moreover, no significant 

interactions were found between the basal diets and various enzyme levels. It 

concluded that enzymes used in these studies had no apparent beneficial 

effect on energy digestibility of corn-soybean meal diets or diets with a high 

level of DDGS. 

 

 Min et al. (2009b) study was conducted to evaluate the use of DDGS 

in combination with canola meal (CM) in broiler diets. In a 6 × 6 factorial 

arrangement, 1,080 one-day-old male broilers were randomly assigned to 

diets with 0, 5, 10, 15, 20, and 25% DDGS of known composition; within each 
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level of DDGS, diets contained 0, 5, 10, 15, 20, or 25% CM from 0 to 18 days 

of age. Each treatment was replicated six times. Diets were formulated to 

meet digestible amino acid requirements and were fed as a 3.17-mm pellet. 

Body weight and feed consumption were measured at 18 days of age. In 

addition, feed bulk density and percentage of fines were evaluated. The 

DDGS and CM levels as well as their interaction significantly affected feed 

intake and BW (P < 0.05). Moreover, feed intake and BW declined 

dramatically with the increasing inclusion of CM. However, no significant 

difference was noted in FCR due to dietary DDGS and canola levels. 

Percentage of fines and diet bulk density were influenced significantly by 

dietary DDGS and CM levels as well as by their interaction. The percentage of 

fines increased with increasing combinations of DDGS and CM. However, the 

effect of dietary DDGS and canola concentrations on feed bulk density did not 

show a clear trend. By regression analysis, percentage of fines had a 

significant impact on feed intake and BW gain but failed to show any clear-cut 

relationship between bulk density and performance factors. Therefore, when 

DDGS and CM are used in combination, the total level of the two ingredients 

in the formulation should be considered. 

  

 Shalash et al. (2009a) performed three experiments to evaluate 

nutritive value of Distillers Dried Grains with Solubles (DDGS) in starter broiler 

diets using different levels (0, 6, 9 or 12%) Experiment-1 was designed to 

determine the digestibility coefficients of nutrients for DDGS using 16 cockrels, 

40 weeks old compared to a mixture of yellow corn and DDGS 1:1 or 100% 

DDGS. Experiment-2 was designed to evaluate the nutritive value of DDGS 

protein using Total Protein Efficiency (TPE) technique. A total number of 80 

unsexed one-day old Arbor Acers broiler chicks were distributed between two 

treatments of 40 chicks each in four replicates (10 chicks each) and 

commercial diet (22% CP and 3000 Kcal/kg ME) for two weeks. On the 14th  

day, the chicks were fed experimental diet (18% CP) in which cereals (yellow 

corn and fine wheat bran) provided 65% of dietary CP, while the test material 

(DDGS) will provided the 12%, from 14 up to 28 days of age. Significant 

reduction took place in body weight gain, feed intake, protein intake and T. P. 

E value for chicks fed diets containing DDGS compared with those fed diets 

containing soyabean meal as a source of protein. Experiment-3 was designed 
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to evaluate DDGS at different levels: 0, 6, 9 and 12% in starter diets. A total 

number of 240 unsexed one-week old Arbor Acers broiler chicks were 

distributed into four treatments of 60 chicks each in six replicates (10 chicks 

each). Diets were formulated to contain 22% CP and 3070Kcal/kg ME at 

starter period. Performance and Relative Economic Efficiency (REE) of chicks 

fed diets with 6% DDGS approximately equaled those fed control diet. 

However, Reduction in body weight and body weight gain took place in both 9 

and 12% DDGS supplemental diets, being significant in the 12% diet. A 

notificeable reduction in REE values took place between treatments. The 6% 

DDGS level equaled almost the control REE performance. The 9 and 12% 

DDGS treatments showed lower REE than both control and the 6% level. 

Inclusion of DDGS in the broiler diets had no effect on mortality rate. 

 

  Shalash et al. (2009b) evaluated the possibility of improving the 

utilization of dried distiller’s grains with Solubles (DDGS) in broiler diets. A 

total number of 150 day-old chicks were randomly assigned for five groups 

received, diet containing 12% corn Dried Distillers Grains with Solubles 

(DDGS) without or with enzyme preparation (E), Radish Root Extract (RRE, as 

a source of peroxidase  enzyme), or E plus RRE, in addition to control diet. 

The addition of RRE improved numerically Body weight (BW) at 28 days and 

significantly decreases plasma antioxidants capacity by 56.11% compared to 

control birds. Enzyme preparation failed to improve performance of broiler fed 

DDGS diet. It was concluded that using RRE as a source of peroxidase 

enzyme is a suitable feed additive for improving the utilization of DDGS. 

 

 Denstadli et al. (2010) conducted a study to evaluate the effect of a 

gradual substitution of wheat and soy with brewers dried grains (BDG) on 

pellet quality, performance and organ weights in broiler chickens. Five diets 

were formulated in which 0, 10, 20, 30, or 40% BDG replaced wheat and soy, 

with a concomitant gradual reduction in the calculated AME level. Each of the 

five experimental diets was fed to 12-day-old broiler chickens (Ross 308) kept 

in six pens, with 12 birds/pen. Feed intake was not affected by BDG inclusion 

and compensatory feed intake did not occur, perhaps having been neutralized 

by a significant (P < 0.001) reduction in the pellet durability index. The pellet 

durability index was 85% in the control diet (0% BDG) and decreased 
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significantly (P < 0.001) to 68% in the diet with 40% BDG. Increased levels of 

BDG reduced BW gain significantly (P < 0.001) and led to a significant (P < 

0.001) increase in the feed: gain ratio. The feed: gain ratio was significantly (P 

< 0.05) higher in birds fed 30 and 40% BDG compared with birds fed 0, 10 and 

20% BDG. The apparent ileal digestibility values of protein and energy were 

significantly reduced by BDG inclusion (P < 0.01 and P < 0.001, respectively), 

whereas starch digestibility increased significantly (P < 0.001). The relative 

gizzard weight increased significantly (P < 0.001), whereas the relative cecal 

weights were not affected by BDG inclusion. It concluded that, 10 to 20% 

inclusion of BDG supports acceptable growth and feed utilization, and favors 

the development of a well-functioning gizzard. 

 

   Hussaini et al. (2010) conducted an experiment to evaluate the 

influence of different levels of Brewers Spent Grain (BSG) and enzyme 

supplementation (ES) in the diet on productive performance and digesta 

viscosity of broilers from 7-42 days of age. Six treatments were arranged 

factorially with three levels of BSG (none, 7.5, 15%) unsupplemented with 

0.05% enzyme. It concluded that reduction in weight gain, feed intake and 

increase in feed conversion ratio in broilers by feeding 15% BSG during the 

starter period in comparison to control group (P < 0.05). ES improved body 

weight, feed intake and daily weight gain in starter period. BSG may be used 

upto 7.5 and 15% of the diets of broilers at starter and grower period, 

respectively 

 

 Jung and Batal (2010) conducted two experiments to evaluate the 

feeding value of high-protein corn distillers’ dried grains (HP-cDDG), from a 

plant using a front-end fractionation process, on broiler performance in 

batteries (0 to 20 days of age in Exp-1) and floor pens (0 to 33 days of age in 

Exp-2). In Exp-1, 1day-old male broiler chicks were placed in batteries in an 

environmentally controlled room. Six experimental diets were formulated to 

contain 0, 3, 6, 9, 12, or 16% HP-cDDG and to be isocaloric and 

isonitrogeneous. The mash diets were fed to eight replicates of six chicks per 

replicate from 0 to 20 days of age. Overall (0 to 20 days of age) the inclusion 

of 6% HP–cDDG or greater in the diets negatively impacted body weight (BW) 

gain and feed conversion ratio as compared with the control or the 3% HP-
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cDDG diet. The negative effect was likely due to a marginal lysine deficiency 

in the diets as the level of HP-cDDG increased. In Exp-2, 1d-old male broiler 

chicks were housed in floor pens in an environmentally controlled room. Six 

experimental diets were formulated to contain 0, 3, 6, 9, 12, or 16% HP-cDDG 

and to be isocaloric. The crumble (0 to 15 days of age) and pellet diets (16 to 

33 days of age) were fed to eight replications per treatment containing 40 

chicks per replication. There was no effect of up to 16% HP–cDDG inclusion 

on broiler performance during the starter period (0 to 15 days of age). 

However, any inclusion of HP-cDDG in the diets during the grower period (16 

to 33 days of age) significantly decreased body weight gain as compared with 

the control diet. Also, the inclusion of 9% HP-cDDG or greater to the diets 

negatively impacted feed conversion ratio. In conclusion, HP-cDDG could be 

an acceptable feed ingredient for broilers, but special attention must be paid to 

the amino acid levels (especially lysine) in order to prevent deficiencies. 

 

 Kluth and Rodehutscord (2010) conducted a study to determine the 

effect of the duration of pre-feeding on prececal amino acid (AA) digestibility of 

wheat distillers dried grains with solubles (DDGS) in broilers. The 

experimental diets with DDGS at levels of 0, 10 and 20% were offered ad-

libitum for 7, 5 and 3 days starting on 14, 16 and 18 days of age. Titanium 

dioxide was used as an indigestible marker. Six pens of ten birds were 

allocated to each treatment. Digesta was sampled on a pen basis from the 

distal two-thirds of the intestine section between Meckel’s diverticulum and 2 

cm anterior to the ileo-cecal-colonic junction. Ingested and digested amounts 

of AA were determined for each pen. Digestibility of AA in the diets was not 

significantly affected by the duration of pre-feeding but was significantly 

reduced by inclusion of DDGS. Digestibility of AA in DDGS was determined by 

using a linear regression approach. The digestibility of AA in DDGS ranged 

from 76% (Arg, five days of feeding) to 33% (Asp, three days of feeding). 

There was no significant effect of pre-feeding time on AA digestibility of 

DDGS. Lysine digestibility of DDGS was 72%. The mean digestibility of the AA 

Arg, Cys, Ile, Leu, Lys, Met, Phe, Thr, and Val of DDGS across the three pre-

feeding times was 66%. This study gave evidence that three days of pre-

feeding a diet is sufficient in studying prececal AA digestibility in broilers when 

low- digestible feeds are used. 
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  Loar П et al. (2010) evaluated the effect of two levels (0 vs. 8%) of 

distillers dried grains with solubles (DDGS) in a starter broiler diet (0 to 14 

days; 45 replicates/treatment) after these same birds were subsequently fed a 

grower diet (14 to 28 days) with either 0, 7.5, 15, 22.5, or 30% DDGS (nine 

replicates/treatment). Ross × Ross 308 male broilers were used in this 

experiment, and evaluation criteria consisted of feed mill parameters, broiler 

growth, relative liver weight, ileal viscosity and cecal content count of 

Clostridium perfringens and Escherichia coli analyzed by both selective media 

and real-time PCR. Increased inclusion of DDGS resulted in a nonlinear 

response for production rate (P < 0.05), conditioner energy usage (P < 0.01) 

and pellet mill energy usage (P < 0.05). Increasing DDGS resulted in a linear 

decrease in pellet quality (P < 0.001) and an increase (P < 0.001) in total 

fines. Inclusion of DDGS decreased (P < 0.001) energy usage at the pellet mill 

and decreased (P < 0.05) bulk density of the diets. The DDGS levels fed 

during the starter phase (0 vs. 8%) had no effect on the broilers at 14 or at 28 

days of age. Increasing DDGS inclusion levels during the grower phase 

resulted in a linear decrease (P < 0.001) in body weight gain and liver relative 

weight (P < 0.001). A DDGS starter × grower interaction (P < 0.05) was 

observed for feed consumption, in which birds that consumed no DDGS 

during the starter phase exhibited a decrease in feed consumption with the 

higher inclusion levels of DDGS during the grower phase, whereas birds that 

received 8% DDGS during the starter phase were unaffected by DDGS 

inclusion level in the grower phase. Feed conversion, mortality, ileal viscosity, 

and cecal C. perfringens and E. coli concentrations were unaffected by DDGS 

level in the grower diet. The feed intake response suggests a beneficial effect 

of exposing broiler chicks to DDGS if inclusion levels of 22.5% or higher is to 

be fed after 14 days of age. However, the data suggest that the young broiler 

can be negatively affected with inclusion levels of 15% DDGS or higher up to 

28 days of age. 

 

 Oryschak et al. (2010a) evaluated feeding value of extruded and non- 

extruded wheat and corn distillers dried grains with solubles (DDGS) for 

broilers with two experiments. In experiment-1, male broilers (n = 360) housed 

in battery cages were fed assay diets that included either 15 or 30% wheat or 



19 

 

corn DDGS (extruded or not) in relation to a basal diet from d 21st to 28th days. 

Birds were killed on 28th and ileal digesta was collected to establish the 

apparent ileal digestibility (AID) coefficients of energy and nutrients for test 

ingredients using the difference method based on five cages of eight birds per 

diet. In experiment-2, a 42 days study compared the growth performance of 

broilers fed phase diets including 0, 5, or 10% wheat or corn DDGS, based on 

four pens of 55 birds per diet × sex combination. Diets within phase were 

formulated to have a similar content of AME, CP, and digestible lysine. Breast 

meat weight and yield were determined on 37th day by sampling five birds per 

pen. In experiment-1, at 15% inclusion, AID coefficients of most amino acids 

were higher for corn DDGS than for wheat DDGS (P < 0.05). At 30% inclusion, 

however, there were fewer differences in AID between corn and wheat DDGS. 

Twin-screw extrusion increased the AID of AA in both corn and wheat DDGS 

by 10 to 34% (P < 0.05). In experiment-2, there was no adverse effect of 

including corn or wheat DDGS at up to 10% of the diet on pen average daily 

weight gain, feed disappearance, feed efficiency, breast meat weight, or yield. 

In conclusion, extrusion increased the feeding value of DDGS. The AID 

coefficients for amino acids were similar between corn and wheat DDGS. It 

confirmed that either corn or wheat DDGS can be included upto 10% of 

wheat-based broiler diets without affecting growth performance or breast meat 

yield. 

 

 Oryschak et al. (2010b) conducted a study evaluate the nutritive value 

of triticale distillers dried grains with solubles (DDGS) for broilers with two 

experiments. In experiment 1, 400 male broilers housed in battery cages were 

fed diets including 15 or 30% triticale DDGS (extruded or not) or a basal diet, 

supplemented with or without a multi- enzyme complex from 21st to 28th days. 

Birds were killed and ileal digesta was collected on 28th day to establish the 

apparent ileal nutrient digestibility (AID) coefficients for both assay diets and 

DDGS as test ingredients based on five cages per diet. In experiment-2, a 42 

days performance study compared growth phase-specific diets formulated to 

similar levels of AME, CP and digestible lysine with graded levels (0, 5, or 

10%) of triticale DDGS inclusion based on a minimum of four pens per diet × 

sex combination. Breast muscle weight and percentage yield were determined 

on 37th day by sampling five birds per pen. In experiment-1, there was a 
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significant (P < 0.05) DDGS level of inclusion × enzyme interaction for CP, 

lysine, methionine, tryptophan, isoleucine, histidine and phenylalanine; such 

that the AID increased with enzyme supplementation based on 15% but not 

30% DDGS inclusion. At 15% DDGS inclusion, enzyme supplementation 

increased the AID of these nutrients in DDGS between 6 and 19 percentage 

units. Extrusion of triticale DDGS increased (P < 0.05) the AID of GE, CP, 

methionine, tryptophan, branched-chain amino acids and phenylalanine 

between 3 and 8 percentage units. In experiment 2, feeding up to 10% triticale 

DDGS had no adverse effect on feed intake, weight gain or feed efficiency of 

broilers compared with controls over the 42 days study. Feeding up to 10% 

triticale DDGS did not affect breast weight or yield on 37th day. In conclusion, 

feed enzyme complex supplementation and extrusion both increased the 

nutritive value of triticale DDGS for broilers. Triticale DDGS can be fed upto 

10% of practical broiler diets without adverse effect on performance and 

breast muscle yield. 

 

 Schilling et al. (2010) conducted a trial to evaluate the effects of 

feeding various levels of distillers dried grains with solubles (DDGS; 0, 6, 12, 

18, and 24%) on broiler breast and thigh meat quality. Breast meat from 

broilers that were fed DDGS had a higher (P < 0.05) pH than those from the 

control diet. In addition, the 18 and 24% DDGS treatments yielded breast 

meat with higher (P < 0.05) pH values than the 6% DDGS treatment. No 

differences existed (P > 0.05) among breast meat from the different treatments 

with respect to cooking loss, instrumental color and consumer acceptability, 

but breast meat from the control (0% DDGS) treatment had slightly lower (P < 

0.05) shear force than breast meat from the 18 and 24% DDGS treatments. In 

addition, no differences (P > 0.05) existed among proximate composition of 

breast and thigh meat from the control and DDGS treatments. As DDGS 

concentration increased, there was a linear increase (P < 0.05) in linoleic and. 

polyunsaturated fatty acids, which indicates a greater potential for lipid 

oxidation. The TBA reactive substances values were greater (P < 0.05) for the 

18 and 24% DDGS treatments at fifth day when compared with the control and 

6% DDGS treatments, which indicates increased oxidation. It was concluded 

that all treatments yielded high quality breast meat and that thigh meat quality 



21 

 

was similar among treatments containing 0 to 12% DDGS, but higher inclusion 

levels led to thigh meat that was more susceptible to oxidation. 

   
  Min et al. (2011) conducted an experiment to evaluate the effect of a 

commercial carbohydrase preparation (Rovabio® Max AP) on protein and 

energy utilization of diets with 0 or 30% DDGS. One hundred and ninety two, 

18-day-old male broiler chicks of a commercial strain (Cobb 500) were 

randomly distributed among six treatments which included two basal diets 

containing 0 or 30% of DDGS; each supplemented with or without an enzyme 

preparation fed at the level recommended by the manufacturer (1X), two (2X) 

and four times (4X) the recommended level. The results showed that weight 

gain, feed intake, feed conversion ratio and mortality rate were not significantly 

affected by level of DDGS or enzyme inclusion in the diet or their interactions. 

Excreta nitrogen (N) and gross energy (GE) were significantly increased by 

inclusion of 30% of DDGS in the basal diet. While AME and AMEn values 

were not affected by the addition of high level of DDGS in the diet, GE 

digestibility and NR were significantly affected. Supplementation of either 

basal diet with different levels of enzyme had no significant effects on excreta 

N content or AME, GE digestibility, or NR values. Moreover, the interaction 

between different levels of DDGS and enzyme levels on performance or 

nutrient utilization parameters were not significant. It concluded that the 

addition of the enzyme preparation used in this trial was not effective in 

improving nutrient utilization of corn-soybean meal diets with or without 

DDGS.  

 

  Abdel-Raheem et al. (2011) conducted a study to determine the 

effect of different levels of Distillers' Dried Grains with Solubles (DDGS) from 

wheat and corn on prececal Amino Acids (AA) digestibilities, growth 

performance and some slaughter characteristics of broilers. A total number of 

240 one-day-chicks (Ross 308) were randomly allotted to three treatments (80 

birds/group) with four replicate pens per treatment and 20 birds per pen. 

Chicks were fed the experimental diets with DDGS at levels of 0, 6 and 12% 

for five weeks. Average daily gain, feed intake and feed conversion ratio was 

recorded. The results indicated that, body weight decreased in broilers fed 

12% DDGS than the control group at the end of the experiment. No significant 

differences with respect to feed intake and feed conversion at the first (1-22 
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days) and second (22-35 days) growing periods. A significant reduction in the 

warm and cold carcass weight and the warm and cold dressing % at 12% 

inclusion level of DDGS. Tryptophan digestibility was lower (P < 0.05) with the 

addition of 12% levels of DDGS at d 21days. At day 35th there is a significant 

decrease in the digestibility of total amino acids, some individual AA like 

threonine (9.1%) and arginine (6.38%) at 12% inclusion of DDGS in 

comparison with the control group. It was concluded that 12% level of DDGS 

from wheat and corn reduce growth performance, carcass traits, some AA and 

DM digestibilities in broilers under present experimental conditions. 

 

  Loar П et al. (2011) evaluated the effects of varying levels of DDGS 

in a with 8% increments. Increasing inclusion rate of DDGS led to decreased 

body weight gain (BWG), whereas mortality seemed to be linearly increased. 

However, there was an increase seen in feed conversion (FCR) in conjunction 

with the increase in DDGS in the diet. It concluded that an inclusion level of 

8% DDGS or less is recommended for starter diets for broiler chicks. 

 

  Shim et al. (2011) conducted a trial to evaluate the effects of graded 

levels of corn distillers dried grains with solubles (DDGS) as a partial 

replacement for sources of protein, energy and other nutrients for broilers 

when the digestible amino acid balance was maintained. 0, 8, 16, and 24% 

DDGS were incorporated into isonutritive diets at the expense of corn, 

soybean meal and DL-Met. Poultry oil, l-Lys, and l-Thr additions increased 

with increasing levels of DDGS. Diets were each fed to 36 Cobb-500 straight-

run broilers in six floor pens in two experiments. In experiment-1, broilers fed ≥ 

8% DDGS showed increased Body weight (BW) gain compared with those fed 

the control diet during the 0 to 18 days starter period (P = 0.0164) but were 

almost identical in body weight (BW) at 42 days (P = 0.9395). The only 

difference at 42 days was in the carcass fat composition of female broilers: 

percentage of fat pad decreased with increasing DDGS level (P = 0.0133). It 

was concluded that Corn DDGS reduced the pellet durability index. In 

experiment-2 at 42 days, broilers fed all levels of DDGS showed increased 

BW gain compared with those fed the control diet. It was concluded that 

broilers may perform well when fed properly balanced feeds containing DDGS 

upto 24% DDGS despite reduced pellet quality. 
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 Lukasiewicz et al. (2012) undertook a Study on 540 broiler chickens 

of Cobb 500 line. One-day chicks were randomly allocated to three nutritional 

groups: K, D1 and D2, each group consisted of six replicates of 30 birds. The 

factor that differentiated the groups was the content of dried wheat decoction 

in the starter type feed mixture (5 % and 7 %). Production results (individual 

body weight, feed intake and mortality) of the birds were controlled in a 42 

days rearing period. On the 42nd day of rearing, six male and six female 

chickens from each group were chosen for slaughter that had body weights 

similar to the average of each group according to gender. The aim of this 

study was to determine experimentally whether the by-product of ethanol 

production is suitable for replacing soybean meal in feeding broiler chickens. 

The application of the wheat decoction had no negative effect on production 

results of the chickens. The birds fed a mixture with a higher content of Dried 

Distillers Grains with Solubles (DDGS) were characterized by a similar body 

weight and better feed conversion ratio compared to the control birds. A 

properly-balanced (fiber, energy, amino acids) nutritional dose of the dried 

wheat decoction may be used as a good energy-protein component in feed 

mixtures for broilers. It is a rational means of DDGS management which is, 

simultaneously, a cheaper substitute for soybean meal.   

 

 Min et al. (2012) conducted a trial to evaluate the effects of distillers 

dried grains with solubles (DDGS) on the meat quality and antioxidant status 

and capacity of broiler chickens. One-day old male broiler chickens (720) were 

assigned to six treatments, with four replicates per treatment. Birds were fed 

diets formulated to contain 0, 5, 10, 15, 20 and 25% corn-based DDGS, 

respectively, for a period of six weeks. The addition of DDGS influenced the 

general meat quality by affecting the b* (yellowness) values, cooking loss and 

shear force (P < 0.01). Moreover, the fatty acid profiles of the breast and thigh 

were affected by DDGS levels. In particular, no significant difference was 

found in saturated, monounsaturated and polyunsaturated fatty acids (P > 

0.05), but feeding DDGS significantly increased the ratio of polyunsaturated to 

saturated fatty acids (P < 0.01). In breast meat and liver tissue, total 

superoxide dismutase activity decreased significantly between birds fed the 

control diet and the DDGS diets (P < 0.05). In the liver, glutathione peroxidase 
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activity was similar to that of the control group in the diet with 15% added 

DDGS (P < 0.01). The malondialdehyde production of breast muscle was not 

affected (P > 0.05) by dietary DDGS concentrations; however, liver 

malondialdehyde production was influenced significantly (P < 0.01) by dietary 

DDGS levels. Overall, including DDGS at concentrations upto 15% in the 

broiler diet is feasible and can result in ideal meat quality. 

 

  Aghabeig et al. (2013) evaluated the impact of a gradual replacement 

of soybean meal with Brewers Dried Grains (BSG) on performance and 

protein digestibility in broiler chickens. Six diets were formulated in which 0, 5, 

10, 15, 20 and 25% BSG replaced soybean meal. A total of 144 Ross-308 

broiler chickens divided into 24 pens and each experimental diet was fed to 

11day-old broiler chickens kept in four pens.  Feed utilization was affected by 

BSG inclusion only at finisher phase (P < 0.05). Feed intake value in control 

(0% BSG) and 5% BSG groups was greater than that in other groups. Body 

weight gaining group fed diet with 25% BSG was less than others at grower 

phase, and feed efficiency was low for this group (P < 0.001). Feed: gain ratio 

was not affected by BSG inclusion at the finisher phase (24 to 42 days). The 

ileal digestibility values of protein were significantly increased by some levels 

of BSG inclusion (P < 0.01). It concluded that 20% inclusion of BSG at 11 to 

24 days and 5% inclusion of BSG at 25 to 42 days supports acceptable 

performance in the broiler chickens. 

 

 El-abd (2013) conducted an experiment of 42 days was conducted 

with a flock of 180 unsexed one-day old Japanese quail chicks, distributed at 

random into three groups each in three replicates. Treatments were T1 as 

control, T2 containing 50% DDGS and T3 containing 100% DDGS. All chicks 

had free access to feed and water ad libitum during the experiment. Average 

daily gain, feed intake and feed conversion efficiency were determined. The 

results indicated that, chicks fed 50% and 100% DDGS  had  higher  body  

weight  gain  at 42 days, performance index, higher feed intake and better 

feed conversion ratio compared to the control diet. Feeding diet containing 

50% and 100% DDGS had the highest total plasma protein, globulin 

concentrations, moreover lower in GOT and GPT than the control diet. No 

significant effect of DDGS levels on the averages values of carcass 
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characteristics. In conclusion, use of DDGS at 100% recorded the best results 

compared to the other treatments. The results obtained cleared that DDGS 

can be successfully fed at level 100% as replacement for yellow corn in 

Japanese quail diets. 

 

 Foltyn et al. (2013) conducted a study to evaluate the graded levels of 

corn distillers dried grains with soluble (DDGS) as partial replacement for 

soybean meal in diets for broilers. In the first experiment 900 males of ROSS 

308 were used and they fed diets with 0, 60, 120 and 180 g/kg DDGS in 

grower diets (Control group, D6, D12 and D18) from 9th to 35th day of age. In 

the second experiment 800 broilers both sex of Cobb 500 were used and they 

fed diets with 0 and 200 g/kg DDGS in grower diets (Control group and D20) 

from 9th to 35th day of age. Until age 30th day there were not significant 

differences among the groups in live weight in the first experiment. But at 35th 

day of age the live weight of chickens fed 60 and 120 g/ kg DDGS (2498.5 g 

and 2496.3 g) was significantly higher (P < 0.05) than in Control group (2425.9 

g, without DDGS). In the second experiment, from 23rd to 35th day of age 

significantly higher (P < 0.05) live weight had group fed diet without DDGS in 

comparison with chickens fed 200 g/kg DDGS. The differences between 

groups at 35th day of age was 75.7 g. Feed conversion ratio was similar in all 

groups in both experiments. There was not observed significant effect of 

DDGS on weight and proportion of abdominal fat. Feeding DDGS had 

significant effect (P < 0.05) on decrease the lightness (L*) of breast meat in 

the first experiment, which was not confirmed in the second experiment. 

 

 Ivanova et al. (2013) investigated the effect of feeding compound feed 

with various proportions of wheat dry distiller’s grain on the productive and 

slaughter traits in broiler chickens. The study was conducted with 120 male 

Ross 308 broiler chickens divided into four groups with 30 birds each. Each 

group was further subdivided into three subgroups of ten chickens. Chickens 

were reared in battery cages with water and feed ad libitum. The live body 

weight of day-old chickens in all groups was equal. The duration of the 

experiment was 42 days and live body weight was checked at 10, 28 and 42 

days of age, whereas feed utilization during each period of the life based on 

feed intake and weight gain of subgroups. Except for the control, the starter, 
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grower and finisher of experimental groups (II–IV) were supplemented with 

wheat dry distiller’s grain (DDG) as followed: Group I – 0%, group II – 10%, 

group III – 15% and group IV – 20% DDG. By the end of the 42 day period, 

five chickens from each group with a body weight close to group mean were 

slaughtered and slaughter analysis was performed. The inclusion of 10% and 

15% wheat DDG in compound feeds for broiler chickens fattened up to 42 

days of age did not have a significant effect on their growth as compared to 

control group. The inclusion of 20% wheat DDG to compound feed reduced 

substantially (P < 0.05) live body weight of chickens by 6.1% vs controls. 

During the starter period, a trend to poor feed utilization was observed in 

groups which received 15 and 20 % DDG with compound feed – by 9.7 and 

7.6% vs controls, but during the grower and finisher periods, as well as 

throughout the entire 42 days experimental period, this parameter did not 

show any significant differences between the control and experimental groups 

as well as among the three experimental groups. Compound feeds with 15% 

and 20% wheat DDG fed to broiler chickens resulted in statistically significant 

reduction of the thigh weights and slaughter yield vs controls at the end of the 

trial. The inclusion of 20% DDG in the ration also resulted in statistically 

significantly lower breast weight than in controls. The inclusion of DDG in 

compound feed for broiler chickens did not influence significantly the chemical 

composition of meat. Based on conclusions made, the inclusion of no more 

than 15% DDG in compound feeds for broiler chickens throughout the 42 days 

fattening period was recommended. 

 

 Min et al. (2013) evaluated the effects of dietary DDGS levels on small 

intestinal morphology of broilers. A total 720 Cobb 48 males were used in this 

experiment. Birds were fed a diets formulated contain 0, 5, 10, 15, 20 and 

25% DDGS, respectively for a period of six weeks. About 10-15% DDGS 

inclusion level showed better Villus Height (VH), Crypt Depth (CD) and ratio of 

villus height to crypt depth (VCR) for broiler intestinal morphology. Therefore, 

dietary added with DDGS can improve intestinal morphology, up till 15% 

DDGS concentrations were considered to be suitable for broiler starter and 

grower.  
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Youssef et al. (2013) conducted a study to evaluate the Distillers 

Dried Grains with Soluble (DDGS) as feed ingredients for broilers. It is a 

valuable source of energy, protein, water soluble vitamins and minerals in 

poultry diet. The present study was carried out during summer to study the 

impact of feeding graded levels of DDGS on broiler performance, 

hematological and histological parameters. A total number of 160 day-old, 

unsexed Cobb broiler chicks were randomly divided into four groups. Birds of 

each group were subdivided into four replicate of ten birds each. The different 

experimental diets (starter, grower and finisher contain DDGS at levels of (0, 

5, 10 and 15%). Diets were iso-caloric and iso-nitrogenous. Feed intake, body 

weight gain, feed conversion ratio, carcass characteristics were recorded. The 

result showed that DDGS significantly (P ≤ 0.05) affected productive 

performance, carcass characteristics and Ht%. DDGS inclusion in the diet 

significantly (P ≤ 0.05) decreased glucose concentration, H/L ratio and pH 

value and improved the histology of small intestine, liver and pancreas. This 

study concluded that the graded levels of DDGS upto 15% showed no 

adverse effects when used in broiler starter, grower and finisher diets on 

growth performance and carcass characteristics. The hematological and 

histological parameters were improved suggesting that DDGS can be used 

upto 15% in broiler diets. 

Thus, while reviewing the literature, it was found that DDGS of maize, 

jowar and wheat can act as acceptable feed ingredient in broiler diets upto 

15%. Therefore, an experiment was designed by using Rice Distillers Dried 

Grains with Solubles (RDDGS) at different levels in broiler diets to evaluate its 

effect on performance of broilers.      
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3. MATERIAL AND METHODS  

 

Feed is the major input in the poultry production constituting about 70-

75% of total cost of production. Maize and Soy DOC are the two sources of 

energy and protein respectively in the feed of poultry. But there is a gap 

between demand and supply of these ingredients which leads to increase in 

the cost of these ingredients. Hence, there is a need of finding some 

alternative source for energy as well as protein to decrease the cost of 

production. Nowdays, due to increase in the production of ethanol, millions of 

tons of fermented residue is available, which is commonly known as DDGS 

(Distillers Dried Grains with solubles). It is a product available from distilleries 

where maize or other cereals like jowar, wheat or rice is used. Tremendous 

amount of work has been done in a short period of time to determine the 

suitability of this residue obtained from using various cereals. However, very 

little work has been carried out on use of DDGS available upon fermentation 

of rice. Hence, in order to study the effects of RDDGS this experiment is 

designed. 

The experiment was conducted at the Department of Poultry Science, 

Bombay Veterinary College, Goregaon, Mumbai - 400 063, on 400 day-old 

broiler chicks of ‘Cobb 400’ strain  purchased from M/s. Premium Chick Feeds 

Pvt. Ltd., At- Poynad, Taluka- Alibag, District- Raigad. The trial was conducted 

for a period of six weeks. The objectives of the study were: 

1. To study the effect of different levels of Rice Distillers Dried Grains with 

Solubles (RDDGS) on the performance of broilers. 

2. To study the economics of broiler production by using different levels 

of RDDGS in the feed.  

Experimental Design:    

 The day-old broiler chicks, immediately after arrival, were randomly 

divided into four equal groups of 100 birds each. Each group was further 

subdivided into four replicates of 25 birds each. All the birds were reared on 

deep litter system under ideal and identical managemental and environmental 
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conditions. The birds received pre-starter, starter and finisher feed. The 

groups were subjected to one of the following treatments:  

 Group A- Control diet using Corn – Soybean DOC diet.  

 Group B- Diet containing Rice Distillers Dried Grains with Solubles  

               (RDDGS)* at 5% in total diet replacing Soybean DOC and oil. 

 Group C- Diet containing Rice Distillers Dried Grains with Solubles  

                (RDDGS)* at 10% in total diet replacing Soybean DOC and oil. 

 Group D- Diet containing Rice Distillers Dried Grains with Solubles  

                 (RDDGS)* at 15% in total diet replacing Soybean DOC and oil.  

 * It was presumed that RDDGS contained 47 % CP and 3500 Kcal/kg of ME.   

Feed:  

The required quantities of feed ingredients used in the present 

experiment were procured from M/s. Alka Green farms Pvt. Ltd., At- Bhadane, 

Taluka - Murbad, District - Thane. The prestarter, starter and finisher diets for 

all the groups were formulated as shown in Tables 1, 2 and 3 respectively. 

The pre-starter mash was offered for first week, starter mash was offered up 

to end of third week and finisher mash was offered thereafter upto sixth week. 

All the diets were isocaloric and isonitrogenous. 

Proximate Analysis of Experimental Mashes:  

            The proximate analysis of the experimental mashes was carried out at 

M/s Hi-Tek Associates, Wakdewadi, Pune – Mumbai Road, Pune - 411005 as 

per A. O. A. C. (1995) methods of analysis. The percent proximate 

composition of pre-starter, starter and finisher mashes is presented in Tables 

4, 5, and 6 respectively.The percent proximate composition of RDDGS used in 

the experiment is presented in Table 7. 

Housing and Management:  

           The birds were reared on deep litter system of housing. All the 

groups were provided with similar environmental and managemental 

conditions throughout the experimental period. An identical and adequate  
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Table: 1  Formulation for prestarter diets. 

Ingredients Group A Group B Group C Group D 

Maize 53.60 54.61 55.61 54.01 

Deoiled Rice Bran 0 0 0 1.86 

Oil 1.92 1.00 0.08 0 

Soy DOC 40.40 35.19 30.00 24.74 

Rice Distillers Grains with 

Soluble 
0 5.00 10.00 15.00 

Trace Mineral Mixture 0.10 0.10 0.10 0.10 

Dicalcium Phosphate 1.80 1.85 1.90 1.90 

Limestone Powder 1.40 1.40 1.40 1.40 

Salt 0.30 0.30 0.30 0.30 

Vitamin Premix  0.01 0.01 0.01 0.01 

Choline Chloride 0.05 0.05 0.05 0.05 

Anticoccidial 0.05 0.05 0.05 0.05 

DL-Methionine 0.21 0.20 0.18 0.17 

L-Lysine 0.11 0.19 0.27 0.36 

Toxin Binder 0.05 0.05 0.05 0.05 

Total 100.00 100.00 100.00 100.00 
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Table: 2  Formulation for starter diets. 

Ingredients Group A Group B Group C Group D 

Maize 54.70 55.71 56.71 57.71 

Deoiled Rice Bran 0 0 0 0 

Oil 3.30 2.38 1.46 0.54 

Soy DOC 38.00 32.80 27.60 22.40 

Rice Distillers Grains with 
Soluble 

0 5.00 10.00 15.00 

Trace Mineral Mixture 0.10 0.10 0.10 0.10 

Dicalcium Phosphate 1.85 1.85 1.90 1.95 

Limestone Powder 1.35 1.38 1.38 1.38 

Salt 0.30 0.30 0.30 0.30 

Vitamin Premix  0.01 0.01 0.01 0.01 

Choline Chloride 0.05 0.05 0.05 0.05 

Anticoccidial 0.05 0.05 0.05 0.05 

DL-Methionine 0.17 0.16 0.15 0.14 

L-Lysine 0.07 0.16 0.24 0.32 

Toxin Binder 0.05 0.05 0.05 0.05 

Total 100.00 100.00 100.00 100.00 
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Table: 3  Formulation for finisher diets. 

Ingredients Group A Group B Group C Group D 

Maize 59.25 60.37 61.36 62.32 

 Deoiled Rice Bran 0 0 0 0 

Oil 4.20 3.24 2.33 1.42 

Soy DOC 32.60 27.38 22.17 17.00 

Rice Distillers Grains with 

Soluble 
0 5.00 10.00 15.00 

Trace Mineral Mixture 0.10 0.10 0.10 0.10 

Dicalcium Phosphate 1.87 1.90 1.95 2.00 

Limestone Powder 1.38 1.38 1.38 1.38 

Salt 0.30 0.30 0.30 0.30 

Vitamin Premix  0.01 0.01 0.01 0.01 

Choline Chloride 0.05 0.05 0.05 0.05 

Anticoccidial 0.05 0.05 0.05 0.05 

DL-Methionine 0.14 0.13 0.12 0.11 

L-Lysine 0 0.04 0.13 0.21 

Toxin Binder 0.05 0.05 0.05 0.05 

Total 100.00 100.00 100.00 100.00 
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Table : 4 Proximate composition (% DMB) of pre-starter mashes. 

Nutrients Group A Group B Group C Group D 

Moisture 12.94 12.41 12.88 12.55 

Crude protein % 25.99 27.16 26.64 25.88 

Ether extract % 4.84 4.34 3.48 3.68 

Crude fiber % 3.89 3.32 4.24 3.56 

Total ash % 6.88 6.74 6.38 6.66 

Nitrogen free extract % 58.40 58.44 59.26 60.22 

 

 

Table : 5 Proximate composition (% DMB) of starter mashes. 

Nutrients Group A Group B Group C Group D 

Moisture 10.09 10.40 10.14 10.34 

Crude protein % 23.88 23.31 25.18 24.58 

Ether extract % 5.04 6.55 5.30 4.82 

Crude fiber % 3.31 3.58 3.86 3.70 

Total ash % 7.65 7.09 6.67 6.55 

Nitrogen free extract % 60.12 59.47 58.99 60.35 
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Table : 6 Proximate composition (% DMB) of finisher mashes. 

Nutrients Group A Group B Group C Group D 

Moisture 10.40 10.21 10.78 9.85 

Crude protein % 21.37 21.97 21.46 21.24 

Ether extract % 9.04 7.53 7.06 6.03 

Crude fiber % 3.42 3.59 3.40 3.36 

Total ash % 6.87 6.23 6.96 6.51 

Nitrogen free extract 59.30 60.68 61.12 62.86 

 

 

Table : 7 Proximate composition (% DMB) of Rice Distillers Dried Grains 
with Solubles (RDDGS). 

Nutrients RDDGS 

Moisture 11.80 

Crude protein % 49.75 

Ether extract % 2.40 

Crude fiber % 5.43 

Total ash % 4.29 

Nitrogen free extract % 38.13 
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feeding and watering space was provided to all the birds throughout the 

experimental period. The brooding was carried out for first three weeks by 

using electric bulbs. 

                  The group feeding practice was followed throughout the 

experimental period. Weighed quantity of feed was offered to each group. The 

group-wise refusal was weighed next morning to arrive at actual daily feed 

consumption of each group. The birds were given free access to fresh, clean 

and wholesome drinking water throughout the experimental period.   

Medication and Vaccination:      

          Immediately after arrival, chicks were provided with antistress elements 

through drinking water. The immunization against Ranikhet  Disease (B1 

strain) and Infectious Bursal Disease (IBD) (Intermediate strain) was carried 

out on 7th and 14th  day, respectively, followed by booster doses on 21st day 

(B1) and 28th day (IBD) through drinking water. 

Parameters Studied During Experiment:  

During the experiment following parameters were studied 

                   1. Weekly average live weights 

                   2. Weekly average gain in weights  

                   3. Daily gain in weights 

                   4. Weekly average feed consumption 

                   5. Weekly average feed conversion ratio (FCR) 

                   6. Weekly mortality 

                   7. Economics of production 
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 The live weights of day-old chicks were recorded on arrival and 

thereafter at weekly intervals. From these data, average weekly live weights 

and average weekly gain in weights were calculated for each group. The daily 

live weights of two birds were recorded daily from each replicate from all 

groups and the daily gain was calculated. The records maintained for daily 

feed consumption were used to calculate average weekly feed consumption. 

The week wise and overall feed conversion ratios of various groups were 

calculated. The daily record of mortality, if any, during the experimental period 

was also maintained. 

Economics of Production:  

           The economics of broiler production was calculated at the end of sixth 

week considering feed cost as the only variable. The feed cost per kilogram 

was calculated by considering prevailing prices of the feed ingredients. The 

sale price was considered as ` 70 per kg live weight. 

Statistical Analysis:  

              All the data obtained were subjected to statistical analysis as per 

Snedecor and Cochran (1998), by using randomized block design. 
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4. RESULT AND DISCUSSION 
 

 

The present experiment was conducted to study the effect of feeding 

different levels of Rice Distillers Dried Grains with Solubles (RDDGS) on 

performance of broilers. The trial was conducted on four hundred Cobb-400 

broiler birds for the period of six weeks. The day-old broiler chicks, 

immediately after arrival, were randomly divided into four equal groups of 100 

birds each viz., A to D. Each group was further subdivided into four replicates 

of 25 birds each. Group A received control diet, groups B, C and D received 

diet containing Rice Distillers Dried Grains with Solubles (RDDGS)  replacing 

Soybean deoiled cake (DOC) and oil at 5, 10 and 15% levels, respectively. All 

the diets were isocaloric and isonitrogenous. The performance of all the 

groups was compared with respect to the parameters studied in the 

experiment. 

 

Live weights: 

 

The data pertaining to average weekly live weights of the birds from 

day-old to six weeks of age from different groups are presented in Table 8. 

The same is depicted graphically in Figure 1. It is observed from the table that 

average initial live weights of the birds at day-old stage for groups A to D were 

43.03, 42.85, 43.15 and 42.30 g, respectively.  The corresponding average 

live weights at the end of six weeks were 2493.86, 2259.54, 2077.91 and 

1990.41 g. From the data, it is revealed that the birds from group A receiving 

control diet recorded the highest live weights at the end of sixth week, followed 

by the birds from groups B, C and D. The birds from the group D receiving the 

diet containing Rice Distillers Dried Grains with Solubles (RDDGS) at 15% 

level replacing Soybean DOC and oil recorded the lowest live weights among 

all treatments including control. 

 

The data pertaining to average weekly live weights from different 

replicates within the groups were compared. It was noted that the differences 

within the replicates were statistically non-significant. Hence, the data from 

replicates were pooled and then subjected to statistical analysis. The 

statistical analysis of data pertaining to average weekly live weights is 
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Table: 8 Average weekly live weights (g) of birds 

Weeks 

Groups 

A B C D 

Control Rice DDGS 

@ 5% 

Rice DDGS 

@ 10% 

Rice DDGS 

@ 15% 

      Day-old 43.03 42.85 43.15 42.30 

I 149.82 147.66 150.61 143.40 

II 401.38 387.80 381.16 348.93 

III 799.71 766.55 725.82 671.12 

IV 1356.31 1260.89 1173.76 1073.08 

V 1929.29 1736.69 1609.92 1520.35 

VI 2493.86 2259.54 2077.91 1990.41 

Mean 1024.77a 943.14ab 880.33bc 827.08c 

 

Note: Those means with at least one common superscript do not differ      

significantly. 

CD for treatments 5% = 100.99 g 
 
 
Table  : 9 ANOVA for live weights 
 

Sources DF SS MSS F 
 

Treatments 3 151998.99 50666.33 6.26** 
 

Weeks 6 16145570.34 2690928.39 332.75** 
 

Error 18 145565.27 8086.96 
  

Total 27 16443134.60 
   

      ** - Significant at 1%. 
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presented in Table 9. The statistical analysis of data revealed that, various 

treatments had significant (P≤ 0.01) effect on average weekly live weights of 

birds. Further comparison of treatments means indicated that the average 

weekly live weights of birds from group A receiving control diet was 

significantly higher than all other treatment groups, except group B. The  

differences in average weekly live weights of birds from group B receiving 

RDDGS at 5% level replacing soybean DOC and oil and the control group 

were statistically non-significant. Among the treatment groups, the differences 

in average weekly live weights of birds from groups B and C were statistically 

non-significant. Similarly the differences in average weekly live weights of 

birds from groups C and D were statistically non-significant. However, the  

average weekly live weights of birds from groups B receiving RDDGS at 5%  

levels replacing soybean DOC and oil were significantly higher than the live 

weights of birds from group D receiving RDDGS at 15% level. 

 

 Thus, it may be concluded that in general, the diet containing Rice 

Distillers Dried Grains with Solubles (RDDGS) at various levels in the diet 

replacing Soybean DOC and oil have negative effect on average live weights 

of birds. Further, as the level of inclusion of RDDGS increased the live weights 

of birds reduced. Hence, use of RDDGS in broiler diets is not recommended 

as far as the response in terms of the growth of the birds. 

 

The finding of the present study are in agreement with the finding of 

Shalash et al. (2009a) who reported that there is significant reduction in body 

weight with increasing levels of DDGS. However, Wang et al. (2008b) had 

reported that birds fed with 15% DDGS did not differ significantly with respect 

to body weights than control. This observation does not corroborate with the 

findings in the present study.  

 

Gain in weights:  

 

 The data pertaining to average weekly gain in weights of the birds 

from different groups from first to sixth week of age are presented in Table 10. 

The same is depicted graphically in Figure 2. It is seen from the table that total 

gain in weights of broilers from groups A to D during six weeks were 2450.83, 
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2216.69, 2034.76 and 1948.11 g, respectively. From the data it is revealed 

that, the birds from the group from group A receiving control diet recorded the 

highest gain in weights at the end of sixth week, followed by the birds from 

groups B, C and D. The birds from the group D receiving the diet containing 

RDDGS at 15% in total diet replacing Soybean DOC and oil recorded the 

lowest gain in weight at the end of six weeks among all the treatments 

including control.  

 

The data pertaining to average weekly gain in weights from different  

replicates within the groups were compared. It was noted that the differences 

within the replicates were statistically non significant. Hence, the data from 

replicates were pooled and then subjected to statistical analysis. The same is 

presented in Table 11. The statistical analysis of data revealed that, various 

treatments had significant (P≤ 0.01) effect on average weekly gain in weights 

of birds.  Further comparison of the treatment means revealed that all the 

treatment groups receiving RDDGS at 5, 10 and 15% levels replacing 

Soybean DOC and oil recorded significantly lower gain in weights than control. 

The differences in average weekly gain in weights amongs the groups B and 

C receiving RDDGS at 5 and 10% levels, respectively, were statistically non-

significant. Similarly, the differences in weekly gain in weights of birds among 

groups C and D were statistically non-significant. However, the birds from 

group D recorded significantly lower gain in weight as compared to birds from 

B receiving diet with RDDGS at 5% level.  

 

Therefore, it may be concluded that replacing Soybean DOC and oil 

with RDDGS negatively affects the gain in weights of broilers.  

 

The finding of the present study are in agreement with the finding of 

Lumpkins et al. (2004), who reported  significant reduction in body weight gain 

with increasing levels of DDGS. However, Youssef et al. (2013) reported that 

birds fed with 15% DDGS had no adverse effects on body weight gain. This 

observation does not corroborate with the finding of the present study.  
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Table : 10 Average weekly gain in weights (g) 

Weeks 

Groups 

A B C D 

Control RDDGS @ 

5% 

 RDDGS @ 

10% 

RDDGS @ 

15% 

I 106.79 104.81 107.46 101.10 

II 251.57 240.14 230.55 205.53 

III 398.33 378.75 344.66 322.19 

IV 556.60 494.34 447.94 401.96 

V 572.98 475.80 436.17 447.28 

VI 564.57 522.85 467.99 470.05 

Total 2450.83 2216.69 2034.76 1948.11 

Mean 408.47a 369.45b 339.13bc 324.68c 

 

Note: Those means with at least one common superscript do not differ 

significantly. 

CD for treatments at 5% = 33.47 g 
 
 
Table : 11 ANOVA for gain in weight 
 

Sources DF SS MSS F 
 

Treatments 3 24725.78 8241.93 11.14** 
 

Weeks 5 524964.57 104992.91 141.87** 
 

Error 15 11101.16 740.08   
 

Total 23 560791.51     
 

      ** - Significant at 1%.  
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Daily gain in weights: 

 

              The data pertaining to average daily gain in weights of the birds from 

different groups from day-old to forty two days of age are presented in Table 

12. It is seen from the table that average daily gain in weights of broilers from 

groups A to D upto six weeks were 61.48, 51.88, 49.65 and 48.23 g, 

respectively. From the data it is revealed that, the birds from the group A 

receiving control diet recorded the highest daily gain in weight at the end of 

sixth week, followed by the birds from groups B, C and D. The birds from the 

group D receiving the diet containing Rice Distillers Dried Grains with Solubles 

(RDDGS) at 15% in total diet replacing Soybean DOC and oil recorded the 

lowest daily gain in weight among all treatments including control. This trend is 

similar to the average weekly live weights of birds from different groups. 

 

Table : 12 Average daily gain in weights (g) 

Weeks 

Groups 

A B C D 

Control RDDGS @ 

5% 

 RDDGS @ 

10% 

RDDGS @ 

15% 

Mean 61.48 51.88 49.65 48.23 

 

 The present findings were in agreement with Abdel-Raheem et al. 

(2011) who reported that the there was decrease in average daily gain in 

broilers fed with 12% of DDGS than control diet. However, Oryschak et al. 

(2010b) reported that there was no adverse effect of including corn and wheat 

DDGS at up to 10% of diet on average daily weight gain.  

Feed consumption: 

  

Average weekly feed consumption of the birds from groups A to D, 

from day-old to six weeks of age are presented in Table 13. The same are 

depicted graphically in Figure 3. The total feed consumption per bird during six 

weeks period for groups A to D was 4536.16, 4317.10, 3913.59 and 3899.42 

g, respectively. The corresponding average weekly feed consumption of birds 
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from groups A to D were 756.03, 719.52, 652.27 and 649.90 g. From the data 

it is revealed that, the birds from the group A receiving control diet recorded 

the highest feed consumption at the end of sixth week, followed by the birds 

from groups B, C and D. The birds from the group D receiving diet containing 

Rice Distillers Dried Grains with Solubles (RDDGS) at 15% in total diet 

replacing Soybean DOC and oil recorded the lowest feed consumption among 

all treatments including control. 

 

The data pertaining to average weekly feed consumption from different  

replicates within the groups were compared. It was noted that the differences 

within replicates were statistically non-significant. Hence, the data from 

replicates were pooled and then subjected to statistical analysis. The 

statistical analysis of data pertaining to average weekly feed consumption is 

presented in Table 14. The statistical analysis of data revealed that, various 

treatments had significant (P ≤ 0.01) effect on average weekly feed 

consumption of birds. Further comparison of treatment means indicated that 

the average weekly feed consumption of birds from group A receiving control 

diet was significantly higher than all the treatment groups. Among the 

treatment groups, the feed consumption of birds from group B receiving 

RDDGS at 5% level was significantly higher than the feed consumption of 

birds from groups C and D. However, the differences in feed consumption of 

birds from groups C and D receiving RDDGS at 10 and 15% were statistically 

non-significant. 

 

Thus, it may be concluded that inclusion of Rice Distillers Dried Grains 

with Solubles (RDDGS) in broiler diets significantly affects the feed 

consumption of birds. Moreover, as the level of inclusion of RDDGS increases 

from 5 to 15% in diet, the feed consumption goes on reducing significantly. 

This reduction in feed consumption also has reflected in corresponding lower 

live weights and gain in weights of birds. It may be due to lower palatability 

and digestibility of nutrients from RDDGS. Moreover, it was also observed 

during the trial that due to fine texture of RDDGS, the birds were not preferring 

the RDDGS included in the diet at various levels. Thus, as the inclusion of 

RDDGS was increased, the birds consumed lesser quantity of feed due to 

powdery nature.  
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Table : 13 Average weekly feed consumption (g) of birds 

 

Note: Those means with a least one comman superscript do not differ 

significantly. 

CD for treatments at 5% = 51.19 g 
 
 
Table: 14 ANOVA for feed consumption 

Sources DF SS MSS F 

Treatments 3 49103.08 16367.69 9.45** 

Weeks 5 3141302.56 628260.51 362.95** 

Error 15 25964.41 1730.96   

Total 23 3216370.05     

 
** - Significant at 1%.  
 

 

 

 

 

 

 

 

Weeks 

Groups 

A B C D 

Control Rice DDGS 

@ 5% 

Rice DDGS 

@ 10% 

Rice DDGS 

@ 15% 

I 131.25 128.25 124.91 131.43 

II 394.07 398.10 361.45 361.25 

III 622.72 627.43 570.94 557.73 

IV 972.71 915.17 822.87 819.16 

V 1170.18 1060.57 946.40 962.12 

VI 1245.23 1187.59 1087.03 1067.74 

Total 4536.16 4317.10 3913.59 3899.42 

Mean 756.03a 719.52b 652.27c 649.90c 
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The finding of the present study is in agreement with the findings of 

Hussaini et al. (2010), who reported that there is reduction in feed 

consumption by feeding 15% Brewers Spent Grain (BSG) in comparison to 

control group. Aghabeig et al. (2013), also reported that the feed consumption 

in control 0% BSG and 5% BSG groups was greater than 10, 15, 20 and 25% 

BSG groups. However, Abdel-Raheem et al. (2011) reported that the birds 

receiving diet with inclusion of 0, 6 and 12% of DDGS had no significant 

difference with respect to feed consumption. This observation is not in 

agreement with findings of present study. 

 

Feed conversion ratio: 

 

Average weekly feed conversion ratios in term of feed intake per unit 

gain in weight for groups A to D, from day-old to six weeks of age are 

presented in Table 15. The same data are also depicted in Figure 4. It is noted 

from the table that average feed conversion ratio for birds from groups A to D 

were 1.73, 1.81, 1.79 and 1.87, respectively. The corresponding cumulative 

feed conversion ratios for birds from groups A to D were 1.85, 1.95, 1.92 and 

2.00.  It was observed that control group recorded better FCR than all other 

treatments. Among the treatment groups, the birds from group C recorded 

better FCR than the birds from groups B and D. The feed conversion ratio of 

birds from control group was marginally better than the birds from group C.   

The FCR for the birds from group D receiving the diet containing RDDGS at 

15% in total diet replacing Soybean Doc and oil was the poorest among all the 

treatment groups including control. 

 

The data pertaining to average weekly feed conversion ratio from 

different replicates within the groups were compared. It was noted that the 

differences within the replicates were statistically non-significant. Hence, the 

data from replicates were pooled and then subjected to statistical analysis. 

The statistical analysis of the data pertaining to average weekly feed 

conversion ratio is presented in Table 16. The statistical analysis of the data 
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Table : 15 Average weekly feed conversion ratio of birds 

Weeks 

Groups 

A B C D 

Control Rice 

DDGS @ 

5% 

Rice DDGS 

@ 10% 

Rice DDGS 

@ 15% 

I 1.23 1.22 1.16 1.30 

II 1.57 1.66 1.57 1.76 

III 1.56 1.66 1.66 1.73 

IV 1.75 1.85 1.84 2.09 

V 2.04 2.23 2.17 2.15 

VI 2.21 2.27 2.32 2.27 

Mean 1.73a 1.81bc 1.79ab 1.88c 

Cumulative 

FCR 

1.85 1.95 1.92 2.00 

 

Note: Those means with a least one comman superscript do not differ 

significantly. 

CD for treatments at 5% = 0.07 
 
 
Table : 16 ANOVA for feed conversion ratio 
 

Sources DF SS MSS F 

Treatments 3 0.069 0.023 7.67** 

Weeks 5 2.877 0.575 191.67** 

Error 15 0.050 0.003  

Total 23 2.996   

 
** - Significant at 1%.  
 

 

 

 

 

 



   

0.00

0.50

1.00

1.50

2.00

2.50

I II III IV V VI

Fig. 4. Average weekly feed conversion ratio

Group A

Group B

Group C

Group D

F
e
e
d

 c
o

n
v

e
rs

io
n

 r
a
ti

o

weeks



47 

 

revealed that, various treatments had significant (P ≤ 0.01) effect on average 

weekly feed conversion ratios of birds. Further comparison of treatment 

means revealed that the birds from control group recorded significantly better 

feed conversion ratio than the birds from all treatment groups except group C 

receiving diet with 10% RDDGS replacing soybean DOC and oil. The 

differences in feed conversion ratio of birds from groups B and C receiving 

RDDGS at 5 and 10% levels, were statistically non-significant. Similarly, the 

birds from group D recorded non-significant differences with respect to feed 

conversion ratio with the birds from group B. However, the birds from group D 

receiving RDDGS at 15% level recorded significantly poorer feed conversion 

ratio than treatment group C. 

 

The results of present study are in agreement with findings of 

Lumpkins et al. (2004), who reported that there was significant difference in 

feed conversion ratio when broilers were fed diets with 18% DDGS and leads 

to poor FCR. However, Wang et al. (2008b) reported that the birds fed with 

15% DDGS did not show significant change in feed conversion ratio than 

control diet. Noll (2004) also reported that the birds fed with DDGS upto 12% 

did not report any significant change in feed conversion ratio as compared to 

control corn-soybean meat-meal diets. These observations do not corroborate 

with the findings of the present study. 

 

Mortality:  

   

The data pertaining to mortality during the entire experimental period of 

six weeks from groups A to D are presented in Table 17. The same data are 

also depicted in Figure 5. From the table, it is observed that mortality in groups 

A to D were 4, 4, 1 and 2 birds, respectively. The corresponding mortality 

percentages for groups A to D were 4, 4, 1 and 2 %. The total mortality in all 

the groups was well within limits of the average mortality on the farm under 

field conditions. Upon post-mortem, none of the dead birds showed any 

specific lesion suggestive of any specific disease or disease condition. Hence, 

it is concluded that use of Rice Distillers Dried Grains with Solubles (RDDGS) 

at different levels had no ill effect on the health of the broilers. 
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Table : 17 Weekly mortality of birds (No.)  

Weeks 

Groups 

A B C D 

Control Rice 

DDGS @ 

5% 

Rice DDGS 

@ 10% 

Rice DDGS @ 

15% 

I 2 0 0 0 

II 1 1 0 1 

III 0 1 1 1 

IV 0 2 0 0 

V 1 0 0 0 

VI 0 0 0 0 

Total 4 4 1 2 

Percentage 4 4 1 2 

 

Economics of production: 

 

During the study, the economics of broiler production from different 

groups was calculated. The same is presented in Table 18. The economics of 

broiler production of trial was worked out considering the prevailing costs and 

prices of input and output in the market. 

The cost of day-old chicks, feed, medication, vaccination, litter, labour 

and overheads were considered while calculating the cost of production. From 

table it is observed that net cost of production per bird was ` 160.47, 145.49, 

127.45 and 119.94 for the birds from groups A, B, C and D, respectively. It is 

observed that the group D receiving diet containing Rice Distillers Dried 

Grains with Solubles (RDDGS) at 15% in total diet replacing Soybean DOC 

and oil had the lowest cost of production on per kg basis. The broilers were 

sold at ` 70 per kg on live weight basis. The net profit per bird was 14.10, 

12.68, 18.00 and 19.39 for groups A to D, respectively. The corresponding net 

profit per kg live weight was 5.65, 5.61, 8.66 and 9.74 for groups A to D. The 

birds from groups D recorded the highest net profit per kg followed by the 

birds from groups C, A and B, respectively. 
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Table : 18  Economics of production at the end of sixth week 

Parameters 

Groups 

A B C D 

Chick cost (`) 18.00 18.00 18.00 18.00 

Feed intake (g) 

1. Prestarter 150 150 150 150 

2. Starter 1000 1000 1000 1000 

3. Finisher 3386.16 3167.10 2763.59 2749.42 

Feed price per kg (`) 

1. Prestarter 30.66 28.78 26.87 25.33 

2. Starter 30.35 28.45 26.52 24.71 

3. Finisher 28.80 26.75 24.93 23.07 

Feed cost per bird (`) 

1. Prestarter 4.60 4.32 4.03 3.80 

2. Starter 30.35 28.45 26.52 24.71 

3. Finisher 97.52 84.72 68.90 63.43 

Total feed cost per bird 
(`) 

132.47 117.49 99.45 91.94 

Miscellaneous cost per 
bird (`) 

10.00 10.00 10.00 10.00 

Net cost of production 
per bird (`) 

160.47 145.49 127.45 119.94 

Body weight at the end 
of 6th week (g) 

2493.86 2259.54 2077.91 1990.41 

Return on sale @ `70 
per kg body weight 

174.57 158.17 145.45 139.33 

Net profit per bird (`) 14.10 12.68 18.00 19.39 

Net profit per kg (`) 5.65 5.61 8.66 9.74 

 
* – Miscellaneous cost includes cost of medicines, vaccines, 

litter, labour and other overheads 
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Overall performance: 

 

The overall performance of broilers from different groups during trial is 

presented in Table 19. 

Table : 19 Overall performance of birds during six weeks 

Parameters 
Groups 

A B C D 

Initial weight (g) 43.03 42.85 43.15 42.30 

Final weight (g) 2493.86a 2259.54ab 2077.91bc 1990.41c 

Total gain in weight 
(g) 

2450.83a 2216.69b 2034.76bc 1948.11c 

Average weekly 
gain in  weight (g) 

408.47a 369.45b 339.13bc 324.68c 

Total feed 
consumption (g) 

4536.16a 4317.10b 3913.59c 3899.42c 

Cumulative feed 
conversion ratio 

1.85a 1.95b 1.92ab 2.00c 

Mortality (%) 4 4 1 2 

Net profit per bird (`) 14.10 12.68 18.01 19.39 

Net profit per kg (`) 5.65 5.61 8.67 9.74 

 

Note : Those means with atleast one common superscript in a row do not 

differ significantly.  

 

 The overall performance of the birds during six weeks indicated that 

use of RDDGS is not useful for obtaining comparable performance from the 

birds with respect to growth parameters when compared with birds from 

control group. Further, it was also observed that increase in the level of 

incorporation of RDDGS lead to reduction in productive performance. 

Similarly, as the level of incorporation of RDDGS increased, it caused 

reduction in feed consumption and deterioration of feed conversion ratio. The 

use of RDDGS had no ill effect on health of birds at any level of inclusion used 

in the trial. However, the profit margins increased upon increase in the level of  
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 incorporation of RDDGS due to reduction in the price of the feed. Hence, it is 

suggested that the use of RDDGS may be done with caution as it doesn’t 

have beneficial effect on growth performance but, has an effect in reducing 

feed price thereby increasing the profit margins. Further, the selling price of 

birds will decide the usage in the poultry industry. 
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5. SUMMARY AND CONCLUSIONS 

 

The present experiment was conducted to study the effect of feeding 

different levels of Rice Distillers Dried Grains with Solubles (RDDGS) on 

performance of broilers. The trial was conducted on four hundred Cobb-400 

broiler chicks for the period of six weeks. The day-old broiler chicks, immediately 

after arrival, were randomly divided into four equal groups of 100 birds each viz., 

A to D. Each group was further subdivided into four replicates of 25 birds each. 

Group A received control diet. Group B received diet containing RDDGS at 5% in 

total diet replacing Soybean DOC and oil, Group C received diet containing 

RDDGS at 10% in total diet replacing Soybean DOC and oil and Group D 

received diet containing RDDGS at 15% in total diet replacing Soybean DOC and 

oil. All the diets were isocaloric and isonirogenous. The performance of all the 

groups was compared with respect to the parameters studied in the experiment. 

All the groups were reared under identical managemental and environmental 

conditions throughout the experimental period on deep litter system of housing 

for a period of six weeks. 

The observations were recorded for daily feed consumption, weekly live 

weights, daily weights of selected birds in each groups and mortality. From these 

observations, average weekly feed consumption, average weekly live weights, 

average weekly gain in weights, average daily gain in weights and average 

weekly feed conversion ratios were calculated. The economics of production for 

the broilers was also calculated at the end of trial. 

The average initial live weights of birds at day-old stage for groups A to D 

were 43.03, 42.85, 43.15 and 42.30 g, respectively. The corresponding average 

live weights at the end of six weeks were 2493.86, 2259.54, 2077.91 and 

1990.41 g. The live weights of birds from group A were highest followed by the 

birds from groups B, C and D. The birds from the group D, recorded significantly 

lower live weights when compared to other treatment groups as well as control 

except for group C. Thus it may be concluded that the use of RDDGS does not 

have beneficial effect on live weights of birds at the end of six weeks. 
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The total gain in weights of birds from groups A to D during six weeks 

were 2450.83, 2216.69, 2034.76 and 1948.11 g, respectively. The corresponding 

average weekly gain in weights of birds from different groups was 408.47, 

369.45, 339.13 and 324.68 g. The birds from group A recorded highest gain in 

weights followed by birds from group, B, C and D at the end of six weeks. Hence, 

the birds from all treatment groups receiving RDDGS at 5, 10 and 15% levels 

recorded statistically lower gain in weight than the birds from control group. The 

average weekly gain in weights of the birds from group D were significantly lower 

than the gain in weights of birds from group B. The differences in gain in weights 

of birds from groups B and C were statistically non-significant. Thus, it can be 

concluded that as the level of RDDGS increases from 5 to 15% in the diet there is 

a significant reduction in the gain in weight of broilers. 

The average daily gain in weights of birds from groups A to D during six 

weeks were 61.48, 51.88, 49.65 and 48.23 g, respectively. The birds from group 

A recorded highest daily gain in weight followed by birds from group, B, C and D.   

Weekly gain in weights and daily gain in weight reduced as the inclusion level of 

RDDGS increased in the diet. 

The total feed consumption per bird during six weeks period for the birds 

from groups A to D were 4536.16, 4317.10, 3913.59 and 3899.42 g, respectively. 

The corresponding average weekly feed consumption of birds from groups A to D 

was 756.03, 719.52, 652.27 and 649.90 g, respectively. The birds from control 

group recorded significantly higher feed consumption than all other treatment 

groups. Among the treatment groups receiving RDDGS, the birds from groups C 

and D receiving RDDGS at 10 and 15% levels respectively, recorded significantly 

lower feed consumption than the birds from group B receiving RDDGS at 5% 

level. Thus, it may be concluded that the feed consumption of birds reduces as 

the level of RDDGS increases in diet. This has also reflected in recording lower 

body weights as the level of RDDGS increased.  

The average weekly feed conversion ratios of the birds from groups A to 

D were 1.73, 1.81, 1.79 and 1.88, respectively. It is observed that birds from 

group A recorded better FCR when compared to treatment groups. Among the 

treatment groups, the group C recorded marginally better FCR than groups B and 

significantly better FCR than group D. The differences in feed conversion ratio of 



 

54 
 

birds from groups C receiving RDDGS at 15% level and the control group were 

statistically non-significant.  

During entire periods of six weeks it is noticed that total mortality for 

groups A to D was 4, 4, 1 and 2%, which as per industry standards is well within 

the limits. Hence, no ill effects were noticed due to use of RDDGS in the diet upto 

15% level on the health of the birds. 

It is noticed that the net cost of production per bird for groups A to D were 

`160.47, 145.49, 127.45 and 119.94, respectively. It is observed that the 

treatment groups had lower cost of production as compared to control group. The 

cost of production per bird reduced as the inclusion level of RDDGS increased. 

The net profit per bird was `14.10, 12.68, 18.00 and 19.39 for groups A to D, 

respectively. The corresponding profits per kg for groups A to D were `5.65, 5.61, 

8.66 and 9.74. It was observed that the birds from group D helped in obtaining 

the highest profits upon sale of birds. The profit obtained from group B was the 

lowest among all treatment groups including control. The profit from sale of birds 

from treatment group was due to reduction in feed prices. 

Thus, it is concluded that use of RDDGS is not beneficial to record better 

or comparable production performance when compared to the birds receiving 

corn-soybean diets alone. However, more profits can be obtained upon use of 

RDDGS due to reduction in feed prices and depending on selling price of birds. 
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B. ABSTRACT 

 

TITLE :  EFFECT OF FEEDING DIFFERENT LEVELS OF RICE DISTILLERS 

               DRIED GRAINS WITH SOLUBLES (RDDGS) ON PERFORMANCE OF 

               BROILERS   

                    

The present experiment was conducted to study the effect of feeding 

different levels of Rice Distillers Dried Grains with Solubles (RDDGS) on 

performance of broilers. The trial was conducted on 400 ‘Cobb 400’ day-old 

broilers chicks for a period of six weeks. The day-old broiler chicks, immediately 

after arrival, were randomly divided into four equal groups of 100 birds each viz., 

A, B, C and D. Each group was further subdivided into four replicates of 25 birds 

each. Group A received control diet, Groups B received diet containing RDDGS 

replacing Soybean deoiled cake (DOC) and oil at 5% level. Group C received diet 

containing RDDGS replacing Soybean deoiled cake (DOC) and oil at 10% level 

and D received diet containing RDDGS replacing Soybean DOC and oil at 15% 

level. All the diets were isocaloric and isonitrogenous. The birds from the group A 

recorded highest live weight and gain in weight followed by the birds from group 

B, C and D. The birds from group D recorded significantly lower body weights as 

compared to the birds from all other groups including control. It was noticed that 

the birds from the group A recorded highest feed consumption. However, the 

birds from group D recorded significantly lower feed consumption when compared 

to all the treatment groups including control. The birds from control group were 

better in feed utilization when compared to the birds from various treatment 

groups. The birds from the group D recorded more profit due to less cost of 

production. Hence, it is concluded that use of Rice Distillers Dried Grains with 

Solubles (RDDGS) is not beneficial to record better or comparable production 

performance when compared to the birds receiving corn-soybean diets alone. 

However, more profits can be obtained upon use of RDDGS due to reduction in 

feed prices, depending on selling price of birds. 

 



ix 
 

 

 

izca?k lkjka'k 

 

1- izca/kkps ukao % rkanGkps m/oZikru d:u feG.kk&;k 

lqdoysY;k /kkU;kpk o fonzkO;kpk 

osxosxG;k izek.kkr  okij d:u R;kpk 
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                                         Lkkjka'k 

 

'kh"kZd %& rkanGkps m/oZikru d:u feG.kk&;k lqdoysY;k /kkU;kpk o 

fonzkO;kpk  osxosxG;k izek.kkr  okij d:u R;kpk ekaly i{;kaoj 

gks.kkjk ifj.kke vH;kl.ks 

 

 rkanGkps m/oZikru d:u feG.kk&;k lqdoysY;k /kkU;kpk o fonzkO;kpk 

osxosxG;k izek.kkr  okij d:u R;kpk ekaly i{;kaoj gks.kkjk ifj.kke 

ikg.;klkBh gk iz;ksx dj.;kr vkyk- lnj iz;ksx ^dkWc 400^ tkrhP;k 400 

ekaly i{kkaP;k fiYykaoj lgk vkBoMs dj.;kr vkyk-  ,dk fnolkP;k ekaly 

fiYykaps izR;sdh 100 i{kh ;kizek.ks v]c]d vkf.k M vls xV dj.;kr vkys-  

izR;sd xVkr izR;sdh 25 i{;kaps pkj mixV dj.;kr vkys-  xV ^v^ yk edk o 

lks;kchu isaM us cufoysyk fu;af=kr vkgkj ns.;kr vkyk-  xV ^c^ P;k [kk|kr 

lks;kchu isaM vkf.k rsyk,soth rkanGkps m/oZikru d:u feGkysYks lqdoysys 

/kkU; o fonzkO; 5% izek.kkr ns.;kr vkys-  xV ^d^ P;k [kk|kr lks;kchu isaM 

vkf.k rsyk,soth rkanGkps m/oZikru d:u feGkysys lqdoysys /kkU; o fonzkO; 

10% izek.kkr ns.;kr vkys vkf.k xV ^M^ P;k [kk|kr lks;kchu isaM vkf.k 

rsyk,soth rkanGkps m/oZikru d:u feGkysys lqdoysys /kkU; o fonzkO; 15% 

izek.kkr ns.;kr vkys- g;k loZ xVkae/khy [kk|kr mtkZ o uk;Vªkst;qDr 

vUu?kVdkaps izek.k leku gksrs-  xV ^v^ P;k i{;kauh lokZf/kd otu vkf.k 

otukrhy ok< uksanoyh vkf.k R;kekxksekx vuqdzes c] d vkf.k M ;k  xVkrhy 

i{;kauh ok< uksanoyh- xV ^M^ P;k i{;kauh fu;af=kr xV vkf.k brj pkp.kh 

xVkaP;k rqyusr y{kf.k;fjR;k deh otu o otukrhy ok< uksanoyh-  xV ^v^ 

P;k i{;kauh lokZf/kd [kk| [kkYys rj xV ^M^ P;k i{;kauh  fu;af=kr o brj 
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pkp.kh xVkais{kk y{kf.kjhR;k lokZr deh [kk| [kkYys-  xV ^v^ P;k i{;kauh 

brj xVkrhy i{;kais{kk mRre [kk|kps xq.kksRrj uksanoys- mRiknu fdaer deh 

vlY;keqGs  xV ^M^ P;k i{;kaiklqu tkLr uQk feGork vkyk-  rjh loaZd"k 

uksanho:u vls fun'kZukl ;srs dh rkanGkps m/oZikru d:u lqdoysys /kkU; o 

fonzkO; [kk|kr okij.ks gs mRiknu {kersP;k n`"Vhus edk o lks;kchu;qDr 

[kk|kis{kk rqyukRed Qk;|kps ukgh- ijarq [kk|kph fdaer deh gksr 

vlY;keqGs rkanGkps m/oZikru d:u lqdoysY;k /kkU; vkf.k fonzkO;kpk okij 

dsY;kl i{;kaP;k fodzhP;k fdaerhuqlkj vf/kd uQk feGoyk tkÅ  'kdrks- 
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