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Abstract

Distillers dried grains with Solubles (DDGS), a co-product of ethanol production process, has been
identified as a promising feed resource for its use in the rations of poultry as an energy and protein
source. The present investigation aimed at assessing the effects of feeding graded levels of DDGS with or
without enzymes on the growth performance of indigenous chicken. A total of 180 21 d old indigenous
chicks were divided into six groups viz. T1, T2, T3, T4, T5 and T6 each with 30 chicks. The birds of T1,
T3 and T5 were fed a basal diet containing 0, 10 and 20 per cent DDGS while the birds in T2, T4 and T6
were fed the same basal diet as that of T1, T3 and T5, respectively, but were additionally supplemented
with a commercial exogenous multi-enzyme preparation. The feeding trial was conducted for a period of
182 d (13 fortnights) excluding a metabolic trial for a period of 8 days. The average final body weight
was recorded highest in T2 group (1643.93+£25.22 g) and lowest in T5 group (1580.00+14.50 g) without
any significant (P>0.05) difference among the groups. No significant difference (P>0.05) was observed
in respect of final body weight, total and mean daily gain in body weight, total feed consumption as well
as overall feed conversion efficiency (FCRs) among the treatment groups. Positive Nitrogen, Calcium
and Phosphorus balances were observed in all the treatment groups with significant differences (P>0.05)
in respect of P retention between T1 and T4 and T6; T3 and T6 and T5 and T6 groups. It is concluded
that DDGS can be incorporated at 20% level in the rations of indigenous chicken for the economic gain
without any adverse affect on growth and nutrient utilization.

Keywords: Body weight, DDGS, enzymes, FCR, growth, indigenous chicken

Introduction

The maize and soybean meal are the major conventional sources of energy and protein,
respectively, in poultry feeds, which are not only becoming scarce but also costly. It seems,
maize will not be completely available in the next few years for using as energy source in
poultry diets due to its use to produce biofuel ethanol in the most produced countries. The
shortage of high quality conventional poultry feed ingredients is considered as one of the
major concern facing poultry producers worldwide especially in the developing countries like
India in near future. So, in the present status of feed resource availability, utilization of non-
conventional feed resources in the poultry feeding is indispensable to keep pace with the
deficiency of nutrients, to make ration economic and to have more profit from poultry. The
replacement of costlier traditional ingredients with cheaper non-conventional ingredients
without adversely affecting the feed quality and bird performance is probably the most viable
proposition to address this situation.

Among others, distillers dried grains with solubles (DDGS), a co-product of ethanol
production process, has been identified as a promising feed resource for its use in the ration of
poultry as an energy and protein source. Recently, a renaissance in the use of DDGS has been
observed worldwide due to rapid escalation in DDGS production and improvement in its
quality when derived from new generation ethanol plants (Panda et al., 2016) ['7), It is a source
of energy, protein, water soluble vitamins and minerals (Jensen et al., 1978; Waldroup et al.,
1981; Parsons et al., 2006) [ 32 181 |t contains a substantial amount of total phosphorus
(0.72%), out of which 54% is available for poultry (NRC, 1994) 1181, It is also a good source of
xanthophylls (Runnels, 1957) 2 and linoleic acid (Scott, 1965) 24,
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Ward et al. (2008) [ noted that arabinoxylans and cellulose
were the predominant non-starch polysaccharides (NSP) in
DDGS, which restrict in the extensive use of it in poultry
feeds. Exogenous enzymes are able to offer nutritional
benefits in a variety of ways by hydrolyzing NSP that could
not be used by poultry (Cost et al., 2008) M. Enzyme
supplementation helps in removing the deleterious
incriminating factors, improving the digestibility of existing
nutrients, increasing the utilization of NPS and supplementing
most of the endogenous enzymes (Classen et al., 1988 and
Friesen et al., 1992) 71, On the other hand, there is an ever-
increasing demand for meats and eggs of indigenous chicken
all over our country. Both the meats and eggs of indigenous
chicken fetch higher prices which are more than double of the
prices of broiler meats as well as commercial table eggs. In
numbers of markets these are marketed as organic meats and
organic eggs, resulting their increased demand among the
consumers. So, it may be considered as the need of the hour to
rear indigenous chicken for meat as well as egg purpose by
feeding balanced poultry feeds like other commercial birds
with proper nutrient concentrations. Rearing such chickens
with somewhat cheaper feeds by using un-conventional and
low-costly ingredients like DDGS to reduce the cost of
production may be considered as very remunerative one for
the village poors. Therefore, the present study was undertaken
to investigate the effect of dietary incorporation of DDGS
with or without multi-enzyme supplementation on the growth
performance and nutrient utilization of indigenous chicken.

Materials and Methods

A total of one hundred and eighty numbers of 21 d-old
indigenous chicks found in Dhemaji district of Assam, reared
for both meat and egg purposes, were taken and divided them
into six groups viz. T1, T2, T3, T4, T5 and T6 containing 30
chicks with 3 replicates of 10 chicks in each group. The
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chicks were wing banded and reared under deep litter system
of management throughout the experimental period following
standard and uniform managemental practices. The birds of
T1 group (control) were offered the standard chick, grower
and layer feeds as per BIS (2007) [ (Table I). The birds of T2
group were fed with the same standard chick, grower and
layer feeds as per BIS (2007) @ with supplementation of
multi-enzyme (Xzyme, Composition: Each kg of Xzyme
premix contains: Lactic Acid Bacteria -30,000 million spores,
Saccharomyces Cervisiae- 100 billion CFU, Amylase- 29,000
1U, Betaglucanase-4,05,000 U, Phytase- 44,500 IU, Lipase-
31,000 IU, Protease- 7,40,000 IU, Cellulase- 5,500 IU,
Pectinase -1,01,000 1U and Hemicellulase- 25,000 1U). Maize
DDGS was incorporated at 10% level in all the rations for T3
and T4 groups and the rations for T4 group was supplemented
with multi-enzymes. In the same way, the birds of T5 and T6
groups were fed with rations containing 20% DDGS without
and with enzymes, respectively. The Composition of chick,
grower and layer rations for birds of different treatment
groups along with the estimated crude protein (CP) and
calculated metabolizable Energy (ME) values were presented
in Table 1. The feeding trial was conducted for a period of
182 days (13 fortnights) using chick feeds for first 42 d,
grower feeds for next 43-140 d and layer feeds for last 141-
182 d. The BW was recorded on day one and thereafter at
fortnightly intervals early in the morning before feeding.
From the records, average fortnightly and final body weights
and the body weight gains of individual birds as well as
average feed consumption and feed conversion ratio (FCR)
were studied and recorded. A metabolic trial was also
conducted after the completion of feeding trial for a period of
8 d by taking 4 birds from each of the groups and keeping
them in metabolic cages. Representative samples of each of
the concentrate feed, DDGS used in the experiment, residual
feed and excreta voided by the birds of different

Table 1: Ingredient and nutrient composition of experimental diets

Ration stages
Ingredients (%) Chick mash Grower mash Layer mash
TUT2* | T3/T4* | T5/T6* | T1/T2* | T3/T4* | T5/T6* | TUT2* | T3/T4* | T5/T6*
Maize 48.00 42.93 39.00 40.40 32.26 29.32 43.18 34.21 32.27
SBM 30.50 25.00 19.00 15.50 10.00 5.00 25.00 19.85 14.30
Rice Polish 5.00 5.00 5.00 5.00 5.00 5.00 5.00 7.00 8.00
DDGS 00 10.00 20.00 00 10.00 20.00 00 10.00 20.00
DCP 1.30 1.20 1.00 1.30 1.20 1.00 1.30 1.20 1.00
LSP 1.70 2.00 2.00 1.70 2.00 2.00 7.00 7.20 7.30
Methionine 0.10 0.07 0.08 0.10 0.07 0.08 0.10 0.07 0.08
Lysine 0.00 0.05 0.18 0.00 0.05 0.18 0.00 0.05 0.18
Salt 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
Mineral-vit. Premix** 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Toxin binder 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Broken Rice 6.00 6.50 6.20 7.05 10.00 10.00 6.00 10.0 6.00
DORB 6.98 6.78 7.12 28.53 29.00 27.00 12.00 10.00 10.45
Enzymes 00 00 00 00 00 00 00 00 0.00
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrient composition
CP(%) 19.25 19.33 19.22 15.49 15.54 15.45 17.55 17.51 17.47
EE(%) 2.97 3.74 4.53 2.75 3.44 4.27 2.77 3.73 4.69
CF(%) 4.92 5.13 5.12 6.88 7.01 7.16 5.43 5.58 6.02
NFE(%) 65.82 64.37 62.95 66.47 65.23 64.14 66.61 65.01 63.61
Calcium(%) 1.08 1.14 1.04 1.01 1.08 1.05 2.93 2.98 2.95
T-P(%) 0.88 0.86 0.87 1.01 1.00 0.99 0.83 0.83 0.84
ME*** (Kcal/kg) 2798 2793 2800 2527 2503 2539 2580 2600 2604

SBM- Soybean meal, DDGS- Distillers dried grains with soluble, DCP- Di-calcium phosphate, LSP-Limestone powder, DORB- De-oiled rice
bran, CP-Crude protein, EE-Ether extract, CF-Crude fibre, NFE-Nitrogen free extract, T-P-Total phosphorus, ME-Metabolizable energy.
*Diets of T2, T4 and T6 groups were additionally supplemented with multi-enzyme preparations (Xzyme) at 0.05 per cent level
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** Mineral-vitamin premix contained (per 1.2 kg)
Calcium- 255 g, Phosphorous- 127.5 g, Magnesium- 6 g,
Manganese- 1.5 g, Iron- 1.5 g, lodine- 325 mg, Copper- 4.2 g,
zinc-9.6 g, Cobalt- 150 mg, Sulphur- 7.2 g, Potassium- 100
mg, Sodium- 6mg, Selenium- 10 mg, Vitamin A- 700000 IU,
Vitamin D3- 70000 IU, Vitamin E- 250 mg, Nicotinamide-
1000 mg and Chromium- 78 mg.

*** Calculated value

treatment groups were analyzed in the laboratory for
proximate principles as per the method described by AOAC
(2007) 11, Calcium and phosphorus content of feeds, residues
and excreta were estimated as per the modified method of
Talapatra et al. (1940) %1, The experiment was conducted in a
completely randomized design (CRD). The statistical analyses
of the experimental data were carried out according to the
method described by Snedecor and Cochran (1994) [
following One way ANOVA and the means were compared
for Duncan’s Multiple Range Test (DMRT) for significance.

Results and Discussion

The BW changes of the birds of different treatment groups
(T1, T2, T3, T4, T5 and T6) were presented in Table 2. No
significant difference (P>0.05) was observed among the
groups in respect to initial, final, total gain and rate of mean
daily gain in BW. The average final body weight (Table 2) of
experimental birds was found to be highest in T2 group
(1643.93+£27.49 g) receiving no DDGS but with enzyme
supplementation and lowest in T5 group (1580.00£19.56 g),
where the birds were fed with diets containing 20% DDGS
without any enzymes. The maximum and minimum mean
final body weight gains and daily body weight gains among
the experimental birds were recorded in T2 (1592+25.18 g
and 8.75+0.14 g) and T5 group (1529+14.57 g and 8.10+0.08
), respectively.

Table 2: Mean daily and total body weight gain (g/bird) in
experimental birds of different groups

Dietary Particulars

groups |Initial BW| Final BW Net gain in BW |ADG (g)
T1  |51.5740.32|1607.86+£16.29| 1556+16.36  |8.55+0.09
T2 51.43+0.25[1643.93+25.22 1592+25.18  [8.75+0.14
T3 51.63+0.32{1589.26+13.83 1537+13.89  [8.15+0.08
T4  |51.5340.33|1603.21+13.88|  1552+13.96  |8.53+0.08
T5 51.53+0.33]1580.00+£14.50 1529+14.57  [8.10+0.08
T6 51.53+0.33]1596.07+£11.78 1545+11.83  [8.49+0.06

SEM 0.13 8.41 7.91 0.04

Means with different super script within the same column differed
significantly (P>0.05)

The decreased BW in DDGS incorporated groups might be
due to change of amino acid pattern of the diets as soybean is
known to have more favorable amino acid pattern than corn or
corn DDGS for poultry. In DDGS added rations percentage
protein from soybean meal was decreased and at lower
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inclusion rates of DDGS, there appeared to be sufficient
amino acids from soybean protein leading to no adverse effect
on the growth of the birds. Again, in the layer rations, fed to
the birds from 11™ fortnight onward, soybean meal percentage
was increased to fulfill the higher protein requirement leading
to somewhat favorable amino acid pattern in the ration, which
might led to comparable body weights of birds in 12" and 13™
fortnights. The higher body weights of the birds in enzyme
supplemented groups- T2, T4 and T6 compared to un-
supplemented groups-T1, T2 and T5 groups, respectively,
might be due to better nutrient utilization caused by
exogenous multi-enzymes in the ration.

The results of this study were in agreement with Lukaszewicz
and Kowalczyk (2014) 241 who reported that incorporation of
DDGS up to 15% and without enzyme addition in the diets
decreased final BW of the broiler chicken. Similarly,
Widyaratne and Zijlstra (2007) B4 also found that, diets with
20% wheat DDGS had a decreasing trend on performance.
The results of the research works conducted by Dale and
Batal (2003) Bl; Lukaszewicz and Kowalczyk (2014) 04
Lumpkins et al. (2004) 1 and Loar et al. (2010) 3 were in
the same line with the present study, wherein DDGS
incorporated diets in broiler ration at various levels resulted in
a decrease in performance with increasing the levels of DDGS
in the diets. Similarly, Swiatkiewicz et al. (2014) 7] reported
from an experiment in broiler chicken that adding 0, 12 and
18% corn-DDGS with or without enzymes
(xylanase+phytase) supplementation had no influence on BW
when compared with the control diet.

The average total feed consumption per bird was 11665,
1664, 11669, 11739 and 11748 g in T1, T2, T3, T4, T5 and
T6 groups, respectively. Similar trend of findings with respect
to feed consumption was observed by Pineda et al. (2008) 21,
Tang et al. (2011) B% conducted an experiment in broiler birds
with 0, 5, 10, 15 and 20% corn DDGS in different groups and
reported no significant (P>0.05) differences in overall feed
intake among the treatment groups. Other workers such as
Swiatkiewicz and Koreleski (2006) [8  Thacker and
Widyaratne (2007) B3, Ibrahim et al. (2008) [% and Hassan
and Aquil (2015) P! also found no significant (P>0.05)
difference in feed consumption among different treatment
groups by adding DDGS levels up to 10-15%. In the same
line with the findings of present study, Ghazalah et al. (2011)
Bl opined that there was no significant effect of DDGS,
Avizyme or their interaction on feed intake in Bovans Brown
layers. Likewise, Swiatkiewicz et al. (2013) ?®1 also reported
that DDGS at the level of 200 g/kg with enzyme (xylanase
and phytase) in the diets of laying hens had no effect on feed
intake.

In the present study the higher feed intake data in the
experimental groups fed with increased levels of DDGS in
comparison to control and lower- DDGS supplemented
groups might be due to dilution of nutrients and increased
fibre level in those diets which was in good agreement with
earlier researchers.

Table 3: Mean fortnightly and total feed consumption (g) and mean FCR per bird under different treatment groups

Dietary groups
Fortnights T1 T2 T3 T4 T5 T6

Feed consumption (FC) FCR| FC |FCR| FC |FCR| FC |FCR| FC |FCR| FC |FCR
1 255 498 | 253 | 483 | 262 | 519 | 256 | 5.03 | 264 | 530 | 263 | 5.13
2nd 393 364 | 401 | 3.63 | 396 | 3.78 | 398 | 3.70 | 403 | 3.81 | 408 | 3.87
3rd 525 317 | 524 | 3.09 | 527 | 328 | 529 | 3.17 | 530 | 3.86 | 533 | 3.31
4t 595 2.89 | 598 | 2.88 | 604 | 3.07 | 606 | 2.88 | 597 | 2.86 | 601 | 2.87
5h 737 329 | 743 | 327 | 741 | 337 | 736 | 330 | 740 | 333 | 739 | 3.32
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6 771 411 | 775 | 421 | 777 | 413 | 778 | 408 | 781 | 424 | 782 | 4.20
7h 875 559 | 873 | 556 | 880 | 565 | 875 | 562 | 878 | 556 | 881 | 551
g 1015 9.09 | 1014 | 8.95 | 1007 | 8.61 | 1010 | 8.74 | 1020 | 8.71 | 1022 | 8.50
g 1121 1257 1119 |13.10| 1129 | 1252 | 1132 |12.41| 1148 |13.57 | 1123 |16.48
10t 1220 17.10 | 1226 |19.31| 1218 |17.65| 1222 | 1595 | 1237 |15.99 | 1241 | 15.94
11t 1299 2546 | 1298 | 25.63 | 1285 |25.98 | 1290 |23.00| 1308 | 24.98 | 1311 | 23.69
12t 1404 31.25| 1406 |32.51| 1398 |31.96 | 1404 |31.24 | 1412 | 28.78 | 1419 | 30.13
13t 1438 40.40 | 1432 | 41.34 | 1444 |38.29 | 1434 | 44.23 | 1422 |47.56 | 1428 | 43.69
Overall 11653 7.51 | 11665 | 7.37 | 11664 | 7.62 | 11669 | 7.51 | 11739 | 7.69 | 11748 | 7.64

The overall FCR of the birds for entire period of study was
least in T2 group (7.37), followed by T1 (7.51), T4 (7.51), T3
(7.62), T6 (7.64) and T5 (7.69) groups, which were
comparable among the groups as well as with the control
group. The results of this study with respect to FCRs were in
agreement with the reports of Swiatkiewicz and Koreleski
(2006) 281 who carried out a study on laying hen performance
in Lohman Brown hens by feeding DDGS at five inclusion
rates of 0, 5, 10, 15, or 20% in the diets and came out with the
conclusion that there was no significant (P>0.05) effect on
feed conversion when DDGS was fed up to 20%. The FCR
data of the present study were also in corroboration with the
findings of Hassan and Aqil (2015) ®1 who studied the
productive performance of Hisex laying hens by adding
different levels DDGS at 0, 5, 10 or 20% in their rations and
concluded that there were no significant effect of adding
DDGS on FCR per egg mass.

Pescatore et al. (2012) [ also observed from an experiment
in Hy-Line Brown hens by feeding diets containing 15 or 23%
DDGS with or without enzyme complex that neither the

dietary treatments affect feed conversion. The findings of this
study were in corroboration with the results of Schedle et al.
(2016) 231 who carried out an experiment in broiler chicken by
feeding them diets containing 8%, 16% and 24% DDGS, with
or without NSP-hydrolyzing enzymes and observed no effect
of increasing DDGS content on FCR in growing stage.
Percent retention of intake nitrogen, calcium and phosphorus
(Table 4) ranged between 51.75+2.43 to 53.81+2.14,
39.17+3.60 to 40.26+3.55 and 47.98+0.51 and 50.10+0.54,
respectively, in different groups. Positive balances were
observed in N, Ca and P utilization and no significant
difference (P>0.05) was observed in percent retention of
nitrogen and calcium among the groups and significant
difference (P< 0.05) was recorded between T1 and T4 and T6
groups, between T3 and T6 and between T5 and T6 groups in
percent P retention. Nitrogen and Ca balances were found to
be on the lower side in all the treatment groups, which might
be due to greater release of these nutrients in the eggs,
produced by the hens during the days of metabolism trial.

Table 4: Average intake, balance and percent retention of nitrogen, calcium and phosphorus

. . Dietary groups
Nutrients Particulars 1 ™ T3 T2 T5 T6 SEM
Intake (g) 2.66+0.02 2.70+0.02 2.66+0.01 2.77+0.11 2.68+0.02 2.79+0.02 |0.0070
Excreted in excreta (g) | 1.05+0.01 1.05+0.01 1.05+0.01 1.07+0.01 1.10+0.01 1.09+0.01 |0.0047
Nitrogen | Excreted ineggs (g) | 0.205+0.205 | 0.205+0.205 | 0.205+0.205 | 0.207+0.207 | 0.200+0.200 | 0.202+0.202 |0.0737
Balanced (g) 1.41+0.11 1.50+0.02 1.40+0.02 1.43+0.03 1.39+0.02 1.41+0.02 |0.0238
% Retention of N 52.96+2.51 53.81+2.14 52.77+2.55 52.81+2.16 51.75+2.43 52.10+2.50 |0.8734
Intake (g) 2.78+0.03 2.80+0.01 2.83+0.01 2.87+0.02 2.83+0.02 2.85+0.02 | 0.009
Excreted in excreta (g) | 1.36+0.01 1.36+0.01 1.38+0.01 1.41+0.01 1.41+0.01 1.40+0.01 .006
Calcium Excreted in eggs (g) | 0.317+0.317 | 0.319+0.319 | 0.317+0.317 | 0.316+0.316 | 0.313+0.313 | 0.315+0.315 |0.114
Balanced (g) 1.12+0.02 1.11+0.02 1.14+0.01 1.14+0.09 1.11+0.16 1.13+0.11 | 0.036
% Retention of N 40.26+3.55 39.79+3.33 40.05+3.52 39.68+3.34 39.17+3.60 39.77+3.71 |1.268
Intake (g) 0.79+0.01 0.80+0.01 0.79+0.01 0.82+0.01 0.81+0.02 0.83+0.01 |0.0039
Excreted in excreta (g) | 0.40+0.01 0.40+0.01 0.40+0.01 0.40+0.01 0.41+0.01 0.40+0.01 |0.0015
Phosphorus| Excreted in eggs (g) |0.0103+0.0103|0.0104+0.0104 |0.0102+0.0102 |{0.0104+0.0104 |0.0102+0.0102|0.0102+0.0102|0.0173
Balanced (g) 0.38+0.01 0.40+0.01 0.38+0.01 0.40+0.01 0.39+0.01 0.42+0.02  |0.0037
% Retention of N 47.98%+0.51 | 49.42%+0.61 | 48.20%+0.62 | 49.59°+0.14 | 48.12%+0.68 | 50.10%+0.54 |0.2622

abedefMeans bearing the different superscripts within the row differ significantly (P< 0.05)

The results of the present study with respect to N retention
was in agreement with the findings of Thacker and
Widyaratne (2007) B, who carried out an experiment on
nutritional value of diets containing graded levels of wheat
distillers grains with soluble at the levels of 0, 5, 10, 15 or
20% fed to broiler chicks and reported that percent nitrogen
retention under different dietary treatments varied non-
significantly (P>0.05). lbrahim et al. (2008) ' conducted a
trial in male broiler chicks by feeding diets containing 0, 5, 10
or 15% DDGS and reported that there was no significant
effect of increased DDGS levels on excreta quality.

The results of the study conducted by Leytem et al. (2008) [
was also in the same line to the present experiment, who
observed that the apparent retention of nitrogen decreased
linearly with increasing DDGS inclusion (0-20%) in the diets

of broiler birds. Deniz et al. (2013) ¢ conducted experiments
in laying chicken using different levels of DDGS at 0, 5, 10,
15 and 20% with or without enzyme cocktails in their diets
and found that the levels in manure N were not affected by
dietary DDGS inclusion. In the present study the non-
significant (P>0.05) difference in respect of nitrogen retention
with linearly decreased retention with increasing levels of
DDGS in the diets among the treatment groups might be due
to dilution of nutrient density in the ration due to increasing
fibre levels in the diets.

The significant (P< 0.05) difference in respect of P retention
between T1 and T4 and T6 groups might be due to the effects
of higher content of DDGS in T4 and T6 groups, which is
high in available P content and also due to the action of
phytase enzyme which was supplemented in both the groups.
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Likewise, significant (P< 0.05) difference in P retention
between T3 and T6 and T5 and T6 groups might be due to the
effects of phytase. In the present study the significant (P<
0.05) difference in percent of P retention among the treatment
groups might be due to presence of higher amount of
available phosphorus in DDGS and supplementation of
phytase in the diet.

As there is no significant differences among the groups in
respect of body weights, BWG, FCR as well as the nutrients
utilization except P retention, by observing the economic
benefits (not shown in this paper) due to addition of DDGS in

the

rations, it is concluded that DDGS can safely be

incorporated at 20% level as alternate feed ingredient in the
rations of indigenous chicken with multi-enzymes for
economical and profitable poultry production.

References

1.

10.

11.

12.

AOAC. Official Methods of Analysis, 18th Edn.,
Association of Official Analytical Chemists, Washington
DC, USA, 2007.

BIS. Indian Standard: Poultry Feed Specifications,
Bureau of Indian Standards, 5 Rev., New Delhi, 2007.
Classen HL, Campbell GL, Rossnagel BG, Bhatty RS,
Reichert RD. Improved feeding value of Saskatchewan
grown barley for broiler chickens with dietary enzyme
supplementation. Can. J Anim. Sci. 1988; 68:1253-1259.
Cost FGP, Gourlart CC, Figueiredo DF, Oliveira CFS,
Silva IHV. Economic and environmental impact of using
exogenous enzymes on poultry feeding. Int. J Poult. Sci.
2008; 7:311-314.

Dale N, Batal AB. Nutritional value of distillers dried
grains and solubles for poultry. 19" Annual Carolina
Nutr. Conf., Research Triangle Park, NC, 2003, 1-6.
Deniz GH, Gencoglu H, Gezen SS, Turkmen Il, Orman
A, Kara C. Effects of feeding corn distillers dried grains
with soluble with or without enzyme cocktail
supplementation to laying hens on performance, egg
quality, selected manure parameters and feed cost.
Livest. Sci. 2013; 152:174-181.

Friesen OD, Guenter W, Margardt RR, Rotter BA. The
effect of enzyme supplementation on the apparent
metabolisable energy and nutrient digestibilities of
wheat, barley, oats and rye for young broiler chicks.
Poult. Sci. 1992; 71:1710-1721.

Ghazalah AA, Abd Elsamee MO, Abd El-Hakim AS,
Ibrahim MM. Evaluation of using Distillers Dried Grains
with Soluble (DDGS) in broiler diets. Egypt. Poult. Sci.
2011; 32:381-397.

Hassan SM, Al Aqgil AA. Effect of Adding Different
Dietary Levels of Distillers Dried Grains with Solubles
(DDGS) on Productive Performance of Laying Hens. Int.
J. Poult. Sci. 2015; 14(5):279-284.

Ibrahim MI, Youssef CW, Sunder A, Liebert F, Josef
Kamphues J. Evaluation of dried distillers' grains with
solubles (DDGS) as a protein source for broilers.
Published online: 2008, 404-414 (https://doi.org/10.108
0/17450390802332985).

Jensen LS, Chang CH, Wilson SP. Interior egg quality:
Improvement by distillers feeds and trace elements.
Poultry Sci. 1978; 57:648-654.

Leytem AB, Kwanyuen P, Thacker P. Nutrient
Excretion, Phosphorus Characterization and Phosphorus
Solubility in Excreta from Broiler Chicks Fed Diets
Containing Graded Levels of Wheat Distillers Grains
with Solubles. Poult. Sci. 2008; 87:2505-2511.

~177~

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

http://www.chemijournal.com

Loar RE, Schilling MW, McDaniel CD, Coufal CD,
Rogers SF, Karges K et al. Effect of dietary inclusion
level of distillers dried grains with solubles on layer
performance, egg characteristics and consumer
acceptability. J. Appl. Poult. Res. 2010; 19:30-37.
Lukaszewicz E, Kowalczyk A. Slaughter yield and breast
meat quality of chicken broilers in relation to sex and
level of dietary maize distillers dried grains with solubles
(DDGS). Revue Méd. Vét. 2014; 165(5-6):176-182.
Lumpkins BS, Batal AB, Dale NM. Evaluation of
Distillers Dried Grains with Solubles as a feed ingredient
for 8 broilers. Poult. Sci. 2004; 83:1891-1896.

NRC (National Research Council). Nutrient Requirement
of Poultry, 9" Edition, National Academy Press,
Washington, DC, 1994,

Panda AK, Sahoo B, Kumar A. Alternate feed resources
in poultry. Proc. XXXIII Annual Conf. and National
Symposium on “Rural Poultry for Livelihood, 20167,
College of Veterinary Science, Khanapara, Guwahati-
22.2016:1-58-66.

Parsons CM, Martinez C, Singh V, Radhakrishnan S,
Noll S. Nutritional value of conventional and modified
DDGS for poultry. Feeding and Nutri. Conf,,
Indianapolis IN, May 23-25, 2006.

Pescatore AJ, Rossi P, Cantor AH, Pierce JL, Ao T,
Macalintal LM et al. Effect of distillers dried grains with
solubles and an enzyme supplement on performance and
egg quality of brown egg layers. Poult. Sci. 2012;
89(1):368.

Pienda L, Roberts S, Kerr B, Kwakkel R, Verstegen M,
Bregendahl K. Maximum dietary content of corn dried
distiller’s grains with solubles in diets for laying Hens:
Effects on nitrogen balance, Manure excretion, egg
production, egg quality. Lowa state university animal
industry report, 2008, 2334.

Runnels TD. Corn distillers dried solubles as a growth
promoting and pigmenting ingredient in broiler finishing
diets. Proc. Distillers Feed Research Council
Conference, Cincinnati, Ohio. 1957; 12:54-60.

Schedle K, Humer E, Leitgeb R, Freudenberger G, Ebner
KM, Schwarz C. Inclusion of NSP-hydrolysing enzymes
in diets for broiler chicks containing increasing content
of distillers dried grains with solubles (DDGS). J. Land
Management, Food and Environment. 2016; 67(3):185-
198.

Scott ML. Distillers dried solubles for maximum broiler
growth and maximum early egg size. Proc. Distillers
Res. Conf., Cincinnati OH. 1965; 20:55-57.

Snedecor GW, Cochran WG. Statistical Methods, 8%
Edn., The lowa State University Press, Ames, lowa,
1994,

Swiatkiewicz S, Koreleski J. Effect of maize distillers
dried grains with solubles and dietary enzyme
supplementation on the performance of laying hens. J
Anim. Feed Sci. 2006; 15:253-260.

Swiatkiewicz S, Arczewska-Wlosek A, Jozefiak D. Bone
quality indices in laying hens fed diets with high level of
DDGS and supplemented with selected feed additives.
Czech J. of Anim. Sci. 2014; 59:61-68.

Swiatkiewicz S, Arczewska-wlosek A, Krawczyk J,
Puchala M, Jozefiak D. Effects of selected feed additives
on the performances of laying hensgiven a diet rich in
maize dried distiller’s grains with soluble. Brit. Poult.
Sci. 2013; 54(4):478-485.


http://www.chemijournal.com/

International Journal of Chemical Studies http://www.chemijournal.com

28. Talapatra SK, Roy SC, Sen KC. The analysis of mineral
constituents in biological material. 1. Estimation of
phosphorus, chlorine, calcium, magnesium and
potassium in feeding stuffs. Indian J Vet. Sci. and A. H.
1940; 10:243.

29. Tang Z, Ebrahimi M, Alimon AR, Soleimani AF, Filer
K. Effects of feeding different levels of corn dried
distillers grains with solubles on growth performance,
carcass yield and meat fatty acid composition in broiler
chickens. Int. J Anim. Vet. Advances. 2011; 3(3):205-
211.

30. Thacker PA, Widyaratne GP. Nutritional value of diets
containing graded levels of wheat distillers dried grains
with solubles fed to broiler chicks. J Sci. Food and Agri.
2007; 87:1386-1390.

31. Waldroup PW, Owen JA, Ramsey BE, Whelchel DL.
The use of high level of distillers dried grains with
solubles in broiler diets. Poult. Sci. 1981; 60:1479-1484.

32. Ward NT, Zijlstra RT, Parsons C, Starkey C. Non-starch
polysaccharides (NSP) content of US commercial corn
DDGS. Poult. Sci. 2008; 60:1479-1484.

33. Widyaratne GP, Zijlstra RT. Nutritional value of wheat
and corn distillers dried grain with solubles: digestibility
and digestible contents of energy, amino acids and
phosphororus,  nutrient  excretion and  growth
performance of grower- finisher pigs. Can. J of Anim.
Sci. 2007; 87:103-114.

~178~


http://www.chemijournal.com/

