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Reduced-Oil DDGS in Broiler and Layer Diets

Introduction

CORN DDGS IS AN EXCELLENT FEED INGREDIENT for use in 
broiler and layer diets. Several scienti�c reviews have been 
published that include recommended energy and nutrient 
values for DDGS when formulating broiler and layer diets 
(Waldroup et al. 2007; Choi et al., 2008; Swiatkiewicz and 
Korelski, 2008; Bregendahl, 2008; Salim et al., 2010; El-
Hack et al., 2015), but these recommendations generally 
apply for high-oil (greater than 10 percent crude fat) DDGS 
and not reduced-oil (less than 10 percent crude fat) DDGS. 
Fortunately, a considerable amount of research has been 
conducted during the past seven years to determine the 
apparent metabolizable energy (AMEn) and digestible amino 
acid content of DDGS with variable crude fat content. 
Results from these recent studies are summarized in this 
chapter. The energy and nutritional composition data, and 
prediction equations used to derive them, are the most 
current and representative for corn DDGS sources produced 
in the U.S., and should be used when formulating precision 
nutrition DDGS diets for broilers and layers. 

Corn DDGS contains about 85 percent of the energy value 
present in corn for poultry, has moderate levels of digestible 
essential amino acids, and is high in available phosphorus 
content. Layer and broiler diets can easily contain up to 10 
percent DDGS with minimal, if any, formulation adjustments 
for energy and amino acids. In a literature review conducted 
10 years ago, Swiatkiewicz and Korelski (2008) concluded 
DDGS is an acceptable ingredient for use in poultry diets 
and can be safely added at levels of 5 to 8 percent in broiler 
starter diets, and 12 to 15 percent in grower and �nisher 
diets for broilers and laying hens. However, these are 
conservative dietary inclusion rates and based on formulating 
diets on a total amino acid basis rather than a digestible 
amino acid basis. Recent research studies (Shim et al. 2011; 
Loar et al., 2010; Masa’deh et al. 2011) have shown DDGS 
can be added to poultry diets at even higher dietary inclusion 
rates (e.g. greater than 20 percent) as long as accurate 
energy and digestible amino acid values are used when 
formulating DDGS diets. 

Energy and Digestible Nutrient Content of 
Reduced-Oil DDGS for Poultry
Energy is the most expensive component of poultry diets, 
followed by amino acids and phosphorus. Therefore, 

determining accurate AMEn, digestible amino acids and 
available or digestible phosphorus values for the DDGS 
source being fed to poultry, is the most important aspect 
for maximizing diet inclusion rates and minimizing diet cost, 
without affecting performance or meat and egg quality. It 
is well documented that AMEn, digestible amino acid and 
available phosphorus content varies among DDGS sources. 
The most successful poultry integrators around the world 
use precision nutrition approaches to formulate diets based 
on AMEn or true metabolizable energy (TME), standardized 
ileal digestible (SID) amino acids and standardized total 
tract digestible or available phosphorus. Due to the 
variability in nutrient composition of DDGS among sources, 
dynamic estimates of AME and digestible amino acids 
and phosphorus should be used instead of published 
reference values, which are outdated. This chapter provides 
the latest “state-of-the-art” approaches for determining 
dynamic estimates of AMEn, SID amino acids and available 
phosphorus using prediction equations. These approaches 
should be used when determining economic and nutritional 
value in least-cost feed formulation when evaluating various 
U.S. corn DDGS sources. Use of these prediction equations 
will provide accurate estimates of these important diet 
formulation variables that will enable the use of relatively 
high dietary inclusion rates of DDGS to achieve substantial 
diet cost savings, while supporting acceptable growth 
performance and carcass characteristics in broilers, and egg 
production and egg quality in layers. 

Accurate nutritional values for feed ingredients are also 
essential for determining economic value, including the 
highest price that can be paid for DDGS to be used in 
least cost diet formulations, as well as the maximum diet 
inclusion rates. Tahir and Pesti (2012b) calculated about 
$160 million in feed costs can be saved by the global poultry 
industry if the most accurate digestible amino acid database 
for feed ingredients is used. Use of linear programming in 
feed formulation software has been widely implemented to 
determine the optimal feed ingredient mixture to minimize 
diet cost by setting restrictions (minimum and maximum 
inclusion rates) of ingredients relative to meeting nutrient 
requirements. In addition, most commercial feed formulation 
software provides the capability of sensitivity analysis or 
“shadow pricing” to determine the highest price at which 
an individual ingredient would be included in the formula. 
Using this approach, feed ingredient usage curves can be 
developed based on ingredient prices and diet inclusion 
rates in various feed formulas.



CHAPTER 18  |  Reduced-Oil DDGS in Broiler and Layer Diets 167

Apparent metabolizable energy (AMEn) 
content and prediction

The NRC (1994) for poultry indicates the AMEn content 
of DDGS is 2,667 kcal/kg and the TMEn content is 3,330 
kcal/kg on a dry matter (dry matter) basis. However, these 
estimates are derived from conventional high-oil (greater 
than 10 percent crude fat) DDGS produced in the ethanol 
industry over 20 years ago. Today, the composition of 
reduced-oil DDGS is substantially different than the sources 
previously used to develop the NRC (1994) energy and 
nutrient composition values. Three recent studies have been 
conducted to determine the AMEn content of DDGS sources 
with variable crude fat concentrations (Table 1). 

First, the average AMEn value for DDGS reported by 
Rochell et al. (2011) was 2,678 kcal/kg dry matter, 
and was similar to the value reported in NRC (1994). 
However, in the Rochell et al. (2011) study, only one DDGS 
source contained less than 10 percent crude fat, which 
corresponded with the lowest AMEn content (Table 1). 
The range in AMEn content among conventional, high-oil 
DDGS sources was 2,593 to 3,098 kcal/kg dry matter, 
which was a difference of 505 kcal/kg dry matter among 
DDGS sources with similar crude fat content. Although only 
six DDGS sources were evaluated in this study, the AMEn

content was not correlated with gross energy (GE), crude 
fat, crude protein, starch, ash, and ADF content, but it was 
negatively associated with total dietary �ber (TDF; r = -0.77) 
and neutral detergent �ber (NDF; r = -0.83) content. This 
�nding indicates �ber content is more closely associated 
with AMEn content of DDGS than crude fat content. 

In a subsequent study, Meloche et al. (2013) evaluated 15 
DDGS sources, of which six of these sources contained 
less than 10 percent crude fat. The average AMEn

content of these DDGS sources was 2,309 kcal/kg dry 
matter, which was 358 kcal/kg dry matter less than the 
NRC (1994) value (Table 1). Furthermore, the difference 
in AMEn content among these 15 DDGS sources was 
955 kcal/kg dry matter, and greater than reported in the 
Rochell et al. (2011) study. The concentration of AMEn

ranged from 1,869 to 2,824 kcal/kg dry matter and 
was positively correlated with GE (r = 0.69) content, and 
negatively correlated with TDF (r = - 0.56), NDF (r = - 0.52), 
acid detergent �ber (ADF; r = - 0.52) content, but was not 
correlated with crude fat, crude protein, starch, or ash 
content. These correlations (or lack thereof) are consistent 
with those reported by Rochell et al. (2011), and indicate 
�ber content of DDGS is more closely associated with AMEn

content than crude fat content. Furthermore, these data also 
indicate one cannot assume a reduction in crude fat content 
in DDGS results in an increase in crude protein and �ber 
content because they were not correlated. Collectively, the 
results from these two studies indicate crude fat content in 
DDGS is a very poor predictor of AMEn content.

In a third study, Meloche et al. (2014) reported the average 
AMEn content of DDGS sources evaluated was 2,764 kcal/
kg dry matter, which was 97 kcal/kg dry matter greater 
than NRC (1994) value for broiler chicks (Table 1). When 
combining data from these three studies, the range in AMEn

content among DDGS sources with variable crude fat content 
was from 1,869 to 3,634 kcal/kg dry matter. This high 
variability in AMEn content among DDGS sources indicates 
the use of published book values will not provide reliable 
AMEn values for use in practical diet formation, and more 
dynamic approaches are needed. Therefore, Meloche et al. 
(2013) developed a “best-�t” AMEn prediction equation using 
chemical composition measures of DDGS:

AMEn kcal/kg dry matter = - 12,282 + (2.60 × GE kcal/kg 
dry matter) – (40.67 ×  percent TDF dry matter) + (89.75 
×  percent Crude Protein dry matter) + (125.80 ×  percent 
Starch dry matter) with R2 = 0.86.

Although this equation is highly accurate (R2 = 0.86) in 
predicting AMEn content of DDGS sources, measurement 
of gross energy, TDF and starch content is not commonly 
determined in commercial laboratories. Therefore, these 
researchers developed an alternative AMEn prediction 
equation using NDF as the �ber measure instead of TDF:

AMEn kcal/kg dry matter = - 14,322 + (2.69 × GE kcal/kg 
dry matter) + (117.08 ×  percent Crude Protein dry matter) 
+ (149.41 ×  percent Starch dry matter) - (18.30 ×  percent 
NDF dry matter) with R2 = 0.88.

This equation resulted in a slight improvement in accuracy 
(R2 = 0.88) compared with the initial equation, but still 
requires the determination of gross energy and starch 
which are often dif�cult to obtain from analysis provided by 
commercial laboratories.

Therefore, Meloche et al. (2014) determined the AMEn

content of 15 additional DDGS samples that ranged from 
5.0 to 14.2 percent crude fat on a dry matter basis, and 
used these data to validate AMEn prediction equations from 
Rochell et al. (2011) and Meloche et al. (2013). Although 
obtaining GE and TDF values from analysis by commercial 
laboratories is dif�cult, the best-�t equation with the highest 
R2 (0.92) was:

AMEn kcal/kg dry matter = 2,655 - (18.29 ×  percent 
NDF) + (44.14 ×  percent Ether Extract) + (0.21 × GE, 
kcal/kg) - (10.91 ×  percent TDF) – (91.08 ×  percent 
Ash) with R2 = 0.92 with a prediction accuracy of 321 
kcal/kg.

However, if only commonly measured chemical components 
are available, the following equation can be used, but it has 
a lower R2 (0.70), and it is less accurate (+ 457 kcal/kg) than 
the previous equation:
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Table 1. Gross energy, AMEn, and chemical composition (dry matter basis) of DDGS sources varying in crude fat content 
(adapted from Rochell et al., 2011; Meloche et al., 2013; and Meloche et al., 2014)

Rochell et al. (2011)
DDGS 
source GE, kcal/kg

AMEn,  
kcal/kg Crude fat % Crude protein % TDF % NDF % ADF % Starch % Ash %

4 5,547 3,098 11.7 29.5 35.9 33.4 8.6 4.9 5.4

1 5,434 2,685 10.2 31.9 35.7 40.1 14.4 6.2 4.5

5 5,375 2,593 10.9 29.7 38.1 40.1 10.6 3.5 4.4

3 5,314 2,628 11.5 29.6 30.3 34.6 11.3 7.9 4.2

6 5,174 2,903 11.5 26.5 32.7 27.7 9.8 3.3 4.5

2 5,076 2,146 3.2 34.7 37.2 51.0 15.8 3.0 5.2

Meloche et al. (2013)
15 5,167 2,687 13.2 30.6 32.4 34.0 9.9 1.3 5.3

14 5,130 2,824 11.8 32.1 33.5 38.9 13.3 1.1 4.9

12 5,077 2,074 11.3 27.7 37.8 44.0 14.0 1.8 4.4

11 5,075 2,418 11.1 29.7 33.9 36.5 12.1 3.9 4.3

9 5,066 2,273 10.8 29.7 35.3 38.6 13.9 1.6 4.6

10 5,043 2,012 10.8 31.0 35.7 38.9 12.9 0.9 4.9

3 5,022 2,487 6.3 28.9 28.5 27.0 8.2 3.3 5.2

13 5,008 2,032 11.5 26.5 32.7 27.7 9.8 3.3 4.5

2 4,990 2,551 4.2 27.9 30.5 27.3 7.7 3.7 4.8

5 4,963 2,401 9.6 30.1 30.8 33.3 10.5 3.4 4.9

6 4,963 2,526 9.7 29.8 31.3 28.8 10.3 2.8 5.0

7 4,948 2,309 10.0 32.3 33.9 35.9 13.7 1.0 5.3

8 4,938 2,068 10.1 30.3 33.9 38.2 12.5 2.2 5.0

4 4,897 2,103 8.6 32.9 32.5 35.7 13.4 0.8 5.1

1 4,678 1,869 3.2 34.7 37.2 51.0 15.8 3.0 5.2

Meloche et al. (2014)
1 5,254 3,634 13.3 29.7 31.5 38.3 11.5 2.5 4.8

10 5,254 3,120 14.3 33.0 26.5 32.8 12.1 4.0 4.6

6 5,194 2,535 11.4 29.8 32.1 27.8 8.6 4.7 5.5

15 5,154 3,137 11.6 30.7 33.6 33.0 8.2 6.7 5.0

8 5,148 2,640 8.2 34.1 30.5 37.1 13.2 4.0 5.1

2 5,139 2,553 10.4 32.0 31.6 38.5 12.1 2.3 4.7

11 5,098 3,111 12.0 28.4 28.1 38.1 10.7 10.0 4.6

3 5,061 2,869 9.1 31.6 31.1 39.6 11.6 3.8 5.4

14 5,052 2,644 8.8 28.5 36.6 37.1 9.7 5.9 5.4

4 5,009 2,781 8.0 30.6 32.4 31.0 8.9 4.9 5.6

5 4,978 2,523 7.0 32.2 32.8 31.1 8.6 4.4 5.5

9 4,951 2,461 10.7 32.7 29.2 43.8 14.8 8.1 4.7

13 4,934 1,975 6.1 30.3 31.4 32.9 9.2 4.9 5.4

12 4,884 2,581 5.9 32.3 31.7 34.6 9.4 6.0 5.6

7 4,841 2,903 5.0 34.2 29.3 31.4 8.8 5.6 5.6
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AMEn kcal/kg dry matter = 3,673 - (121.35 ×  percent 
Crude Fiber) + (55.29 ×  percent Ether Extract) – (121.08 
×  percent Ash)

Another approach in addition to using prediction equations 
to dynamically estimate AMEn content among various 
DDGS sources in precision poultry nutrition programs, a 
computer-controlled simulated digestion system to predict 
the concentration of ME in various feedstuffs for roosters 
was developed by Zhao et al. (2014), and is being used in 
the feed industry in China. This method provided accurate 
predictions of AME and TME content for 17 of the 26 feed 
ingredients evaluated, including corn DDGS.

Digestible amino acid content and prediction

Selection of accurate total and digestible amino acid 
databases for feed ingredients is also essential for optimizing 
bird performance and economic value of feed ingredients. 
The NRC (1994) for poultry has been widely used for many 
years, but the energy and nutrient content and digestibility 
of most ingredients have changed dramatically over the past 
23 years, especially for DDGS. Therefore, continued use of 
feed ingredient energy and nutrient values in this outdated 
reference is not advised.

Feed formulations based on digestible amino acid content 
of ingredients have been shown to improve growth rate, 
feed intake and carcass composition of broilers (Rostagno 
et al., 1995; Fernandez et al., 1995) compared with 
formulating on a total amino acid basis. Although many 
poultry nutritionists assume tamino acid digestibility values 
obtained from rooster assays are similar among various 
species of birds (i.e. broilers, layers, ducks, and turkeys), 
Tahir and Pesti (2012a) showed this assumption is incorrect. 
These researchers showed digestible amino acid values 
were 6 to 14 percent greater among 20 feed ingredients 
evaluated when estimates were derived from the rooster 
assay compared with values from the same ingredients 
determined using broiler chick assays. 

Ajinomoto Heartland (Chicago, IL) and Evonik Degussa 
(Hanau-Wolfgang, Germany) have developed comprehensive 
databases for digestible amino acid content for many feed 
ingredients fed to poultry. However, the distinguishing 
difference between these databases is that the Ajinomoto 
values are derived from rooster assays and Evonik values 
are based on broiler chick assays. As a result, the digestible 
lysine (0.60 vs. 0.56 percent), methionine (0.47 vs. 0.44 
percent), total sulfur amino acids (TSAA; 1.07 vs. 1.00 
percent), and threonine (0.72 vs. 0.71 percent) content of 
DDGS were greater in the Ajinomoto database than in the 
Evonik database, respectively. Despite the widespread use 
of both the rooster and chick assays for determining amino 
acid digestibility in poultry, the accuracy of using digestibility 
values from these methods on growth performance of birds 
of various ages and genetic strains remains to be determined 

(Tahir and Pesti, 2012b). To provide a better understanding 
of the economic value of DDGS in broiler, turkey and layer 
diets, Tahir and Pesti (2012b) conducted a comparison of 
using Ajinomoto and Evonik digestible amino acid databases 
in common commercial diet formulations (Table 2).

There are several key points to be learned from the 
comparisons in Table 2:

1. Using average feed ingredient prices from 2009, shadow 
prices for DDGS inclusion in all feed formulations for 
broilers, turkeys, and layers exceeded the purchase 
price for DDGS by $65.9 to $139.5/metric ton. This 
indicates DDGS has much greater value in poultry diets 
than the market purchase price.

2. Shadow prices of DDGS were greater ($0.2 to $6.4/
metric ton) when using the Evonik amino acid digestibility 
database than the database from Ajinomoto, except for 
turkey �nisher and pre-lay layer diets. This difference was 
due to the lower digestible amino acid values for DDGS 
in the Evonik database and emphasizes the importance 
of choosing accurate amino acid digestibility values 
when making purchasing decisions for DDGS based on 
shadow pricing.

3. The value of DDGS is not necessarily greater in high cost 
diets (i.e. turkey starter) compared with lower-cost diets 
(i.e. turkey �nisher).

4. The value of DDGS varies among classes and ages of 
birds, with the greatest value in pre-lay layers, and the 
lowest value in turkey starter diets. The economic value 
of DDGS is greater for �nisher diets for broilers and 
turkeys than for starter diets.

5. At prices between $221.40 and $226.70/ton, 7 to 17 
percent DDGS would be included in broiler starter diets 
when using the Evonik amino acid digestibility values, 
but no DDGS would be used at DDGS prices less than 
$221.40/metric ton if Ajinomoto amino acid digestibility 
values were used. This further emphasizes the importance 
of using accurate amino acid digestibility values for DDGS 
when evaluating its value and use in poultry diets. 

6. Even greater diet inclusion rates (20 to 24 percent) of 
DDGS in broiler starter diets could be used based on 
economics alone, if DDGS prices were between $211.10 
and $191.20/metric ton in this comparison. This 
indicates greater diet inclusion rates of DDGS can be 
achieved when the DDGS price decreases relative to the 
price of other competing ingredients.

7. Broilers in the �nisher phase have lower requirements 
for the dietary concentration of digestible amino acids 
than during the starter phase. As a result, differences 
in amino acid digestibility values among databases are 
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much less important in diets with relatively low digestible 
amino acid concentrations than in diets containing high 
digestible amino acid concentrations, which ultimately 
affect differences in shadow prices and dietary inclusion 
rates of DDGS. 

Many nutritionists assume as crude fat content of DDGS 
decreases, the crude protein and amino acid content 
increases. As shown in Table 3, this is not a valid 
assumption because this change in composition does not 
consistently occur among DDGS sources with variable 
crude fat content. For example, although total lysine and 
threonine content tended to increase as crude fat content 
decreased, tryptophan content decreased and methionine 
content of the 5.4 percent oil DDGS source was the 
same as the 10.5 percent oil source (Table 3). Apparent 
ileal amino acid digestibility (AID) for lysine, methionine, 

threonine and tryptophan was less in reduced-oil DDGS 
sources compared with the AID 10.5 percent crude fat 
DDGS source. These results suggest crude fat content of 
DDGS affects digestibility of some amino acids for poultry 
(Dozier et al., 2015). However, when considering the 
combined changes in total concentration and digestibility, 
there were no differences in apparent ileal digestible lysine, 
threonine content, small and inconsistent differences 
in digestible tryptophan content and variable digestible 
methionine content among these three DDGS sources. 
These results indicate digestible amino acid content of 
reduced-oil DDGS sources is not dramatically different than 
that in high-oil DDGS sources even though digestibility 
coef�cients for several amino acids are reduced. However, 
methods to dynamically determine digestible amino acid 
content in DDGS with variable amino acid and crude fat 
composition are needed. 

Table 2. Comparison of DDGS market price versus shadow price in commercial broiler, turkey and layer feed  
formulations (adapted from Tahir and Peski, 2012b)

Broiler 
Starter 
(Ross)

Broiler 
Finisher 
(Cobb)

Turkey Starter 
(Nicholas)

Turkey 
Finisher

(British United 
Turkey Males)

Leghorn 
Prelay

(ISA North 
America)

Leghorn Peak
(Hy-Line)

Ingredient $/MT Alin. Evo. Alin. Evo. Alin. Evo. Alin. Evo. Alin. Evo. Alin. Evo.
Corn 170 58.41 56.17 71.96 71.20 39.48 36.42 81.22 81.17 59.40 59.16 56.08 54.40

Soybean meal 396 36.37 38.23 21.92 22.54 49.85 52.39 14.80 14.80 20.69 21.25 27.98 29.41

Wheat middlings 265 - - - - - - - - 13.88 13.55 - -

Poultry grease 487 2.00 2.33 2.70 2.78 5.57 6.03 1.00 1.00 - - 4.04 4.29

L-lysine 1,666 0.17 0.19 0.18 0.19 0.33 0.35 0.18 0.19 - - - -

DL-methionine 3,721 0.30 0.32 0.19 0.22 0.37 0.40 0.18 0.20 0.15 0.15 0.18 0.21

L-threonine 2,485 0.06 0.08 - - 0.07 0.09 - - - - - -

Limestone 45 0.65 0.65 0.68 0.68 0.73 0.73 0.61 0.61 3.90 3.90 9.08 9.08

De�uorinated 
phosphate

646 1.70 1.68 2.09 2.08 3.34 3.32 1.41 1.41 1.67 1.66 2.26 2.25

Salt and VTM 
premix

- 0.36 0.36 0.33 0.33 0.27 0.27 0.67 0.67 0.32 0.32 0.37 0.37

Total diet cost, 
$/MT

283.5 290.3 249.7 252.6 338.1 347.4 224.6 225.7 241.7 242.8 255.2 260.2

DDGS market 
price, $/MT

154

DDGS shadow 
price, $/MT

221.4 226.7 240.6 240.8 219.9 225.2 236.3 227.6 293.5 291.5 233.8 240.2

Difference 
between DDGS 
market price and 
shadow price, 
$/MT

67.4 72.7 86.6 86.8 65.9 71.2 82.3 73.6 139.5 137.5 79.8 86.2

Alin.= Ajinomoto, Evo.= Evonik
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Table 3. Total, apparent ileal digestibility (AID) and apparent ileal digestible amino acid (AIDAA) content of DDGS  
sources with different concentrations of crude fat (adapted from Dozier et al., 2015)

Nutrient % 10.5% Oil DDGS 7.9% Oil DDGS 5.4% Oil DDGS

Total AID AID AA Total AID AID AA Total AID AID AA

Moisture 9.3 - - 10.6 - - 10.3 - -

Crude protein 27.9 - - 27.6 - - 29.2 - -

Arginine 1.25 79.9 1.00 1.35 77.6 1.05 1.32 76.2 1.00

Cysteine 0.55 68.4 0.37 0.57 62.9 0.36 0.52 62.0 0.32

Histidine 0.76 75.0 0.57 0.78 71.2 0.56 0.81 72.1 0.58

Isoleucine 1.05 73.3 0.77 1.05 69.8 0.73 1.13 70.2 0.79

Leucine 3.40 83.5 2.84 3.27 80.1 2.62 3.54 80.3 2.84

Lysine 0.81 55.2 0.45 0.87 51.0 0.44 0.89 50.4 0.45

Methionine 0.55 79.1 0.43 0.64 77.8 0.50 0.54 72.2 0.39

Phenylalanine 1.43 79.9 1.15 1.41 76.7 1.09 1.53 76.8 1.18

Threonine 1.08 61.2 0.66 1.11 56.6 0.63 1.16 56.3 0.65

Tryptophan 0.29 76.7 0.15 0.22 73.3 0.16 0.20 70.8 0.14

Valine 1.43 73.3 1.05 1.45 69.9 1.01 1.52 70.1 1.07

Adedokun et al. (2015) determined the standardized ileal 
digestibility (SID) of amino acids in �ve sources of DDGS 
for broilers (21 days of age, Ross 708) and layers (30 
weeks of age, Hy-Line W36). The DDGS sources contained 
8.25 to 9.79 percent crude fat, and the ranges in the 
apparent ileal dry matter and crude protein digestibility, as 
well as the SID of amino acids in the �ve DDGS sources 
are shown in Table 4. There was signi�cant variability in 
digestibility in dry matter, crude, protein and indispensable 
amino acids among sources with similar crude fat content, 
with an average of 9.9 percentage points difference in 
SID amino acid digestibility for layers. As expected, SID 
lysine coef�cients were the most variable (41.3 to 56.5 
percent), followed by cysteine (56.8 to 69.0 percent), 
methionine (67.9 to 78.6 percent), and valine (55.8 to 66.5 
percent). Variability of SID of amino acids among the DDGS 
sources was less for broilers with average difference in 
coef�cients of 7.1 percentage points. Again, the greatest 
variability in SID coef�cients for broilers was for lysine 
(49.9 to 63.3 percent), followed by isoleucine (67.8 to 76.8 
percent), valine (68.5 to 75.9 percent), threonine (61.7 
to 69.0 percent), and methionine (77.7 to 85.0 percent). 
The SID values for lysine and methionine were 8.2 and 
7.4 percentage points greater in broilers than layers, 
respectively. These results suggest different amino acid 
digestibility coef�cients should be used when formulating 

DDGS diets for layers compared with broilers, and that 
accurate methods are needed to dynamically estimate 
SID amino acid content among DDGS sources for poultry. 
Furthermore, these estimates are the �rst published SID 
values for DDGS for layers, and should be used when 
formulating precision nutrition layer diets.

Because of the high variability in digestible amino acid 
content among DDGS sources, and the need for methods 
to dynamically estimate digestible amino acid content, 
Zhu et al. (2017) conducted a meta-analysis based on 86 
observations from 19 publications to develop prediction 
equations for standardized ileal digestible amino acid 
values in corn and wheat DDGS for poultry. The overall 
average chemical composition and coef�cient of variation 
of corn DDGS sources reported in these published studies 
is shown in Table 5. As expected, there is considerable 
variation in chemical composition among corn DDGS 
sources which is important for developing robust prediction 
equations. Lysine content was the most variable among 
DDGS sources. The standardized ileal digestibility (SID) 
was greatest for leucine (85.0 percent) and tryptophan 
(84.5 percent), and the least for lysine (62.7 percent; 
Table 6). The average, range and coef�cient of variation 
in standardized ileal digestible amino acid content in corn 
DDGS among sources is shown in Table 7. 
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Table 4. Ranges in the apparent ileal dry matter and crude protein digestibility, and SID coef�cients (percent) of amino  
acids in the �ve corn DDGS sources (adapted from Adedokun et al., 2015)

Nutrient % Laying hens Broilers

Dry matter 40.8 – 50.5 42.2 – 51.1

Crude protein 59.6 – 68.3 72.2 – 78.2

Arginine 66.0 – 74.7 76.0 – 82.6

Cysteine 56.8 – 69.0 71.6 – 76.5

Histidine 63.7 – 70.5 70.4 – 75.8

Isoleucine 59.6 – 68.5 67.8 – 76.8

Leucine 72.1 – 80.3 81.8 – 86.0

Lysine 41.3 – 56.5 49.9 – 63.3

Methionine 67.9 – 78.6 77.7 – 85.0

Phenylalanine 71.4 – 78.0 77.2 – 82.5

Threonine 52.8 – 63.8 61.7 – 69.0

Valine 55.8 – 66.5 68.5 – 75.9

Table 5. Chemical composition (percent) of corn distillers dried grains with solubles (DDGS) reported in 19 published  
studies and used in the prediction of standardized ileal digestible amino acid content (88 percent dry matter basis;  
adapted from Zhu et al., 2017)

Variable n Mean CV1 %

Crude protein 59 27.16 11.1

Ash 8 4.66 9.3

Ether extract 24 10.24 27.8

Crude �ber 7 8.10 41.0

Neutral detergent �ber 38 35.66 12.1

Acid detergent �ber 20 9.92 19.4

Essential amino acid

Arginine 75 1.18 16.5

Cysteine 72 0.50 12.4

Histidine 67 0.70 12.1

Isoleucine 75 1.00 15.9

Leucine 75 3.13 11.5

Lysine 75 0.79 19.9

Methionine 75 0.50 15.8

Phenylalanine 67 1.28 12.5

Threonine 75 1.00 11.2

Tryptophan 51 0.20 19.4

Valine 75 1.33 12.4
1Coef�cient of variation
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Table 6. Average, range, and coef�cient of variation in standardized ileal digestibility (SID %) of corn DDGS among 
sources (adapted from Zhu et al., 2017)

Variable n Mean Minimum Maximum CV1 %

Arginine 75 81.5 53.0 92.6 9.7

Cysteine 67 74.3 49.0 91.9 14.3

Histidine 67 76.3 47.0 89.4 11.4

Isoleucine 75 77.0 52.0 89.4 11.1

Leucine 75 85.0 64.3 93.7 7.3

Lysine 75 62.7 31.3 84.8 19.0

Methionine 75 82.9 53.2 98.4 10.0

Phenylalanine 67 81.6 58.3 91.0 8.3

Threonine 75 70.9 39.2 89.7 12.8

Tryptophan 22 84.5 60.2 92.2 10.7

Valine 75 75.9 48.8 90.6 11.5
1Coef�cient of variation

Table 7. Average, range, and coef�cient of variation in standardized ileal digestible amino acid content in corn DDGS 
among sources (adapted from Zhu et al., 2017)
Variable n Mean Minimum Maximum CV1 %
Arginine 75 0.96 0.47 1.48 21.1

Cysteine 67 0.37 0.22 0.69 22.0

Histidine 67 0.54 0.29 0.83 19.2

Isoleucine 75 0.77 0.49 1.38 23.1

Leucine 75 2.67 1.90 4.24 15.4

Lysine 75 0.51 0.16 0.84 31.6

Methionine 75 0.42 0.22 0.71 21.7

Phenylalanine 67 1.05 0.70 1.63 17.9

Threonine 75 0.71 0.36 1.10 20.1

Tryptophan 22 0.18 0.08 0.26 26.8

Valine 75 1.02 0.60 1.64 20.6
1Coef�cient of variation

Total amino acid content was the only chemical component 
included in standardized ileal amino acid content prediction 
equations (Table 8) because it was the most predictive 
variable and represented the majority of the variation among 
sources. The prediction equations developed had low RMSE 
(0.01 to 0.36) and high R2, which explained 84 to 99 percent 
of the variation in values. The prediction model evaluation 
showed that the slope and intercept, which represent linear 
bias and mean bias, respectively, were not signi�cantly 
different from 0 and 1 for all amino acids, indicating that the 
equations are highly reliable for predicting SID amino acids 

in DDGS for poultry (Table 9). The two most commonly 
used methods for determining amino acid digestibility of 
feed ingredients for poultry are the standardized ileal amino 
acid digestibility chick assay using 3-week old broilers and 
the precision-fed cecectomized rooster assay. However, 
the amino acid digestibility estimates obtained from using 
these assays are different, and some nutritionists prefer 
using data from one of these assays over the other. 
Therefore, prediction equations were also developed from 
data in studies using broiler chick assays and precision-fed 
cecectomized rooster assays (Table 10). 
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Table 8. Equations to predict standardized ileal digestible amino acid content of sources of DDGS from chemical 
composition for poultry (adapted from Zhu et al., 2017)

Amino acid Equation1 R2 RMSE Prediction Error Prediction Bias

Arginine y = -0.20 + 0.96x 0.95 0.13 0.19 0.31

Cysteine y = -0.07 + 0.88x 0.87 0.09 0.09 0.29

Histidine y = -0.17 + 1.00x 0.91 0.08 0.10 0.46

Isoleucine y = -0.01 + 0.77x 0.94 0.12 0.20 0.55

Leucine y = -0.60 + 1.04x 0.93 0.36 1.48 2.57

Lysine y = -0.22 + 0.91x 0.87 0.16 0.25 0.25

Methionine y = -0.12 + 1.05x 0.90 0.08 0.06 0.08

Phenylalanine y = -0.15 + 0.93x 0.99 0.06 0.22 > 0.001

Threonine y = -0.17 + 0.88x 0.84 0.24 0.23 0.73

Tryptophan y = -0.03 + 1.00x 0.99 0.01 > 0.001 0.01

Valine y = -0.19 + 0.90x 0.93 0.15 0.40 0.82
1y is the predicted standardized ileal digestible amino acid content and x is the total concentration of the amino acid in DDGS.

Table 9. Comparison of observed versus predicted standardized ileal digestible amino acid content of sources  
of DDGS from chemical composition for poultry (adapted from Zhu et al., 2017)

Amino acid % Observed Mean Predicted Mean Intercept Standard Error P value

Arginine 0.97 0.97 0.01 0.02 0.75

Cysteine 0.38 0.37 0.00 0.02 0.98

Histidine 0.54 0.53 0.01 0.02 0.59

Isoleucine 0.79 0.79 0.02 0.02 0.50

Leucine 2.58 2.55 0.06 0.08 0.46

Lysine 0.50 0.50 0.01 0.02 0.69

Methionine 0.42 0.42 0.01 0.01 0.54

Phenylalanine 1.09 1.08 0.03 0.03 0.35

Threonine 0.71 0.71 0.01 0.03 0.84

Tryptophan 0.18 0.18 0.00 0.00 0.30

Valine 1.03 1.02 0.03 0.04 0.45
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Lastly, many commercial feed mills are using near infrared 
re�ectance spectroscopy (NIRS) to quickly and inexpensively 
obtain nutrient composition data of various feed ingredients 
to update nutrient composition databases in feed formulation 
software. Calibrations for total and digestible amino acids in 
DDGS have been developed for various NIRS equipment. 
A recent study by Soto et al., (2013) evaluated different 
strategies for broiler feed formulation when determining 
amino acid and ME content of feed ingredients. These 
researchers compared the use of published table values for 
total amino acids, with total amino acid values obtained from 
NIRS, digestible amino acid values from NIRS and digestible 
amino acids and ME values from NIRS in feed formulation 
and the effects on broiler growth performance and carcass 
composition. Results from this study showed that using Foss 
NIRS to determine digestible amino acid and ME content 
in corn, soybean meal and DDGS, and using these data to 
formulate diets, resulted in improved body weight gain and 
feed conversion compared with using total amino acid values 
from published nutrient composition tables.

Available and digestible phosphorus

Compared with grains and other grain by-products, DDGS 
contains the greatest concentration of digestible and available 
phosphorus for poultry. Tahir et al. (2012) reported among 
multiple samples of corn, soybean meal, bakery by-product 
meal, wheat, wheat middlings canola meal and wheat shorts, 
corn DDGS had the lowest phytate and highest non-phytate 
content among these ingredients. Total phosphorus and 
phytate content (dry matter basis) of 89 corn DDGS samples 
averaged 0.96 and 0.26 percent, respectively, which were 

124 and 72 percent, respectively, of the values reported in 
NRC (1994). This indicates that using phosphorus value 
for DDGS from NRC (1994) will result in underestimation 
of total phosphorus content and overestimation of phytate 
and available phosphorus content. These researchers 
also showed that although phytate phosphorus content of 
DDGS was positively correlated with Ca concentration, and 
negatively associated with NDF, ADF, and crude fat content, 
the development of a best �t regression model resulted in 
poor prediction (R2 = 0.37) of phytate content, based on 
proximate analysis composition of DDGS. As a result, no 
accurate phosphorus digestibility or availability prediction 
equations have been developed for DDGS for poultry.

In a recent study by Mutucumarana et al. (2014), the true 
digestible phosphorus content of corn DDGS was determined 
to be 0.59 percent, which represented about 73 percent of 
the total phosphorus (Table 11). However, all diets evaluated 
by Mutucumarana et al. (2014) were de�cient in Ca and P, 
which may have led to an overestimation of phosphorus 
digestibility because utilization of phytate phosphorus is 
increased when dietary concentrations of Ca are below the 
requirement (Mohammed et al., 1991; Tamin and Angel, 
2003), and intestinal phytase activity is signi�cantly increased 
when birds are fed a phosphorus-de�cient diet compared 
with feeding a phosphorus adequate diet (Davies et al., 
1970). The results shown in Table 11 indicate the use on 
nonphytate phosphorus to estimate digestible phosphorus 
concentration in feed ingredients is not accurate because the 
digestible phosphorus content in all ingredients was greater 
than the nonphytate concentrations, and suggests birds can 
use a portion of nonphytate P.

Table 10. Equations to predict standardized ileal digestible amino acid content of sources of DDGS from chemical 
composition based on broiler chick assays and cecectomized rooster assays (adapted from Zhu et al., 2017)

Amino acid

Chick assays Rooster assays

Equation1 R2 RMSE Equation1 R2 RMSE

Arginine y = -0.16 + 0.89x 0.90 0.15 y = -0.09 + 0.95x 0.99 0.03

Cysteine y = -0.05 + 0.82x 0.79 0.10 y = -0.08 + 0.98x 0.97 0.02

Histidine y = -0.24 + 1.06x 0.88 0.08 y = -0.08 + 0.95x 0.99 0.04

Isoleucine y = -0.03 + 0.71x 0.90 0.13 y = -0.11 + 0.95x 0.99 0.04

Leucine y = -0.79 + 1.08x 0.87 0.37 y = -0.12 + 0.94x 0.98 0.09

Lysine y = -0.24 + 0.90x 0.73 0.21 y = -0.20 + 0.97x 0.99 0.05

Methionine y = -0.16 + 1.12x 0.81 0.10 y = -0.05 + 0.97x 0.99 0.01

Phenylalanine y = -0.19 + 0.95x 0.76 0.27 y = -0.13 + 0.98x 0.98 0.03

Threonine y = -0.14 + 0.82x 0.82 0.13 y = -0.15 + 0.94x 0.99 0.04

Tryptophan y = -0.08 + 1.13x 0.99 0.01 y = -0.01 + 0.92x 0.98 0.01

Valine y = -0.17 + 0.86x 0.86 0.16 y = -0.13 + 0.92x 0.98 0.06
1y is the predicted standardized ileal digestible amino acid content and x is the total concentration of the amino acid in DDGS.
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The ability of birds to use phytate phosphorus varies 
depending on the dietary concentration of Ca, P, vitamin D3, 
and �ber, as well as the solubility and location of phytate in 
the ingredient matrix, feed processing and age of the bird 
(Ravidran et al., 1995; Angel et al., 2002). Martinez-Amezcua 
et al. (2006) conducted three experiments to evaluate the 
effectiveness of adding OptiPhos® phytase and citric acid to 
broiler diets for improving phosphorus availability in DDGS. In 
one of the experiments, they used a slope-ratio chick growth 
and tibia ash assay and determined the bioavailability of 
phosphorus in DDGS was 67 percent. In another experiment, 
supplemental phytatse and citric acid released from 0.04 to 
0.07 percent more phosphorus from DDGS, which suggests 
both OptiPhos® phytase and citric acid supplementation can 
be used to increase the availability of phosphorus in DDGS for 
poultry. Supplemental phytase and citric acid increased the 
bioavailability of phosphorus in DDGS from 62 to 72 percent. 

Table 11. Phosphorus composition and digestibility of wheat, sorghum, soybean meal, and corn DDGS (adapted from 
Mutucumarana et al., 2014)

Measure % Wheat Sorghum Soybean meal Corn DDGS

Total P1 0.32 (0.37) 0.24 (0.30) 0.65 (0.62) 0.82 (0.72)

Phytate P 0.21 0.18 0.43 0.38

Nonphytate P1 0.11 (0.13) 0.06 0.22 (0.22) 0.44 (0.39)

True digestible P 0.15 0.08 0.52 0.59

As percentage of total P

Phytate P 66 77 67 47

Nonphytate P 35 23 33 53

True digestible P 46 33 80 73
1Values in parentheses are from NRC (1994)

Wamsley et al. (2013) determined that the availability of 
phosphorus in the DDGS source they evaluated was between 
66 to 68 percent, which is in agreement with the value reported 
by Martinez-Amezcua et al. (2006). Therefore, until more 
accurate methods for estimating phosphorus digestibility and 
availability are developed for poultry, it is reasonable to assume 
that about 66 percent of the total phosphorus in DDGS is 
available to birds.

Feeding Reduced-Oil DDGS to Broilers

Growth performance and carcass characteristics

A total of 17 studies have been published since 2010 
evaluating growth performance effects of feeding various diet 
inclusion rates of DDGS to broilers, and the overall results 

Table 12. Summary of growth responses from various dietary DDGS inclusion rates on broiler growth performance

DDGS inclusion rate Feeding period DDGS Crude fat Performance effects Reference

0, 8, 16, 18, 24, 30%

0, 18, 16, 24%

Finisher I - 28 to 42 d

Finisher II - 43 to 56 d
7.4%

Feeding 24 percent DDGS diets during the  
�nisher phases had no effect on ADG,  

feed intake, and feed conversion
Kim et al., 2016

0, 2.7, 5.4, 8.1%

0, 2, 4, 6 %

Starter - 0 to 28 d

Finisher – 29 to 42 d
Not reported

Replacing 20 percent soybean meal  
(4 to 5.4 percent DDGS) improved body  

weight gain and reduced diet cost.

Gacche et al., 
2016

0, 6, 12%

Starter – 0 to 10 d

Grower – 11 to 21 d

Finisher – 22 to 42 d

6.5% and 5.4%
No effect on overall ADG, ADFI and  
Gain:Feed regardless of DDGS oil  
content and diet inclusion rate.

Cortes-Cuevas et 
al., 2015
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Table 12. Summary of growth responses from various dietary DDGS inclusion rates on broiler growth performance

DDGS inclusion rate Feeding period DDGS Crude fat Performance effects Reference

0, 5, 10% 0 to 35 d 10.5%
No differences in ADG, ADFI, and  

Gain:Feed when feeding diets containing  
10 percent DDGS from up to 35 d of age. 

Hassan and Al 
Aqil, 2015

0, 15%
Starter - 0 to 21 d

Grower - 22-42 d
Not reported

Feeding 15 percent DDGS had no effect on  
ADG, ADFI, and F/G at d 21 and 42 d.

Min et al., 2015

0, 5, 10, 15%
Starter - 0 to 21 d

8.2%

Feeding the 15 percent DDGS diet decreased ADG  
on d 7 and 14 compared with feeding  

0 and 5 percent DDGS, and decreased on d 21 
compared with feeding 0 and 10 percent DDGS. FCR 
was reduced on d 14 when feeding 15 percent DDGS 
compared with other inclusion rates, but not on d 21.

Campasino et al., 
2015

5, 7, 9% or

8, 10, 12%

Starter - 0 to 13 d

Grower - 14 to 26 d

Finisher - 27 to 33 d

10.5, 7.8, 

5.4%

No effect of crude fat content of DDGS  
source on growth performance.

Adding 5, 7, and 9 percent DDGS resulted in greater 
ADG, feed intake, and improved  

feed conversion compared with 8, 10,  
and 12 percent inclusion rates.

Dozier and Hess, 
2015

0 or 12% - starter 0  
or 18 % - �nisher

Starter – 0 to 21 d

Finisher – 21 to 42 d
11.0%

No effect on ADG, ADFI and Gain:Feed when  
feeding 12 percent DDGS in starter and  

18 percent DDGS in �nisher when feeding  
isocaloric and isonitrogenous diets.

Swiatkiewicz et al., 
2014

10%

20%

20%

Starter – 0 to 17 d

Grower – 17 to 35 d

Finisher – 35 to 49 d

11%,  
4%

No effect of high or low oil DDGS source  
on ADG, ADFI, and Gain:Feed in starter  

and grower. ADFI was greater for birds fed low 
oil DDGS in the overall feeding period, but no 

differences in ADG and Gain:Feed. 

Kubas and Firman, 
2014

7%
Starter - 1 to 21 d

Finisher - 22 to 48 d
Not reported

NIRS determined AA content improved BW gain 
compared with using NRC (1994) values for  

feed ingredients. Using NIRS to determine digestible 
AA content improved feed conversion  
at 21 d compared to using total AA.

Soto et al., 2013

0, 10, 20%
Starter – 0 to 18 d

12.5%,  
7.5%,  
6.7%t

No effect on BW, feed intake, and feed  
conversion when fed 20 percent DDGS diets  

regardless of DDGS oil content
Guney et al., 2013

0, 10, 20% Starter – 7 to 21 d Not reported

Increasing DDGS inclusion linearly decreased ADG 
from d 7 to d 14, but no effects were observed for 
ADFI and Gain:Feed during this period. There was 
a quadratic effect on ADFI from d 15 to 21, but no 

differences in ADG and Gain:Feed.

Perez et al., 2011

0, 10, 20%
Starter – 0 to 21 d

Finisher – 22 to 42 d
Not reported

Feeding DDGS increased ADFI but decreased ADG 
and feed conversion from d 1 to 21,  

and decreased ADFI, ADG, and feed conversion from 
d 22 to 42. Feeding 10 percent DDGS vs.  
20 percent DDGS had no effect on growth 

performance during d 1 to 21, but improved ADG and 
feed conversion during d 22 to 42.

Liu et al., 2011
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Table 12. Summary of growth responses from various dietary DDGS inclusion rates on broiler growth performance

DDGS inclusion rate Feeding period DDGS Crude fat Performance effects Reference

0, 8%

0. 7.5, 15, 22.5, 30%

Starter – 0 to 14 d

Grower – 14 to 28 d
Not reported

Feeding 8 percent DDGS during the starter  
phase, and between 7.5 to 15 percent  

DDGS during the grower phase provided  
acceptable growth performance. 

Loar et al., 2010

0, 5, 10% 0 to 42 d 12.6%
No effect on overall ADG, ADFI, and feed  

conversion. Extrusion increased amino acid 
digestibility in corn DDGS.

Oryschak et al., 
2010

0, 10, 20, 30, 40, 50 %

Starter – 0 to 14 d

Grower – 14 – 35 d

Finisher – 35 to 49 d

Not reported

Up to 20 percent DDGS can be included in broiler 
diets up to 49 d of age with little or no reduction 

in growth performance if diets are formulated on a 
digestible amino acid basis. Adding 30 percent DDGS 

or more will reduce growth performance.

Wang et al., 2008

0, 15, 30 %

Starter - 0 to 14 d

Grower – 15 to 35 d

Finisher - 36 to 42 d

9.4%

No effects of feeding 15 percent DDGS continuously 
and alternating between 0 and 15 percent DDGS 

on ADG, ADFI, and Gain:Feed when diets are 
formulated on a digestible amino acids basis. 

Feeding 30 percent DDGS decreased ADG in each 
phase and overall ADFI.

Wang et al., 2007

are summarized in Table 12. Of these 17 studies, six studies 
evaluated the effects of feeding reduced-oil DDGS at various 
inclusion rates to broilers.

Loar et al. (2010) evaluated the effects of adding 0 or 8 
percent DDGS to the starter diet (0 to 14 days) and 0, 
7.5, 15, 22.5 or 30 percent DDGS to grower diets (14 to 
28 days). Feed conversion and mortality rates were not 
affected by dietary inclusion rate of DDGS, but growth rate 
was reduced when feeding diets containing more than 15 
percent DDGS. However, Shim et al. (2011) fed isonutritional 
diets containing 0, 8, 16 and 24 percent DDGS using 
poultry fat as a supplemental energy source, and diets were 
formulated on a digestible amino acid basis using crystalline 
amino acids. Body weight gain was improved at the end of 
the starter phase (d 18) when birds were fed the 8 percent 
DDGS diet compared with the control diet, and weight gain 
and gain:feed were similar among dietary DDGS levels at 42 
days. Fat pads, breast meat yield and carcass quality were 
also not different among broilers fed diets containing up to 
24 percent DDGS. These results show DDGS can be a good 
alternative ingredient in diets for broilers at levels up to 24 
percent of the diet when diets are formulated on a digestible 
amino acids basis, without affecting growth performance and 
carcass or meat quality. 

Guney et al. (2013) fed starter and grower diets containing 
0, 10 or 20 percent DDGS with variable oil content, and 
showed no detrimental effects on body weight gain, feed 

intake, and feed conversion from 0 to 18 days of age (Table 
13). In fact, feed conversion was improved when feeding the 
10 percent DDGS diet using the DDGS source containing 
the lowest crude fat content. 

Kim et al. (2016) determined the effects of feeding diets 
containing up to 30 percent reduced-oil (7.4 percent crude 
fat) DDGS on broiler �nisher growth performance and 
carcass composition from 28 to 42 days of age (Finisher 
1; Table 14) and from 43 to 56 days of age (Table 15). 
During the �rst �nisher phase, there were no differences 
in body weight gain, feed intake and feed conversion 
among dietary DDGS inclusion levels except when feeding 
the 30 percent DDGS diet, which resulted in reduced 
growth performance. However, there were no differences 
in carcass weight or carcass fat, �llet, tender and total 
breast weights among birds fed increasing levels of DDGS 
in these diets. Similarly during �nisher two phase, Kim et 
al. (2016) showed there were no differences when feeding 
up to 24 percent reduced-oil DDGS diets on growth 
performance and carcass composition. Therefore, there 
is increasing evidence from multiple published studies 
indicating reduced-oil DDGS can be fed up to 20 percent 
in starter and grower diets, and up to 24 percent in �nisher 
diets, without affecting growth performance and carcass 
characteristics. However, diets must be formulated using 
accurate AMEn and digestible amino acid values for the 
reduced-oil DDGS sources being fed to achieve acceptable 
growth performance and carcass characteristics.
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Table 13. Effects of adding 0, 10, or 20 percent DDGS containing variable oil content on growth performance of broilers 
from 0 to 18 days of age (adapted from Guney et al., 2013)

Control 12.5% Crude Fat DDGS 7.5% Crude Fat DDGS 6.7% Crude Fat DDGS

Diet inclusion rate 0% 10% 20% 10% 20% 10% 20%

Day 18 body weight, g 596 666 615 607 615 650 598

Day 0-18 feed intake, g/brid/day 53.6 56.0 56.8 54.2 55.9 53.3 56.7

Gain:Feed 1.61 1.51 1.66 1.61 1.63 1.47 1.70
a,b,cMeans with different superscripts within row are different (P less than 0.05).

Table 14. Effects of feeding increasing diet concentrations of DDGS containing 7.4 percent crude fat to broilers during  
the Finisher 1 on growth performance and carcass composition (adapted from Kim et al., 2016)

Finisher 1, 28 to 42 days of age

Dietary DDGS inclusion rate

0% 6% 12% 18% 24% 30%

Body weight gain, kg 1.60a 1.64a 1.57a 1.56a 1.56a 1.42b

Feed intake, kg 3.01 3.06 3.05 2.97 2.98 3.00

Gain:Feed 1.84b 1.87b 1.90b 1.89b 1.90b 2.03a

Body weight, 43 days of age, kg 2.63 2.70 2.62 2.72 2.58 2.60

Carcass weight, kg 1.92 1.97 1.91 1.98 1.87 1.87

Carcass yield % 73.5a 73.2ab 73.5a 72.9abc 72.8bc 72.3c

Fat, g 27 28 28 28 25 29

Fillet, g 461 481 471 483 458 461

Tender, g 98 100 98 98 96 94

Total breast, g 559 581 569 581 553 554
a,b,cMeans with different superscripts within row are different (P less than 0.05).

Table 15. Effects of feeding increasing diet concentrations of DDGS containing 7.4 percent crude fat to broilers during  
the Finisher 2 on growth performance and carcass composition (adapted from Kim et al., 2016)

Finisher 2, 43 to 56 days of age
Dietary DDGS inclusion rate

0% 8% 16% 24%

Body weight gain, kg 1.45 1.47 1.42 1.44

Feed intake, kg 3.00 3.14 3.02 3.06

Gain:Feed 2.08 2.09 2.07 2.08

Body weight, 57 days of age, kg 4.61 4.67 4.60 4.66

Carcass weight, kg 3.51 3.47 3.49 3.52

Carcass yield % 75.6 75.2 75.7 76.1

Fat, g 79 77 78 80

Fillet, g 976 964 972 988

Tender, g 179 178 180 182

Total breast, g 1,155 1,142 1,152 1,170
a,b,cMeans with different superscripts within row are different (P less than 0.05).
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To obtain a more detailed analysis of the overall effects of 
feeding diets containing DDGS to broilers, a meta-analysis 
was conducted to summarize growth performance data from 
19 published studies (Martinez-Amezcua et al., 2006; Wang 
et al., 2007; Wang et al., 2008; Loar et al., 2010; Olukosi 
et al., 2010; Oryschak et al., 2010; Liu et al., 2011; Min et 
al., 2011; Barekatin et al., 2013a, b, c; Guney et al., 2013; 
Wamsley et al., 2013; Swiatkiewicz et al., 2014; Campasino 
et al., 2015; Cortes-Cuevas et al., 2015: Hassan and Al Aqil, 
2015; Min et al., 2015; Kim et al., 2016). The results from 
this meta-analysis are shown in Tables 16, 17, and 18. 

Feeding DDGS diets has no effect on body weight gain, 
improved feed intake by 3 percent, and increased gain:feed 
by 1.5 percent among the 70 observations reported (Table 

16). In fact, 73 percent of the observations showed either 
no change or improved body weight gain, 85 percent of the 
observations resulted in no change or an improvement in feed 
intake and gain:feed was unchanged or improved 91 percent 
of the time (Table 17). Feeding DDGS diets during the starter 
period improved body weight gain and gain:feed compared 
with feeding DDGS diets during the �nisher period and the 
overall the feeding period (Table 18). Increasing DDGS levels 
linearly increased gain:feed by 5.5 percent when feeding diets 
containing more than 20 percent DDGS, but had minimal 
effects when feeding diets containing less than 20 percent 
DDGS. These results suggest DDGS can be effectively used 
in starter, grower and �nisher broiler diets at inclusion rates up 
to 20 percent, with minimal effects on body weight gain, feed 
intake and gain:feed.

Table 16. Summary of effects of dietary DDGS inclusion on growth performance of broilers  
(summary of 19 studies since 2010)1

Item

DDGS – control
(expressed as %)

Initial BW, g Final BW, g Feeding daysBW2 gain Feed intake Gain:Feed

Observations 70 70 70 67 67 70

Studies 16 16 16 15 15 16

Mean 2.7 3.0** 1.5** 345 1,812 26

Minimum -23.4 -6.5 -21.2 25 302 5

Maximum 76.5 50.8 25.1 3,200 4,660 49

**Means differ from 0 (P less than 0.05).
1The inverse of pooled standard error of observations was used as a weight factor in the analysis.
2BW = body weight

Table 17. Summary of growth performance responses from feeding DDGS diets compared with control diets in  
broilers (summary of 19 studies since 2010).

Item

Response to dietary corn DDGS1

N Increased Reduced Not changed

Body weight gain 70 15 19 36

Feed intake 67 22 10 35

Gain:Feed 70 17 6 47
1The number of signi�cant and non-signi�cant results.
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Carcass and meat quality

Researchers have consistently observed positive results in 
carcass and meat quality when DDGS is added to broiler 
diets. Corzo et al. (2009) fed diets containing 0 or 8 percent 
DDGS to broilers and observed no differences in meat color, 
ultimate pH, cooking loss and shear values. Furthermore, 
there were no differences in meat texture, but consumer 
preference of �avor and overall acceptability was slightly 
greater in meat from broilers fed the control diet. However, 
consumers characterized chicken breasts from both dietary 
treatments as “moderately liked,” and consumers who 
“moderately” or “very much” liked the chicken breasts 
could not differentiate breast meat from birds fed the two 
dietary treatments. There were no differences in sensory 
characteristics of chicken breasts between the two dietary 
treatments, but meat from broilers fed the DDGS diet had 
increased linoleic and polyunsaturated fatty acid content, 
which may make it more susceptible to peroxidation during 
long-term storage of fresh meat. Overall, these researchers 
indicated that feeding 8 percent DDGS diets resulted in high-
quality breast and thigh meat with minimal quality differences. 

Schilling et al. (2010) fed diets containing 0, 6, 12, 18 and 
24 percent DDGS to broilers for 42 days, and yields of 
high quality breast meat was achieved regardless of dietary 
DDGS inclusion rate. Thigh meat quality was similar among 
birds fed diets containing 0 to 12 percent DDGS, but high 
dietary inclusion rates resulted in thigh meat that was more 
susceptible to peroxidation. 

Oxidative stress and immune function

There is increasing evidence in multiple animal species that 
DDGS has chemical properties that reduce oxidative stress 
and improve immune function and health. Corn DDGS 
contains relatively high concentrations of tocopherols, 
tocotrienols and xanthophylls known to be potent 

Table 18. Summary of effects of feeding period and diet inclusion rates of corn DDGS on growth performance  
of broilers (summary of 19 studies since 2010)1

Item
Feeding period

SE
DDGS inclusion rate %

SEStarter Finisher Total < 10 10 to 20 > 20

Observations 26 14 30 - 21 34 15 -

Studies 8 3 7 - 9 14 7 -

BW gain2 0.56 -5.42 -5.57 2.70 -0.89 -2.57 -6.97 2.85

Feed intake 0.14 -3.31 -0.25 1.73 1.10 -1.64 -2.87 1.95

Gain:Feed2 -0.05 1.59 4.17 1.40 -0.38 0.54 5.54 1.55
1The least squares means value were reported. The inverse of pooled standard errors of observations was used as a weight factor in the analysis. The starter phase was from 0- 21 days 
and the �nisher phase was from 21 -42 or 49 days. If broilers were fed from 0-42 or 49 days, then growth performance for the entire period was used instead of individual phases. 
2Every percentage unit (percent) increase in dietary DDGS inclusion resulted in a 0.34  percent decrease (relative percentage) in body weight gain and a 0.32 percent increase  
in Gain:Feed.

antioxidants (see Chapter 6 in this handbook). Furthermore, 
corn DDGS contains about 10 percent residual yeast and 
yeast cell wall components (mannans, α-glucans, and 
nucleotides) have been shown to have bene�cial health 
effects on animals (Shurson, 2017). 

Min et al. (2015) conducted a study to evaluate the effects of 
feeding 0 or 15 percent DDGS diets to broilers for six weeks 
under an immunosuppressive challenge (dexamethasone). 
Birds subjected to the immune challenge had reduced 
growth rate and feed conversion, but feeding the DDGS diets 
had no effect on growth performance. Interestingly, feeding 
the DDGS diets resulted in reduced serum total antioxidant 
activity as well as serum and liver total superoxide dismutase 
activity, but increased serum IgA, IgG, and malondialdehyde 
of 21-day old broilers. Chicks fed DDGS had a greater 
relative abundance of mRNA encoding IL-4 and IL-6 than 
birds fed the control diets, and the immune challenge 
decreased expression of glutathione peroxidase, IL-6, and 
IL-10. These results suggest some bene�t of improving 
immune function when feeding DDGS to broilers subjected 
to an immune challenge. 

Feeding Reduced-Oil DDGS to 
Chicken Layers
A total of 11 studies have been published since 2010 
evaluating egg production and quality when feeding diets 
containing various amounts of DDGS to layers, and the 
overall results of these studies are summarized in Table 19. 
Of these 11 studies, �ve studies evaluated the effects of 
feeding reduced-oil DDGS at various inclusion rates to layers.

The use of corn DDGS in chicken layer diets has also 
recently been reviewed by El-Hack et al. (2015). These 
authors reported that although previously recommended 
maximum inclusion rates for DDGS has been 10 to 15 
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percent in layer diets, several studies have shown much 
greater inclusion rates can be used to achieve acceptable 
performance and egg quality if appropriate diet formulation 
adjustments are made, especially for energy and digestible 
lysine and methionine content. Furthermore, Masa’deh 
(2011) showed that feeding 30 percent DDGS diets to 
laying hens saved $31.15/ton and $28.58/ton for phase 
I and phase II of production compared to layers fed diets 
containing no DDGS.

Corn DDGS is an excellent source of energy, digestible 
amino acids, available phosphorus and xanthophylls for 
layers. Swiatkiewicz et al. (2014a) indicated feeding diets 
containing up to 20 percent DDGS without affecting bone 
quality indices of layers. Furthermore, numerous studies 
have consistently shown feeding increasing dietary levels of 
DDGS increases egg yolk color because of the xanthophylls 
(30 to 56 mg/kg; Trupia et al., 2016) naturally present in 
corn DDGS.

Table 19. Summary of egg production and egg quality responses from feeding various dietary DDGS inclusion  
rates to laying hens

DDGS inclusion rate Feeding period DDGS Crude fat Performance effects Reference

0, 10, 20% 21 to 26 weeks of age Not reported

No effect on egg production, feed intake, egg 
weight, and hen body weight change. Feeding 

20 percent DDGS reduced daily ammonia 
emissions 24 percent and hydrogen sul�de 

emissions by 58 percent.

Wu-Haan et al., 2010

0, 5, 10, 15, 20, 25%

24 to 46 weeks of age 
(Phase 1)

47 to 76 weeks of age 
(Phase 2)

10.3%

No effect of dietary DDGS level on feed intake, 
egg production,Haugh units, speci�c gravity, 

and overall weight gain. Increasing DDGS 
inclusion rate decreased egg weight during 
Phase 1 but not during Phase 2. Yolk color 

increased with increasing DDGS in the diets, 
and decreased nitrogen and phosphorus 

excretion in manure.

Masa’deh et al., 2011

0, 4, 8, 12, 16% 40 to 50 weeks of age 9.7%

Hens fed DDGS diets had slightly less  
daily feed intake, but there were no 
differences in egg production, feed 

conversion, egg mass, and egg weight amond 
dietary DDGS inclusion levels.

Tangendjaja and Wina, 
2011

0, 17, 35, 50%
54 weeks of age fed 

for 24 weeks
10.7%

Up to 50 percent DDGS diets can be fed 
without affecting egg production, feed intake, 
feed conversion, egg weight, and egg mass as 
long as adequate digestible amino acids are 
provided in diets containing DDGS. Feeding 

DDGS diets improved internal quality of eggs 
during storage and improved egg yolk color. 
Haugh unit was highest when feeding the 
50 percent DDGS diets but there were no 

differences in yolk and albumen percentage 
among dietary treatments.

Sun et al., 2012

10 percent 12.2%

No effect on egg production, feed intake, feed 
ef�ciency, initial and �nal body weight, egg 
weight, egg mass, egg shell thickness, egg 

shell breaking strength, Haugh unit, damaged 
eggs, and marketable eggs.

Deniz et al., 2013a
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Table 19. Summary of egg production and egg quality responses from feeding various dietary DDGS inclusion  
rates to laying hens

DDGS inclusion rate Feeding period DDGS Crude fat Performance effects Reference

0, 5, 10, 15, 20% 28 to 36 weeks of age 11.2%

No effects of feeding up to 15 percent DDGS 
diets on egg production, feed intake, feed 

conversion, egg weight, egg mass, damaged 
eggs, and marketable eggs, but feeding 20 

percent DDGS diets reduced performance and 
egg weight and mass. No effects of DDGS 

inclusion rate on egg shell thickness  
andd egg shell breaking strength, Haugh units, 

but increased yolk color.

Deniz et al., 2013b

0, 10, 20% 40 to 63 weeks of age 8.3%

No effect on egg production, feed intake, egg 
weight, and egg mass, and yolk color, egg 

shell thickness, and feed conversion improved 
with increasing dietary DDGS level.

Jiang et al., 2013

20% 20 to 33 weeks of age
10.3, 7.3, or  

5.2%

Crude fat content of DDGS had no effect on 
egg production, feed intake, feed conversion, 

egg weight or mass, and hen weight gain.
Purdum et al., 2014

20%

26 to 39 weeks of age 
(Phase 1)

40 to 55 weeks of age 
(Phase 2)

11%

No differences in egg production, feed intake, 
feed conversion, egg weight and mass, 
internal egg and egg shell quality within 

layer phase and overall. Feeding DDGS diets 
increased egg yolk color.

Swiatkiewicz et al., 
2014b

0, 6, 12% 69 to 77 weeks of age 6.5 or 5.4%

No difference in egg production, feed intake, 
feed conversion, egg weight, and egg mass 
among dietary treatments. Yolk color was 

improved in DDGS diets.

Cortes-Cuevas et al., 
2015

0, 5, 10, 20% 30 to 42 weeks of age 9%

No effect of dietary DDGS level on  
egg production, egg weight, egg mass,  

feed consumption, feed conversion per egg 
mass, egg speci�c gravity, haugh units, 

 and egg yolk color. Hens fed the 20 percent 
DDGS diets had greater body weight loss  

than other treatments.

Hassan and Al Aqil, 
2015

To obtain a more detailed analysis of the overall effects of 
feeding diets containing DDGS to layers, a meta-analysis 
was conducted to summarize egg production and quality 
characteristics using data reported from 17 published studies 
since 2010 (Świątkiewicz and Koreleski, 2006; Shalash et 
al., 2010; Wu-Haan et al., 2010; Ghazalah et al., 2011; 
Masa’deh et al., 2011; Tangendjaja and Wina, 2011; Koksal 
et al., 2012; Sun et al., 2012; Cho et al., 2013; Deniz et al., 
2013a; Deniz et al., 2013b; Jiang et al., 2013; Świątkiewicz 
et al., 2013; Purdum et al., 2014; Cortes-Cuevas et al., 
2015; Hassan and Al Aquil, 2015; Trupia et al., 2016). 

As shown in Table 20, layers fed DDGS diets lost an average 
of about 16 percent of body weight when fed DDGS diets 
compared with those fed the control diets, but feed intake, 

gain:feed, egg production, egg weight, and Haugh units of 
eggs were minimally (-0.2 to 2.7 percent change relative to 
control) affected. However, egg shell thickness and yolk color 
were positively affected (improved by 4.1 and 18.1 percent, 
respectively) by feeding DDGS diets to layers. The majority 
of observations reported in these 17 studies showed either 
an improvement or no change (Table 21) in hen body weight 
change (78 percent), feed intake (78 percent), gain:feed 
(65 percent), egg production (70 percent), egg weight (75 
percent), egg shell thickness (100 percent), yolk color (98 
percent), and Haugh units (89 percent).

Body weight change and feed intake were similar for hens 
fed DDGS diets for more than 16 weeks compared with 
those fed less DDGS diets for than 16 weeks, but gain:feed 
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was greater (P less than 0.01) in studies where layers were 
fed diets for less than 16 weeks (Table 22). Length of 
feeding period had no effect on egg production, egg shell 
thickness and yolk color, but hens fed DDGS diets for less 
than 16 weeks had a slightly greater (P less than 0.01), but a 
relatively small (4 percent), reduction in egg weight and a slight 
improvement (P less than 0.03) in Haugh units compared with 
layers fed DDGS diets for more than 16 weeks. Increasing diet 

inclusion rates of DDGS tended (P less than 0.11) to increase 
body weight change, improved (P less than 0.01) feed intake 
and increased (P less than 0.01) gain:feed. Furthermore, 
increasing dietary DDGS inclusion rates decreased (P less 
than 0.01) egg production and egg weight, but improved (P 
less than 0.01) Haugh units. Finally, increasing DDGS inclusion 
rate in laying hen diets tended (P less than 0.11) to improve 
egg yolk color but slightly reduced egg shell thickness. 

Table 20. Summary of effects of feeding corn DDGS diets to laying hens on egg production performance  
(summary of 17 studies published since 2010)1

Item Observations Studies

DDGS- control (expressed as  percent)

Mean Minimum Maximum
 Body weight change 36 8 -16.0** -100.0 183.9

 ADFI 65 16 -0.2* -11.7 6.9

 Gain:Feed 51 13 2.7** -4.0 26.1

 Egg production 57 15 -1.7** -28.7 2.6

 Egg weight 69 17 -0.5** -5.5 3.7

 Egg shell thickness 32 9 4.1** -2.8 8.3

 Yolk color 41 11 18.1** -2.3 58.2

 Haugh unit 35 9 -0.1** -2.4 6.0

**Means differ from 0 (P less than 0.05)

*Means differ from 0 (P less than 0.10).
1The inverse of pooled standard errors of observations were used as a weight factor.

Table 21. Summary of effects of feeding corn DDGS diets to laying hens on egg production performance  
(summary of 17 studies published since 2010)1

Item N

Response to dietary corn DDGS1

Increased Reduced Not changed

 Body weight change 36 1 8 27

 ADFI 65 2 14 49

 Gain:Feed 51 18 2 31

 Egg production 57 5 17 35

 Egg weight 69 4 17 48

 Egg shell thickness 32 6 0 26

 Yolk color 41 33 1 7

 Haugh unit 35 0 4 31
1The number of signi�cant and non-signi�cant results.
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Table 22. Summary of effects of length of feeding period and dietary inclusion rate of corn DDGS fed to laying hens on 
egg production performance and egg quality (summary of 17 studies published since 2010)1

Item

Feeding period

SEM2

Level of DDGS inclusion %

SEM> 16 wk < 16 wk < 10 10 to 20 > 20

Observations 25 44 16 30 23

Studies 6 11 9 13 12

BW change -28.8 -25.6 17.7 -17.2 -17.5 -46.9 4.9

ADFI 0.03 1.0 0.7 -0.4 0.6 1.4 0.3

Gain:Feed 3.6 13.1 2.9 2.2 7.6 15.1 1.0

Egg production -4.3 -6.6 1.9 -2.2 -5.6 -8.4 0.8

Egg weight -2.3 -4.3 0.8 -1.3 -3.5 -5.0 0.3

Egg shell thickness 2.0 -0.8 2.0 1.1 1.0 -0.2 0.6

Yolk color 22.3 23.1 5.2 12.5 16.3 39.3 1.9

Haugh unit 1.5 0.1 0.6 -0.1 1.3 1.2 0.2
1The inverse of pooled standard errors of observations were used as a weight factor.

SEM = standard error of mean

Egg quality

As summarized in Table 19, the majority of recent studies 
evaluating DDGS inclusion rate and crude fat content 
reported minimal, if any effects on egg quality at relatively 
high (greater than 20 percent) DDGS inclusion rates. Sun 
et al. (2012) fed isocaloric diets containing 0, 17, 35 or 50 
percent corn DDGS (10.7 percent crude fat) to 54-week 
old White Leghorn laying hens for 24 weeks to evaluate 
egg production and internal egg quality. Egg production, 
feed intake, feed conversion, egg weight and egg mass 
were reduced only when feeding the 50 percent DDGS diet 
during the �rst 12-week period (Table 23). However, once 
the diets were reformulated to contain increased lysine and 
methionine content, the reduction in performance from 
feeding the 50 percent DDGS diet was greatly improved. 

As a result, there were no differences in egg production, 
egg weight, and feed intake among dietary treatments 
during the last six weeks of the study. Feeding increasing 
dietary levels of DDGS increased egg yolk color and Haugh 
units, and feeding the 50 percent DDGS resulted in the 
highest Haugh units indicating eggs produced from hens 
fed this diet had longer shelf life than eggs from hens 
fed lower dietary inclusion rates of DDGS (Table 24). 
Furthermore, shell weight percentage and shell breaking 
strength were greatest for hens fed the 50 percent DDGS 
diet. These researchers concluded up to 50 percent 
DDGS can be added to layer diets without affecting egg 
production, feed intake, feed ef�ciency, egg weight and 
egg mass if suf�cient amounts of digestible amino acids 
are present in DDGS diets. 

Table 23. Effect of feeding diets containing increasing levels of DDGS to laying hens on egg production performance 
during a 24-week feeding period (adapted from Sun et al., 2012)

Measure 0% DDGS 17% DDGS 35% DDGS 50%DDGS

Egg production % 87a 83b 84a,b 62c

Feed intake, g/hen/day 104.4a 104.2a 106.0a 92.2b

Feed ef�ciency, g egg/kg feed 531.6a 487.6b 501.9b 431.8c

Egg weight, g 64.7a 63.3bc 64.0ab 62.6c

Egg mass, g/hn/day 56.0a 51.8b 53.6ab 39.1c

Body weight change, kg 0.02 0.00 0.00 0.05
a,b,cMeans with different superscripts within row are different (P less than 0.05).
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Using eggs from the same study, Sun et al. (2013) evaluated 
the effects of feeding isocaloric diets containing 0, 17, 35 
or 50 percent corn DDGS (10.7 percent crude fat) to laying 
hens on egg yolk composition. There were no differences in 
egg yolk lipid and protein content except when feeding the 
50 percent DDGS diet, which resulted in a slight increase 
in lipid content and a slight decrease in protein content. 
Moisture content of eggs was not affected by dietary 
DDGS inclusion rate. However, increasing dietary DDGS 
content increased total polyunsaturated fatty acid content 
of egg yolks, and although choline and cholesterol content 
were initially greater in yolks from hens fed the 50 percent 
DDGS diet, the concentrations of choline and cholesterol 
were not different among diets during the last four weeks 
of the study. As expected, feeding increasing dietary levels 
of DDGS increased lutein content of egg yolks. However, 
an interesting �nding in this study was that feeding the 50 
percent DDGS diet increased the concentration of omega-3 
fatty acids (linolenic acid and eicosapentaenoic acid) in egg 
yolks, which have been shown to have important health 
bene�ts for humans.

Trupia et al. (2016) evaluated the effects of feeding diets 
containing 0, 10 or 20 percent high-oil (13.3 percent crude 
fat) or reduced-oil (7.4 percent crude fat) DDGS sources on 

Table 24. Effect of feeding diets containing increasing levels of DDGS to laying hens on egg quality and composition 
(adapted from Sun et al., 2012)

Measure 0% DDGS 17% DDGS 35% DDGS 50%DDGS

Yolk color1 5.5d 7.0c 7.9b 8.7a

Yolk % 26.5 26.8 26.8 26.5

Albumen % 63.7 63.4 63.4 63.3

Shell % 9.8b 9.8b 9.9b 10.1a

Haugh unit2 storage time, weeks

Week 0 80.5b 81.8b 82.3b 85.3a

Week 1 76.4b 78.0b 78.3b 82.3a

Week 2 73.7b 75.6b 76.0b 79.9a

Week 3 72.4b 73.7b 74.3b 78.2a

Shell breaking strength, g 3,924b 3,995b 3,877b 4,299a

a,b,c,dry mattereans with different superscripts withing a row are different (P less than 0.05)
1Yolk color score ranges from 1 (light) to 10 (dark).
2Haugh unit equation = 100 × log [height – 0.01 × 5.6745 × (30 × weight0.37 – 100) + 1.9] 

egg production performance and egg quality, and showed 
no effects on hen weight gain, egg production, feed intake, 
feed ef�ciency, egg mass or egg weight among dietary 
treatments. Speci�c gravity of eggs was slightly less for hens 
fed the 10 percent high-oil or 20 percent reduced-oil DDGS 
diets. However, eggs from hens fed DDGS diets had greater 
concentrations of tocopherols, tocotrienols, and xanthophylls 
in egg yolks and increased yellow and red color compared 
with layers fed the control diet (Table 25). 

The lipid composition of high-oil and reduced-oil DDGS 
sources fed in this study is shown in Table 26, and 
indicate the concentrations of tocopherols, tocotrienols 
and xanthophylls in the DDGS sources fed in�uenced the 
composition of these components in egg yolks. In fact, 
eggs from hens fed the reduced-oil DDGS diet had greater 
tocopherol content, but lower xanthophyll content than 
those fed the high-oil DDGS diets. Feeding DDGS slightly 
altered the fatty acid composition in eggs, but the ratio of 
saturated to unsaturated fatty acids was similar, with no 
effect on lecithin or cholesterol content of eggs. These 
results indicate adding high-oil and reduced-oil DDGS 
to laying hen diets increases several bene�cial lipophilic 
nutrients in egg yolks and has no apparent detrimental 
effects on egg yolk quality.
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Table 25. Color and lipid composition of egg yolks from laying hens fed 10 or 20 percent high-oil (HO) and reduced-oil 
(RO) DDGS diets (adapted from Trupia et al., 2016)

Measurement Control 10% HO DDGS 20% HO DDGS 10% RO DDGS 20%RO DDGS

Yolk L* 58.5a 57.8b 56.7c 57.3b 56.6c

Yolk a* -4.3d -3.5c -2.2a -3.5c -2.7b

Fatty acid content %

C16:0 25.5 25.4 25.1 25.5 25.5

C16:1 2.71a 2.46b 2.08c 2.54ab 2.49ab

C18:0 9.50 9.42 9.56 9.28 9.19

C18:1 45.7a 43.5bc 42.1d 44.4b 42.3cd

C18:2 13.6c 16.4b 18.3a 15.5b 17.6a

C18:3 0.44c 0.45d 0.47c 0.45b 0.58a

C22:0 2.10 2.10 2.20 2.10 2.10

Tocopherols and tocotrienols, µg/g oil

α-tocopherol 173.8b 183.5ab 183.3ab 209.9ab 218.2a

β-tocopherol 0.58c 0.95b 0.96b 0.98b 1.34a

γ-tocopherol 46.0d 57.2cd 72.2ab 67.0bc 85.1a

δ-tocopherol 1.1a,b 1.0ab 0.82b 1.0ab 1.2a

α-tocotrienol 2.5c 4.0bc 5.8a 5.1ab 6.3a

γ-tocotrienol 0.13b 0.23ab 0.34a 0.26a 0.32a

Total tocotrienols 224.2c 246.9bc 263.4abc 284.2ab 312.4a

Xanthophylls, µg/g oil

Lutein 80.0b 110.1a 123.1a 87.4b 91.1b

Zeaxanthin 22.4c 31.7ab 36.8a 29.1b 34.9a

β-cryptoxanthin Not detected 1.1b 2.0a 1.0b 1.7a

Unknown 8.6d 13.6bc 17.3a 12.1c 14.8ab

Total xanthophylls 111.1d 156.4ab 179.1a 129.7cd 142.6bc

a,b,c,dry mattereans within rows with different superscripts are different (P less than 0.05).
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Table 26. Lipid composition of high-oil (13.3 percent) and reduced-oil (7.4 percent) DDGS added to laying hen diets  
(adapted from Trupia et al., 2016)

Component 13.3% crude fat DDGS 7.4% crude fat DDGS

Fatty acids % of lipid

C16:0 11.3 11.9

C16:1 0.14 0.13

C18:0 1.73 1.93

C18:1 27.0 27.4

C18:2 57.7 56.3

C18:3 1.50 1.60

Other lipids, mg/kg

α-tocopherol 20.9 20.1

β-tocopherol 0.45 0.37

γ-tocopherol 76.0 38.3

δ-tocopherol 1.4 0.9

α-tocotrienol 10.9 8.8

γ-tocotrienol 17.4 9.0

δ-tocotrienol 1.40 0.3

Total tocopherols and tocotrienols 128.6 77.8

Lutein 15.7 39.3

Zeaxanthin 9.4 9.7

β-cryptoxanthin 3.3 3.4

Unknown 1.6 3.7

Total xanthophylls 29.9 56.1

Risk of virginiamycin residues in eggs

Small amounts of antibiotics (1 to 2 mg/kg) are often added 
to fermenters during ethanol and DDGS production to 
prevent bacterial infections which reduce ethanol yield and 
result in reduced DDGS quality and nutritional value. The 
most common antibiotics used in the U.S. ethanol industry 
are virginiamycin and penicillin. Paulus-Compart (2013) 
showed the risk of virginiamycin and penicillin residues 
in DDGS is very low, and if present, they are at such low 
concentrations they cannot be detected in meat, milk and 
eggs. Sun et al. (2012) used plate and bio-autography 
methods to determine the presence of virginiamycin residues 
in four diets containing 0, 17, 35 or 50 percent DDGS, and 
found that virginiamycin residues in all diets were below the 
0.1 mg/kg restriction limit, and were barely at the 0.05 to 0.1 
mg/kg detection limits of these assays. However, the only 
FDA-approved method for detecting virginiamycin in feed 
ingredients and eggs is a bioassay. Therefore, the validity 
of the results reported is questionable. Regardless, these 

results suggest the possibility of virginiamycin being present 
in egg yolk, even when DDGS is added at 50 percent to layer 
diets, is negligible. 

Effects of DDGS on molting

Hong et al. (2007) conducted a study to compare feeding a 
DDGS diet and a non-salt diet to induce molting and compare 
the effect of feeding-molting and fasting-molting treatments on 
egg production performance, egg quality and visceral organ 
weights of laying hens. They used 108 White Leghorn hens 
(62 weeks of age) with egg production greater than 80 percent 
and average body weight of 1.08 kg in this study. The dietary 
treatments consisted of: control (non-molt treatment) feeding-
molting treatment (DDGS and non-salt diet) and fasting-
molting treatment. Egg production decreased to 0 percent 
after 18 days in the feeding-molting group, and decreased to 
0 percent after 17 days in the DDGS-non-salt feeding-molting 
group. Egg production stopped for six days in the fasting-
molting group. Egg production restarted after 12 and 16 days 



CHAPTER 18  |  Reduced-Oil DDGS in Broiler and Layer Diets 189

in the feeding-molting and fasting-molting groups, respectively. 
Except for egg yolk quality, egg quality was improved for all 
molting treatments. Liver, heart and oviduct weights of laying 
hens decreased with all molting treatments. These results 
indicate that the feeding-molting treatment (DDGS and non-
salt diet) could replace the fasting-molting treatment and 
reduce animal welfare concerns due to fasting during the 
molting process.

Mejia et al. (2010) fed 36, 45 and 54 grams/day of DDGS 
in a non-feed withdrawal molting program, compared with 
feeding similar daily intakes of corn, and found that post-molt 
egg production (5 to 43 weeks) was greater for hens fed the 
DDGS molting diets compared to those fed the corn diets. 
No consistent differences were observed for egg mass, egg 
speci�c gravity, feed ef�ciency or layer feed consumption 
among the dietary molting treatments for the post-molt 
period. These researchers concluded that limit feeding corn 
or DDGS in a non-feed withdrawal program will result in 
long-term, post-molt performance comparable to ad libitum 
feeding of a corn-soybean hulls diet.

Wet litter

One of the concerns in managing commercial broiler and 
layers facilities is minimizing the occurrence of wet litter. Wet 
litter has been characterized as a consequence of disturbed 
water balance in birds (Collett, 2012). Many dietary factors 
can contribute to the occurrence of wet litter including 
feeding diets containing a high proportion of non-starch 
polysaccharides, animal protein, saturated free fatty acids, 
anti-nutritional factors or toxins (Collett, 2012).

High concentrations of sodium, magnesium or sulfate 
in drinking water and feed are associated with wet litter 
problems. Maximum acceptable concentrations of sodium 
(0.05 g/kg, Muirhead, 1995 to 0.25 g/kg, Coetzee, 2005), 
magnesium (0.125 g/kg, Schwartz, 1994 to 0.25 g/kg, 
Coetzee, 2005), and sulfate (0.06 g/kg, Keshavarz, 1987 to 
0.50 g/kg, Coetzee, 2005) in drinking water for poultry have 
been reported. Salt is a common contaminant of drinking 
water around the world, and should be monitored to make 
appropriate dietary adjustments in supplemental salt content 
if necessary. Corn DDGS contains variable, and sometimes 
high sodium (greater than 0.5 percent) and sulfur (greater 
than 0.6 percent) content which may contribute to wet litter 
problems if dietary cation-anion difference and supplemental 
dietary salt levels are not adjusted in diets containing high 
inclusion rates of DDGS. 

Conclusions

Corn DDGS is an excellent feed ingredient for use in broiler 
and layer diets to reduce feed cost and provide optimal 
growth performance, egg production, as well as meat 
and egg quality. The greatest challenge in using DDGS 
in poultry diets is to use accurate AMEn, digestible amino 
acid and available phosphorus values for the DDGS source 
being fed because energy and digestible nutrient content 
varies among sources. Crude fat content of DDGS is a 
poor predictor of AMEn and digestible amino acid content. 
As a result, prediction equations have been developed to 
accurately estimate actual AMEn and standardized ileal 
digestible amino acid content of DDGS sources based on 
chemical composition. As expected, growth responses and 
carcass composition of broilers among published studies are 
variable, but the majority of the responses reported showed 
either no change or an improvement in common production 
and carcass composition measurements. In fact, recent 
studies have shown feeding starter broiler diets containing 
20 percent reduced-oil DDGS, and �nisher diets containing 
24 percent reduced-oil DDGS provides acceptable growth 
performance and carcass quality. Similarly, egg production 
and egg quality responses of laying hens among published 
studies are variable, but the majority of the responses 
reported showed either no change or an improvement in 
common egg production performance and egg quality 
measurements. When using accurate AMEn and digestible 
amino acid values for reduced-oil DDGS in precision 
nutrition diet formulations for layers, up to 50 percent corn 
DDGS diets can be fed to layers to achieve acceptable egg 
production and egg quality.
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