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SUMMARY

Two experiments were conducted to examine the effects of non-starch polysaccharide de-
grading enzyme on broiler performance and ileal nutrient digestibility in diets containing dried
distillers’ grains with solubles, as well as evaluate non-starch polysaccharide degrading enzyme
inclusion in low energy diets with dried distillers’ grains with solubles on performance and
carcass yield. Experiment 1 was a 4 (dried distillers’ grains with solubles level of 0, 5, 10,
and 15%) x 2 (with and without enzyme) factorial design in battery-reared broilers for 21 d;
body weights and feed intake were determined weekly. On day 22, ileal contents were collected
to determine digestibility of energy and nitrogen. The second experiment was a 48 d floor
pen trial utilizing three dietary treatments: positive control, negative control (positive control,
negative control less 132 kcal/kg ME), and a negative control + non-starch polysaccharide
degrading enzyme inclusion. Diets included dried distillers’ grains with solubles at 2.5 to 10%.
In Experiment 1, BW decreased (P < 0.05) with 15% dried distillers’ grains with solubles
inclusion as compared to the control. The FCR was also increased (P < 0.05) with 15% dried
distillers’ grains with solubles inclusion as compared to all other diets through 14 d. Inclusion
of dried distillers’ grains with solubles reduced (P < 0.05) ileal digestible energy at 10 and 15%
inclusion and inclusion of non-starch polysaccharide degrading enzyme increased (P < 0.05)
ileal digestible energy. Increased energy and nitrogen digestibility coefficients (P < 0.05) were
observed at all dried distillers’ grains with solubles inclusion levels with non-starch polysaccha-
ride degrading enzyme inclusion except for the 10% inclusion rate. In Experiment 2, non-starch
polysaccharide degrading enzyme in the negative control diet increased BW compared to the
negative control at all observed time points at each phase (P < 0.05). Additionally, non-starch
polysaccharide degrading enzyme in the negative control diet reduced mortality corrected FCR
through the grower phase. Non-starch polysaccharide degrading enzyme inclusion in the nega-
tive control diet resulted in comparable live weights, carcass weights, breast filets, and tenders
to the positive control diet; however, fat pad was reduced compared to the positive control (P <

0.05). These data confirm that elevated levels of dried distillers’ grains with solubles in starter
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diets can negatively impact digestibility and performance of broilers and the inclusion of an
non-starch polysaccharide degrading enzyme can increase nutrient digestibility and improve
broiler performance in low energy dried distillers’ grains with solubles containing diets.
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DESCRIPTION OF PROBLEM

Current interest in renewable energy produc-
tion has exponentially increased the utilization
of ethanol, a biofuel produced largely from corn.
Increased utilization of ethanol has redistributed
corn from livestock production to ethanol pro-
duction. In 2002, 11% of the United States corn
crop was used in ethanol production; with the in-
crease in production as much as 30% of United
States corn was being used for ethanol produc-
tion in 2008 [1]. This reallocation has directly
impacted the poultry industry with resulting in-
creases in diet cost. Between the years of 2006
and 2008, it is estimated that feed costs in the
poultry industry increased as much as $9.36 bil-
lion dollars in the United States alone [1]. El-
evated diet costs increases overall production
costs, thus producers have turned to higher in-
clusions of less desirable ingredients to reduce
diet costs. One such ingredient is distillers’ dried
grains with solubles (DDGS), a by-product of
ethanol production, which has become widely
available as a result of the expansion of ethanol
production [2].

There is a long history of use of DDGS in
poultry diets; however, they have been tradition-
ally included at relatively low levels- typically
five percent or less in starter diets [3]. These
low levels are because of the nutrient variability
observed in DDGS. Different sources of DDGS
have been reported to vary considerably in en-
ergy, dry matter content, fat, crude protein, and
various amino acid concentrations and availabil-
ity [4–8]. Additionally, DDGS contain substan-
tial levels of non-starch polysaccharides (NSPs),
which negatively affect digestibility in monogas-
tric animals. These structural and semi-structural
carbohydrates include β-glucans, arabioxylans,
and raffinose groups [9]. Non-starch polysac-
charides decrease digestibility by imbibing water
and forming a viscous digesta, which is directly

related to performance. Bedford and Classen
[10] observed a significant correlation between
intestinal viscosity and weight gain. Increased
intestinal viscosity acts to decrease the interac-
tion times between enzymes and substrates as
well as nutrients and the absorptive structures,
resulting in a depression in net energy [10].

Inclusion of exogenous carbohydrases may
reduce or eliminate the negative effects observed
with high levels of NSPs and allow for the spar-
ing of dietary energy. Multiple studies have re-
ported the advantages of NSPs enzyme inclusion
with observed improvements in FCR [11–15]
and increases in energy retention [13]. The strat-
egy of the inclusion of a multiple enzyme com-
plex has been reported to result in sub-additive
increases in performance as opposed to indi-
vidual inclusion [16]. Additionally, Coppedge
et al. [15] reported significant increases in body
weight and breast meat weight with the inclusion
of a multiple enzyme complex.

Therefore, the objectives of these two exper-
iments were to examine the effects of increasing
DDGS inclusion and the addition of a NSP de-
grading enzyme complex (NSPase) on nutrient
utilization in young broilers and evaluate NSPase
inclusion in low energy diets containing DDGS
on broiler growth performance and carcass yield.

MATERIALS AND METHODS

Experiment One

This experiment consisted of a 4 × 2 facto-
rial design resulting in a total of eight dietary
treatments. Four levels of DDGS were included,
beginning with a control diet with no DDGS in-
clusion and increasing in 5% intervals to a high-
est inclusion rate of 15%. Each level of DDGS
was fed with and without the addition of an
NSPase at the recommended inclusion level of
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Table 1. Dietary formulation and nutrient calculations of diets formulated for young broilers
fed varying levels of DDGS, with and without enzyme inclusion for Experiment 1.

0% DDGS 15% DDGS

Corn 66.69 58.15
Dried Distillers’ Grains with Solubles1 0.00 15.00
Dehulled Soybean Meal 27.72 21.19
DL-Methionine 0.15 0.11
L-Lysine- HCl 0.09 0.23
Fat- AV Blend 1.00 1.00
Calcium Carbonate 1.47 1.53
Mono Calcium Phosphate 1.57 1.60
Sodium Chloride 0.46 0.34
Vitamins2 0.25 0.25
Trace Minerals3 0.05 0.05
Coban 904 0.05 0.05
Titanium Dioxide 0.50 0.50
Nutrient Concentration
Protein 20.20 20.20
Apparent Metabolizable Energy (kcal/kg) 3020 2985
Crude Fat 2.96 3.89
Lysine 1.11 1.10
Methionine 0.46 0.43
TSAA 0.80 0.79
Tryptophan 0.24 0.21
Threonine 0.75 0.74
Arginine 1.31 1.19
Calcium 0.95 0.95
Available Phosphorus 0.45 0.45
Sodium 0.20 0.20
Analyzed Nutrient Content
Protein 20.42 20.86
Fat 2.78 3.56

1Analyzed proximate values for DDGS were dry matter 88.8%, crude protein 26.5%, crude fat

8.16%, crude fiber 8.5%, calcium 0.07%, and phosphorus 0.88%.
2Vitamin premix added at this rate yields 11,023 IU vitamin A, 3,858 IU vitamin D3, 46 IU vitamin

E, 0.0165 mg B12, 5.845 mg riboflavin, 45.93 mg niacin, 20.21 mg d-pantothenic acid, 477.67 mg

choline, 1.47 mg menadione, 1.75 mg folic acid, 7.17 mg pyroxidine, 2.94 mg thiamine, and 0.55

mg biotin per kg diet. The carrier is ground rice hulls.
3Trace mineral premix added at this rate yields 149.6 mg manganese, 125.1 mg zinc, 16.5 mg iron,

1.7 mg copper, 1.05 mg iodine, 0.25 mg selenium, a minimum of 6.27 mg calcium, and a maximum

of 8.69 mg calcium per kg of diet. The carrier is calcium carbonate and the premix contains less

than 1% mineral oil.
4Active drug ingredient monensin sodium, 90 g/lb (90g/ton inclusion: Elanco Animal Health, Indi-

anapolis, IN). As an aid in the prevention of coccidiosis caused by Eimeria necatrix, Eimeria tenella,

Eimeria acervulina, Eimeria brunetti, Eimeria mivati, and Eimeria maxima.

the manufacturer of 113.5 grams per ton, which
was added on top of the diet. The NSPase1 com-
plex contained xylanase, β-glucanase, and α-
galactosidase.

Two corn and soybean meal based diets
(Table 1) were formulated with 0 and 15%

1Enspira R©–Enzyvia LLC, Sheridan, IN. Xylanase (2700
U/g) from Aspergillus niger and Trichoderma reeset. Also
contains β-glucananse and α-galactosidase.

DDGS levels, and mixed at 2:1 and 1:2 ratios
to obtain the two intermediate inclusion levels
of 5% and 10% DDGS. Diets were formulated
to maintain consistent protein and supplemen-
tal fat levels, as well as similar energy to total
essential amino acid ratios (Table 1). Addition-
ally, all diets included 0.5% of titanium diox-
ide as an indigestible marker. To maintain maxi-
mum enzymatic activity, diets were fed in mash
form.
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Each treatment had a total of eight replicates
containing five Cobb 500 male broilers in sixty-
four battery pens for a total placement of 320
male broiler chicks. Broilers were obtained on
the day of hatch, banded, and sorted to achieve
statistically equivalent initial body weights at
time of placement. Broilers were reared in bat-
tery brooders and provided ad libitum access to
dietary treatments and water, and provided age
appropriate supplemental heat. Birds were reared
using a continuous lighting program. Care was
provided in accordance with an approved Ani-
mal Use Protocol (IACUC). Body weights and
feed consumption were taken on days 7, 14, and
21. Feed conversion ratios were calculated and
adjusted for mortality.

On day 22 of age, all broilers were euthanized
via carbon dioxide asphyxiation. Ileal contents
were then manually collected from the portion of
the small intestine four centimeters posterior to
Meckel’s Diverticulum to four centimeters ante-
rior to the ileal-cecal junction, and pooled within
each replicate pen. Ileal samples were dried at
100◦C for 24 h and ground for analysis.

Titanium concentration was determined us-
ing a modified procedure outlined by Short
et al. [17]. As such, five hundred mg of each
dried sample was weighed and ashed. Follow-
ing ashing, samples were titrated with 10 mL of
sulfuric acid, and boiled until dissolved. Sam-
ples were then titrated with 20 mL of hydro-
gen peroxide, and brought to 100 mL using dis-
tilled water. Samples were then analyzed using
a Thermo Fisher Scientific Gensys 10S UV-
Vis (Model G10S UV-Vis) Spectrophotometer
(Waltham, MA) at 410 nm.

Gross energy of feed and dried ileal con-
tents was determined using a Parr 6300 bomb
calorimeter (Moline, IL). Nitrogen concentra-
tion of each dried sample was determined via the
combustion method, using an Elementar Rapid
N Cube (Hanua, Germany). Ileal digestible en-
ergy (IDE) was calculated using the following
equation [18]:

Gross Ef − Excreta Ei where Excreta Ei

= GE × (Tif/Tii)

Ileal energy digestibility coefficients (IEDC)
and ileal nitrogen digestibility coefficients

(INDC) were calculated to compensate for dif-
ferences in caloric intake, using the following
equation [18]:

[(NT/Ti)d − (NT/Ti)i]/[(NT/Ti)d]

Whereas NT represents kcal in the sample, Ti
represents the percentage of titanium, with the
subscript “i” representing the ileal contents and
subscripts “d” representing the diet.

Experiment Two

The experimental design consisted of three
dietary treatment groups: a positive control
(PC), negative control (PC less 132 kcal/kg ME),
and negative control (NC) with the inclusion of
the same NSPase, which was added on top of
the diet (Table 2). Each treatment consisted of 8
replicate pens with each replicate containing 28
straight-run Cobb 500 chicks, resulting in a total
placement of 24 pens with 672 chicks. Broilers
were obtained on the day of hatch, banded, and
sorted to achieve statistically equivalent initial
body weights at time of placement. Broilers were
reared in floor pens containing fresh pine shav-
ings as bedding material, provided ad libitum
access to dietary treatments and water, and pro-
vided age appropriate supplemental heat. Care
was provided in accordance with an approved
Animal Use Protocol (IACUC).

The dietary program consisted of a four-phase
diet with a starter (days 0 to 14), grower (days
14 to 28), finisher (days 28 to 42), and with-
drawal (days 42 to 48) phase. Diets were based
on corn and soybean meal and contained DDGS
levels between 2.5 and 10% of the inclusion
levels for the different dietary phases. All di-
ets were fed in pellet form, with the excep-
tion of the starter phase, which was fed as a
crumble. Diets were manufactured at a pellet-
ing temperature of 70◦C with a 25-s condition-
ing time. Samples were collected during feed
manufacturing for nutrient analysis, which was
conducted in triplicate. Crude protein was deter-
mined using AOAC [19] by combustion (AOAC
990.03), total phosphorus determined by wet
ash ICP (AOAC 985.01M), acid detergent fiber
determined using an ANKOM digestion unit
(AOAC 973.18), and an ether extraction to de-
termine crude fat (AOAC 920.39). Enzymatic
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Table 2. Dietary formulations and calculated nutrient content of the Positive Control (PC) and Negative Control
(NC-less 132 kcal/kg ME) fed to straight-run market broilers for Experiment 2.

Starter Grower Finisher Withdrawal
D 1–14 D 14–28 D 28–42 D 42–48

Ingredient PC NC PC NC PC NC PC NC

Corn 58.07 61.75 65.93 69.89 65.41 69.19 64.98 69.23
Dried Distillers’ Grains with Solubles1 6.08 4.54 2.33 1.15 10.0 9.13 10.0 10.0
Dehulled Soybean Meal (48%) 26.34 26.39 21.99 21.93 16.53 16.56 15.91 14.38
Meat and Bone Meal 4.22 4.30 4.38 4.33 2.09 1.83 2.43 2.43
DL-Methionine (99%) 0.26 0.26 0.24 0.24 0.19 0.18 0.19 0.20
L-Lysine- HCl 0.28 0.27 0.33 0.33 0.31 0.30 0.28 0.32
L-Threonine (98.5%) 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.03
Fat- AV Blend 2.51 – 2.85 0.14 3.35 0.58 4.26 1.45
Calcium Carbonate 1.16 1.28 0.99 1.00 1.16 1.20 1.11 1.12
Mono Calcium Phosphate 0.29 0.29 0.11 0.13 0.08 0.14 – –
Sodium Chloride 0.41 0.15 0.29 0.29 0.22 0.23 0.21 0.16
Sodium Bicarbonate – 0.41 0.19 0.20 0.29 0.29 0.31 0.37
Vitamins2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Trace Minerals3 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Coban 904 0.05 0.05 0.05 0.05 0.05 0.05 – –
Phytase 5 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Calculated Nutrient Concentration

Protein 22.80 22.80 20.50 20.50 18.20 18.20 18.00 18.00
Lysine 1.29 1.29 1.20 1.20 1.02 1.02 1.00 1.00
Methionine 0.60 0.59 0.54 0.53 0.47 0.47 0.48 0.49
TSAA 0.92 0.92 0.83 0.83 0.75 0.75 0.75 0.75
Threonine 0.80 0.80 0.70 0.70 0.63 0.63 0.63 0.63
Calcium 0.95 1.00 0.85 0.85 0.75 0.75 0.75 0.75
Available Phosphorus 0.45 0.45 0.40 0.40 0.35 0.35 0.33 0.33
Total Phosphorus 0.62 0.62 0.55 0.55 0.49 0.49 0.49 0.49
Sodium 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Crude Fat 5.25 2.74 5.46 2.76 6.18 3.43 7.10 4.40
AME (kcal/kg) 3155 3023 3168 3036 3212 3080 3256 3124

Analyzed Nutrient Content
Crude Protein 22.5 22.7 20.1 20.2 18.0 18.2 17.7 18.0
Crude Fat 4.54 3.81 5.12 3.66 6.41 3.99 6.99 5.17
Total Phosphorus 0.65 0.62 0.54 0.59 0.51 0.51 0.48 0.50
Acid Detergent Fiber 3.37 3.56 2.35 2.25 2.84 3.35 3.05 2.61

1Analyzed approximate values for DDGS were dry matter 88.8%, crude protein 26.5%, crude fat 8.16%, crude fiber 8.5%,

calcium 0.07%, phosphorus 0.88%.
2Vitamin premix added at this rate yields 11,023 IU vitamin A, 3,858 IU vitamin D3, 46 IU vitamin E, 0.0165 mg B12, 5.845

mg riboflavin, 45.93 mg niacin, 20.21 mg d-pantothenic acid, 477.67 mg choline, 1.47 mg menadione, 1.75 mg folic acid, 7.17

mg pyroxidine, 2.94 mg thiamine, 0.55 mg biotin per kg diet. The carrier is ground rice hulls.
3Trace mineral premix added at this rate yields 149.6 mg manganese, 125.1 mg zinc, 16.5 mg iron, 1.7 mg copper, 1.05 mg

iodine, 0.25 mg selenium, a minimum of 6.27 mg calcium, and a maximum of 8.69 mg calcium per kg of diet. The carrier is

calcium carbonate and the premix contains less than 1% mineral oil.
4Active drug ingredient monensin sodium, 90 g/lb (90g/ton inclusion: Elanco Animal Health, Indianapolis, IN). As an aid

in the prevention of coccidiosis caused by Eimeria necatrix, Eimeria tenella, Eimeria acervulina, Eimeria brunette, Eimeria

mivati, and Eimeria maxima.
5OptiPhos 5000L–Enzyvia LLC., Sheridan IN. Application of 250 FTU/kg with a matrix value of 0.10% available phosphorus,

and 0.07% Ca.

recovery was not conducted as the low pelleting
temperature was selected to preserve enzymatic
activity.

In order to measure growth performance,
body weights and feed consumptions were de-

termined at the end of each dietary phase, on
days 14, 28, 42, and 47. On day 48, following an
8 h feed withdrawal period, 5 males and 5 female
broilers from each replicate pen were removed,
weighed, processed, deboned for calculation of
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carcass, breast, and fat pad yield (40 male and
40 female per treatment, or 35% of total place-
ment). All carcasses were air chilled for 18 hs
prior to deboning to avoid influencing yield data
based on differences in water uptake.

Statistical Analysis

For Experiment 1, all data were analyzed via
a 4 × 2 factorial Analysis of Variance (ANOVA)
using the General Linear Model (GLM) proce-
dure (SPSS V 19.0). In cases of the presence
of significant interactions, data were analyzed
using a one-way ANOVA. Main effect and treat-
ment means were deemed significant at P ≤ 0.05
and separated using Duncan’s Multiple Range
Test. The experimental unit for all measures was
the pen.

For Experiment 2, all data were analyzed via
a one-way ANOVA using the GLM procedure
(SPSS V 19.0) with treatment means deemed
significantly different at P ≤ 0.05. Means were
separated using Duncan’s Multiple Range Test.
The experimental unit for all parameters was the
pen.

RESULTS

Experiment One

Significant differences were observed in body
weight on all collection days regarding DDGS
inclusion (Table 3). On days 7 and 14, broilers
fed diets with the inclusion of DDGS at 15%
decreased (P < 0.05) body weight compared to
broilers fed diets containing 0 and 5% DDGS,
with the inclusion of DDGS at 10% being inter-
mediate and not different from any other treat-
ment. Body weights for day 21 were decreased
(P < 0.05) in broilers fed diets containing 15%
DDGS when compared to broilers fed diets with
0 or 10% DDGS inclusion, with DDGS inclusion
at 5% being intermediate. Body weight for days
7, 14, or 21 was not significant for the main ef-
fect of NSPase. No differences were observed in
mortality throughout the experiment (P > 0.05).

No significant differences were observed in
mortality corrected FCR with enzyme inclusion
throughout the experiment (Table 3). The inclu-
sion of DDGS had no impact on FCR through 7
days of age. Inclusion of DDGS at 15% resulted

in an increased (P < 0.05) FCR as compared
to all other treatment groups at 14 days of age.
At the conclusion of the trial (day 21), DDGS
inclusion did not influence FCR. Significant ef-
fects were observed regarding IDE with DDGS
inclusion and enzyme inclusion (Table 3). The
inclusion of DDGS at 10 and 15% resulted in
a decrease (P < 0.05) in IDE as compared to
no DDGS inclusion with the diet containing 5%
DDGS yielding intermediate results. Enzyme in-
clusion increased (P < 0.05) IDE (74 kcal/kg)
compared to the control in early stages of
Experiment One. An interaction was observed
between DDGS concentration and NSPase in-
clusion regarding digestibility coefficients for
energy (IEDC) and nitrogen (IDNC), therefore,
statistical groups were made based on individ-
ual treatment means. In non-NSPase treatment
groups, reductions (P < 0.05) in IEDC were
observed in the 5 and 15% DDGS diets as com-
pared to the control diet. Inclusion of the NSPase
resulted in increases (P < 0.05) in IEDC in all
dietary treatments except the inclusion of DDGS
at 0 and 10%. Additionally, NSPase inclusion in
the 5 and 15% DDGS diets increased (P < 0.05)
IEDC as compared to the 0% DDGS diet without
enzyme inclusion.

A significant interaction was observed be-
tween DDGS concentration and NSPase inclu-
sion with regards to ileal nitrogen digestibil-
ity coefficient (INDC), and, therefore, tables
were constructed using treatment means in or-
der to interpret the interaction (Table 3). In non-
NSPase treatments, reductions were observed in
INDC with all DDGS inclusion rates as com-
pared to the control diet with the 15% DDGS
having a lower (P < 0.05) N digestibility com-
pared to the 5% DDGS diet. Inclusion of the
NSPase increased N digestibility in the 0, 5,
and 15% DDGS treatment groups to a level
comparable to the 0% DDGS diet without the
NSPase.

Experiment Two

Body weight was immediately impacted and
was sustained throughout the trial with the re-
duction in energy in the NC diet as compared to
the PC diet (Table 4). Inclusion of the NSPase
to the NC diet increased (P < 0.05) body weight
as compared to the NC to a level similar to the
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Table 3. Body weight, mortality corrected feed conversion ratio (FCR), and nutrient digestibility of young male
broilers fed diets with varying levels of DDGS with or without NSPase1 inclusion (Experiment 1).

Body Weight Feed Conversion Ratio Nutrient Digestibility

DDGS% Enzyme Day 7 Day 14 Day 21 Days 0 to 7 Days 0 to 14 Days 0 to 21 IDE2 IEDC3 INDC4

0 Control 132.0 372.1 754.4 1.32 1.49 1.52 3281 0.778b 0.867a

5 Control 133.3 386.0 736.7 1.29 1.45 1.52 3184 0.746c 0.845b

10 Control 125.1 360.8 756.7 1.34 1.51 1.52 3202 0.752b,c 0.831b,c

15 Control 116.4 336.3 689.2 1.49 1.70 1.60 3157 0.730c 0.815c

0 Enzyme 136.0 381.1 761.0 1.33 1.49 1.53 3360 0.792a 0.869a

5 Enzyme 135.8 372.1 761.5 1.25 1.47 1.55 3348 0.790a 0.869a

10 Enzyme 130.9 373.7 776.1 1.37 1.49 1.52 3154 0.734c 0.822c

15 Enzyme 121.2 347.4 707.6 1.32 1.56 1.55 3264 0.793a 0.868a

Main Effect Means
DDGS%

0 - 134.0a 376.6a 757.7a 1.32 1.49b 1.53 3321a 0.785 0.868
5 - 134.5a 379.5a 748.3a,b 1.27 1.46b 1.53 3261a,b 0.766 0.856
10 - 128.0a,b 367.2a,b 766.4a 1.35 1.50b 1.52 3177b 0.742 0.827
15 - 118.8b 341.8b 707.6b 1.39 1.63a 1.57 3207b 0.760 0.840

Enzyme
- Control 136.7 363.8 735.7 1.35 1.54 1.54 3206b 0.751 0.840
- Enzyme 130.8 368.5 755.4 1.32 1.51 1.54 3280a 0.776 0.856

P-value
DDGS - 0.029 0.031 0.026 0.215 0.019 0.558 0.005 0.001 >0.001

Enzyme - 0.294 0.249 0.146 0.333 0.360 0.976 0.012 >0.001 >0.001
DDGS x Enzyme 0.993 0.742 0.921 0.408 0.474 0.816 0.086 0.001 >0.001

PSEM 2.0 4.8 7.3 0.02 0.02 0.01 17 0.005 0.004
a-cMain effect and treatment means differ at (P ≤ 0.05).
1Enspira R©–Enzyvia LLC, Sheridan, IN. Xylanase (2700 U/g) from Aspergillus niger and Trichoderma reeset. Also contains

β-glucananse and α-galactosidase.
2 Ileal Digestible Energy.
3Ileal Energy Digestibility Coefficient.
4Ileal Nitrogen Digestibility Coefficient.

PC diet at days 14, 28, and 47. At the conclu-
sion of the trial, the reduction in energy in the
NC diet decreased (P < 0.05) final body weight
compared to the PC while NSPase inclusion in-
creased (P < 0.05) body weight to a level of the
PC diet. No differences were observed in mor-
tality throughout the experiment (P > 0.05).

Mortality corrected feed conversion ratio
(FCR) was also negatively impacted during the
early stages of growth with the reduction in en-
ergy (Table 4). During the starter phase, the NC
fed broilers had the highest (P < 0.05) observed
FCR. Inclusion of NSPase to the NC diet dur-
ing the starter phase reduced (P < 0.05) FCR
compared to the NC; however, not to a level of
the PC fed broilers. During the finisher phase of
production, NSPase inclusion resulted in a re-
duction (P < 0.05) in FCR as compared to PC
fed broilers with the NC being intermediate. No
differences (P < 0.05) were observed between
dietary treatments during the grower and with-

drawal phases of production. Reducing energy
in the NC diet increased FCR through 28 days
of age compared to the PC diet. The inclusion of
NSPase was intermediate to the PC and NC. A
three point (0.03) separation in cumulative FCR
was observed between the PC and NC diets at
42 and 47 days of age but did not reach the level
of significance as the energy response in this ex-
periment seemed to more heavily impact body
weight.

Energy level and NSPase inclusion impacted
multiple evaluated processing parameters. Broil-
ers fed the NC diet had a lower (P < 0.05)
carcass weight, and breast filet weight as com-
pared to the PC fed broilers (Table 4). Inclusion
of the NSPase in the NC diet increased (P <

0.05) live weight, carcass weight, breast filet,
and tenderloin weight as compared to the NC
diet and all parameters were similar to the PC
diet. Additionally carcass yield was increased (P
< 0.05) with NSPase inclusion compared to NC.
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Table 4. Body weight, mortality corrected feed conversion ratio (FCR), and processing data of broilers
fed varying diets varying in energy level1 with NSPase2 supplementation (Experiment 2).

Positive Control Negative Control Negative Control +NSPase1 Pooled SEM

Body weight
Day 14 (g) 507.4a 465.5b 492.5a 4.0
Day 28 (kg) 1.61a 1.54b 1.60a 0.01
Day 42 (kg) 2.82a,b 2.78b 2.90a 0.02
Day 47 (kg) 3.32a 3.24b 3.37a 0.02

Mortality Corrected Feed Conversion Ratio (Feed:Gain)

Starter 1.24c 1.35a 1.29b 0.01
Grower 1.53 1.57 1.54 0.01
Finisher 2.16a 2.10a,b 2.06b 0.02
Withdrawal 2.46 2.54 2.62 0.04
Day 0–28 1.44b 1.51a 1.47a,b 0.01
Day 0–42 1.75 1.78 1.73 0.01
Day 0–47 1.85 1.88 1.85 0.01

Processing Parameters (g)

Live Weight 3332a 3235b 3335a 28
Carcass Weight 2415a 2326b 2441a 20
Breast Fillet 594.0a 571.6b 613.1a 6.4
Tender 134.0a,b 129.6b 137.7a 1.2
Fat Pad 55.0a 48.4b 46.1b 1.2
Yield (%)
Carcass 72.5a,b 72.0b 73.2a 0.2
Breast 24.6 24.5 25.1 0.1
Tender 5.6 5.6 5.7 0.1
Fat Pad 2.3a 2.1a,b 1.9b 0.0
a-cTreatment means within same row with different superscripts differ significantly at P ≤ 0.05.
1Energy reduction between the PC and NC was 132 kcal/kg.
2Enspira R©–Enzyvia LLC, Sheridan, IN. Xylanase (2700 U/g) from Aspergillus niger and Trichoderma

reeset. Also contains β-glucananse and α-galactosidase.

Reduction of energy resulted in a decrease (P <

0.05) in fat pad weight in the NC diet as com-
pared to the PC diet. NSPase inclusion in the NC
diet did not increase fat pad weight compared to
the NC diet. Breast and tender yield was not
different between any of the treatments.

DISCUSSION

The objectives of the current experiments
were to examine the effects of increasing DDGS
inclusion and the addition of a (NSPase) on nu-
trient utilization in young broilers and evaluate
NSPase inclusion in low energy diets containing
DDGS on broiler growth performance and car-
cass yield. In Experiment 1, as the inclusion of
DDGS increased from 0 to 15%, the IDE value
decreased from 3321 kcal/kg to 3207 kcal/kg
respectively. Generally, as the DDGS inclusion
level increased, a depression in growth perfor-
mance was observed. Lumpkins et al. [3] con-
ducted an experiment with diets that were formu-

lated to be isocaloric and isonitrogenous contain-
ing DDGS ranging from 0 to 18%. The authors
found no differences in performance and car-
cass yield except for a decrease in body weight
gain and feed efficiency during the starter period,
when chicks were fed 18% DDGS diet. In a re-
cent study Wang et al. [20] evaluated the effect
of diets formulated based on digestible amino
acid levels, containing 0, 5, 10, 15, 20, or 25%
DDGS, on broiler performance. The inclusion
of DDGS up to 25% did not impact growth rate;
however, chicks fed diets with 25% DDGS in-
clusion had increased FCR compared to the con-
trol group. Loar et al. [21] observed a decrease
in performance parameters with the inclusion of
8% DDGS in the starter and grower diets. During
the starter phase, DDGS in the diet resulted in
a significantly higher FCR. Similar results were
observed in the current study with the inclusion
of DDGS at 15% increasing FCR on day 14. The
reduction in growth performance in the current
study can more than likely be attributed to the
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increase in DDGS inclusion, however, in an ef-
fort to maintain similar supplemental fat levels
in treatments, a difference in calculated AME of
35 kcal/kg can be observed between the control
and 15% DDGS diets (Table 1). Because of the
difference in calculated AME of the diets, both
IDE and digestibility coefficients were evaluated
,which were also negatively impacted by DDGS
inclusion.

The wide variation in nutritive value of DDGS
is a concern for the use of the by-product in poul-
try diets as nutrient utilization may decrease. In
the current study, the two highest levels of DDGS
inclusions (10 and 15%) in Experiment 1 nega-
tively impacted IDE compared to the control diet.
The inclusion of DDGS at 5 and 10% reduced
IEDC compared to the control diet. Additionally,
a continuous decrease in INDC was observed as
the DDGS inclusion level increased. Similar re-
sults were observed by Olukosi et al. [22], with
the inclusion of corn DDGS at 100 g/kg reduc-
ing the coefficient of apparent ileal N digestibil-
ity. The inclusion of an exogenous enzyme may
reduce this variability by improving the nutrient
utilization of the by-product. In the current study,
enzyme supplementation improved nutrient di-
gestibility in young broilers. The inclusion of
NSPase achieved a 74 kcal/kg increase in dietary
IDE compared to the control treatments. Nutri-
ent digestibility improvements were reported in a
study conducted by Coweison et al. [23]. The ob-
served improvements were dependent on a diet
resulting in a diet x enzyme interaction. In the
current experiment a diet x enzyme interaction
was observed in IEDC and INDC. The addition
of NSPase increased IEDC for the 0%, 5%, and
15% diets to levels greater than the observed
IEDC of their respective control treatments.
Nitrogen digestibility was improved with in the
inclusion of NSPase as INDC of the 5% and 15%
DDGS inclusions were brought to levels equiv-
alent to the 0% control diet without NSPase.
This beneficial effect on nitrogen and protein
has been demonstrated in previous research [24,
25]. Overall, these results agree with previous
research, indicating that enzyme supplementa-
tion enhances energy utilization in broilers. The
inconsistent results observed in the 10% DDGS
diet with NSPase inclusion are also in agree-
ment with previous reports citing that responses
to dietary exogenous enzyme supplementation

are varied, sometimes inconsistent and difficult
to predict [23, 25, 26].

Experiment Two of the current study con-
tained diets with increasing levels of DDGS
and NSPase inclusion in the low energy diet as
the experimental treatment group. The reduction
in energy in the NC diet negatively impacted
broiler body weight throughout the trial. Sim-
ilar results were observed by Coppedge et al.
[15] and Masey O’Neill et al., [12] with a neg-
ative impact on BW and FCR when the di-
etary energy levels were reduced. The inclu-
sion of NSPase in the reduced energy diet in-
creased BW to levels that were similar to the
PC diet. Similarly, Coppedge et al. [15] reported
an improvement in BW and FCR with the in-
clusion of a NSPase in reduced energy diets,
along with Meng et al. [27] that reported im-
provements in FCR with the supplementation of
a cocktail carbohydrase. The reduction of en-
ergy also reduced broiler fat pad weight as ex-
pected and similar results have been reported by
Coppedge et al. [15]. Increases in broiler body
weight associated with NSPase inclusion in the
NC diet directly resulted in increases in carcass
weight, carcass yield, and breast weight. These
increases in carcass and parts yield are consis-
tent with previous research, which indicates that
enzyme supplementation can increase carcass
weights, as well as weights of breast filets and
tenders [15].

Combined, these data confirm growth perfor-
mance as measured by body weight and FCR can
be negatively influenced by excessive levels of
DDGS and decreased energy levels in broiler di-
ets. These negative observations associated with
DDGS inclusion are related to reductions in en-
ergy and nitrogen digestibility. However, nega-
tive effects associated with DDGS inclusion or
reduced caloric diets can be negated with the
inclusion of an NSPase resulting in enhanced
growth performance of market broilers.

CONCLUSIONS AND
APPLICATIONS

1. The inclusion of DDGS reduced energy
and nitrogen digestibility when included in
broiler diets.
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2. Reducing dietary energy negatively influ-
enced broiler performance.

3. The inclusion of NSPase improved growth
performance in low energy diets and nutrient
digestibility in diets containing DDGS.
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