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SUMMARY

Two 18-d studies were conducted to evaluate the effects of drought stress and carbohydrase
enzyme inclusion on broiler performance and nutrient digestibility in either yellow dent corn or
sorghum. Both experiments employed a 2 × 2 factorial arrangement of treatments with 2 grow-
ing environments (normal or stressed), and carbohydrase enzyme cocktail (yes or no). In each
experiment, 256 chicks were randomly assigned with 8 birds/pen and 8 replicates/treatment.
Enzyme inclusion did not affect any variable in either experiment, and environment did not
alter 18-d BW, mortality, or the digestibility of DM or CP. In Experiment 1, birds consuming
normal corn had improved FCR compared to those fed drought-affected corn (1.27 vs. 1.33,
respectively), which was potentially driven by the difference in apparent total tract digestibility
(ATTD) of EE. Alternatively, FCR was not affected by environment in birds fed sorghum-
based diets in Experiment 2, but those that consumed normal sorghum had lower feed intake
than those fed drought-affected corn (750 vs. 796 g, respectively). In summary, commercial
carbohydrase inclusion did not improve growth performance or nutrient digestibility in birds
fed normal or drought-affected corn or sorghum. Birds fed drought-affected corn and sorghum
affected growth performance variables, but environment did not affect final weight or mortality
of broiler chicks.
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DESCRIPTION OF PROBLEM

Sorghum is a significant cereal grain, ranking
fifth in global production [1]. While utilized for
human consumption in other countries, sorghum
is often used for poultry or livestock feed in the

1Contribution No. 15-298-J from the Kansas Agricultural
Experiment Station.
2Corresponding author: jonesc@ksu.edu

United States, particularly in the Midwest [2].
When fed to monogastric animals, sorghum is
typically given a relative feeding value to corn
of approximately 95% because it has a lower
energy density, but it may be possible to alter this
relative feeding value through physical, thermal,
or chemical manipulation [3].

Drought is known to potentially alter the nu-
tritional composition of grains, and is detrimen-
tal to crop yield and test weight [4]. If drought
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occurs during pollination, yield is predominantly
affected because there are fewer embryos formed
[5]. However, if water stress occurs after pol-
lination, embryo growth suffers and leads to
poor endosperm development [6]. This poten-
tially alters the endosperm:pericarp ratio of the
seed, which increases the quantity of indigestible
structural carbohydrates and leads to decreased
digestibility of the seed by broilers [7]. This
shift in seed composition and the resulting nutri-
tive value from drought is expected to be less
extreme in sorghum compared to corn; how-
ever, limited data exists comparing normal and
drought-affected grains [8].

Supplementing diets with carbohydrase en-
zymes has been repeatedly shown to improve
broiler growth and nutrient utilization [9–12].
Because the structural carbohydrates in sorghum
are predominantly arabinoxylan and other
β-glucans, a specific enzyme blend contain-
ing β-glucanase, cellulose, and xylanase would
likely be particularly effective in sorghum-based
diets [13]. Inclusion of an exogenous enzyme
may even raise its relative feeding value to that
of corn, which has a relatively low concentration
of these structural carbohydrates [14]. However,
there is little data available to relate enzyme
inclusion in corn and sorghum diets, and no
published research evaluates their interaction in
drought-stressed grains. Thus, the objectives of
this study were to: 1) evaluate if feeding broiler
chicks grower diets with drought-affected corn
or sorghum affects growth performance or nutri-
ent digestibility, and 2) evaluate if the addition
of a carbohydrase enzyme cocktail alters these
potential changes.

MATERIALS AND METHODS

Grain Composition and Feed Manufacturing

Initially, 34 corn and 12 sorghum samples
were collected and analyzed to determine the
effects of drought stress on grain chemical com-
position and to select grains to use in diet man-
ufacturing. Of these samples, those chosen for
the experiment represented those closest to (nor-
mal) or furthest from (drought-affected) the per-
centage of total normal rainfall [15] for each
growing area. The corn selected to represent
normal corn had 83.5% of its normal rainfall,

a test weight of 720 kg/m3, and contained 64.3%
starch, 2.5% cellulose, and 0.77% β-glucan. The
corn selected to represent drought-affected corn
had 58.0% of its normal rainfall, a test weight
of 699 kg/m3, and contained 65.7% starch, 2.5%
cellulose, and 0.83% β-glucan (Table 1). The
sorghum selected to represent normal sorghum
had 80.0% its normal rainfall, a test weight of
723 kg/m3, and contained 69.0% starch, 4.0%
cellulose, and 1.33% β-glucan. The sorghum
selected to represent drought-affected sorghum
had 56.5% its normal rainfall, a test weight of
671 kg/m3, and contained 60.6% starch, 4.1%
cellulose, and 1.27% β-glucan (Table 2). No-
tably, these results represent the average of
3 analyses/single samples representing each cat-
egory and were intended to be utilized as de-
scriptors of the grains utilized for our objectives.
More replication of multiple samples grown in
various environmental conditions would be nec-
essary to draw conclusions regarding expected
nutritional compositional changes in grains from
drought conditions, which is beyond the scope
or intention of this study.

Grains were ground in a hammer mill to a
common particle size and similar standard de-
viation and used to manufacture a broiler chick
starter diet. All diets were manufactured from the
same formulation, with grain type given equal
nutritive value and enzymes included in place of
grain (Tables 3 and 4). In order to control for in-
herent differences in diet nutrient composition,
diets were fed as part of 2 experiments, both em-
ploying a 2 × 2 factorial arrangement of treat-
ments, with 2 environmental growing conditions
of the grain (normal vs. drought-affected) and in-
clusion of a carbohydrase enzyme cocktail con-
taining β-glucanase, cellulase, and xylanase (yes
vs. no). The enzyme cocktail was 110 mL/metric
ton inclusion of Roxazyme G2L (DSM Nutri-
tional Products, Parsippany, NJ). Diets included
0.4% titanium dioxide as an indigestible marker.
Diets were analyzed for proximate analysis and
carbohydrate concentrations.

Broiler Management

This study was conducted using Petersime
battery brooders located in an environmentally
controlled room at the Kansas State University
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Table 1. Grain growing conditions, characteristics, and nutrient composition for Experiment 1.

Normal Drought-Affected
Item Corn Corn

Growing Conditions (March to September 2012)
Temperature
Average actual temperature,1 ◦C 17.7 18.7
Normal average temperature, % 94.8 97.5
Precipitation
Total actual rainfall,2 mm 55.4 35.6
Total normal rainfall, % 83.5 58.0
Characteristics
Yield, kg/ha 8,788 5,461
Test weight, kg/m3 720 699
Moisture, % 15.0 14.3
Particle size geometric mean, μm 404 403
Particle size SD 2.15 2.03
Analyzed Nutrient Composition,3 %
Moisture 12.6 12.4
CP 8.5 9.4
EE 3.2 3.2
CF 1.4 1.5
Ash 1.4 1.3
Starch 64.3 65.7
ADF 2.9 3.0
NDF 10.6 10.6
Cellulose 2.5 2.5
β-glucan 0.77 0.83
Calculated Nutrient Composition, %
Lignin4 0.38 0.48
Hemicellulose5 7.8 7.6

1Calculated by the Climate Prediction Center, National Oceanic and Atmospheric Administration.
2As reported by the Advanced Hydrologic Prediction Service, National Oceanic and Atmospheric

Administration.
3Average of 3 samples.
4Calculated using the equation: ADF − cellulose = lignin.
5Calculated using the equation: NDF − ADF = hemicellulose.

Poultry Farm. The care of the birds used in the
trial conformed to the Guide for Care and Use of
Agricultural Animals in Agriculture Research
and Teaching [16]. Eight male Cobb–Vantress
hatchling chicks were allotted to each battery
pen, and pen was the study unit. Each of the
starter diet treatments was fed to a total of 8
replicate pens for 18 d. Feed and water were
provided for ad libitum consumption. BW gain,
feed intake, and FCR were determined. Excreta
and feed samples were collected on d 15 of the
study, stored at −20◦C, oven-dried, and analyzed
for DM, CP, EE, and titanium to determine DM
and apparent total tract nutrient digestibilities.

Sample Collection, Analyses, and Calculations

Grain, feed, and excreta samples were stored
at −20◦C, oven-dried, ground through a 0.5-mm

screen, and analyzed for proximate analysis, car-
bohydrate, and titanium concentrations. Percent-
age DM and ash were determined according to
modified Methods 930.15 and 942.05 [17], re-
spectively, in which samples were dried at 105
or 600◦C, respectively, to a constant weight.
Nitrogen content was determined by Kjeldahl
according to Method 981.13 [17]. CP was ex-
pressed as N × 6.25. Crude fat was calculated
by ether extraction according to method 920.39
and crude fiber according to method 978.10 [17].
Total starch was calculated according to Amer-
ican Association of Cereal Chemists Interna-
tional Method 76–13 [18]. ADF was determined
according to Method 973.18 [17] while NDF
was determined according to Ref. [19]. Cellu-
lose and lignin were determined according to
Method 973.18, while β-glucan was determined
according to Method 995.16 [17]. Titanium was
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Table 2. Grain growing conditions, characteristics, and nutrient composition for Experiment 2.

Normal Drought-Affected
Item Sorghum Sorghum

Growing Conditions (March to September 2012)
Temperature
Average actual temperature,1 ◦C 19.7 22.1
Normal average temperature, % 100.1 106.5
Precipitation
Total actual rainfall,2 mm 45.7 29.2
Total normal rainfall, % 80.0 56.5
Characteristics
Yield, kg/ha 7,281 4,959
Test weight, kg/m3 723 671
Moisture, % 13.2 13.3
Particle size geometric mean, μm 372 402
Particle size SD 2.06 2.03
Analyzed Nutrient Composition,3 %
Moisture 12.8 11.7
CP 9.9 11.8
EE 2.4 2.5
CF 1.6 1.3
Ash 1.3 1.4
Starch 69.0 60.6
ADF 4.8 4.7
NDF 9.7 9.5
Cellulose 4.0 4.1
β-glucan 1.33 1.27
Calculated Nutrient Composition, %
Lignin4 0.59 0.65
Hemicellulose5 4.8 4.8

1Calculated by the Climate Prediction Center, National Oceanic and Atmospheric Administration.
2As reported by the Advanced Hydrologic Prediction Service, National Oceanic and Atmospheric

Administration.
3Average of 3 samples.
4Calculated using the equation: ADF − cellulose = lignin.
5Calculated using the equation: NDF − ADF = hemicellulose.

also analyzed and utilized in calculations as an
indigestible marker [20]. All chemical analyses
were carried out in duplicate. DM and apparent
total tract digestibility (ATTD) of nutrients were
calculated by: DM apparent digestibility (%) =
100% − [(diet marker concentration ÷ excreta
marker concentration) × 100] or nutrient ATTD
coefficient (%) = 100% − {[(diet index marker
concentration ÷ excreta index marker concen-
tration) × (excreta nutrient concentration ÷ diet
nutrient concentration)] × 100}.

Statistical Analysis

Data were analyzed as a 2-way ANOVA using
the GLIMMIX procedure of SAS (SAS Institute,
Inc., Cary, NC) with the main effects of envi-
ronment, and enzyme addition serving as fixed

effects. There were no random effects. All in-
teractions were nonsignificant (P > 0.1898) and
thus pooled into the error term. Results were
considered to be significant if P < 0.05.

RESULTS AND DISCUSSION

Experiment 1

Drought-stressed corn diets were 1.7% lower
in starch than normal corn diets, which re-
inforces that water stress results in poor
endosperm development [6] (Table 3). Unex-
pectedly, however, there were no differences in
structural carbohydrate concentrations between
normal and drought-stressed corn. Environ-
mental conditions have been previously shown
to affect β-glucan concentrations considerably
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Table 3. The composition of broiler diets for Experiment 1.

Normal Corn Drought Corn Normal Corn Drought Corn
Item No Enzyme No Enzyme Enzyme Enzyme

Ingredient, %
Corn 58.90 58.90 58.85 58.85
Soybean meal, (48%) 35.80 35.80 35.80 35.80
Poultry fat 0.50 0.50 0.50 0.50
Dicalcium phosphate 0.97 0.97 0.97 0.97
Limestone 2.09 2.09 2.09 2.09
NaCl 0.50 0.50 0.50 0.50
Poultry premix1 0.35 0.35 0.35 0.35
L-Lysine 0.19 0.19 0.19 0.19
L-Threonine 0.05 0.05 0.05 0.05
Choline chloride (60%) 0.20 0.20 0.20 0.20
Coban2 0.05 0.05 0.05 0.05
Titanium dioxide 0.40 0.40 0.40 0.40
Roxazyme G2L3 0.00 0.00 0.05 0.05
Analyzed Composition,4 %
Moisture 7.0 6.4 7.2 6.8
CP 22.7 23.2 22.8 24.0
EE 5.7 5.6 5.3 5.4
CF 2.5 2.2 2.2 2.2
Ash 6.3 6.5 6.8 7.0
Starch 38.6 36.9 39.2 34.9
ADF 3.9 3.8 3.6 3.9
NDF 7.9 9.8 8.5 9.2
Cellulose 3.2 3.2 3.1 3.3
β-glucan 0.40 0.41 0.42 0.39
Calculated Composition, %
Lignin5 0.68 0.66 0.50 0.58
Hemicellulose6 4.0 6.0 5.0 5.3

1Supplied/kg feed: vitamin A, 6,601 IU; cholecalciferol, 1,980 IU; niacin, 55 mg; α-tocopherol,

33 mg; pantothenic acid, 11 mg; riboflavin, 6.6 mg; pyridoxine, 4 mg; menadione, 2 mg;

thiamine, 2 mg; folic acid, 1.1 mg; biotin, 0.13 mg; and vitamin B12, 0.02 mg, Zn from zinc

sulfate, 120 mg; Mn from manganese oxide, 120 mg; Fe from iron sulfate, 80 mg; Cu from

copper sulfate, 10 mg; I from calcium iodate, 2.5 mg; Co from cobalt chloride, 1.0 mg; Se

from sodium selenite, 0.2 ppm.
2Monensin was included at 99 mg/kg (Elanco Animal Health, Greenfield, IN).
3Added to diets in place of corn at 0.11 mL/kg (DSM Nutritional Products, Parsippany, NJ).
4Mean of 3 replicates.
5Calculated using the equation: ADF − cellulose = lignin.
6Calculated using the equation: NDF − ADF = hemicellulose.

because its formation is regulated by enzymes
that facilitate the degradation of endosperm cell
walls during germination [21], but this was not
observed in our samples.

None of the main effects altered BW, feed
intake, or mortality (Table 5). Birds fed nor-
mal corn had a 0.06 improvement in FCR com-
pared to those fed drought-affected corn. This
difference was potentially driven by the 5.4%
improvement in EE ATTD that was observed in
normal corn compared to drought-affected corn
(Table 6). Others have demonstrated differences

in digestibility among corn samples, but not due
to water stress [22]. However, neither DM nor
CP ATTD were altered by growing conditions of
corn.

Experiment 2

As expected, drought affected sorghum nu-
tritional composition very little, owing to the
drought tolerance of the grain [8] (Table 4).
However, birds fed diets manufactured from
drought-affected grains consumed nearly 50
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Table 4. The composition of broiler diets for Experiment 2.

Normal Sorghum Drought Sorghum Normal Sorghum Drought Sorghum
Item No Enzyme No Enzyme Enzyme Enzyme

Ingredient, %
Sorghum 58.90 58.90 58.85 58.85
Soybean meal, (48%) 35.80 35.80 35.80 35.80
Poultry fat 0.50 0.50 0.50 0.50
Dicalcium phosphate 0.97 0.97 0.97 0.97
Limestone 2.09 2.09 2.09 2.09
NaCl 0.50 0.50 0.50 0.50
Poultry premix1 0.35 0.35 0.35 0.35
L-Lysine 0.19 0.19 0.19 0.19
L-Threonine 0.05 0.05 0.05 0.05
Choline chloride (60%) 0.20 0.20 0.20 0.20
Coban2 0.05 0.05 0.05 0.05
Titanium dioxide 0.40 0.40 0.40 0.40
Roxazyme G2L3 0.00 0.00 0.05 0.05
Analyzed Composition,4 %
Moisture 6.6 6.8 7.2 6.7
CP 27.2 27.3 29.0 28.1
EE 5.9 6.1 5.7 5.8
CF 2.4 2.4 2.4 2.3
Ash 5.8 6.1 6.1 5.8
Starch 33.2 34.0 34.4 32.2
ADF 4.9 5.0 4.7 5.0
NDF 8.0 8.7 7.5 8.2
Cellulose 4.1 4.3 4.0 4.3
β-glucan 0.47 0.45 0.48 0.42
Calculated Composition, %
Lignin5 0.80 0.68 0.74 0.69
Hemicellulose6 3.1 3.7 2.8 3.1

1Supplied/kg feed: vitamin A, 6,601 IU; cholecalciferol, 1,980 IU; niacin, 55 mg; α-tocopherol, 33 mg;

pantothenic acid, 11 mg; riboflavin, 6.6 mg; pyridoxine, 4 mg; menadione, 2 mg; thiamine, 2 mg; folic acid,

1.1 mg; biotin, 0.13 mg; and vitamin B12, 0.02 mg, Zn from zinc sulfate, 120 mg; Mn from manganese oxide,

120 mg; Fe from iron sulfate, 80 mg; Cu from copper sulfate, 10 mg; I from calcium iodate, 2.5 mg; Co from

cobalt chloride, 1.0 mg; Se from sodium selenite, 0.2 ppm.
2Monensin was included at 99 mg/kg (Elanco Animal Health, Greenfield, IN).
3Added to diets in place of corn at 0.11 mL/kg (DSM Nutritional Products, Parsippany, NJ).
4Mean of 3 replicates.
5Calculated using the equation: ADF − cellulose = lignin.
6Calculated using the equation: NDF − ADF = hemicellulose.

g more feed during the 18-d study than
those fed diets manufactured from normal corn
(Table 7). This was potentially because the
drought-affected sorghum may have had a lower
energy value and birds were eating to a com-
mon energy level [23]. However, this difference
in feed intake did not result in significant vari-
ation in BW or FCR overall. These may have
varied if the study had been extended to the
grower and finisher phases to 42 d, so follow-
up research is relevant. There were no differ-
ences in apparent total tract nutrient digestibility
(Table 8).

One would expect the commercial enzyme
to potentially be more effective in sorghum-
based diets due to greater structural carbohy-
drate concentration compared to corn [24]. It is
known that source of wheat affects the efficacy
of enzyme supplementation [25], but this had
not been shown as effectively in other grains.
While sorghum diets had greater cellulose and
β-glucan concentrations, the magnitude of dif-
ference was not substantial. Thus, the lack of
effectiveness of a commercial carbohydrase that
included cellulase, β-glucanase, and xylanase is
therefore not altogether surprising.
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Table 5. Effect of environmental conditions, and enzyme inclusion on BW, growth performance, and mortality of
corn-fed broilers from d 1 to 18 posthatch for Experiment 1.1

Item n 18-d BW, g Feed intake, g FCR, g/g Mortality, %

Environment
Normal 16 669 792 1.27b 1.97
Drought-affected 16 649 801 1.33a 1.97
SEM 15 19 0.02 0.01
Enzyme inclusion
Yes 16 658 797 1.31 1.98
No 16 660 797 1.30 1.96
SEM 15 19 0.02 0.01

P-value

Environment × enzyme inclusion 0.3264 0.2319 0.8429 0.4138
Environment 0.3536 0.7456 0.0133 0.9403
Enzyme inclusion 0.8870 1.0000 0.7131 0.1767

a,bValues in columns not sharing the same superscript letter are significantly different (P ≤ 0.05).
1Treatments consisted of mash diets with corn that was grown in normal conditions or drought-affected conditions and

supplemented with a commercially-available carbohydrase enzyme or fed without enzyme supplementation.

Table 6. Effect of environmental conditions, and enzyme inclusion on apparent total tract digestibility of DM, CP,
and EE by corn-fed broilers from d 1 to 18 posthatch for Experiment 1.1

ATTD, %

Item n DM CP EE

Environment
Normal 16 92.1 79.3 84.0a

Drought-affected 16 91.2 80.4 78.6b

SEM 1.5 0.7 0.5
Enzyme inclusion
Yes 16 92.8 80.3 81.8
No 16 91.0 79.4 80.8
SEM 1.5 0.7 0.5

P-value

Environment × enzyme inclusion 0.4900 0.1897 0.1438
Environment 0.6676 0.2380 < 0.0001
Enzyme inclusion 0.1452 0.3364 0.1987

a,bValues in columns not sharing the same superscript letter are significantly different (P ≤ 0.05).
1Treatments consisted of mash diets with corn that was grown in normal conditions or drought-affected conditions and

supplemented with a commercially available carbohydrase enzyme or fed without enzyme supplementation.

CONCLUSIONS AND
APPLICATIONS

1. Drought-affected corn has lower starch con-
tent than normal corn, while the environ-
mental differences have little impact on the
nutritional composition of sorghum.

2. Water stress does not affect the proportion of
structural carbohydrates in corn or sorghum,
so a commercial carbohydrase does improve
broiler growth performance under drought
conditions.

3. Drought has a substantial impact on the nu-
tritional utilization of corn by broiler chicks
in the starter period, improving FCR by 0.06,
which was driven by a 5.4% improvement in
EE ATTD.

4. While drought increased daily average feed
intake of the sorghum diet by 2.6 g,
it did not alter final weight, FCR, or
nutrient digestibility, which demonstrates
its drought-tolerance and potential advan-
tage compared to corn under drought
conditions.
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Table 7. Effect of environmental conditions, and enzyme inclusion on BW, growth performance, and mortality of
sorghum-fed broilers from d 1 to 18 posthatch for Experiment 2.1

Item n 18-d BW, g Feed intake, g FCR, g/g Mortality, %

Environment
Normal 16 623 750b 1.31 1.95
Drought-affected 16 654 796a 1.32 1.95
SEM 12 15 0.02 0.02
Enzyme inclusion
Yes 16 630 765 1.31 1.94
No 16 646 782 1.31 1.95
SEM 10 15 0.02 0.02

P-value

Environment × enzyme inclusion 0.5161 0.7803 0.5481 0.5324
Environment 0.0749 0.0401 0.8370 0.9053
Enzyme inclusion 0.3476 0.4277 0.9895 0.7087

a,bValues in columns not sharing the same superscript letter are significantly different (P ≤ 0.05).
1Treatments consisted of mash diets with sorghum that was grown in normal conditions or drought-affected conditions and

supplemented with a commercially available carbohydrase enzyme or fed without enzyme supplementation.

Table 8. Effect of environmental conditions, and enzyme inclusion on ATTD of DM, CP, and EE by sorghum-fed
broilers from d 1 to 18 posthatch for Experiment 2.1

ATTD, %

Item n DM CP EE

Environment
Normal 16 89.3 80.9 81.5
Drought-affected 16 88.4 80.0 80.8
SEM 1.6 0.8 0.4
Enzyme inclusion
Yes 16 87.3 80.4 81.0
No 16 90.1 80.5 81.3
SEM 1.6 0.8 0.4

P-value

Environment × enzyme inclusion 0.5069 0.9513 0.2833
Environment 0.8647 0.4009 0.2562
Enzyme inclusion 0.2459 0.9407 0.4526

1Treatments consisted of mash diets with sorghum that was grown in normal conditions or drought-affected conditions and

supplemented with a commercially available carbohydrase enzyme or fed without enzyme supplementation.
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