Pelleting and starch characteristics of diets containing different corn varieties
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ABSTRACT: This experiment determined the
effects of die thickness and conditioning tem-
perature on pelleting and starch characteristics
in diets containing conventional or Enogen Feed
corn (Syngenta Seeds, LLC). Treatments were ar-
ranged as a 2 X 2 X 3 factorial of corn type [con-
ventional (CON) and Enogen Feed corn [EFC]),
die thickness [5.6 and 8 length:diameter (L:D)],
and conditioning temperature (74, 79, and 85 °C).
Diets were steam conditioned (Wenger twin staff
preconditioner, Model 150) and pelleted (CPM,
Model 1012-2) with a 4- X 22.2-mm (L:D 5.6) or
4- x 31.8-mm (L:D 8) pellet die. Conditioner re-
tention time was set at 30 s and production rate
was set at 15 kg/min. All treatments were repre-
sented within three replicate days. Pellets were
composited and analyzed for gelatinized starch
and pellet durability index (PDI). Conditioning
temperature, hot pellet temperature, production
rate, and pellet mill energy consumption were re-
corded throughout each processing run. Data were
analyzed using the GLIMMIX procedure in SAS
(v. 9.4, SAS Institute Inc., Cary, NC) with pel-
leting run as the experimental unit and day as the

blocking factor. Pelleting with a larger die L:D im-
proved PDI (P = 0.01) and increased (P = 0.02)
pellet mill energy consumption. Increasing con-
ditioning temperature from 74 to 85 °C increased
(linear, P < 0.03) PDI and tended to decrease en-
ergy consumption (quadratic, P = 0.07). There
was a corn X conditioning temperature interaction
(P = 0.01) for gelatinized starch in conditioned
mash. Enogen Feed corn diets steam conditioned
at 85 °C had the greatest quantity of gelatin-
ized starch. Cooked starch in conditioned mash
and pellets was greater (P < 0.01) for EFC diets
compared to CON diets and increased (linear,
P < 0.01) with increasing conditioning tempera-
ture in conditioned mash. Similarly, starch gelatin-
ization was greater (P < 0.01) in pelleted EFC diets
compared to CON diets and was increased (linear,
P = 0.05) by increasing conditioning temperature
from 74 to 85 °C. In conclusion, increasing die L:D
and increasing conditioning temperature improved
PDI. Starch gelatinization was increased when
diets were pelleted at the highest conditioning tem-
perature of 85 °C, and EFC diets resulted in greater
starch gelatinization than conventional corn.
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INTRODUCTION

Starch is the primary energy source in livestock
diets and constitutes up to 50% of monogastric
diets. Starch is largely supplied by grains, and in the
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United States, specifically corn. Much research has
been dedicated to evaluating grain-processing meth-
ods that increase starch availability, such as grinding
and thermal processing (Rowe et al., 1999; Hancock
and Behnke, 2001; Lundblad et al., 2011). For pel-
leting in particular, the process by which starch
availability is increased is through a process known
as starch gelatinization. Gelatinization is a four-
step process that irreversibly solubilizes raw starch
granules through the addition of heat and moisture.
In the conditioner, mash feed is mixed with heat
and moisture in the form of steam, which begins a
conformational change in the dietary components
of the feed, and starch granules begin to swell. As
feed exits the conditioner, it is passed through the
pellet mill die to form pellets. This process generates
frictional heat, which drives starch gelatinization.
Gelatinized starch values range from 6% to 7% in
conditioned mash, similar to unconditioned mash,
and from 11% to 12% in pellets (Lewis et al., 2015).
Gelatinized starch increases starch availability in the
animal, and Rojas et al. (2016) reported an increase
in apparent ileal digestibility of starch from 96.4%
in mash diets to 97.7% in pelleted swine diets.

Starch digestion is largely driven by amylase, a
glycolytic enzyme that degrades starch into sugars,
which are more readily available for absorption in
the small intestine. Recent advancements in corn
breeding have led to the development of corn var-
ieties that naturally express enzyme activity. One
such variety is Enogen Feed corn (Syngenta Seeds,
LLC), a high amylase corn originally developed
for use in the ethanol industry (Syngenta Crop
Protection, LLC, 2019). This variety utilizes in-seed
technology that produces an a-amylase enzyme
within the kernels. Increased amylase activity of
Enogen Feed corn is designed to assist in the rapid
degradation of starch to sugars, thereby providing
more available energy for growth. The enzyme is ac-
tive across a broad range of temperatures and pH
conditions when moisture is adequate (Syngenta
Crop Protection, LLC, 2019). Similar conditions
are prevalent in the pelleting process, yet there has
been no research to date evaluating the effect of a
high amylase corn variety in the pelleting process.
Therefore, this experiment was designed to evaluate
the effects of corn type, die thickness, and condi-
tioning temperature on pelleting and starch charac-
teristics of a swine diet.

MATERIALS AND METHODS

Treatments were arranged as a 2 X 2 X 3 fac-
torial of corn type (conventional [CON] and

Enogen Feed corn [EFC]), die thickness (5.6 and
8 length:diameter [L:D]), and conditioning tem-
perature (74, 79, and 85 °C). Conventional yellow
dent #2 corn was sourced from North East Kansas.
Conventional and Enogen Feed corn were ground
to approximately 600 nm using a three-high roller
mill (RMS, Model 924). For the EFC treatments,
ground Enogen Feed corn replaced conventional
ground corn on a kg:kg basis (Table 1). Diets were
mixed in a 907-kg horizontal counterpoise mixer
(Hayes & Stolz, Fort Worth, TX), steam condi-
tioned (25 X 140 cm twin shaft preconditioner,
Model 150, Wenger, Sabetha, KS) for 30 s at 74,
79, or 85 °C, and subsequently pelleted using a
30-horsepower pellet mill (1012-2 HD Master
Model, California Pellet Mill, Crawfordsville, IN)
equipped with a 22.2- X 4-mm (L:D 5.6) or 31.8- X
4-mm (L:D 8) pellet die. Conditioner retention time
was calculated by adjusting the conditioner screw
speed and dividing the amount of feed in the condi-
tioner by the production rate. Production rate was
set at 15 kg/min, approximately 100% of the rated
throughput for the pellet mill, and steam pressure
was 1.65 bar. All treatments were replicated on three
separate days, thus achieving three replications of
each of the 12 treatments. Die thickness was ran-
domized across day and corn type was random-
ized within die to minimize the effects of pelleting
order. A conventional corn-soybean meal flush diet
was used to warm the mill up to 74 °C before each
day of pelleting. Two hundred seventy-two Kkilo-
grams of the first corn type diet was pelleted on the
first die, according to randomization, at all three

Table 1. Composition (as-fed basis) of a pelleted
corn-soybean meal-based swine diet”

Ingredient %, as is
Ground corn® 75.88
Soybean meal, 47% crude protein 20.07
Soybean oil 1.50
Monocalcium phosphate 0.50
Limestone 1.10
Salt 0.35
L-lysine HCI 0.26
DL-methionine 0.02
L-threonine 0.05
Trace mineral premix 0.13
Vitamin premix 0.13
HiPhos 2700¢ 0.03

“Diets were mixed in a 907-kg Hayes & Stolz horizontal counter-
poise mixer with a 60-s dry mix time and 120-s wet mix time.

"Enogen Feed corn (Syngenta Seeds, LLC) replaced conventional
yellow dent ground corn on a kg:kg basis.

‘DSM Nutritional Products, Parsippany, NJ.

Translate basic science to industry innovation
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conditioning temperatures in ascending order. The
pellet mill was flushed with a diet not containing
Enogen Feed corn and the second corn type diet was
pelleted in the same manner. Once completed, the
pellet mill was shut down and the die was changed.

Table 2. Nutrient composition (as-fed basis) of
conventional yellow dent corn and Enogen Feed
corn diets”

Nutrient Conventional Enogen Feed corn
Mash diets”
Moisture, % 11.72 11.12
Crude protein, % 15.7 159
Crude fiber, % 2.0 24
Fat (oil), % 4.0 3.8
Ash, % 3.62 3.57
Pelleted diets®
Moisture, % 11.08 10.53
Crude protein, % 15.6 15.8
Crude fiber, % 2.1 24
Fat (oil), % 44 4.4
Ash, % 3.71 3.72

“Enogen Feed corn (Syngenta Seeds, LLC) replaced conventional
yellow dent ground corn on a kg:kg basis.

"Diets were mixed in a 907-kg Hayes & Stolz horizontal counter-
poise mixer with a 60-s dry mix time and 120-s wet mix time.

‘Diets were steam conditioned (25 X 140 cm Wenger twin staff pre-
conditioner, Model 150) for 30 s at 74, 79, or 85 °C and pelleted (CPM,
1012-2 HD Master Model) using a 22.2- X 4-mm (L:D 5.6) or 31.8- X
4-mm (L:D 8) pellet die.

A conventional corn-soybean meal flush was again
used to warm the mill up to 74 °C before pelleting
on the second die, and pelleting procedures followed
the pattern previously mentioned. Each treatment
was pelleted in approximately 8 min.

Data Collection

Conditioning temperature, hot pellet tempera-
ture (HPT), production rate, and pellet mill energy
consumption were recorded at three time points
during each treatment run (Table 3). Within each
replicate, three conditioned mash and three pellet
samples were collected per treatment. Conditioned
mash samples were collected as feed exited the con-
ditioner prior to the pellet dic and immediately
frozen. Frozen conditioned mash samples were
composited into a single sample for starch ana-
lysis. Pellet samples were collected as feed exited
the pellet die, cooled for 15 min in an experimental
counter-flow cooler, and composited into two sam-
ples. Composite pellet samples were analyzed for
total starch, gelatinized starch, cooked starch, and
pellet durability index (PDI). Samples for starch
analysis were sent to the Wenger Technical Center
Laboratory (Sabetha, KS) and analyzed by meth-
ods outlined by Mason et al (1982). Briefly, samples
were ground to a fine particle size using a coffee
grinder. One 0.5-g subsample was hydrolyzed in

Table 3. Pelleting characteristics of swine diets containing either conventional or Enogen Feed corn“

Die L:D: 5.6 8 Probability,’ <

Conditioning temp, °C: 74 79 85 74 79 85 SEM¢ Corn Die Linear’ Quadratic!’ Corn X die Die X temp

Production rate, kg/min
CON 153 154 154 153 153 154 0.08 - - - - - -
EFC 153 155 153 154 153 155

Condition temp, °C
CON 742 79.6 851 741 79.7 847 0.16 - - - - - -
EFC 738 79.6 851 741 79.8 84.6

Hot pellet temp, °C
CON 793 83.0 87.3 808 842 87.6 0.56 0.01 0.01 0.01 0.15 0.79 0.73
EFC 81.3 834 873 821 848 83.6

PDI, %
CON 812 83.7 879 879 89.0 92.0 242 0.11  0.01 0.03 0.39 0.08 0.91
EFC 78.8 78.1 814 89.1 889 914

Energy consumption,
kWh/ton
CON 134 129 131 141 137 137 045 0.12  0.02 0.38 0.07 0.36 0.70
EFC 140 131 140 142 138 14.0

“Diets were steam conditioned (25 X 140 cm Wenger twin staff preconditioner, Model 150) for 30 s at 74, 79, or 85 °C and pelleted (CPM, 1012-2
HD Master Model) using a 22.2- X 4-mm (L:D 5.6) or 31.8- X 4-mm (L:D 8) pellet die.

*There was no evidence for a corn type X die thickness X conditioning temperature interaction (P > 0.46) or corn type X conditioning tempera-

ture interaction (P > 0.14) for HPT, PDI, or energy consumption.
‘Pooled standard error of least squares means (1 = 3).

“Linear and quadratic contrasts were used to evaluate the effect of conditioning temperature.
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distilled water at room temperature, while a second
0.5-g subsample was boiled with distilled water.
Samples were incubated with glucoamylase, and
free D-glucose was measured. To obtain a baseline
glucose reading, samples were analyzed without
the enzyme digestion step. Baseline glucose meas-
urements were then subtracted from the total glu-
cose reading after the enzymatic digestion step to
determine free D-glucose coming from gelatinized
starch. The quantity of free glucose analyzed in the
room temperature sample represents the percentage
of starch that was gelatinized during processing,
and the quantity of free glucose in the boiled
sample represents the percentage of total starch in
the sample. Cooked starch was then calculated as
the percentage of gelatinized starch divided by the
percentage of total starch multiplied by 100.

For analysis of PDI, fines were sifted off from
cooled pellets using a U.S. No. 5 (4 mm) sieve. One
hundred grams of the sifted pellets were placed into
a Holmen 100 pellet tester and agitated with air for
60 s. Following agitation, the sample was again
sifted through a No. 5 sieve and the remaining pel-
lets were weighed. Pellet durability index was calcu-
lated as the percentage of the initial pellet sample
remaining after agitation with air.

Statistical Analysis

Data were analyzed using the GLIMMIX pro-
cedure in SAS (v. 9.4, SAS Institute Inc., Cary, NC),
with the pelleted feed from a single treatment run
as the experimental unit and day as the blocking
factor. Hot pellet temperature, PDI, energy con-
sumption, and starch characteristics of pellets were
analyzed with the main effects of corn type, die
thickness, conditioning temperature, and all pos-
sible interactions. Conditioned mash starch data
was analyzed with the main effects of corn type
and conditioning temperature and the interaction
between the two. For all data, linear and quadratic
contrasts were used to evaluate the effect of con-
ditioning temperature. Results were considered sig-
nificant if P < 0.05 and were considered marginally
significant if P > 0.05 and P < 0.10.

RESULTS

Nutrient composition of CON and EFC diets
are presented in Table 2. Production rate and con-
ditioning temperature were as expected for each
treatment. There was no evidence (P > 0.21) for
a corn type X die thickness X conditioning tem-
perature interaction for any of the pelleting or

starch responses analyzed in this study (Table 3).
Additionally, there was no evidence (P > 0.14) for
a corn type X conditioning temperature interaction
for HPT, PDI, or pellet mill energy consumption.

There was no evidence for a corn type X die
thickness or die thickness X conditioning tem-
perature interaction for HPT. Inclusion of EFC
(P < 0.01), a thicker pellet die (P < 0.01), and
increasing conditioning temperature from 74 to
85 °C (linear, P < 0.01) resulted in increased HPT.

There was a tendency (P = 0.08) for a corn
type X die thickness interaction for PDI. Pellet dur-
ability index for CON and EFC treatments were
similar when diets were pelleted using the L:D 8§
die. However, PDI for CON diets was greater than
EFC diets when pelleted using the L:D 5.6 die.
Additionally, PDI increased (linear, P = 0.03) with
increasing conditioning temperature.

Pellet mill energy consumption was greater for
the L:D 8 pellet die (P = 0.02) and tended to decrease
(quadratic, P = 0.07) with increasing conditioning
temperature. There was no evidence of difference
(P =0.12) in energy consumption due to corn type.

There was no evidence for a corn type X con-
ditioning temperature interaction (P > 0.12) for
average moisture, total starch, or cooked starch
in conditioned mash (Table 4). Corn type had no
effect on average moisture in conditioned mash
(P > 0.82); however, there was an increase (linear,
P < 0.01) in moisture of conditioned mash with
increasing conditioning temperature. Additionally,
there was no evidence of difference (P > 0.42) in
total starch due to corn type or conditioning tem-
perature. There was a corn type X conditioning
temperature interaction (P = 0.01) for gelatinized
starch in conditioned mash. Enogen Feed corn diets
steam conditioned at 85 °C had greater gelatinized
starch than all other corn type X conditioning tem-
perature treatments. Cooked starch of conditioned
mash was greater for diets containing EFC com-
pared to CON and increased (linear, P < 0.01) with
increasing conditioning temperature.

There were no significant interactions (P >
0.15) for average moisture, gelatinized starch, or
cooked starch in pelleted diets (Table 5). There was
no evidence of difference (P > 0.40) in pellet mois-
ture due to corn type, die thickness, or conditioning
temperature. There was a corn type X die thick-
ness interaction (P < 0.01) for total starch in pel-
lets. Total starch was greater for EFC diets pelleted
using the L:D 8 compared to the L:D 5.6 die but not
different from the CON diets pelleted using either
the L:D 5.6 or 8 die. Pelleted EFC diets had greater
(P < 0.01) gelatinized starch than CON diets, and
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Table 4. Starch characteristics of steam-conditioned swine diets containing either conventional or Enogen
Feed corn®

Conditioning temperature, °C Probability, <
Item 74 79 85 SEM? Corn Linear® Quadratic* Corn X temp
Moisture, %
CON 17.3 17.7 18.0 0.26 0.93 0.01 0.96 0.42
EFC 17.3 17.8 17.7
Total starch,? %
CON 59.2 59.2 58.0 1.86 0.42 0.98 0.58 0.35
EFC 59.1 58.7 61.6
Gelatinized starch,® %
CON 3.9 44 4.0 0.22 0.01 0.01 0.93 0.01
EFC 44 44 5.6
Cook, %
CON 6.4 7.3 6.9 0.41 0.01 0.01 0.64 0.12
EFC 7.3 7.4 9.1

“Diets were steam-conditioned (25 X 140 cm Wenger twin staff preconditioner, Model 150) for 30 s at 74, 79, or 85 °C and pelleted (CPM, 1012-2
HD Master Model) using a 22.2- X 4-mm (L:D 5.6) or 31.8- X 4-mm (L:D 8) pellet die.

"Pooled standard error of least squares means (n = 3).
‘Linear and quadratic contrasts were used to evaluate the effect of conditioning temperature.

“Total starch was calculated as the percentage of free D-glucose in a 0.5-g subsample after boiling with distilled water and incubation with
glucoamylase.

“Gelatinized starch was calculated as the percentage of free D-glucose in a 0.5-g subsample after hydrolysis in distilled water at room temperature
and incubation with glucoamylase.

/Cooked starch was calculated as the percentage of gelatinized starch divided by the percentage of total starch multiplied by 100.

Table 5. Starch characteristics of pelleted swine diets containing either conventional or Enogen Feed corn®

Die L:D: 5.6 8 Probability,” <

Conditioning temp, °C: 74 79 85 74 79 85 SEM¢ Corn Die Linear?  Quadratic’  Corn X die

Moisture, %

CON 12.0 12.5 12.8 12.2 12.7 12.9 0.67 0.41 0.60 0.40 0.81 0.88
EFC 12.1 12.2 12.0 12.4 12.3 12.4

Total starch,® %
CON 594 582 581 57.3 57.3 574 1.44 0.34 0.19 0.18 0.94 0.01
EFC 532 556 574 575 589 602

Gelatinized starch, %
CON 10.7 11.2 12.0 11.8 11.7 12.6 0.99 <0.01 0.14 0.05 0.37 0.85
EFC 12.2 12.2 14.1 13.1 13.5 15.0

Cook.* %
CON 18.0 192 207 206 204 220 1.36 <0.01 0.18 0.06 0.27 0.41
EFC 23.0 21.9 24.4 22.8 22.9 24.9

“Diets were steam-conditioned (25 X 140 cm Wenger twin staff preconditioner, Model 150) for 30 s at 74, 79, or 85 °C and pelleted (CPM, 1012-2
HD Master Model) using a 22.2- X 4-mm (L:D 5.6) or 31.8- X 4-mm (L:D 8) pellet die.

*There was no evidence for a corn type X die thickness x conditioning temperature interaction, a corn type X conditioning temperature inter-
action, or a die thickness X conditioning temperature interaction (P > 0.15) for starch responses of pelleted diets analyzed in this study.

‘Pooled standard error of least squares means (n = 3).
“Linear and quadratic contrasts were used to evaluate the effect of conditioning temperature.

“Total starch was calculated as the percentage of free D-glucose in a 0.5-g subsample after boiling with distilled water and incubation with
glucoamylase.

/Gelatinized starch was calculated as the percentage of free D-glucose in a 0.5-g subsample after hydrolysis in distilled water at room temperature
and incubation with glucoamylase.

sCooked starch was calculated as the percentage of gelatinized starch divided by the percentage of total starch multiplied by 100.
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gelatinized starch increased (linear, P = 0.05) with
increasing conditioning temperature. Similarly,
cooked starch was greatest (P < 0.01) for the EFC
diets and tended to increase (linear, P = 0.06) with
increasing conditioning temperature.

DISCUSSION

Results of this experiment demonstrated that
increasing die L:D from 5.6 to 8 improved pellet
quality but increased pellet mill energy consump-
tion. Behnke (2001) described the same positive
correlation between die L:D and pellet durability
and attributed this to the increased pressure and re-
sistance generated by a larger die L:D. When die
hole diameter remains constant, a pellet die with a
larger die L:D is thicker than a die with a smaller
L:D. Thus, feed retention within the die is longer
with a thicker die and is a primary factor in deter-
mining pellet durability. Die L:D has also been
shown to be positively correlated with pellet mill
energy consumption. An experiment examining
the effect of seven different dietary and pelleting
factors on pellet durability and energy consump-
tion demonstrated an increase in pellet mill energy
consumption with increasing die L:D (Fahrenholz,
2012). In fact, among the six other variables exam-
ined, including corn particle size, percentage of fat,
percentage of distiller’s dried grains with solubles
(DDGS), production rate, conditioning tempera-
ture, and conditioning retention time, die L:D ratio
was one of the most influential factors affecting
energy consumption, second only to conditioning
temperature. The reasoning behind the negative ef-
fect of die L:D on pellet mill efficiency when pel-
leting corn-soybean meal-based diets has not been
explained. However, it is hypothesized that add-
itional energy is needed to move mash feed through
a 32-mm die compared to a 22-mm die due to the
added friction that is generated from greater feed to
die hole wall contact when using a thicker pellet die.

Increasing conditioning temperature from 74 to
85 °C linearly improved PDI without increasing en-
ergy consumption. Once again, these results com-
pare to those of Fahrenholz (2012) who reported
greater pellet durability and lower pellet mill energy
consumption at higher conditioning temperatures.
A general rule of thumb for steam conditioning
livestock diets is that moisture content of the mash
feed increases by 1% for every 14 °C increase in con-
ditioning temperature. Therefore, an improvement
in PDI with increasing conditioning temperature is
likely due to the increase in moisture, which acts as
a binding agent, plasticizing the soluble fractions

of the diet and increasing the agglomeration of
dietary components (Lundblad et al., 2009). The
effect of conditioning temperature on pellet mill
energy consumption may also be explained by the
increase in moisture content of conditioned feed.
Additional moisture at higher conditioning tem-
peratures helps to lubricate the feed as it passes
through the pellet die, thus lowering the amount
of friction that may influence energy consumption.

Diets containing EFC had poorer PDI com-
pared to CON when feed was pelleted using the 5.6
L:D die, but PDI was similar for both corn types
when pelleted using the 8 L:D die, with corn type
not affecting pellet mill energy consumption. No
differences in processing parameters were observed
that provide an explanation for the observed re-
sponse. Pelleting with a thicker pellet die improved
PDI enough to ameliorate any differences between
the corn types. Moritz et al. (2002) described a posi-
tive correlation between PDI and starch gelatiniza-
tion, concluding that gelatinized starch acts as a
binding agent to improve PDI. In the present study,
the inclusion of EFC in pelleted diets increased gel-
atinized starch compared to pelleted CON diets,
but there was no evidence for improvement in PDI.
In addition, there was no evidence for difference
that pellet die L:D affected starch gelatinization,
although increasing die L:D improved PDI. Thus,
the interaction of corn type and die L:D and the
possible influence of starch gelatinization on PDI
needs to be further investigated.

Starch gelatinization was increased when diets
were pelleted at the highest conditioning tempera-
ture of 85 °C, and EFC diets resulted in greater
gelatinized starch than CON diets. The observed
relationship between conditioning temperature
and starch gelatinization is in agreement with the
findings of Lewis et al. (2015) who reported a 19%
increase in gelatinized starch when conditioning
temperature increased from 77 to 88 °C. Although
gelatinized starch values of conditioned mash in the
experiment herein were lower than that observed
previously (4.5% vs. 7.3%, respectively; Lewis et al.,
2015), pelleted CON diets averaged 11.7% gelatin-
ized starch, similar to previous work. A significant
finding of Lewis et al. (2015) was the predominant
increase in gelatinized starch that occurred across
the pellet die rather than in the conditioner. Lewis
et al. (2015) reported that gelatinized starch of con-
ditioned mash samples was statistically similar to
that of cold mash, whereas gelatinized starch in
pellets was greater than both the cold mash and
conditioned mash. These findings support those
of the current experiment, which demonstrated an
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increase in gelatinized starch in pellets compared to
conditioned mash. Because there is no available re-
search on the effect of EFC in the pelleting process,
it is hypothesized that the high amylase activity in
the corn is responsible for the increase in gelatin-
ized starch in pelleted EFC diets compared to pel-
leted CON diets. Vasanthan et al. (2001) evaluated
the effect of a-amylase, extrusion temperature, and
moisture on the degree of starch hydrolysis in ex-
truded barley flours. Not only was starch hydrolysis
increased with increasing temperature and mois-
ture, but the authors also reported an increase in
the degree of starch hydrolysis when exogenous
a-amylase concentration increased from 2% to 4%.
It has been previously discussed that starch gelat-
inization increases through heat processing, and
it is known that gelatinization of starch enhances
the rate of starch hydrolysis (Holm et al., 1988);
therefore, starch hydrolysis via amylase could com-
plement starch gelatinization during pelleting and
vice versa.

In conclusion, the results of this experiment
indicate when using the pelleting parameters out-
lined herein that there are not any significant effects
on pellet mill energy consumption and only slight
increases in HPT when EFC is added in place of
CON in monogastric diets. Although pelleting with
a larger die L:D improves pellet quality, caution
should be used as thicker pellet dies can dramatic-
ally increase HPT and pellet mill energy consump-
tion. Additionally, pelleting can be used as a means
of increasing starch gelatinization in corn-soybean
meal-based diets with the majority of gelatinization
occurring across the pellet die. Finally, diets con-
taining EFC may have an even greater potential of
increasing gelatinized starch during pelleting com-
pared to CON due to the high amylase activity pre-
sent in EFC.
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