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ABSTRACT

The aim of the present study was to investigate the effects of partial substitution of an extruded or extruded-pelleted corn
product for unprocessed corn of the starter diet on growth performance and incidence of diarrhea in weanling pigs. Seventy-two
21-day-old weanling pigs were allotted to 24 pens and provided ad [libitum with one of the four experimental diets for 3 wk in
two serial feeding trials during summer beginning from late June. The treatments were a milk product-soy-corn-based control diet
containing 25% unprocessed corn and the other three diets only substituted with 12.5% extruded corn Suprex”, Optigrain”, an
extruded mixture of wheat, rye and durum, or extruded-pelleted corn for an equal percentage of unprocessed corn of the control
diet. All diets were supplemented with 100 ppm sulfathiazone, 50 ppm penicillin, and 100 ppm chlortetracycline for preventive
medication. The initial and final weights as well as gain:feed were less in the second trial than in the first one (P<0.05).
However, effects of the dietary treatments were not detected in any of the performance variables including final weight, ADG,
ADFI, and gain: feed, nor were there any interactions between the trial and dietary treatment. In addition, almost all pigs
exhibited normal firm feces in both trials and therefore there was no main effect in the fecal consistency score. Results suggest
that partial substitution of the thermally processed corn for unprocessed corn of the milk product-corn-soy-based and medicated
starter diet has no effect on growth performance or incidence of diarrhea in weanling pigs.
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INTRODUCTION

extrusion, expansion or ‘a mild extrusion’ (Peisker, 1994),
and their combinations (Hancock and Behnke, 2001; Han et

Energy of complete diets for commercial pigs and other
animals is provided mostly in the form of starch contained
in grains, of which corn is most widely used in Korea as
well as in the world. The activities of amylase and
proteases, which digest starch and protein, respectively, are
low in the pancreas and intestine in early nursery pigs
weaned at 2 to 4 wk of age although the intestinal
enzymatic activities increase with increasing consumption of
the solid nursery diet (Shields et al., 1980). It is therefore
important nutritionally to increase the in vivo utilization rate
of the nutrients contained in the grain, especially corn, of
the nursery pig diet.

Efficiency of feed ingredientsas well as the whole diet can
‘thermal’

be improved by virtue of various processing

technologies which include pelleting, dry cooking, steaming,

al., 2011). The thermal processing shears and gelatinizes
starch to increase the energy digestibility (Noland et al.,
1976; Herkelman et al., 1990; Li et al., 2010), denatures and
shears protein usually resulting increase of N
digestibility (Sauer et al., 1990; Lundblad et al., 2012), and
reduces the moisture content of the processed ingredient or
diet (Hancock and Behnke, 2001).
processing of the grain or whole diet usually increases the

in an

Moreover, thermal
feed conversion efficiency, which can result in an increase in
weight gain (Wondra et al., 1995a,b) or no effect on growth
performance (Noland et al., 1976; Ginste and De Schrijver,
1998; Lundblad et al., 2012) of nursery as well as growing-
finishing pigs.
Sauer et

al. (1990) have that extruding a

cereal-based nursery diet was more effective than pelleting in
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increasing weight gain and feed conversion efficiency of the
pigs. However, relative effects of extruded and extruded-
pelleted ingredients vs. unprocessed counterparts are obscure
primarily because extrusion processing is not commonly used
for commercial diets other than those for the pet and fish
because of its high processing cost (Hancock and Behnke,
2001). As an initial step to find the efficiency of the
thermally processed corn in vivo, the present study was
performed to investigate the effects of partial substitution of
commercially available extruded and extruded-pelleted corn
products for unprocessed corn of the starter diet on growth
performance and incidence of diarrhea in weanling pigs.

MATERIALS AND METHODS
1. Experimental diets

A milk product-corn-soy-based starter diet used as the
control contained 25% unprocessed ground corn (Table 1).
The other three diets contained 12.5% extruded corn Suprex”
(Asia Feedflavor Inc., Ansan, Korea), Optigrain® (Kampffmeyer
Food Innovation GmbH, Hamburg, Germany), an extruded
mixture of corn, rye and durum, or extruded-pelleted (EP)
corn substituted for an equal percentage of unprocessed corn.
All the experimental diets were formulated to have identical
densities or percentages of DE, crude protein, lysine, and
other nutrients which exceeded the recommendations for
early post-weaning pigs between 5 and 10 kg (NRC, 1998),
with an exception for crude protein. In addition, 100 ppm
sulfathiazone, 50 ppm penicillin and 100 ppm chlortetracycline
were added to all diets as a means of preventive medication.
The experimental diets were manufactured at once and stored
at a 4°C cold room, from which aliquots were transported to
the nursery building a few times a week and stored there

until used.
2. Animals

Two serial feeding trials were performed during summer
spanning from late June through mid-August in a completely
of 72
(Yorkshire x Landrace) x Duroc female and castrated male

randomized block design. In each trial, a total
piglets were randomly allotted to four dietary treatments
described above at weaning at d 21 of age. Each treatment
was assigned six 0.83-m’ pens, with three animals allocated

per pen. The animals were adapted to the assigned diet for

Table 1. Composition of the experimental diets (as-fed

basis)

Item Content

Ingredient, %
Unprocessed corn 12.5
Processed corn" 12.5
Whey powder 15.0
Lactose 10.0
Sucrose 2.0
Wheat flour 7.4
Soybean meal, dehulled 18.0
Pepsoygen®2) 10.0
Fish meal 5.0
Soy oil 55
Limestone 0.5
Dicalcium phosphate 0.9
Salt 0.2
L-ysine 0.1
Vitamin premix 0.1
Mineral premix 0.1
Probiotics 0.1
Antibiotics” 0.1
Total 100.0

Calculated chemical composition
DE, Mcal/kg 3.71
Crude protein, % 22.1
Lysine, % 1.39
Crude fat, % 7.59
Ca, % 0.80
P, % 0.70

U Extruded corn Suprex” (Asia Feedflavor Inc., Ansan, Korea),
Optigrain” (Kampffmeyer Food Innovation GmbH, Hamburg,
Germany), an extruded mixture of wheat, rye and durum, extruded-
pelleted (EP) corn, or unprocessed corn.

2 A fermented soy product (Genebiotech, Seoul, Korea).

* Contained 100 ppm sulfathiazone, 50 ppm penicillin, and 100 ppm
chlortetracycline.

five days, after which the ad libitum intake of the diet was
recorded for three weeks from Jun. 24 through July 15.
Water was freely accessible through the water cup equipped
in each pen. The second feeding trial was performed from
July 22 through Aug. 12 following a 5-day adaptation period
to the assigned diet exactly as in the first trial on those
pens which had been used in the first trial and subsequently
washed and dried. The scored

fecal consistency was
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subjectively twice a week according to the 3-point scale
(Marquardt et al., 1999) as described by Zhao et al. (2012).

3. Statistical analysis

Data were analyzed as a completely randomized block
design, with the feeding trial regarded as a ‘fixed’ block
(Kaps and Lamberson, 2009), using the GLM procedure of
SAS (1996). Pen was the experimental unit in all analyses.
Means were compared by using the PDIFF option.

RESULTS

All the weanling pigs grew normally during the whole
experimental period, the mortalities being 1.4% and 2.8%
during the first and second feeding trials, respectively. Initial
weight of the weanling pigs was greater in the first feeding
this

variable was greatest in the Suprex” corn group and least in

trial than in the second trial (Table 2). Moreover,

the group provided with the control diet containing no
processed corn. Final weight was also greater in the first
trial than in the second trial. However, when initial weight
was included in the model as a covariate, final weight,
which was highly correlated with the initial weight (r =0.60;
P<0.01), did not differ between the two trials (13.54 vs.
13.62 kg for the 1% vs. 2™ trial; P =0.86). Unlike the initial
weight, however, final weight was not different among the
four dietary groups because of large variation among treatments.

The ADG was not different either between the two trials
or among the dietary groups. The ADFI was greater in the
second vs. first trial whereas the gain: feed ratio was greater
in the latter. In addition, no differences among the four
dietary groups were detected in these two variables.

The animals exhibited the normal feces in almost all the
pens in both feeding trials (Table 3). The fecal consistency
score therefore was not different either between the two
feeding trials or among the four dietary groups.

Table 2. Effects of partial substitution of the processed corn product for unprocessed corn in the starter diet on

growth performance of weanling pigs

Trial” Dietary treatment”

ltem o o SEM” Unpzziffsed S‘i%rrfl"dg Optigrain®  EP com SEM”
Initial wt, kg 6.18" 5.63 0.09 5.66° 6.15" 6.13" 5.68™ 0.12
Final wt, kg 14.03 13.13° 0.30 13.11 13.77 13.99 13.43 0.42
ADG, kg 0.37 0.36 0.01 0.36 0.36 0.37 0.37 0.02
ADFI, kg 0.97° 1.05° 0.02 0.99 1.05 1.02 0.98 0.02
Gain:feed 0.38" 0.35" 0.01 0.36 0.35 0.37 0.38 0.02
Mortality, % 1.4 2.8 — 0 5.6 2.8 0 —

U2 Data are means of 24 and 12 pens, respectively. There was no interaction between the two classes of

variables.
? See the table 1 legend for details of the processed corn products.

3
) Standard error of means.
ab,c

fixed error in any of the

Means with no common superscript in a row for a variable under a given column heading differ (P<0.05).

Table 3. Effects of partial substitution of the processed corn product for unprocessed corn in the starter diet on

the fecal consistency score of nursery pigs"

Trial” Processed corn”
1 2" SEM” Unprocessed corn  Suprex corn  Optigrain” EP corn SEM”
1.00 1.03 0.02 1.00 1.06 1.00 1.00 0.02

D Fecal consistency score: 1 = well formed; 2 = sloppy; 3 = diarrhea.
2 Data are means of 24 and 12 pens, respectively. There was no interaction between the two classes of fixed error.

% See the table 1 legend for details of the processed corn products.
# Standard error of means.

—111-



Park et al.; Processed Comn in Pig Starter Diet

DISCUSSION

The reduced initial weight of the weanling pigs in the
second vs. first trial is most likely to have resulted from a
reduced sow’s milk production due to the high temperature
during early to mid-July (Azain et al., 1996; Spencer et al.,
2003) preceding the second trial compared with that during
early to mid-June preceding the first trial. On the other
hand, the non-uniform initial weights of the four dietary
groups were due to random effects whereas the greater final
weight in the first vs. second trial was attributable to the
greater initial weight in the former as indicated from
covariance and correlation analyses. However, there is no
convincing explanation as to why ADFI was greater in the
second vs. first trial whereas the gain:feed was greater in
the latter. In this connection, only limited and inconsistent
results are available as to the effects of pig weaning weight
on feed intake and its efficiency during the nursery phase
(Mahan and Lepine, 1991; Mahan et al., 1998).

Partial substitution of the extruded or extruded-pelleted
corn product for unprocessed corn of the basal diet did not
influence weight gain or feed conversion efficiency in the
present study. This is not surprising, not only because
growth performance is not usually affected by extruding or
expanding the major grain ingredient or complete diet in
young pigs (Noland et al., 1976; Ginste and De Schrijver,
1998; Hongtrakul et al., 1998; Lundblad et al., 2011), but
in the

experimental diet (12.5%) was lower than those used in these

because the percentage of the processed corn
studies. It thus seems apparent that use of the thermally
processed corn at a low percentage in a milk product-corn-
soy-based pig starter diet effect
although energy and N digestibilities
increased following the thermal processing (Sauer et al.,
1990; Lv et al.,, 2006; Lundblad et al., 2012). It will be

therefore necessary to

has no on growth

performance are

increase the percentage of the
processed corn to a level higher than that of the present
diets to determine the effect of the processed corn on
growth performance in young pigs.

The extremely low incidence of diarrhea in the present
study may be partly due to supplemental antibiotics which
were added to all experimental diets as a means of
preventive medication to minimize any confounding effect of
the subclinical health problem secondary to the weaning
stress (Weary et al., 2008). The diarrhea-reducing effect of

extruded corn in the pig starter diet reported by Lv et al.

(2006) therefore could not be confirmed in the present study.
Obviously, more studies are necessary to work out the
effects of the thermally or hydrothermally processed corn on

diarrhea incidence as well as growth performance in young

pigs.
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