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FOREWORD
It iswith great pleasure that we present the 2008 Swine Industry Day Report of Progress. This report
contains updates and summaries of applied and basic research conducted at Kansas State University
during the past year. We hope that the information will be of benefit, as we attempt to meet the needs of
the Kansas swine industry.

2008 Swine Day Report of Progress Editors

Bob Goodband Mike Tokach Steve Dritz Joel DeRouchey

STANDARD ABBREVIATIONS

ADG = averagedaily gain g = gram(s) mL = cc (cubic centimeters)
ADF = acid detergent fiber Mg = microgram(s), .001mg mm = millimeter(s)
ADFI = averagedaily feedintake ga = galon(s) mo = month(s)

Al = artificial insemination GE = grossenergy N = nitrogen

avg = average h = hour(s) NDF = neutral detergent
bu = bushel HCW= hot carcass weight fiber

BW = Dbody weight in. = inch(es) ng = nanogram(s)

cm = centimeter(s) IU = international unit(s) = .001Fg

CP = crudeprotein kg = kilogram(s) no. = number

CV = coefficient of variation ~ Kcal = kilocalorie(s) ppb = parts per billion
cwt = 1001b kwh = kilowatt hour(s) ppm = parts per million
d = day(s) Ib = pound(s) sec = second(s)

DE = digestibleenergy Mcal = megacalorie(s) SEW = segregated early
DM = dry matter ME = metabolizable energy weaning

F/IG = feedefficiency mEq = milliequivaent(s) wk = week(s)

ft = foot(feet) min = minute(s) wt = weight(s)

ft? = square foot(feet) mg = milligram(s) yr = year(s)

NRC. 1998. Nutrient requirements of swine, 10th ed. National Academy Press, Washington, DC.

KSU VITAMIN AND TRACE MINERAL PREMIXES

Diets listed in this report contain the following vitamin and trace mineral premixes unless otherwise
specified.

Trace mineral premix: each pound of premix contains 12 g Mn, 50 g Fe, 50 g Zn, 5 g Cu, 90 mg I,
and 90 mg Se.

Vitamin premix: each pound of premix contains 2,000,000 1U vitamin A, 300,000 IU vitamin Ds,
8,000 IU vitamin E, 800 mg menadione, 1,500 mg riboflavin, 5,000 mg pantothenic acid, 9,000 mg
niacin, and 7 mg vitamin B,.

Sow add pack: each pound of premix contains 100,000 mg choline, 40 mg biotin, 300 mg folic acid,
and 900 mg pyridoxine.

NOTE

Some of the research reported here was carried out under special FDA clearances that apply only to
investigational uses at approved research ingtitutions. Materials that require FDA clearances may be used
in the field only at the levels and for the use specified in that clearance.
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BIOLOGICAL VARIABILITY AND CHANCES OF ERROR

Variability among individual animals in an experiment leads to problems in interpreting the results.
Animals on treatment X may have higher average daily gains than those on treatment Y, but
variability within treatments may indicate that the differences in production between X and Y were
not the result of the treatment alone. Statistical analysis allows us to calculate the probability that
such differences are from treatment rather than from chance.

In some of the articles herein, you will see the notation "P < 0.05." That means the probability of the
differences resulting from chance is less than 5%. If two averages are said to be "significantly
different,” the probability is less than 5% that the difference is from chance or the probability
exceeds 95% that the difference resulted from the treatments applied.

Some papers report correlations or measures of the relationship between traits. The relationship may
be positive (both traits tend to get larger or smaller together) or negative (as one trait gets larger, the
other gets smaller). A perfect correlation isone (+1 or -1). If there is no relationship, the correlation
is zero.

In other papers, you may see an average given as 2.5 = 0.1. The 2.5 is the average; 0.1 is the
"standard error." The standard error is calculated to be 68% certain that the real average (with
unlimited number of animals) would fall within one standard error from the average, in this case
between 2.4 and 2.6.

Many animals per treatment, replicating treatments several times, and using uniform animals increase the
probability of finding real differences when they exist. Statistical analysis allows more valid interpretation
of the results, regardless of the number of animals. In al the research reported herein, statistical analyses
are included to increase the confidence you can place in the results.
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GENETIC BACKGROUND INFLUENCES PIG GROWTH RATE RESPONSES
TO PORCINE CIRCOVIRUS TYPE 2 (PCV2) VACCINES'

M. L. Potter?, L. M. Tokach®, S. S. Dritz%, S. C. Henry®, J. M. DeRouchey, M. D. Tokach,
R. D. Goodband, J. L. Nelssen, R.R.R. Rowland?, R. D. Oberst?, and R. A. Hesse?

Summary

A total of 454 pigs (21 d of age, 13.4 |b)
were used in a 130-d field study to investigate
porcine circovirus type 2 (PCV2) vaccine ef-
fects on growth performance of boars and gilts
of 4 different genetic backgrounds: AxA (Du-
roc-based sire and dam), BxB (synthetic line
sire and dam lines derived from Duroc, Pie-
train, and Large White), AxB, and BXA.

Pigs were identified as potential test pigs
at birth and ear tagged for identification. Cha-
racteristics including litter, genetic back-
ground, gender, and birth weight were re-
corded and used in allotting PCV2 vaccine
treatment groups. Pigs were vaccinated ac-
cording to label dose with a 2-dose commer-
cial PCV2 vaccine (Circumvent PCV, Intervet
Inc., Millsboro, DE) at weaning (d 0) and
again 14 d later. Vaccinated and control pigs
were comingled within the same pen for the
duration of the study. Pigs were individually
weighed on d 0, 40, and 130 to measure
growth rate. Backfat and loin depth were
measured on d 130 by using real-time ultra-
sound. Blood was collected on d 0O, 40, and
130 for indirect fluorescent antibody meas-
urement of PCV2 antibodies and polymerase
chain reaction (PCR) analysis for determina-
tion of PCV2 virus load.

By d 130, vaccinates were heavier (P <
0.01) than controls. However, the magnitude
of the weight difference between control and
vaccinates was almost 4 times greater in the
AXA pigs than in the BxB pigs (P < 0.05).
On the basis of growth performance, the dif-
ferent genetic backgrounds responded differ-
ently to the PCV2 vaccination even though
they were comingled in the same pen. In the 2
pure-line populations, even the best perform-
ing portion of the population appeared to ben-
efit from vaccination, suggesting that growth
performance of most pigs is being affected by
PCV 2 infection.

Control pigs exhibited a late increase in
PCV 2 antibody levels, a consequence of natu-
ral infection. In contrast, vaccinated pigs did
not exhibit a late-finisher antibody rise. Vac-
cinated pigs possessed a decreased vira load
(as quantified by PCR PCV2 viral DNA) at
both d 40 and 130. The data demonstrate that
genetic background affects either the expres-
sion of porcine circoviral disease or the re-
sponse to the PCV 2 vaccine.

Key words. circovirus, genetics, growth,
PCV 2, swine, vaccination

! Appreciation is expressed to PIC, Hendersonville, TN, for partial financial support of this study.
2 Department of Diagnostic Medicine and Pathobiology, Kansas State University.

3 Abilene Animal Hospital, PA, Abilene, KS.



Introduction

The primary agent of porcine circoviral
disease (PCVD) is porcine circovirus type 2
(PCV2). The approved case definition for
PCVD defines a PCVD herd as one which
demonstrates one or more of the following
clinical manifestations. wasting, respiratory or
enteric signs, high mortality, porcine dermati-
tis and nephropathy syndrome, or reproductive
disorders. Porcine circoviral disease is con-
firmed by finding microscopic lesions consis-
tent with the disease in affected pigs as well as
the presence of viral antigen in tissues.

Reported risk factors associated with
PCVD include litter of origin, management
factors, and gender as well as genetics. Only
limited, controlled research has been com-
pleted to define the role of these risk factorsin
the development and expression of PCVD and
response to vaccination. The focus of this
study was to further elucidate the contribution
of genetic background to PCVD by comparing
the response of different genetic lines of pigs
to PCV2 vaccination in a high-health herd
with naturally circulating PCV 2.

Procedures

A 1,700-sow multiplier farm in Kansas
was used for this field study. This single-site
farm maintains a high-health status; it is por-
cine reproductive and respiratory syndrome
virus negative and without evidence of My-
coplasma hyopneumoniae infection since its
stocking in 2000. Despite the high-health sta-
tus, the presence of PCV2b virus had been do-
cumented in this herd. However, the primary
concern was an increase in morbidity charac-
terized by ill-thrift and slow growing pigs as
mortality was within the expected historic
range on this farm.

For this 130-d study, a total of 454 pigs
from 4 genetic backgrounds were ranked by
birth weight within litter and gender (boar or
gilt) and randomly assigned to PCV2 vaccine
treatment group (vaccinated or nonvaccinated

control). Birth weight was balanced across
vaccine treatment. Genetic background in-
cluded pure lines of AXA (Duroc-based sire
and dam) and BxB (synthetic line for the sire
and dam primarily derived from Duroc, Pie-
train, and Large White) and crossbreds AxB
and BxA.

Vaccine treatment pigs were vaccinated
intramuscularly with a 2-dose commercial
PCV 2 vaccine (Circumvent PCV, Intervet Inc,
Millsboro, DE) according to label dose at 21
and 35 d of age. Vaccinated pigs were comin-
gled with nonvaccinated control pigs for the
duration of thetrial.

Pigs were individually weighed and bled
at birth, weaning (d 0), end of nursery (d 40),
and off test (d 130). Loin depth and backfat
measurements were collected by using real-
time ultrasound on d 130.

Removals and deaths were recorded dur-
ing all phases. There were 6 deaths in the nur-
sery phase, 25 deaths in the finisher phase,
and 6 other records removed because of data
entry errors or unrelated physical defects. Data
analysis was performed on the 417 pigs that
had compl ete growth records.

Comparisons between vaccinates and non-
vaccinated controls, genetic background, and
gender were made in a 2 x 4 x 2 factoria
treatment design. Litter of origin was managed
as a random effect. Statistical analysis was
performed by using the Proc GLIMMIX pro-
cedure of SAS to obtain least square means
and standard errors for the response criteria.

Results

Degspite active PCV2 infection, there was
no discernable pattern of mortality among the
genetic backgrounds, and overall mortality
was similar between vaccinates (6.8%) and
controls (7.0%). There were no 3-way gender
x genetic background x vaccine interactions
found for the response criteria in this study
with the exception of backfat depth after



weight adjustment. The significant interaction
(P = 0.02) was the result of control AxB cros-
sbred boars having a higher weight-adjusted
backfat depth than vaccinated AxB crossbred
boars (11.9 £ 0.4 mm for controls vs. 10.9 £
0.4 mm for vaccinates). Within all other gen-
der by genetic background combinations,
backfat depth was similar between controls
and vaccinates.

Weaning age and weight and off-test age
were not different for the vaccine x genetic
background least squares means (Table 1). A
vaccine x genetic background interaction was
noted for nursery ADG, finisher ADG, and
overall wean-to-finish ADG (P = 0.05, P =
0.05, and P = 0.04, respectively). In the nurs-
ery phase, this interaction was due to the AxB
vaccinates having lower (P = 0.04) ADG than
AxB controls. In contrast, BxA and BxB vac-
cinates had numerically higher ADG than con-
trols. For the AxA pigs, controls and vacci-
nates had similar ADG. Therefore, in the
nursery period of this study, genetic back-
ground did affect how vaccinates performed
compared with controls; controls demon-
strated higher nursery ADG in asingle genetic
background, whereas in the other lines, there
was little to no performance difference be-
tween vaccinates and controls. Although the
interaction was statistically significant, we are
unsure of the biologic significance. In the fin-
isher phase of production, ADG was lower (P
< 0.01) for the AxA controls than for the con-
trol pigs of AxB, BxA, and BxB. In contrast,
AxA vaccinates had similar ADG to al
groups except AxB (P = 0.04). Thus, the
magnitude of the difference between control
and vaccinate groups was greater for the AxA
pigs than for BxB and crossbred pigs. Wean-
to-finish ADG followed a pattern similar to
that of finisher ADG.

At d 130, AxA control pigs weighed less
(P < 0.01) than controls from the other 3 ge-
netic backgrounds, whereas AxA vaccinates
weighed less (P = 0.04) than BxA vaccinates.

Prior to adjusting backfat and loin depths
to a common off-test weight, it appeared there
were significant differences in loin depth and
numerical differences in backfat measurement
between vaccine treatment groups. After ad-
justment, there was a genetic background ef-
fect (P < 0.01) for loin depth as well as a 3-
way gender x genetic background x vaccine
interaction (P = 0.02) for backfat measure-
ment. Despite the 3-way interaction for back-
fat depth, there was no significant effect of
vaccination on backfat (P = 0.62) or loin
depth (P = 0.29) after adjustment to a com-
mon off-test weight.

Indirect fluorescent antibody analysis
demonstrated antibody responses to both vac-
cine and natural PCV 2 exposure (Figure 1). In
response to vaccination, vaccinates had in-
creased (P < 0.01) antibody production by d
40 compared with controls, but as a result of
natural PCV 2 exposure, controls demonstrated
arise (P <0.01) in antibody levels compared
with vaccinates by d 130. PCV2 DNA tem-
plate copies per reaction provided an estimate
of viral load (Figure 2). PCV2 vaccination re-
duced mean viral load in vaccinates compared
with controls at both d 40 (P < 0.01) and 130
(P <0.01)

Discussion

The results from this study demonstrate
that genetic background affects response to
PCV2 vaccination or PCVD expression as
measured by growth rate. The findings in this
study are unique because this herd did not fit
the accepted case definition for PCVD; yet,
this study clearly demonstrates that PCV2
vaccination improved the growth performance
of vaccinated pigs compared with controls.

The difference in magnitude of the finisher
ADG and wean-to-finish ADG was 3 and 5
times greater, respectively, in AxXA pigs than
in BxB pigs. In addition, within each cross-
bred genetic background, vaccinated pigs con-
sistently had numericaly increased ADG
compared with controls. Vaccinated pigs were



19.7, 6.2, 10.2, and 5.0 |b heavier compared
with nonvaccinated controls for AxA, AxB,
BxA, and BxB genetic backgrounds, respec-
tively. Similar to other studies we have con-
ducted, PCV2-vaccinated pigs demonstrated
increased growth rate during the finisher
phase. However, the magnitude of the weight
difference was amost 4 times greater in the
AXA pigs than in the BxB pigs. Although the
BxB pigs grew faster than the AxA pigs, they
had a similar overall pattern of weight distri-
bution about their means. There is aright shift
in the off-test weights of vaccinates compared
with controls in each population (Figures 3
and 4). Thisindicates that within each of these
genetic backgrounds, all the vaccinated pigs
had increased growth rate. Even in apparently
clinically unaffected pigs, the PCV2 virus ap-
pears to affect growth rate.

Carcass composition was not affected by
vaccination in this study after adjusting for
off-test weight. Genetic background, however,
did affect carcass traits. Pigs from the Duroc-
based lines had decreased loin depth and in-
creased backfat compared with pigs from the
Duroc-, Pietrain-, and Large White-based
lines.

There was a clear rise in antibody produc-
tion by d 40 due to vaccination as indicated by

the higher PCV2 antibody titers in the vacci-
nates compared with controls. A rise in anti-
body titer in the control pigs from d 40 to 130
indicated active PCV2 infection due to field
virus exposure during the trial period. In con-
trast, vaccinates had a decrease in PCV 2 anti-
body titer from d 40 to 130, which suggests
that vaccinates have increased resistance to
infection. The results of this study support
previous research findings that PCV 2 vaccina
tion effectively decreases viral load, even un-
der comingled conditions. Controls had a lar-
ger quantity of viral templates per reaction
compared with vaccinates at d 40. By d 130,
the difference between the treatment groups
remained; however, mean template copies per
reaction were reduced to 3.8 for controls com-
pared with 1.3 for vaccinates. The biologic
significance of these viral load quantities re-
mains to be determined; however, the poten-
tial for the PCV2 vaccine to aid in the reduc-
tion of viremiaand viral shedding is apparent.

The data in this study demonstrate that ge-
netic background affects either the expression
of PCVD or the response to the PCV2 vac-
cine, as measured by growth performance.
Therefore, genetic background should be con-
sidered a risk factor for expression of PCVD
or afactor that affects response to PCV2 vac-
cine.



Table 1. Effect of PCV2 vaccine treatment and genetic background on ages, weights, growth rates, and carcass characteristics*

Genetic background?

AXA AxB BxA BxB Vaccine x Genetic

Item Control®*  Vacc. Control ~ Vacc. Control  Vacc. Control  Vacc. SE* Probability, P <
no. of pigs 62 55 60 65 34 32 55 54
Age d

Weaning 21.2 21.1 20.3 20.3 21.3 21.3 19.7 19.6 0.6 0.71

Off test 151.5 1514 150.6 150.6 151.7 151.7 150.0 150.0 0.7 0.41
Weaning weight, b 12.8 135 13.8 13.9 14.5 14.2 12.8 13.2 0.7 0.51
ADG* Ib

Nursery phase 0.84°  0.85%° 0.96™  0.90*° 0.96™%*  1.02% 0.92%<  0.88*™  0.05 0.05

Finisher phase 1.70° 1.91° 1.93° 2.02° 1.91™  2.00™ 1.88° 195  0.05 0.05

Wean-to-finish 1.442 1.59° 1.63°  1.68™ 1.63° 1.71° 1.60° 160  0.05 0.04
Off-test weight, Ib 200.9*  220.6" 226.7°  232.9% 226.7°  236.9° 220.7° 2257 6.5 0.05
Carcass characteristics, mm

Backfat depth 11.4 12.0 12.1 12.0 11.2 11.7 10.6 10.8 0.5 0.46

Loin depth 59.2 62.2 65.7 66.9 66.3 69.0 68.8 69.6 1.3 0.32

Backfat depth

(weight adjusted) ~ 12.2 12.1 11.9 11.6 11.1 11.2 10.7 10.7 0.5 0.79

Loin depth

(weight adjusted) ~ 62.3 62.6 65.1 65.4 65.8 67.1 69.2 69.2 0.9 0.82

Note. Results reported as |east squares means.

acde\w/jthin a row, means without a common superscript letter differ (P < 0.05).
L A total of 454 pigs from 4 genetic backgrounds were assigned to vaccine treatment by ranking them by weight within litter and gender and ran-
domly assigning each pig to either vaccine or nonvaccinate control, balanced by birth weight across vaccine treatment. Pigs were individually
weighed at birth, weaning (d 0), end of nursery (d 40), and off test (d 130). Backfat and loin depth were measured at d 130.
2 Genetic backgrounds used were AxA (Duroc-based sire and dam), AxB, BxA, and BxB (synthetic line for the sire and dam primarily derived from

Duroc, Pietrain, and Large White).

3 Vaccine treatments included vaccinates (2 cc Circumvent PCV, Intervet Inc., Millsboro, Delaware) and nonvaccinated controls. Vaccine was ad-
ministered intramuscularly at 21 and 35 d of age.
* SE among treatment groups differed because of unbalanced design. In this table, the highest SE among the treatment groups was reported.
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background AxA.
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EFFECTS OF PORCINE CIRCOVIRUS TYPE 2 AND Mycoplasma
hyopneumoniae VACCINATION TIMING AND STARTER DIET
SOURCE ON GROWTH PERFORMANCE OF NURSERY PIGS

E. M. Kane', M. L. Potter’, J. R. Bergstrom, S. S. Dritz!, M. D. Tokach,
J. M. DeRouchey, R. D. Goodband, J. L. Nelssen

Summary

A total of 400 nursery pigs (initially 12.5
Ib) were used in a 20-d study to evaluate the
effects of varying porcine circovirus type 2
(PCV2) and Mycoplasma hyopneumoniae
vaccination timing on growth performance of
pigs fed commercial segregated early weaning
(SEW) and transition diets from 4 different
sources. At weaning (d 0), pigs were blocked
by weight and randomly allotted to 1 of 8
treatments. Treatments were arranged in a 2 x
4 factorial on the basis of vaccination timing
(O or 8 d after weaning) and diet source (A, B,
C, or D). There were 5 pigs per pen and 10
pens per treatment. Initially, SEW and transi-
tion diets were budgeted at 1 and 5 Ib/pig, re-
spectively. The SEW and transition diets were
formulated to similar Kansas State University
specifications but made by different manufac-
turers. Feeders were emptied on d 8, and a
common phase 2 diet was fed for the remain-
der of thetrial. Ond 0, 4, 8, and 20, pigs were
weighed and feed disappearance was meas-
ured to determine ADG, ADFI, and F/G. Diet
source influenced (P < 0.001) ADG during the
first 4 d of the trial. Pigs fed diet B had in-
creased (P < 0.001) BW (d 4) and ADG (d O
to 4) compared with pigs fed all other diets,
and diet D pigs exhibited increased ADG
compared with pigs fed diet C. On d 8, diet

source effects remained significant (P < 0.02)
for pig weights (d 8) aswell as ADG and AD-
FI (d 4 to 8 and O to 8). Pigs fed diet A had
increased (P < 0.01) ADG (d 4 to 8) compared
with pigs fed the other 3 diet sources. Pigs fed
diets A and B had similar ADFI, but their
ADFI (d 4 to 8) was greater (P < 0.02) than
that of pigs fed diets C and D. There were no
effects of diet source from d 8 to 20. Pigs vac-
cinated on d 0 had lower (P < 0.01) BW (d 8)
and ADG and ADFI (d 4 to 8 and d O to 8)
than pigs vaccinated on d 8. From d 8 to 20,
pigs vaccinated on d 8 had lower (P = 0.05)
ADG. Overadl (d 0 to 20), diet source and vac-
cine timing did not influence growth perform-
ance, although pigs fed diet C had a numeric
decrease (P = 0.06) in ADFI. Nursery pigsin
this trial were initially affected by both
SEW/transition diet source and vaccination
timing, but the influence of these factors less-
ened with time. Despite the transient nature of
these effects, however, data obtained during
this trial indicate that nursery pig growth per-
formance is affected by diet source and vac-
cine timing immediately postweaning, and
these factors should be taken into considera
tion when managing weaning groups.

Key words: PCV 2, segregated early weaning,
swine, vaccination

! Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.



Introduction

Positive growth performance of nursery
pigs is an essential component of successful
swine production. However, recent reports
from field observations indicate that some
producers have experienced difficulty in start-
ing or maintaining weaned pigs on feed,
which results in decreased performance and
production. These reports seem to coincide
with widespread adoption of porcine circovi-
rus type 2 (PCV2) vaccination in growing
pigs. Many weaned pigs receive PCV2 and
other vaccinations at or near the time of wean-
ing, though vaccination timing is not consis-
tent in the swine industry. Other management
factors affect pig performance and have been
well characterized in research reports. For in-
stance, it is well known that different diet
formulations affect pig performance in the
nursery. However, there is limited data on the
potential effect of diet source. It has been sug-
gested that nursery diet sources and vaccina-
tion timing may be important factors influenc-
ing this postweaning problem. The objective
of this study was to investigate the effects of
diet source as well as PCV2 and Mycoplasma
hyopneumoniae (Mpp) vaccination timing on
pig growth performance.

Procedures

A total of 400 weaned pigs (31 gilts and
369 barrows) were used in a 20-d growth trial.
Pigs were blocked by weaning weights (12.5
Ib average) and randomly allotted to 1 of 8
treatments. Because of the uneven number of
gilts, 7 of the 8 treatments groups within 1
block contained 4 gilts each, and the remain-
ing group contained 3 gilts. Initially, each pen
contained 5 pigs, and there were 10 pens per
treatment. Treatments included segregated
early weaning (SEW)/transition diet source
(A, B, C, or D) and vaccination timing (O or 8
d after weaning). The SEW and transition di-
ets were obtained from 4 commercial sources,
and each diet was formulated to similar speci-
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fications (Table 1). At weaning (d 0), each pen
received 1 |b/pig of SEW diet, and SEW diets
were placed in the feeders at allotment. Tran-
sition diets were added to the feeders on top of
the SEW diet and fed until d 8 (approximately
3 Ib/pig). On d 8, feeders were emptied and
refilled with a common phase 2 diet, which
was fed for the duration of the trial. Pigs were
vaccinated intramuscularly with commercially
available PCV2 (Circumvent, Intervet) and
Mpp (Respisure 1; Pfizer) vaccinesond O or 8
after weaning. The vaccines were adminis-
tered according to label instructions. Pigs were
weighed on d 0, 4, 8, and 20, and feeders were
weighed on d 4, 8, and 20 to determine feed
disappearance. From this data, ADG, ADFI,
and F/G were calcul ated.

Data were analyzed as a randomized com-
plete block design by using the PROC
GLIMMIX procedure of SAS. Pen was con-
sidered the experimental unit for this analysis.
Differences between treatments were deter-
mined by using least squares means (P <
0.05).

Results and Discussion

There were no significant (P < 0.05) inter-
actions observed between diet source and vac-
cine timing during this trial (Table 2). How-
ever, there was a trend (P = 0.07) toward a
diet source and vaccine timing interaction ef-
fect on F/G between d 0 and 8. For pigs fed
diet B, the d 0 vaccinates had improved F/G
compared with pigs that were not vaccinated
until d 8. In contrast, d O vaccinates fed diets
A and C demonstrated poorer F/G during the
first 8 d of the trial compared with their coun-
terparts that were vaccinated on day 8. This
interaction trend disappeared after d 8, and no
additional trends or significant interactions
were observed during the remainder of the tri-
al.

From d O to 4, pigs fed diet B had greater
(P < 0.001) ADG than pigs fed the other 3 diet



sources (Table 3). Pigs fed diet D also had
greater (P < 0.05) ADG than pigs fed diet C,
with pigs fed diet A being intermediate. The
improved gain resulted in pigs fed diet B hav-
ing heavier (P < 0.001) average weights on d
4 than pigs fed the other diets. From d 4 to 8,
pigs fed diet A had greater ADG (P < 0.002)
than pigs fed the other 4 diets. Pigsfed diets A
and C had greater (P < 0.02) ADFI than pigs
fed diets B and D. For the overal period when
SEW and transition diets were fed (d O to 8),
pigs fed diet C had lower (P < 0.001) ADG
and ADFI than pigs fed diets A and B, with
pigs fed diet D being intermediate. As a result
of the differences in ADG, pigs fed diets A
and B were heavier (P < 0.001) on d 8 than
pigs fed diet C. Diet sources fed fromd O to 8
did not influence pig performance from d 8 to
20, when all pigs were fed a common diet. Al-
though a trend (P = 0.06) was observed for a
diet effect from d O to 20 for ADFI (indicating
increased intake for pigs fed diet A and B
compared with pigs fed diet C), the differ-
ences between diets sources from d O to 8
were not substantial enough to cause a lasting
effect on pig performance in the second phase
of the trial or overall. Because SEW and tran-
sition diets were formulated to similar specifi-
cations, the transient effects of diet source
seen in the first phase of the trial may be due
to diet ingredient quality and source as well as
manufacturing differences between the com-
mercial suppliers.

Vaccinating pigs with PCV2 and Mpp
vaccines on d O decreased (P < 0.01) ADG
and ADFI from d 4 to 8 and 0 to 8 and pig
weights (d 8; Table 4). From d 8 to 20 after
weaning, the pigs vaccinated on d 8 grew
dower (P = 0.05) than those vaccinated at
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weaning (d 0). According to this data, vacci-
nation caused a temporary reduction in the
growth performance of both d O and 8 vacci-
nates. Because of the stresses of vaccination,
this transient decrease in performance is ex-
pected, but because the pigs were not weighed
as often during phase 2 (day 8 to 20) as during
phase 1 (day O to 8), it is not possible to de-
termine whether one vaccine timing treatment
group was more severely affected immediately
postvaccination. However, because previous
research has indicated that growth perform-
ance in the first week after weaning is a risk
factor for subsequent nursery performance, we
speculate that the decrease in performance
around the time of weaning may have a great-
er potential for longer term effects than a de-
crease in performance in subsequent phases of
the nursery period.

Overdl (d 0 to 20), diet source and vacci-
nation timing did not significantly affect
growth performance of nursery pigs. How-
ever, performance was significantly affected
by both of these factors throughout the first
phase of the trial, indicating that diet source
and vaccination do play a role in growth of
nursery pigs during certain periods. Because
pig weight and feed disappearance data were
not collected as often during phase 2 as during
phase 1, further studies investigating diet
source and vaccine timing should be con-
ducted to gain a better understanding of their
effects on growth performance. It is evident
that these factors do influence nursery pig
growth performance to some extent; thus, vac-
cine timing and diet source should be consid-
ered when making health and management
decisions for weaning groups.



Table 1. Composition of segregated early weaning (SEW) and transition diets

Diet type
Permeate Whey
SEW SEW transition” transition’ Transition
(diet sources (diet (diet sources  (diet sources (diet
Ingredient, % A,B,andC) SourceD)' A,B,andC) A,B,andC) sourceD)!
Corn 33.70 25.60 37.70 37.25 26.35
Soybean meal (46.5%) 12.55 12.70 20.00 20.00 21.55
Spray-dried animal plasma 6.70 6.70 2.50 2.50 2.50
Select menhaden fish meal 6.00 6.00 5.80 5.00 6.00
Spray-dried blood cells 1.65 1.65 1.25 1.25 1.25
Spray-dried whey 25.00 12.50 25.00
DairyLac 80 or deproteinized whey 6.00 25.00 11.25 20.00
Pulverized oat grouts 15.00 15.00
Choice white grease 5.00 3.00 5.00 5.00 3.00
Monocal cium phosphate (21% P) 0.30 0.50 0.60 0.70 0.60
Limestone 0.45 0.60 0.45 0.45 0.60
Salt 0.25 0.25 0.30 0.30 0.30
Zinc oxide 0.36 0.36 0.36 0.36 0.36
Vitamin premix with phytase 0.25 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15 0.15
LysineHCI 0.15 0.30 0.30 0.26 0.30
DL-Methionine 0.15 0.23 0.20 0.18 0.19
L-Threonine 0.08 0.14 0.15 0.13 0.16
L-Isoleucine 0.15 0.05
Antibiotic 1 1.00 1.00 1.00 1.00 1.00
Acidifier 0.20 0.35 0.20 0.20 0.35
Vitamin E, 20,000 |U 0.05 0.05 0.05 0.05 0.05
Total 100.00 100.00 100.00 100.00 100.00
Calculated analysis
Standardized ileal digestible amino acids
Lysine, % 157 157 1.50 151 1.50
Methionine:lysine ratio, % 30 34 35 33 35
Met & Cys.lysineratio, % 55 57 56 55 56
Threoninelysine ratio, % 64 62 62 63 62
Tryptophan:lysine ratio, % 17 18 17 17 18
Tota lysine, % 171 1.69 1.63 1.65 1.63
ME, kcal/lb 1,587 1,556 1,583 1,575 1,548
Protein, % 2238 225 21.8 222 22.7
Ca, % 0.82 0.84 0.82 0.83 0.85
P, % 0.76 0.79 0.75 0.77 0.77
Available P, % 0.59 0.58 0.54 0.55 0.52

! Source D SEW and transition diets were formulated differently from diets supplied by other sources because
of higher costs of whey at the time of formulation.

2Diet sources A, B, and C supplied identically formulated SEW diets but had the option of using either the
permeate or whey formulafor their transition diets.
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Table 2. Interactions between diet source and vaccine timing and their effect on nursery pig growth
performance’

Diet source Source x
A B C D Timing

Vaccinetiming, d 0 8 0 8 0 8 0 8 SE P
Item
dOto4

ADG, Ib 0.38 042 048 048 036 036 040 045 0.03 0.67

ADFI, Ib 024 024 026 029 023 022 030 026 003 071

FIG 0.64 0.59 056 061 0.63 065 082 058 014 044
d4to8

ADG, Ib 051 0.57 047 048 038 047 039 049 0.04 054

ADFI, Ib 0.55 0.56 054 0.60 045 0.50 038 055 006 025

FIG 1.08 1.00 117 125 125 110 147 113 027 0.76
dOto8

ADG, Ib 0.44 0.49 047 048 037 041 039 047 0.03 043

ADFI, Ib 0.39 040 040 045 034 0.36 034 040 0.03 051

FIG 0.88 0.82 0.85 093 0.92 0.88 0.87 0.86 0.04 0.07
d8to 20

ADG, |b 0.69 0.68 069 067 0.74 0.65 072 071 0.03 025

ADFI, Ib 0.93 0.95 094 092 0.93 0.88 095 095 0.03 050

FIG 135 140 137 136 127 137 132 135 005 048
d0to 20

ADG, Ib 0.59 0.60 0.60 0.60 059 055 059 061 0.02 0.30

ADFI, Ib 0.71 0.73 0.72 073 0.69 067 0.70 0.73 0.03 057

FIG 121 121 120 122 118 122 120 120 003 0.72
Weight, Ib

do 125 125 125 126 125 126 125 125 06 0.82

d4 140 142 145 145 139 140 141 143 07 0.87

d8 161 165 163 164 155 159 157 163 0.7 0.52

d20 243 246 243 245 241 237 243 245 10 0.79

L A total of 400 weaned pigs, initially 12.5 Ib, were used in a 20-d growth trial. Each value is the mean of 5
pigs per pen and 10 pens per treatment.
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Table 3. Effects of diet source on growth performance of nursery pigs

Diet source'

Item A B C D SE P<
dOto4

ADG, Ib 0.40™ 0.48° 0.36° 0.42° 0.02 <0.001

ADFI, b 0.24 0.28 0.22 0.28 0.02 0.22

FIG 0.61 0.58 0.64 0.70 0.07 0.67
d4to8

ADG, Ib 0.54° 0.48° 0.42° 0.44° 0.03 0.002

ADFI, Ib 0.56% 0.57% 0.47° 0.46° 0.03 0.02

FIG 1.04 1.21 1.18 1.30 0.15 0.60
dO0to8

ADG, Ib 0.47%® 0.48 0.39° 0.43" 0.02 < 0.001

ADFI, Ib 0.40% 0.42° 0.35° 0.37% 0.02 0.001

FIG 0.85 0.89 0.90 0.87 0.02 0.27
d 81020

ADG, Ib 0.68 0.68 0.69 0.71 0.02 0.52

ADFI, Ib 0.94 0.93 0.90 0.95 0.03 0.29

FIG 1.37 1.37 1.32 1.33 0.03 0.29
d0to 20

ADG, Ib 0.60 0.60 0.57 0.60 0.02 0.26

ADFI, Ib 0.72 0.73 0.68 0.72 0.03 0.06

FIG 1.21 1.21 1.20 1.20 0.02 0.88
Weight, Ib

do 12,5 12,5 12.6 12,5 0.6 0.80

da 14.1° 145 14.0° 14.2° 0.7 <0.001

d8 16.3* 16.4% 15.7° 16.0™ 0.7 < 0.001

d 20 245 24.4 23.9 24.4 0.9 0.35

! Diet source refers to the commercial SEW/transition diet source. Initially, each pig received 1 Ib SEW
and was then fed transition diet until d 8 post weaning. Feeders were emptied on d 8, and a common
phase 2 diet was fed for the duration of the trial.

#c \Within arow, means without a common superscript letter differ (P < 0.05).
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Table 4. Effects of vaccine timing on growth performance of nursery pigs

Vaccine timing'

Item 0 8 SE P
dOto4

ADG, Ib 0.40 0.43 0.02 0.20

ADFI, Ib 0.26 0.26 0.02 0.94

FIG 0.66 0.61 0.05 0.44
d4to8

ADG, Ib 0.44° 0.50% 0.02 <0.01

ADFI, Ib 0.48° 0.55% 0.03 0.01

FIG 1.24 1.12 0.11 0.37
dOoto8

ADG, Ib 0.42° 0.46% 0.02 <0.01

ADFI, Ib 0.37° 0.40% 0.02 <0.01

FIG 0.88 0.87 0.02 0.67
d8to 20

ADG, Ib 0.712 0.68° 0.02 0.05

ADFI, Ib 0.94 0.92 0.03 0.44

FIG 1.33 1.37 0.03 0.09
d0to 20

ADG, Ib 0.59 0.59 0.02 0.88

ADFI, Ib 0.71 0.71 0.02 0.60

FIG 1.20 1.21 0.02 0.34
Weight, Ib

do 125 12.5 0.6 0.46

d4 14.1 14.3 0.7 0.15

ds 15.9° 16.3% 0.7 <0.01

d20 24.3 24.3 0.9 0.78

1 Vaccine timing refers to the vaccination day (O or 8 postweaning). Each pig was injected with
2 cc PCV2 and 2 cc Mpp vaccine.
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EFFECTS OF DIFFERENT FEEDING REGIMENS ON GROWTH, LONGEVITY, AND
SEMEN CHARACTERISTICS OF WORKING BOARS IN A COMMERCIAL Al STUD!

R. C. Sulabo, J. Quackenbush? R. D. Goodband, M. D. Tokach, S. S. Dritz®,
J. M. DeRouchey, and J. L. Nelssen

Summary

The objective of the study was to deter-
mine the effects of 2 different feeding regi-
mens on growth performance, semen produc-
tion and quality, and longevity of boars in a
commercia Al stud. A total of 30 replacement
boars (PIC TR4, 375 |b and 14.2 mo of age)
were randomly selected and allotted to 1 of 2
treatments. The control feeding program was
the normal feeding program of the stud; boars
were fed 6.7 Ib/d for the first 8 wk, and then
feeding was adjusted according to body condi-
tion of the individual boar. For the treatment
feeding program, boars were fed 5.8 Ib/d in
the first 4 wk until boars reached 400 Ib; af-
terward, boars were fed 6.0 I1b/d for the dura-
tion of the study. Boars were weighed periodi-
cally to determine periodic and overall ADG.
Semen was collected from each boar once a
week for a total duration of 16 mo. Semen
production and quality was determined for
each gaculate. Overall, treastment boars were
consistently heavier than the control boars
throughout the duration of the study because

of their higher periodic and overall daily gains.

At the end of the test, treatment boars were 32
Ib heavier (P < 0.15) than the control boars. A
higher proportion of trestment boars (73 vs.
42%) were active at the end of the study,

which numerically increased (P > 0.35) aver-
age days in the stud (345 vs. 279 d), semen
collections (58 vs. 49), and doses produced
(1,238 vs. 1,077). There were no differences
(P > 0.28) in the volume, sperm cell concen-
tration, sperm cell count, and doses produced
per gaculate between boars fed the two feed-
ing programs. Likewise, motility rates and
proportion of normal cells in gaculates were
similar (P > 0.33) between boars fed the con-
trol and treatment feeding program. In conclu-
sion, Al boars can be fed to a set feeding level
to achieve targeted weight gains to influence
longevity without affecting semen production
and quality.

Key words: boars, growth rate, longevity, se-
men characteristics

Introduction

Despite the potential relationship between
growth rate and reproductive performance,
there is a lack of information on ideal growth
rates of adult working boars. In previous stud-
ies, slow-growing boars fed at maintenance
have shown significantly lower libido, semen
volume, and sperm output. On the other hand,
providing boars with high levels of feed to
achieve fast growth is thought to induce leg

! The authors thank Zoltenko Farms, Inc., Hardy, NE, for animals and facilities used in this experiment.

2Zoltenko Farms, Inc., Hardy, NE.

3Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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and libido problems. Rate of weight gain may
also affect longevity and, therefore, lifetime
semen production. Different feeding programs
can lead to varying rates of growth; however,
different feeding regimens for Al boars have
never been evaluated. Therefore, the objective
of this study was to determine the effect of 2
different feeding regimens on growth per-
formance, semen production and quality, and
longevity of boarsin acommercia Al stud.

Procedures

A total of 30 replacement boars (PIC TR4,
375 Ib and 14.2 mo of age) were randomly
selected for this study conducted at the Al
stud facilities of Zoltenko Farms, Inc., in Har-
dy, NE. Boars were allotted to 2 treatments in
a completely randomized design; there were
15 boars (replicates) per treatment. The 2 ex-
perimental treatments were (1) control and (2)
treatment feeding programs. The control feed-
ing program was the existing feeding program
of the stud. Upon entry to the stud, feed drops
were set to 6.7 lb/d for the first 8 wk. After
this initial period, feed box settings were ad-
justed periodically according to a subjective
assessment of body condition of each boar
throughout its lifetime in the stud. For the
treatment feeding program, boars were fed 5.8
Ib/d for the first 4 wk until boars reached 400
Ib. Afterward, boars were offered 6.0 Ib/d
throughout the duration of the study. In a pre-
vious study, it was determined that a 12%
overage was the average difference between
feed box setting and the actual amount of feed
dispensed in this specific stud. To provide the
desired feeding levels for the treatment boars,
feed boxes were set at 5.2 Ib/d in weeks 0 to 4
and 5.4 Ib/d throughout the rest of the study.
The feed boxes for the control boars initialy
were set at 6.0 Ib/d; however, because of the
overage, the actual amount of feed presented
to control boars was 6.7 Ib/d in weeks O to 8
and between 4.5 to 11.2 |b/d during the period
when boars were fed according to body condi-
tion. All boars were fed a corn-soybean meal-
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based diet with 10% soy hulls, 5% dehydrated
afalfa, and aboar base mix formulated to con-
tain 0.79% standardized ileal digesible lysine
and 1,340 kcal ME/Ib (Table 1). Boars were
fed twice a day, and water was provided ad
libitum. Boars were weighed periodically by
using a platform scale to determine periodic
and cumulative daily gains. Any adjustments
of the feeder box settings during the study
were also recorded. Tota duration of the study
was 16 mo.

Table 1. Composition of the boar diet (as-fed basis)*

Ingredient %
Corn 57.50
Soybean meal (46.5% CP) 21.25
Soybean hulls 10.00
Alfalfameal, dehydrated 5.00
Boar base mix 6.25
Total 100.00
Calculated analysis
CP, % 174
Standardized ileal digestible lysine, % 0.79
ME, kcal/lb 1,343
Ca % 1.14
Available P, % 0.54

1Fed in meal form.

Semen was collected from each boar once
aweek on a dummy by using the hand glove
technique with an average rest period of 5.3 d.
The first collection was performed a week
prior to the start of the experiment. For semen
production, the volume of each gaculate was
measured immediately after collection. The
concentration and number of sperm cells and
the number of doses per gaculate were also
determined. Semen quality was assessed on
the basis of sperm motility and the rate of
normal cells per gjaculate. Each gjaculate was
also evaluated for morphological defects such
as distal and proximal droplets, loose heads,
acrosome defects, pouch formations, and ab-
normal midpieces. Semen collections were
trashed for the presence of morphological



defects, poor motility, bloody semen, or steril-
ity. Trashed collections (due to morphological
defects) were recorded with the date and rea-
son for trashing. Boars were removed accord-
ing to the culling standards of the stud. The
date and reason for culling were recorded. Be-
cause 3 of the boars in the control feeding
program were culled early because they were
untrainable for semen collections, only 12
control boars were included in the analysis.

Data were anayzed by using the GLM
procedure of SAS for a completely random-
ized design with boar as the experimental unit.
Treatments were separated by using the
LSMEANS statement and the PDIFF option
of SAS. An alpha level of 0.05 was used to
assess the significance between least square
means.

Results and Discussion

The effect of the 2 feeding programs on
live weight of boars in a commercial Al stud
is shown in Figure 1. Boars on the control
feeding program were 2.1% heavier (446 vs.
437 |b) than the boars on the treatment feeding
program after the initial 8-wk period. Thiswas
expected because control boars were provided
0.7 to 0.9 Ib more feed and had greater daily
gains (weeks 0 to 8: 1.14 vs. 0.97 Ib/d) during
this period. However, control boars became
lighter (wk 14: 452 vs. 464 |b) than the treat-

ment boars immediately after the initial period.

This change in the weight trend reflects the
adjustment in the feeding program when con-
trol boars were fed according to body condi-
tion. After wk 14, boars on the treatment feed-
ing program were consistently heavier than
the boars on the control feeding program
throughout the duration of the study. Treat-
ment boars were significantly heavier (P <
0.06) at wk 18, 34, and 54. At the end of the
test, treatment boars were 32 Ib heavier (P <
0.15) than the control boars.
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Except from wk 0 to 4 (Figure 2), boars on
the treatment feeding program achieved higher
periodic dailly gains as boars increased in
weight from 400 to 500 Ib (wk 4 to 24: 0.67 vs.
0.55 Ib/d) and 500 to 600 Ib (wk 24 to 64: 0.33
vs. 0.28 Ib/d), though differences were not
significant (P > 0.32). Overall daily gains of
treatment boars were numerically higher (P <
0.39; 0.51 vs. 0.46 Ib/d) than those of boars on
the control feeding program. With the treat-
ment feeding program, boars showed a steady
decline in daily gains from 0.84 Ib/d in wk 4
to 0.33 Ib/d at wk 64 (Figure 3). The variation
in weight gains of individual treatment boars
Is shown in Figure 4. At a constant feed box
setting, weight gains varied from boar to boar
in each period. This may reflect animal differ-
ences or daily variations in the actual amount
of feed dispensed from each feed box. How-
ever, al of the treatment boars were on a posi-
tive plane of growth throughout the study.

Boars on the control feeding program
showed a more erratic pattern of growth rates
with wide swingsin daily gains throughout the
study (Figure 3). Boars on the control feeding
program had greater (P < 0.14) ADG than the
treatment boars from wk O to 4 (1.04 vs. 0.84
Ib/d) and from wk 54 to 64 (0.70 vs. 0.33 |b/d).
In contrast, control boars had lower (P < 0.14)
daily gains than the treatment boars from wk 8
to 14 (0.31 vs. 0.75 Ib/d) and 28 to 34 (0.15 vs.
0.46 Ib/d). These big changes in growth rates
among the control boars suggest a cyclic pat-
tern of increasing and decreasing feed alloca-
tion of individua boars to either reduce or
compensate body condition (Figure 5). Boars
were fed as much as 11.2 Ib/d when they were
below the farm’'s acceptable body condition
and as little as 4.5 Ib/d when individual boars
were believed to need to lose condition. At
this low level of feeding, boars were poten-
tially being fed close to or below their mainte-
nance requirements. This also highlights an-
other problem—the boar stud failed to account
for the differences between the feed box set-
tings and the actual amount of feed dispensed.



It is important to check and account for these
differences to accurately develop feeding pro-
grams.

Using the factoria approach, we deter-
mined the predicted weight gains of the treat-
ment boars on the basis of their actual feed
alocation (Table 1). The estimated total en-
ergy intake of the boarswas 7.8 Mcal ME/d in
wk 0 to 4 and 8.1 Mcal ME/d from wk 4 until
the end of the study. The tota energy re-
guirement of the treatment boars for mainte-
nance, mating activity, and sperm production
increased from 5.86 Mcal ME at 376 Ib to
8.03 Mcal ME at 607 Ib BW. Therefore, the
estimated ME difference for weight gain de-
clined from 1.94 to 0.07 Mcal ME/d. This
shows that with the constant feed allocation at
5.4 |b/d, the total energy intake of the boars
approached maintenance as BW increased
from 376 to 607 |b. The predicted weight
gains of the treatment boars declined linearly
from 0.88 to 0.03 Ib/d for the entire duration
of the study. The predicted weight gains of the
treatment boars were plotted against their ac-
tual weight gains (Figure 6). The slope of the
line for the actual weight gains (-0.0878) was
92.2% of the slope of the predicted weight
gains (-0.0952), which indicates close agree-
ment. The actual weight gains of the treatment
boars were dightly greater than the predicted
weight gains, which may be due to (1) differ-
ences in the energy value of some of the in-
gredients (i.e., soybean hulls) accounted in the
feed formulation, (2) variations in the actual
amount of feed dispensed from the boxes, or
(3) differences between the predicted and ac-
tual animal efficiencies.

At the end of the 16-mo study, a higher
proportion of active boars (73 vs. 42%) were
maintained in boars fed the treatment feeding
program (Figure 7). For the 10 control boars,
5 were culled because of poor semen quality,
3 were untrainable, 1 had a leg injury, and 1
died (identified as a twisted gut). All 4 boars
culled from the treatment group were culled
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because of poor semen quality. Because there
was a higher number of active boars main-
tained until the end of the test, boars under the
treatment feeding program had greater total
production days (+55%; 5,173 vs. 3,345 d),
semen collections (+47%; 874 vs. 593), and
doses produced (+47%; 18,569 vs. 12,619)
than the control group (Table 3). However, the
average production days (345 vs. 279 d/boar),
number of semen collections (58 vs. 49 collec-
tions/boar), and number of doses produced
(1,238 vs. 1,077 dosesboar) were only nu-
merically improved (P > 0.35) in boars fed the
treatment feeding program. There were no dif-
ferences between the two treatments in the
total and average number of semen collections
trashed; however, the percentage of trashed
collections was higher in the control group
than in the treatment group (8.3 vs. 4.6%).
The rate of morphological defects in trashed
collections from the control and treatment
groups was the same, with distal and proximal
droplets making up more than haf of the
trashed collections. In terms of semen charac-
teristics, there were no differences (P > 0.28)
in the volume, sperm cell concentration,
sperm cell count, and doses produced per ga
culate between boars fed the 2 feeding pro-
grams (Table 4). In other studies, plane of nu-
trition was found to significantly affect semen
volume, especialy in young boars. However,
these differences were obtained when com-
parisons were made between boars fed above
and below their nutrient requirements, which
is not the case in the present study. Likewise,
motility rates and proportion of normal cellsin
gjaculates were similar (P > 0.33) between
boars fed the control and treatment feeding
program. These results are consistent with
previous studies in which varying levels of
feed or energy intake of boars did not influ-
ence any semen quality variable.

In conclusion, Al boars can be fed to a set
feeding level to achieve targeted weight gains
to influence longevity without affecting semen
production and quality. Because many of the



reasons for culling may not have been entirely  quired to validate that feeding regimen influ-
due to feeding regimen, more research is re-  enceslongevity of boarsin the stud.
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Figure 1. Effect of different feeding regimens on live weight of boars in a commercial Al
stud.

(Control = 6.7 Ib/d for wk 0O to 8 and then fed according to body condition, Treatment = 5.8 Ib/d
for wk 0 to 4 and then 6.0 Ib/d until end of the study).
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Figure 2. Effect of different feeding regimens on periodic and overall daily gains of boars
in a commercial Al stud.

(Control = 6.7 Ib/d for wk 0 to 8 then fed according to body condition, Treatment = 5.8 Ib/d for
wk 0 to 4 and then 6.0 Ib/d until end of the study).
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Figure 3. Effect of different feeding regimens on the pattern of growth rates of boars in a
commercial Al stud.

(Control = 6.7 Ib/d for wk 0 to 8 then fed according to body condition, Treatment = 5.8 Ib/d for
wk 0 to 4 and then 6.0 Ib/d until end of the study).
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Figure 5. Feed box adjustments of individual boars in the control feeding program.
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Table 2. Predicted daily weight gain of treatment boars

Daily feed alocation ME requirement

Actua Box +12% Estimated Mating Sperm Total ME Predicted

BW setting  overage' energy intake® Maintenance®  activity’ production® awtgain=0° Difference’  wt gain®
wk Ib Ib/d Ib/d Mcal ME/d Mcal ME  Mca ME Mca ME Mcal ME Mca ME/d Ib/d
0 376 5.2 5.8 7.80 5.56 0.20 0.10 5.86 1.94 0.88
4 406 54 6.0 8.10 5.85 0.22 0.10 6.17 1.94 0.87
8 437 54 6.0 8.10 6.14 0.23 0.10 6.47 1.64 0.74
14 464 54 6.0 8.10 6.39 0.24 0.10 6.73 1.38 0.62
18 483 54 6.0 8.10 6.56 0.24 0.10 6.91 1.20 0.54
24 511 54 6.0 8.10 6.81 0.26 0.10 7.17 0.94 0.42
28 526 54 6.0 8.10 6.94 0.26 0.10 7.31 0.80 0.36
34 546 54 6.0 8.10 7.12 0.27 0.10 7.49 0.62 0.28
54 587 54 6.0 8.10 7.47 0.28 0.10 7.86 0.25 0.11
64 607 54 6.0 8.10 7.64 0.29 0.10 8.03 0.07 0.03

! Average difference between feed box setting and actual amount of feed dispensed was +12%.
2 Daily feed adlocation, Ib/d x1.34 Mcal ME/Ib of boar diet.

%0.1823 Mcal ME/kg BW2°%,

4.3 keal/kg BW® ™.

>0.1 Mcal ME/d.

® Sum of ME requirements for maintenance, mating activity, and sperm production.

" Estimated energy intake - (Maintenance + Mating activity + Sperm production).

® Difference, Mcal ME/d + 2.22 Mca ME/Ib.
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Figure 6. Predicted and actual daily weight gains (Ib/d) of treatment boars.
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Figure 7. Effect of different feeding regimens on percentage of active boars in a
commercial Al stud.

(Control = 6.7 Ib/d for wk 0 to 8, then fed according to body condition, Treatment = 5.8
Ib/d for wk 0 to 4 and then 6.0 Ib/d until end of the study).
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Table 3. Effect of different feeding regimens on semen production and longevity of
adult working boars in a commercial Al stud®

Feeding program® Probability,

Item Control Treatment SE P<
No. of active boars

Start of test 12 15

End of test 5 11

No. culled 7 4
Daysin Al stud

Total 3,345 5,173

Average 279 345 52.3 0.35
Semen collections

Total 593 874

Average 49 58 7.9 0.41
Trashed collections

Total 41 40

Average 34 2.7 1.0 0.59

% of Total 8.3 4.6
Doses produced

Total 12,919 18,569

Average 1,077 1,238 226.0 0.60

1A total of 30 boars (initially 375 Ib and 14.2 mo of age, PIC TR4) with 15 boars (replicates)
per treatment; Control based on 12 boars because 3 early culls were untrainable for semen
collections.

2 Control feeding program = 6.7 1b/d for initial 8 wk then fed individual boars according to
body condition; Treatment feeding program = 5.8 Ib/d for initial 4 wk then fed al boars 6.0
Ib/d for duration of the study.

Table 4. Effect of different feeding regimens on semen characteristics collected from
adult working boars in a commercial Al stud®

Semen characteristics Feeding program® Probability,
(average per gjaculate) Control ~ Treatment SE P<
Volume, mL 223 204 16.0 0.37
Doses produced 23 21 1.3 0.28
Sperm cells concentration, 1,000/mm® 366 367 20.0 0.97
No. of sperm cells, x 10° 80 74 47 0.28
Moatility, % 87.0 86.5 0.3 0.33
Normal cells, % 85.6 85.3 0.6 0.72

LA total of 30 boars (initially 375 Ib and 14.2 mo of age, PIC TR4) with 15 boars (replicates)
per treatment; Control based on 12 boars because 3 early culls were untrainable for semen col-
lections.

2 Control feeding program = 6.7 Ib/d for initial 8 wk, then fed individual boars according to
body condition; Treatment feeding program = 5.8 Ib/d for initial 4 wk, then fed all boars 6.0
Ib/d for duration of the study.
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INFLUENCE OF ORGANOLEPTIC PROPERTIES OF THE FEED AND NURSERY
DIET COMPLEXITY ON PREWEANING AND NURSERY PERFORMANCE!

R. C. Sulabo, M. D. Tokach, J. M. DeRouchey, C. D. Risley?, J. L. Nelssen,
S.S. Dritz®, and R. D. Goodband

Summary

Two experiments were performed to de-
termine the effects of adding an enhanced feed
flavor to the creep feed on the proportion of
piglets consuming creep feed within litters and
preweaning performance (Exp. 1) and the in-
teractive effects of preweaning exposure to the
flavor, nursery diet complexity, and flavor ad-
dition to nursery diets on postweaning per-
formance (Exp. 2).

In Exp. 1, 50 sows (PIC 1050) were
blocked according to parity and date of far-
rowing and allotted to 2 experimental treat-
ments in a randomized complete block design.
Treatment 1 was a creep diet with no flavor
(negative control), and treatment 2 was the
negative control diet with the enhanced milky
flavor (Luctarom) included at 1,500 ppm (3
Ib/ton). Both creep diets contained 1.0%
chromic oxide and were offered ad libitum
from d 18 until weaning on d 21. In Exp. 2,
480 weanling pigs (PIC, 14.5 b and 20 £+ 2 d)
from Exp. 1 were blocked by initial weight
and allotted to 1 of 8 treatments in a random-
ized complete block design with preweaning
exposure to the flavor (exposed vs. unex-
posed), nursery diet complexity (complex vs.
simple), and flavor addition to the nursery di-
ets (with vs. without flavor) as treatment fac-
tors.

In Exp. 1, no differences in weaning
weight (P > 0.53), total gain (P > 0.77), and
ADG (P > 0.77) were observed between litters
or pigs fed creep with and without the flavor.
Flavor added to the creep feed did not influ-
ence total (P > 0.66) or daily (P > 0.66) creep
feed intake of litters or the proportion of creep
feed eaters (P > 0.41) in whole litters. In Exp.
2, atendency for a 3-way interaction for ADG
fromd 5to 10 (P < 0.11),d 10to 28 (P <
0.09), and d 0 to 28 (P < 0.06) was observed.
Postweaning ADG of pigs exposed to the fla-
vor in creep feed and pigs fed flavored com-
plex diets was greater than that of pigsin any
other treatment combination. Increasing diet
complexity improved (P < 0.01) ADG and
ADFI during both phases. Adding flavor in
the creep feed had no effect on F/G (P > 0.34)
and pig BW (P > 0.45) in both periods post-
weaning. Adding Luctarom to starter diets
tended to improve ADFI (P < 0.06) during d O
to 5.

In conclusion, adding Luctarom to the
creep feed did not affect litter creep feed in-
take, proportion of piglets consuming creep
feed, and preweaning performance when creep
was provided for 3 d before weaning. Pre-
weaning exposure to Luctarom improved
postweaning daily gain of pigs fed complex
diets supplemented with the same flavor but
did not influence performance of pigs fed
simple diets.

1 The authors thank Lucta USA, Inc., Northbrook, IL, for partial financial support.

2LuctaUSA, Inc., Northbrook, IL.

*Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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Introduction

Maximizing pig performance immediately
postweaning is essentia in improving lifetime
growth efficiency and productivity. The wean-
ing event, however, is usualy characterized
by a period of low feed intake caused by phys-
ical, physiological, and behaviora challenges
that typically affect postweaning growth rates.
Recent studies on creep feeding have shown
that “eaters,” which are pigletsin alitter posi-
tively consuming creep feed, have better ini-
tial postweaning feed intake and growth per-
formance than piglets that do not consume
creep feed. Increasing creep feed consumption
and the proportion of piglets consuming creep
feed in whole litters may elicit positive effects
on nursery performance. Nondietary factors,
such as creep feeding duration and creep feed-
er type, have been shown to affect the propor-
tion of creep feed eaters within alitter. Dietary

factors can be investigated by using this model.

Organoleptic properties of feed may be a
factor in improving the proportion of piglets
consuming creep feed. Feed flavors are com-
monly used in piglet diets to improve diet ac-
ceptance and stimulate intake; however, the
proportion of the litter actually consuming
creep feed with the flavor or whether thereisa
difference in the proportion of creep feed eat-
ers created compared with an unflavored creep
diet have not been determined. Preweaning
exposure to the flavor may also enhance post-
weaning responses when the same flavor is
added to the nursery diets; however, evidence
of thisin pigletsis limited. Some studies have
shown an innate preference for flavored diets
during changes in dietary regimes, especialy
at weaning or during the starter period. Reduc-
ing differences in performance between pigs
fed complex and simple nursery diets through
the use of feed flavors may have potential
economic benefits.

Therefore, the objectives of this study
were to determine (1) the effects of organolep-
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tic properties of feed with an enhanced flavor
(Luctarom) on the proportion of creep feed
eaters within a litter and preweaning perform-
ance (Exp. 1), (2) the effects of diet complex-
ity (complex vs. simple) on response to the
inclusion of an enhanced flavor in nursery pig
performance (Exp. 2), and (3) the effects of
preweaning exposure to the enhanced flavor
and flavor addition to nursery diets on post-
weaning performance (Exp. 2).

Procedures

Experiment 1. A total of 50 sows (PIC
1050) and their litters were used in this study
conducted at the Kansas State University
Swine Research and Teaching Center farrow-
ing facility. Sows used in this experiment
were from 2 batches of sows farrowed in No-
vember and December 2007; 25 experimental
sows from each batch were included in the
study. Sows were blocked according to parity
and date of farrowing and allotted to 2 ex-
perimental treatments in a randomized com-
plete block design. Cross-fostering was per-
formed within 48 hours postfarrowing to stan-
dardize litter weights and litter size (> 10 pigs).
The sow or litter was the experimental unit;
there were 25 replicates per treatment group.

There were 2 experimental diets in this
study. Treatment 1 was a creep diet with no
flavor (negative control), and treatment 2 was
the negative control diet with the enhanced
milky flavor (Luctarom) included at 1,500
ppm (3 Ib/ton). Both creep diets were formu-
lated to contain 1,586 kcal ME/Ib and 1.56%
standardized ileal digestible (SID) lysine (Ta-
ble 1). Chromium oxide was added to both
diets at 1.0% to serve as a feca marker. The
creep diets were in pellet form (2-mm pellets)
and offered ad libitum from d 18 until wean-
ing ond 21. A single lactation diet (1,585 kcal
ME/Ib, 0.97% SID lysine) was used in the ex-
periment. Sows were allowed free access to
feed throughout lactation. Water was made
available at all times for sows and their litters
through nipple drinkers and bowls, respec-
tively.



Table 1. Composition (as-fed basis) of creep
diet for Exp. 1*

Ingredient %
Corn 6.05
Soybean meal (46.5% CP) 2.32
Spray-dried animal plasma 6.00
Select menhaden fish meal 6.00
Spray-dried whey 25.00
Lactose 5.00
Extruded soy protein concentrate 10.00
Pulverized oat groats 30.00
Choice white grease 5.00
Monocal cium phosphate (21% P) 0.35
Limestone 0.45
Salt 0.30
Zinc oxide 0.38
Vitamin premix 0.25
Trace mineral premix 0.15
L-LysineHCI 0.15
DL-Methionine 0.15
Antibiotic 1.00
Acidifier 0.20
Vitamin E, 20,000 1U 0.05
Chromium oxide 1.00
Tota 100.00
Calculated analysis

SID? Lysine, % 1.56
SID LysineME ratio, g/Mcal 4.47
SID Isoleucinellysine ratio, % 0.59
SID Methioninelysine ratio, % 0.31
SID Met & Cysilysine ratio, % 0.57
SID Threoninelysineratio, % 0.62
SID Tryptophan:lysineratio, % 0.19
SID Vdinelysineratio, % 0.71
ME, kcal/lb 1,585
Protein, % 23.88
Total lysine, % 1.69
Ca % 0.81
Available P, % 0.55
Lactose, % 23.00

! Supplemented without (Control) and with Luctaromat 1,500
ppm (3 Ib/ton)
2 Standardized ileal digestible.

Piglets were weighed individualy at d O
(birth), 18, and 21 (weaning). The amount of
creep feed offered was weighed daily. Creep
feed that was not consumed at the time of
weighing was collected and weighed back.
Fecal samples from all piglets were taken us-
ing sterile swabs twice between 3 and 12 h
before weaning for all treatments. The color of
each fecal sample was visually determined.
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Piglets were categorized as “eaters’ when the
fecal sample was colored green at least once
on any of the two samplings. Piglets that
tested negative on the first feca sampling
were resampled 9 to 12 h after the first sam-

pling.

Sows were weighed postfarrowing and at
weaning. Weekly feed intake of the sows was
recorded to calculate total feed intake and
ADFI. In this study, 1 sow from treatment 2
was removed from the test because of very
low feed intake. Genera health of the piglets
was checked daily, and use of medication was
monitored. Temperature in the farrowing fa
cility was maintained at a minimum of 20°C,
and supplementary heat was provided to the
piglets by using heat lamps when needed.

Periodic and cumulative ADG and creep
feed intake were calculated for each treatment
group. Data were analyzed as a randomized
complete block design by using the PROC
MIXED procedure of SAS. The effect of the
enhanced milky flavor on percentage of eaters
was analyzed by using the chi-sguare test in
SAS.

Experiment 2. A total of 480 weanling
piglets (PIC, initially 14.5 Ib and 20 = 2 d)
from Exp. 1 were alotted and blocked by ini-
tial weight to 1 of 8 treatmentsasa2 x 2 x 2
factorial using a randomized complete block
design. Treatment factors were preweaning
exposure to the flavor (exposed vs. unexposed
to the flavor), nursery diet complexity (com-
plex vs. simple diet phase feeding), and flavor
addition to the nursery diets (with vs. without
flavor). Each treatment had 6 pigs per pen and
10 replications (pens). Each pen contained 1
self-feeder and 1 nipple drinker to provide ad
libitum access to feed and water. Pigs were
housed in the Kansas State University Swine
Teaching and Research Center nursery facili-
ties.

Experimental diets were the combinations
of either complex or simple and with or with-
out the flavor for both phases (Table 2). For



phase 1, ssimple diets were mainly composed
of cornmeal and soybean meal with 2.5% fish
meal and 10% dried whey. The complex diets
contained 30% pulverized oat groats, 25%
dried whey, 6% spray-dried porcine plasma,
6% fish meal, and lower levels of cornmeal
and soybean meal. Lactose content was 7.2
and 18% for the ssmple and complex diet, re-
spectively. For phase 2, the ssimple diet was
mainly cornmeal and soybean meal. The com-
plex diet was also composed of cornmeal and
soybean meal but also contained 4.5% fish
meal and 10% dried whey. The simple and
complex diet contained 0 and 7.2% lactose,
respectively. For both phase 1 and 2 diets, the
simple and complex diets were isocaloric and
were formulated to the same essential amino
acid specifications (NRC, 1998). Diets with
the flavor were supplemented with Luctarom
at 1,500 ppm (3 Ib/ton) in phase 1 diets and
1,000 ppm (2 Ib/ton) in phase 2 diets. Phase 1
diets were in pellet form and fed from d O to
10. Phase 2 diets were in meal form and fed
from d 11 to 28. Pigs and feeders were
weighed on d 5, 10, and 28 following weaning
to calculate ADG, ADFI, and F/G. Results
were analyzed as a randomized complete
block design with a 3-way factorial treatment
structure by using the PROC MIXED proce-
dure of SAS with pen as the experimental unit.
Least squares means were evaluated by using
the PDIFF and STDERR options of SAS and
adjusted using the Tukey test.

Results and Discussion

Experiment 1. Performance of lactating
sows used in this study is shown in Table 3.
Sows had an average parity of 2.3 + 0.3 and
lactation length of 20.5 + 0.3 d. There were no
differences in postfarrowing weight (P > 0.88),
weaning weight (P > 0.80), and lactation
weight loss (P > 0.17) between the treatments.
Likewise, litter size after fostering, at d 18,
and at weaning were similar (P > 0.50) be-
tween the two treatments. There were aso no
differences (P > 0.68) between treatments in
total and ADFI of sows throughout lactation.
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Overall, differences in litter weaning
weights (P > 0.94), total gain (P > 0.77), and
daily gain (P > 0.77) between litters fed creep
with and without the enhanced milky flavor
were not significant (Table 4). For individual
pigs, differences in weaning weight (P > 0.53),
total gain (P > 0.89), and ADG (P > 0.89) be-
tween the two treatments were also not sig-
nificant. Likewise, addition of the enhanced
milky flavor to the creep feed did not influ-
ence total (P > 0.66) or daily (P > 0.66) creep
feed intake of litters (Figure 1) or the propor-
tion of creep feed eaters (P > 0.41) in whole
litters (Figure 2).

These results may be explained by (1) the
duration of creep feeding, (2) the maximum
proportion of creep feed eaters within litters,
and (3) the role of feed flavors in diets of
suckling pigs. The duration of creep feeding
may be important, and a minimum period of
exposure to the flavor is required to see appre-
ciable effects. However, our previous study on
varying creep feeding durations showed that
creep feed intake is more related to the matur-
ity of piglets than to the period of induction of
creep feeding. More importantly, most U.S.
pig producers provide supplemental feed for
only 2 to 7 d prior to weaning; thus, any effect
of flavor addition should be observed in a
short feeding duration. It is still undetermined
whether dietary changes can increase the pro-
portion of piglets consuming creep feed over
the rate determined in previous studies. The
highest rate of creep feed eaters achieved in
our previous studies was 70% when non-
dietary factors were manipulated. Any effect
of dietary factors on the proportion of piglets
consuming creep feed remains to be demon-
strated.

Results may also be due to the role taste
and olfactory cues play in stimulating higher
intakes by suckling pigs. Few studies have
evaluated the effect of feed flavors on stimu-
lating creep feed consumption; most have eva-
luated flavor exposure prenataly or flavors
through the lactation feed. Some of these stud-
ies suggest that creep feed consumption can be



stimulated when piglets are acquainted with
specific flavors associated with the sow’s milk
or diet. When flavors are added to the creep
feed, results have been consistent. In one
study, the addition of 5 g/kg of monosodium
L-glutamate (MSG) to the creep feed led to a
significant increase in creep feed intake from
d 18 postfarrowing; however, no differences
in weaning weights were observed despite the
increase in intake. Monosodium L-glutamate
is the principal source of the umami taste,
which increases the intensity and acceptability
of inherent flavors of food. In a follow-up
study, addition of MSG to an associated
commercia flavor in the creep feed did not
elicit any effect on creep feed intake or pre-
weaning performance. Results of the current
study agree with these previous findings.

The lack of effect in suckling pigs may
suggest age-related differences or greater in-
dividual variation in palatability perception. In
a previous creep feeding study, increased phy-
siologica need for nutrients driven by re-
stricted feeding of lactating sows did not sti-
mulate litters to consume more creep feed or
increase the proportion of creep feed eaters.
This suggests that changing the flavor proper-
ties of the creep feed may not be sufficient to
positively affect preweaning feed intakes.

In conclusion, addition of the enhanced
milky flavor to the creep feed did not affect
litter creep feed intake, the proportion of pig-
lets consuming creep feed, or preweaning per-
formance. The benefits of flavor addition pre-
weaning should be assessed on the basis of
effects on postweaning intake and perform-
ance.

Experiment 2. The interactive and main
effects of flavor in the creep diet, diet com-
plexity, and flavor in the nursery diets on
postweaning performance are shown in Tables
5 and 6, respectively. Results showed tenden-
cies for a 3-way interaction for daily gains
fromd 5to 10 (P < 0.11), d 10 to 28 (P <
0.09), and d 0 to 28 (P < 0.06). No 3-way in-
teraction was observed for pig weights (P >
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0.13), daily feed intake (P > 0.27), or F/G (P >
0.13) in any period. Generally, postweaning
ADG of pigs exposed to the flavor in creep
feed and fed flavored complex diets was
greater than that of pigs fed any other treat-
ment.

Increasing diet complexity improved (P <
0.01) ADG and ADFI during both phases (Ta-
ble 6). Pigs fed starter diets with greater com-
plexity were heavier (P < 0.0001) than pigs
fed ssimple diets at d 5 (+0.8 |b), 10 (+1.5 Ib)
and 28 (+3.3 |b). Feed efficiency was also im-
proved (P < 0.0001) in pigs fed complex diets
fromd Oto5and dOto 10 but not fromd 5to
10 (P > 0.58). However, pigs fed complex di-
ets were less (6.0%; P < 0.0001) efficient
from d 10 to 28 than pigs fed the ssmple diets.
Overdl (d O to 28), pigs fed the diets with
greater complexity had poorer (2.3%; P <
0.0001) F/G than pigs fed ssmple diets.

These results agree with previous studies
evaluating the effects of diet complexity on
weanling pigs. Most previous studies showed
marked improvements in early postweaning
ADG, ADFI, and F/G when pigs were fed di-
ets with greater complexity. However, the ef-
fect of diet complexity on pig growth and effi-
ciency decreases with increasing time post-
weaning, which may help explain the poorer
feed efficiency from d 10 to 28 observed in
this study for pigs fed the complex diets.
Though some studies have demonstrated the
ability of certain feed flavors to mask less pal-
atable ingredients, the negative effect of feed-
ing the simple diets seen in this study may be
too great for the effect of flavor to overcome.
However, the benefit of feeding starter diets
with greater complexity on weanling pig per-
formance should be weighed against the addi-
tional feed consumption and the higher unit
cost of the feed.

Exposing pigs to Luctarom in the creep
feed did not affect daily gains (P > 0.27), feed
efficiency (P > 0.40), or pig weights (P >
0.45) in al periods postweaning. Daily feed
intake was also unaffected (P > 0.29), except



for d 5 to 10 when pigs exposed to the flavor
preweaning tended to have lower (P < 0.07)
dally feed intake than unexposed pigs. Sup-
plementing the starter diet with the enhanced
flavor tended to improve dally feed intake
(5.9%; P < 0.06) and numerical differencesin
daily gains (6.3%; P < 0.15) during d O to 5.
However, no differences in dailly gain (P >
0.20), daily feed intake (P > 0.42), or feed ef-
ficiency (P > 0.35) were observed between
pigs fed starter diets with and without the fla-
vor in al succeeding periods. Pig weights
were also unaffected (P > 0.35) by flavor ad-
dition in al periods.

These results show that the addition of fla-
vor in the nursery diet helped achieve modest
gains in feed intake and weight gains early
postweaning; however, the benefit of flavor
addition was not seen throughout the rest of
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the starter period. In one recent study, addition
of the enhanced milky flavor to the starter diet
improved daily gains and feed intake numeri-
cally only in one trial; another study showed a
significant improvement compared with pigs
fed unflavored diets during d O to 14. Overall
(d 0 to 28), both of the previous trials showed
higher daily gains for weanling pigs when the
enhanced milky flavor was added to nursery
diets, which is in contrast to the result of the
current study. This suggests that the effect of
the enhanced milky flavor is variable and may
depend on the composition of the diet

In conclusion, preweaning exposure to
Luctarom improved postweaning daily gains
and feed intake of pigs fed complex diets sup-
plemented with the same flavor but did not
influence performance of pigs fed smple diets.



Table 2. Composition (as-fed basis) of phase 1 and 2 diets for Exp. 2

Phase 1 diets' Phase 2 diets®
Ingredient, % Simple Complex Simple Complex
Corn 42.40 11.60 57.75 54.40
Soybean meal (46.5% CP) 35.90 13.25 36.70 26.50
Spray-dried animal plasma 6.00
Select menhaden fish meal 2.50 6.00 4.50
Spray-dried whey 10.00 25.00 10.00
Pulverized oat groats 30.00
Soybean oil 5.00 5.00 1.00 1.00
Monocalcium P (21% P) 1.45 0.20 1.60 0.75
Limestone 0.60 0.58 0.95 0.65
Salt 0.30 0.25 0.35 0.30
Zinc oxide 0.38 0.25
Vitamin premix 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15
L-Lysine HCI 0.33 0.20 0.30 0.30
DL-Methionine 0.20 0.17 0.14 0.15
L-Threonine 0.15 0.05 0.11 0.13
Neo-terramycin 0.70 0.70 0.70 0.70
Acidifier 0.20
Choline chloride 0.05 0.05
Total 100.00 100.00 100.00 100.00
Calculated analysis
SID® Lysine, % 151 151 1.35 1.35
SID LysineME ratio, g/Mcal 4.29 4.25 4.06 4.05
SID Isoleucinelysineratio, % 60 55 63 59
SID Leucinelysineratio, % 116 112 127 122
SID Methioninelysine ratio, % 36 33 33 36
SID Met & Cysilysineratio, % 58 58 58 58
SID Threonine:lysine ratio, % 62 62 62 62
SID Tryptophan:lysine ratio, % 17 18 18 17
SID Vadlinelysineratio, % 65 68 69 66
ME, kcal/lb 1,596 1,613 1,508 1,513
CP, % 23.6 23.1 224 21.4
Total lysine, % 1.66 1.66 1.49 1.48
Ca, % 0.84 0.84 0.80 0.80
Available P, % 0.52 0.52 0.42 0.42
Lactose, % 7.2 18.0 7.2

! Supplemented without (Control) and with Luctarom at 1,500 ppm (3 Ib/ton); diets in pellet
form.

2 Supplemented without (Control) and with Luctarom at 1,000 ppm (2 Ib/ton); diets in meal
form.

3 Standardized ileal digestible.
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Table 3. Sow performance (Exp. 1)*?

Enhanced Flavor

Treatment No Yes SED? Probability, P <
No. of litters 25 24
Average parity 2.3 2.3 0.3 0.94
Lactation length, d 20.7 20.4 0.3 0.35
Sow weight, Ib

Postfarrowing 525.7 528.6 19.2 0.88

Weaning 505.9 501.2 18.8 0.80

Change -19.8 -27.7 5.6 0.17
No. of pigd/litter

Postfostering 111 111 0.3 0.98

d 18 (start creep) 10.3 10.2 0.3 0.74

d 21 (weaning) 10.3 10.1 04 0.50
Lactation feed intake, |b

Total 269 264 133 0.68

ADFI 13.0 13.0 0.7 0.94

1 Two groups of sows (total = 50, PIC 1050) were blocked according to day of farrowing and parity
and allotted to 2 treatments.

2 Creep feed with 1.0% chromium oxide supplemented without (No) and with Luctarom (Yes) at
1,500 ppm (3 Ib/ton); offered ad libitum from d 18 to weaning (d 20).

3 Standard error of the difference.

Table 4. 2Effects of adding an enhanced flavor to the creep feed on pig and litter performance
(Exp. 1)*

Enhanced Flavor Probability,

Treatment No Yes SED? P<
No. of litters 25 24
Pig weights, Ib

Postfostering 3.22 3.23 0.08 0.91

d 18 (start creep) 12.40 12.72 0.48 0.51

d 21 (weaning) 14.32 14.66 0.53 0.53
Total gain (d 18t0 21), Ib 1.92 1.93 0.11 0.89
Daily gain (d 18 to 21), Ib 0.64 0.64 0.04 0.89
Litter weights, Ib

Postfostering 33.8 33.2 14 0.65

d 18 (start creep) 127.6 127.4 6.4 0.97

d 21 (weaning) 147.2 146.7 7.1 0.94
Total gain (d 18to 21), Ib 19.6 193 11 0.77
Daily gain (d 180 21), Ib 6.53 6.43 0.35 0.77

1 Two groups of sows (total = 50, PIC 1050) were blocked according to day of farrowing and parity
and alotted to 2 treatments.

2 Creep feed with 1.0% chromium oxide supplemented without (No) and with Luctarom (Y es) at
1,500 ppm (3 Ib/ton); offered ad libitum from d 18 to weaning (d 20).

3 Standard error of the difference.
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Figure 1. Total and daily creep feed intake of litters fed diets with and without an
enhanced flavor.

100%, P>0.41
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Figure 2. Effect of adding an enhanced flavor to the creep feed on the proportion of eaters
in whole litters (no. of pigs in parentheses).
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Table 5. Interactive effects of flavor in the creep diet, diet complexity, and flavor in the nursery diets on postweaning performance (Exp. 2)*?

Flavor in creep No Yes Probability, P <
Creep x
Diet complexity Simple Complex Simple Complex Creepx Creegpx Dietx  Diet x
Flavor innursery  No Yes No Yes No Yes No Yes SED® Creep Diet  Nursery Diet Nursery Nursery Nursery

Pig weight, Ib

do 145 145 145 145 144 145 144 145 026 094 088 0.88 0.87 0.89 0.88 0.86

d5 157 158 164 165 157 158 164 16.6 030 0.83 <0.0001 0.40 0.77 0.78 0.81 0.83

d10 185 185 198 199 183 182 196 203 040 0.72 <0.0001 0.35 0.26 0.48 0.32 0.38

d28 375 381 411 409 377 371 401 414 0.81 045 <0.0001 0.52 0.84 0.90 0.50 0.13
dOto5

ADG, |b 025 026 038 040 025 026 039 043 003 0.70 <0.0001 0.15 0.35 0.76 0.43 0.47

ADFI, Ib 029 031 038 041 029 030 040 042 0.02 061 <0.0001 0.06 0.39 0.93 0.59 0.99

FIG 13 120 100 104 129 122 105 098 0.09 0.77 <0.0001 0.20 0.87 0.89 0.28 0.29
d5to 10

ADG, Ib 057 056 068 068 052 049 065 074 004 027 <00001 0.50 0.04 0.29 0.07 0.11

ADFI, Ib 057 054 070 069 051 049 066 072 003 007 <0.0001 092 0.15 0.23 0.19 0.28

FIG 100 099 103 102 099 101 102 097 003 050 0.58 0.35 0.35 0.93 0.25 0.35
d0to 10

ADG, |b 041 041 053 054 038 037 052 059 003 058 <00001 0.20 0.07 0.35 0.11 0.13

ADFI, Ib 043 043 054 055 040 039 053 057 0.02 0.32 <0.0001 0.42 0.17 0.49 0.22 0.49

FIG 106 105 102 102 106 107 103 0.97 003 0.78 0.0008 0.35 0.27 0.49 0.23 0.13
d10to 28

ADG, |b 106 109 118 116 108 105 114 117 003 057 <0.0001 0.96 0.80 0.90 0.99 0.09

ADFI, Ib 142 143 166 162 141 140 158 163 005 032 <0.0001 0.88 0.81 0.50 0.94 0.27

FIG 134 132 140 140 130 134 138 140 003 044 <00001 0.65 0.87 0.14 0.90 0.48
d0to28

ADG, Ib 082 084 09 094 08 081 092 09% 003 048 <0.0001 0.63 0.68 0.74 0.57 0.06

ADFI, Ib 107 107 126 125 105 105 121 126 004 029 <0.0001 0.72 0.90 0.43 0.80 0.27

FIG 129 127 132 132 126 129 131 130 002 040 0.004 093 0.53 0.30 0.77 0.24

LA total of 480 pigs (initial BW of 14.5 Ib and 21 + 2 d of age, PIC), with 6 pigs per pen and 10 replications per treatment.
2 Diets provided without (No) and with (Y es) 1,500 and 1,000 ppm of Luctarom per ton of phase 1 (d 0 to 10) and phase 2 (d 10 to 28) diets, respectively.
3 Standard error of the difference.
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Table 6. Main effects of flavor in the creep diet, diet complexity, and flavor in the nursery diets on postweaning performance (Exp. 2)*?

Flavor in creep diet Diet complexity ~ Flavor in nursery diets Probahility, P <
Creep x
Creepx  Creep x Diet x Diet x
No Yes Simple Complex No Yes SED®  Creep Diet Nursery  Diet Nursery  Nursery  Nursery

Pig weight, Ib

do 14.5 14.5 14.5 14.4 14.4 14.5 0.14 094 088 0.88 0.87 0.89 0.88 0.86

d5 16.1 16.1 15.7 16.5 16.0 16.2 0.15 0.83 <0.0001 0.40 0.77 0.78 0.81 0.83

d10 19.2 191 184 199 19.0 19.2 0.20 0.72 <0.0001 0.35 0.26 0.48 0.32 0.38

d28 394 39.1 37.6 40.9 39.1 394 0.41 045 <0.0001 0.2 0.84 0.90 0.50 0.13
d0to5

ADG, |b 0.32 0.33 0.25 0.40 0.32 0.34 0.01 0.70 <0.0001 0.15 0.35 0.76 043 0.47

ADFI, Ib 0.35 0.35 0.30 0.40 0.34 0.36 0.01 061 <0.0001 0.06 0.39 0.93 0.59 0.99

FIG 115 1.14 1.27 1.02 117 111 0.05 0.77 <0.0001 0.20 0.87 0.89 0.28 0.29
d5t010

ADG, |b 0.62 0.60 0.53 0.69 0.60 0.62 0.02 0.27 <0.0001 0.50 0.04 0.29 0.07 0.11

ADFI, Ib 0.63 0.60 0.53 0.69 0.61 0.61 0.02 0.07 <0.0001 0.92 0.15 0.23 0.19 0.28

FIG 101 1.00 1.00 1.01 101 1.00 0.02 050 058 0.35 0.35 0.93 0.25 0.35
d0to 10

ADG, |b 0.47 0.47 0.39 0.55 0.46 0.48 0.01 0.58 <0.0001 0.20 0.07 0.35 0.11 0.13

ADFI, Ib 0.49 0.47 041 0.55 0.48 0.49 0.01 0.32 <0.0001 0.42 0.17 0.49 0.22 0.49

FIG 1.03 1.03 1.06 1.00 1.04 1.03 0.01 0.78  0.0008 0.35 0.27 0.49 0.23 0.13
d10to 28

ADG, |b 112 111 1.07 1.16 111 111 0.02 0.57 <0.0001 0.96 0.80 0.90 0.99 0.09

ADFI, Ib 153 151 141 1.62 152 152 0.03 0.32 <0.0001 0.88 0.81 0.50 0.94 0.27

FIG 1.37 1.35 132 1.40 1.36 1.36 0.01 0.44 <0.0001 0.65 0.87 0.14 0.90 0.48
d0to28

ADG, |b 0.89 0.88 0.83 0.94 0.88 0.89 0.01 0.48 <0.0001 0.63 0.68 0.74 0.57 0.06

ADFI, Ib 1.16 114 1.06 1.24 115 1.15 0.02 029 <0.0001 0.72 0.90 0.43 0.80 0.27

FIG 1.30 1.29 1.28 131 1.30 1.29 0.01 040 0004 0093 0.53 0.30 0.77 0.24

LA total of 480 pigs (initial BW of 14.5 Ib and 21 + 2 d of age, PIC), with 6 pigs per pen and 10 replications per treatment.
2Diets provided without (No) and with (Y es) 1,500 and 1,000 ppm of Luctarom per ton of phase 1 (d 0 to 10) and phase 2 (d 10 to 28) diets, respectively.
3 Standard error of the difference.
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VALIDATION OF CONTROL DIETS FOR LACTOSE AND FISH MEAL
REPLACEMENT STUDIES IN NURSERY PIGS

R. C. Sulabo, M. D. Tokach, J. M. DeRouchey, R. D. Goodband,
S. S. Dritz}, and J. L. Nelssen

Summary

The objective of this study was to develop
and validate control test diets to be used for
lactose and fish meal replacement studies in
nursery pigs. A total of 180 nursery pigs (PIC,
initially 16.6 Ib and 28 =+ 2 d of age) were
blocked by initial weight and randomly allot-
ted to 1 of the following 6 dietary treatments:
(1) negative control (NC) diet based on corn-
soybean meal, (2) NC + 10% food-grade
whey, (3) NC + 10% feed-grade whey, (4) Di-
et 2 + 4.5% select menhaden fish meal, (5)
Diet 2 + 2.25% select menhaden fish meal and
1.25% spray-dried blood cells, and (6) Diet 2
+ synthetic amino acids. Diets 4 to 6 also con-
tained 10% food-grade whey. Each treatment
had 5 pigs per pen and 6 replications (pens).
Diets were formulated to contain 1.37% stan-
dardized ileal digestible lysine and 1,495 kcal
ME/Ib and were fed in meal form. Newly-
weaned pigs (21 + 2 d of age) were fed a
common segregated early weaning and transi-
tion diet for 7 days then fed the experimental
phase 2 diets for 21 d. Fromd Oto 7 and O to
14, pigs fed the diet containing 10% feed-
grade whey tended to have greater ADG (P <
0.07) and heavier (P < 0.08) BW than pigs fed
the negative control diet, with pigs fed the diet
containing 10% food-grade whey being inter-
mediate. Pigs fed the negative control diet
with either added food- or feed-grade whey
tended to have better (P < 0.06) F/G than pigs

fed the phase 2 diet solely based on corn and
soybean meal. Pigs fed phase 2 diets contain-
ing either 4.5% select menhaden fish meal or
the combination of 2.25% select menhaden
fish meal and 1.25% spray-dried blood cells
tended to have greater ADG (P < 0.07) and
BW (P < 0.07) than pigs fed the diet contain-
ing 10% food-grade whey. Pigs fed the diet
with increased synthetic amino acids had simi-
lar (P > 0.36) ADG and BW compared with
pigs fed the diet containing the same food-
grade whey without specialty proteins but
tended to have poorer (P < 0.09) F/G than
pigs fed the diet containing food-grade whey
during d O to 7. Overdl (d O to 21), only nu-
merical differences (P > 0.15) were observed
in ADG, ADFI, F/G, and pig BW among the
dietary treatments. More research is needed to
evaluate the use of synthetic amino acids as a
replacement for high quality protein ingredi-
ents in nursery diets. When reviewing data
from previous studies, it is apparent that fur-
ther development of the control diets for test-
ing lactose and fish meal sources is needed so
that the predicted response is consistent.

Key words:. lactose, protein sources, synthetic
amino acids, weanling pigs

Introduction

Success in feeding nursery pigs relies
mainly on the proper selection and use of high

! Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.



quality feed ingredients. However, rising costs
of typical feed ingredients used for starter di-
ets has increased motivation to reduce cost,
which many times can lead to using lower
guality ingredients. Recent studies at Kansas
State University (KSU) and observations in
the field seem to indicate that lower quality
feed ingredients are being utilized in nursery
pig diets. Therefore, it is vital to assess poten-
tial protein and energy sources that can be
used as effective substitutes for typical spe-
cialty feed ingredients without affecting nurs-
ery growth performance. However, to success-
fully determine potential alternatives, the for-
mulation of the control diets for both lactose
and fish meal replacement must be validated.
Therefore, the objective of this study was to
develop and validate control test diets to be
used for studies investigating potential feed
ingredients that can replace lactose and fish
meal in nursery pig diets.

Procedures

A total of 180 nursery pigs (PIC, initially
16.6 Ib and 28 + 2 d of age) were used in a21-
d growth assay. Pigs were blocked by initia
weight and randomly allotted to 1 of 6 ex-
perimental treatments in a randomized com-
plete block design. Each treatment had 5 pigs
per pen and 6 replications (pens). Each pen
was 4 ft x 4 ft and contained a 4-hole self-
feeder and 1 cup waterer to provide ad libitum
access to feed and water. Pigs were housed at
the KSU Segregated Early Weaning (SEW)
Research Facility.

Initially, all pigs were fed a commercial
SEW diet with a budget of 1 Ib/pig followed
by a commercia transition diet with a budget
of 2.5 Ib/pig for the first 7 d postweaning.
Both diets were pelleted and based on KSU
specifications. At d 7 postweaning (d O of the
experiment), phase 2 diets (1 of the 6 experi-
mental diets; Table 1) were fed to the pigs.
The negative control diet was solely based on
corn and soybean meal as the main energy and
protein sources. For the lactose replacement
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controls, 10% feed-grade and food-grade
whey from 2 different sources were added to
the negative control diet at the expense of
corn. Soybean meal content of these diets was
maintained at the same level asin the negative
control, with synthetic amino acids being al-
tered to adjust diets to a constant lysine level.
For the fish meal replacement controls, 4.5%
select menhaden fish meal or a combination of
2.25% select menhaden fish mea and 1.25%
spray-dried blood cells were added to the diet
containing 10% food-grade whey to replace
amino acids provided by soybean meal and
corn. For the sixth dietary treatment, synthetic
amino acids (L-lysine, DL-methionine, L-
threonine, and L-valine) replaced the specialty
protein sources in the fish meal replacement
controls. All the experimental diets contained
1% soybean oil. Diets were formulated to con-
tain 1.37% standardized ileal digestible (SID)
lysine and 1,495 kcal ME/Ib and were fed in
meal form.

Pigs and feeders were weighed on d O, 7,
14, and 21 to calculate ADG, ADFI, and F/G.
Data were analyzed as a randomized complete
block design by using the MIXED procedure
of SAS with pen as experimental unit. Treat-
ment means were separated by using the
LSMEANS statement and the PDIFF option
of SAS.

Results and Discussion

From d O to 7 of the study, pigs fed the di-
et containing 10% feed-grade whey tended to
have greater ADG (17%; P < 0.08) and BW at
d 7 (3.4%; P < 0.07) than pigs fed the negative
control diet, with pigs fed the diet containing
10% food-grade whey being intermediate
(Table 2). There were no differences (P >
0.23) in ADFI between pigs fed diets contain-
ing either of the 2 whey sources and the nega-
tive control diet. Pigs fed the negative control
diet with either added food- or feed-grade
whey had improved (P < 0.04) F/G compared
with pigs fed the negative control diet solely
based on corn and soybean meal. There were



no differences (P > 0.40) in F/G between the
two whey sources.

For the fish meal replacement controls,
pigs fed the diet containing 4.5% select men-
haden fish meal tended to have greater ADG
(16%; P < 0.07) and BW (3.3%; P <0.07) at d
7 than pigs fed the diet containing 10% food-
grade whey, with pigs fed the diet containing
the combination of 2.25% select menhaden
fish meal and 1.25% spray-dried blood cells
being intermediate. The increase in ADG in
pigs fed the diet containing select menhaden
fish meal was due to a numerical improvement
(8%; P < 0.11) in F/G. Pigs fed the diet with
increased synthetic amino acids had similar (P
> 0.36) ADG and BW but tended to have
poorer (P < 0.09) F/G than pigs fed the diet
containing food-grade whey. However, ADG,
F/G, and BW at d 7 of pigs fed the diet with
synthetic amino acids were lower (P < 0.02)
than those of pigs fed the diets containing se-
lect menhaden fish meal and the fish meal-
blood cells combination. There were no dif-
ferences (P > 0.53) in ADFI across al the die-
tary treatments.

From d 7 to 14 and d 14 to 21, there were
no differences (P > 0.22) in ADG, ADFI and
F/G among the dietary treatments. Because of
the improvements in performance from d 0 to
7, pigs fed the diet containing 10% feed-grade
whey tended to have greater (15.4%; P < 0.08)
ADG from d 0 to 14 and heavier (5.8%; P <
0.08) BW at d 14 than pigs fed the negative
control diet, with pigs fed the diet containing
10% food-grade whey being intermediate.
Pigs fed diets containing either of the 2 whey
sources had a tendency for better (7 to 10%; P
< 0.06) F/G than pigs fed the negative control
diet. Likewise, feeding the diets containing
4.5% select menhaden fish meal or the combi-
nation of 2.25% select menhaden fish mea
and 1.25% spray-dried blood cells to nursery
pigs tended to have improved (16%; P < 0.06)
ADG and increased (6.5%; P < 0.06) BW at d
14 compared with pigs fed the diet containing
10% food-grade whey. However, pigs fed the

diet containing either of the specialty protein
sources had similar (P > 0.36) F/G compared
with pigs fed the diet containing food-grade
whey. The difference in daily gains with pigs
fed the diets containing either of the specialty
protein sources was due to a slight increase (7
to 11%; P > 0.13) in ADFI. There were no
differences (P > 0.49) in ADG, F/G, and BW
at d 14 between pigs fed the diet containing
select menhaden fish meal and those fed the
fish meal-blood cells combination. Pigs fed
the diet containing a high concentration of
amino acids had similar (P > 0.90) ADG and
BW at d 14 compared with pigs fed the diet
containing food-grade whey; however, they
were lower (P < 0.05) than pigs fed diets con-
taining either of the specialty protein sources.
Feed efficiency of pigs fed the diet containing
synthetic amino acids was similar (P > 0.26)
to that of pigs fed the diets containing food-
grade whey or either of the specialty protein
sources. No differences (P > 0.25) in ADFI
were observed among dietary treatments.

Overal (d 0 to 21), pigs fed the diet con-
taining 10% feed-grade whey had 8.4% great-
er ADG, 11.6% better F/G, and were 4.9%
heavier at d 21 than pigs fed the negative con-
trol diet or the diet containing 10% food-grade
whey; however, differences were not signifi-
cant (P > 0.15). There were no differences (P
> 0.34) in ADFI among the dietary treatments.
The difference in performance between pigs
fed diets containing food- and feed-grade
whey, especialy during the initial 2 weeks of
the study, was in contrast with a previous trial
in which pigs had a greater growth response
with food-grade whey. This may be due to
variations in the quality of whey regardless of
the grade, not only between each type but also
within sources. This also indicates that food-
grade whey is not always higher quality than
feed-grade whey. However, the improvements
in growth rates and F/G are consistent with
previous studies evaluating the effects of add-
ing spray-dried whey in corn-soybean meal
diets fed to nursery pigs.



Dried whey consistently improved growth
performance in all of the studies in KSU
Swine Day Reports of Progress from 1986 to
2008 in which the effects of spray-dried whey
additions to phase 2 diets were measured (Ta-
ble 3). Adding dried whey to the phase 2 diet
numerically increased ADG in 24 of the 27
comparisons, and about 80% of these com-
parisons resulted in at least 5% improvement
in daily gains. In the 15 comparisons in which
10% spray-dried whey was added to phase 2
diets, ADG improved by an average of 7.5%
with smaller improvements in ADFIl (2.7%)
and F/G (-3.5%). However, the level of re-
sponse to the addition of spray-dried whey
also varied across and within studies. In a pre-
vious study in which 7 different sources of
food-grade whey were compared, responses
for ADG, ADFI, and F/G ranged from 4.6 to
18.5%, -1.2 to 11%, and -1.3 to -8.4%, respec-
tively (Bergstrom et al., 2007). The variability
in whey responses may be a result of differ-
ences in the type, source, or inherent variation
in the quality of whey used in the diets. Whey
is a by-product of the cheese industry, and the
method of production and aggressiveness of
drying may affect its biological value. Under
high temperatures during the drying of whey,
either lactose can form complexes with pro-
teins or whey proteins become denatured. The
aggressiveness of processing may also result
in the loss of biologically active proteins such
as immunoglobulins, which are the most heat
sensitive.

For the fish meal replacement controls,
pigs fed the diets containing 4.5% select men-
haden fish meal or the combination of 2.25%
select menhaden fish meal and 1.25% spray-
dried blood cells had in numerical (P > 0.15)
improvements in ADG (9.5%), and pig
weights at d 21 (5.5%) compared with pigs fed
the diet containing food-grade whey. Pigs fed
the diet containing select menhaden fish meal
also had dightly better (6%; P > 0.19) F/G.
There were no differences (P > 0.34) in ADFI
among the dietary treatments. Select menha-
den fish meal is generaly regarded as one of
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the highest quality animal protein sources
used in the feed industry. However, responses
to select menhaden fish meal in phase 2 diets
have been inconsistent, which may reflect var-
iations in quality (Table 4). Across 10 studies
in which 4 to 5% select menhaden fish meal
was added as a replacement for soybean meal,
ADG, ADFI, and F/G were improved by an
average of 3.9, 1.8, and 2.6%, respectively.

Spray-dried blood cells, a coproduct of an-
imal plasma production, are another animal
protein source commonly used in piglet diets.
In 3 other studies, the addition of 2.5% spray-
dried blood cells in phase 2 diets improved
ADG and ADFI by an average of 10.8 and
4.1%, respectively (Table 5). The inclusion
rate for spray-dried blood cells is limited be-
cause of low isoleucine content. Thus, a com-
bination of select menhaden fish mea and
spray-dried blood cells is often used in phase
2 diets.

Pigs fed the diet with increased synthetic
amino acids had similar (P > 0.80) ADG,
ADFI, and F/G compared with pigs fed the
diet containing the same level of food-grade
whey. This result is consistent with previous
studies in which feeding high concentrations
of synthetic amino acids to replace specialty
protein sources in phase 2 diets containing
dried whey failed to improve nursery growth
performance (Table 6). It is speculated that
either an essential amino acid other than those
considered may be affecting amino acid bal-
ance or the required amino acid ratios for
phase 2 pigs may have not been met. As re-
flected in the feed efficiency response, the ad-
dition of the specialty protein sources, such as
select menhaden fish meal and spray-dried
blood cells, to a diet based on soy and whey
proteins may have met the animal’s require-
ment more closely than the diet with increased
synthetic amino acids. The use of high con-
centrations of synthetic amino acids to replace
specialty protein sources in phase 2 diets did
not improve nursery growth performance;
therefore, more research is needed to evaluate



the use of synthetic amino acids as a replace-
ment for high quality protein ingredients in
nursery diets.

As evidenced by the differences in re-
sponse between the feed- and food-grade
whey exhibited in this study and the evalua
tion of responses in previous reports, it isim-
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portant to use ingredients in the control test
diets for both lactose and fish meal replace-
ment that can result in a consistent response. It
is apparent that further development of the
control diets for testing aternative ingredients
is needed so that consistency in the predicted
response can be achieved.



Table 1. Diet composition (as-fed basis)

Phase 2 diets™
Food- Feed- SMFM
Negative  grade grade + Synthetic

Ingredient, % Control whey whey SDBC SMFM  amino acids
Corn 54.00 44.49 44.49 49.13 48.70 51.78
Soybean meal (46.5% CP) 40.02 40.01 40.01 32.21 32.13 32.17
Select menhaden fish meal 2.25 4.50
Spray-dried blood cells 125
Food-grade whey 10.00 10.00 10.00 10.00
Feed-grade whey 10.00
Soybean oil 1.00 1.00 1.00 1.00 1.00 1.00
Monocal cium phosphate (21% P) 1.90 155 155 1.30 1.03 1.60
Limestone 1.00 0.98 0.98 0.85 0.68 1.00
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Zinc oxide 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix with phytase 0.25 0.25 0.25 0.25 0.25 0.25
Trace minera premix 0.15 0.15 0.15 0.15 0.15 0.15
Neo-terramycin 0.70 0.70 0.70 0.70 0.70 0.70
L-lysine HCI 0.23 0.15 0.15 0.15 0.15 0.40
DL-methionine 0.12 0.12 0.12 0.14 0.11 0.20
L-threonine 0.09 0.05 0.05 0.08 0.06 0.16
L-valine 0.04
Total 100.00 100.00 100.00 100.00 100.00  100.00
Cdlculated analysis
SID® amino acids

Lysine, % 1.37 1.37 1.37 1.37 1.37 1.37

LysineME, g/Mcal 4.16 4.17 4.17 4.16 4.14 4.17

Isoleucinelysine, % 66 68 68 62 65 58

Leucinellysine, % 131 131 131 133 129 117

Methionine:lysine, % 32 32 32 34 34 35

Met & Cyslysine, % 58 58 58 58 58 58

Threonine:lysine, % 62 62 62 62 62 62

Tryptophan:lysine, % 19 20 20 19 18 17

Valinelysine, % 71 72 72 74 71 65
Total Lysine, % 1.53 1.53 1.53 152 152 151
ME, kcal/lb 1,498 1,493 1,493 1,497 1,506 1,495
Protein, % 23.54 23.85 23.85 23.20 23.37 21.19
Ca % 0.88 0.88 0.88 0.88 0.88 0.88
P, % 0.83 0.80 0.80 0.78 0.78 0.77
Available P, % 0.48 0.48 0.48 0.48 0.48 0.48

! Fed for 21 d with d 7 postweaning as d 0 of the experiment; diets werein meal form.
>SMFM = select menhaden fish meal, SDBC = spray-dried blood cells.
3 Standardized ileal digestible.
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Table 2. Effects of lactose and fish meal replacement control diets on growth performance of
nursery pigs during Phase 2*

Dietary treatment?
Food- Feed- SMFM

Negative  grade grade + Synthetic
Item control whey whey SDBC SMFM aminoacids SED P<
no.of pens 6 6 6 6 6 6
dOto7
ADG, Ib 0.60° 0.64*  0.70™ 072 074 0.59° 005 003
ADFI, b 0.01 0.86 0.90 0.94 0.92 0.88 004 053
FIG 1.53° 1.37° 1.31° 1.32° 1.26 1.50% 0.07 0.01
d7to14
ADG, Ib 0.97 0.99 1.10 1.15 1.15 1.02 009 022
ADFI, Ib 1.32 1.31 1.40 1.49 1.42 1.33 008 0.3
FIG 1.38 1.33 1.28 1.31 1.25 1.30 006 043
d0to 14
ADG, Ib 0.78° 0.81® 090 094 0.94° 0.81* 006  0.05
ADFI, b 1.12 1.09 1.15 1.21 1.17 1.10 006 0.25
FIG 1.432 1.33° 1.29° 1.31° 1.29° 1.37® 005  0.06
d14to21
ADG, Ib 1.29 1.21 1.31 1.25 1.29 1.27 007 0.76
ADFI, b 1.69 1.67 1.50 1.69 1.64 1.64 014 069
FIG 1.32 1.38 1.13 1.35 1.25 1.29 010 024
d0to21
ADG, Ib 0.95 0.95 1.03 1.04 1.04 0.96 005 020
ADFI, Ib 1.31 1.28 1.27 1.37 1.33 1.28 005 034
FIG 1.38 1.35 1.22 1.33 1.27 1.34 006 0.15
Pig weight, Ib
do 16.5 16.6 16.6 16.6 16.6 16.6 001 022
d7 20.7% 21.0° 214> 216 @ 21.7° 20.72 037 003
d14 27.5% 28.0° 291"  29.7° 29.8° 27.9% 087  0.05
d21 36.5 36.5 38.3 38.4 385 36.7 113 019

L A total of 180 pigs (PIC, initially 16.6 Ib and 28 + 2 d of age), with 5 pigs per pen and 6 replications per
treatment; Experimental diets were fed for 21 d with d 7 postweaning as d 0 of the experiment.

2SMFM = Select menhaden fish meal, SDBC = Spray-dried blood cells.
®c\\ithin arow, means without a common superscript letter differ (P < 0.10).
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Table 3. Swine day studies (1985-2008) evaluating the effects of spray-dried whey in phase 2 diets on
overall growth performance of nursery pigs*?

Response vs. pigs fed the control diet (%)

Reference BW ADG ADFI FIG
Sulabo et al., 2008

10% Feed-grade whey 4.9 84 -31 -11.6

10% Food-grade whey 0 0 -2.3 -2.2
Bergstrom et al., 2007; Exp. 1

10% Feed-grade whey -25 -7.6 -7.1 0

10% Food-grade whey 25 51 3.0 -3.2
Bergstrom et al., 2007; Exp. 2

10% Whey source 1 6.1 185 6.0 -84

10% Whey source 2 15 4.6 -1.2 -3.1

10% Whey source 3 34 10.8 35 -4.6

10% Whey source 4 11 4.6 12 -1.3

10% Whey source 5 6.1 185 110 -3.8

10% Whey source 6 34 10.8 7.0 -2.3

10% Whey source 7 23 7.7 12 -3.8
DeRouchey et a., 2001

12.5% Food-grade whey 19 -3.6 -5.7

25.0% Food-grade whey 19.2 18.2 -0.9

12.5% Granular whey 115 55 -5.7

25.0% Granular whey 1.7 9.1 0.9
Leeetd., 1998

20% 9.3 37 -5.9
Goodband and Hines, 1986

10% 7.1 8.1 13

20% 19.1 194 -1.3
Thaler et al., 1986; Exp. 1

10% Food-grade whey 9.3 20 -4.8

20% Food-grade whey 116 6.1 -4.2
Thaler et al., 1986; Exp. 2

5% Food-grade whey 9.3 7.6 -1.4

10% Food-grade whey 9.3 115 14

15% Food-grade whey 7.0 115 6.1

20% Food-grade whey 105 12.2 2.7
Stoner et ., 1985; Exp. 1

20% -25 -12.6 -3.8
Stoner et al., 1985; Exp. 2

10% 5.8 0 -6.5

20% 8.1 8.3 -1.9
Leve inthediet n Average response, %

5.0% 1 9.3 7.6 -14

10.0% 15 2.6 7.5 2.7 -35

12.5% 2 6.7 10 -5.7

15.0% 1 7.0 115 6.1

20.0% 6 94 6.2 -24

25.0% 2 135 13.7 0

! Spray-dried whey was added at the expense of corn and soybean meal in the control diet. Control diet was a
corn-soybean meal diet. Studies varied from 14- to 21-d growth assays.

2 Response, % = (Treatment — Control)/Control. Average response = average of the responses across all studies
at each inclusion level. n = number of comparisons.

49



Table 4. Swine day studies (1986-2008) evaluating the effects of select menhaden fish meal in phase
2 diets on overall growth performance of nursery pigs*?

Response vs. pigs fed the control diet (%)

Reference BW ADG ADFI FIG
Sulabo et al., 2008

4.5% 55 9.5 15 -11.0

Frantz et al., 2004

4.5% -11 -2.7 1.0 14
Keegan et d., 2003a

2.5% 6.8 4.0 -35

5.0% 5.7 2.0 -35
Keegan et a., 2003b

2.5% 6.0 0.9 -5.2

5.0% 6.6 2.7 -5.2
Lawrence et al., 2002

4.5% 8.5 5.3 -4.4
Young et al., 2001

2.5% -0.2 -15 11 2.2

5.0% 3.8 7.6 9.0 15
Moser et al., 1998

2.5% -5.5 -2.3 31

5.0% -10.1 -7.9 1.2
Leeetal., 1998

4.0% 1.9 3.7 0
Woodworth et al., 1996

4.0% 3.2 0 -3.9
Stoner et al., 1989

8.0% 19.5 8.0 -9.7
Stoner et al., 1986

4.0% 8.5 0.9 -2.2

8.0% 12.2 16.2 45
Level inthediet n Average response, %

2.5% 4 -0.2 15 0.9 -0.9

4.0-5.0% 10 2.7 39 1.8 -2.6

8.0% 2 15.9 12.1 -2.6

! Select menhaden fish meal was added at the expense of soybean meal in the control diet. Treatment and
control diets contained equal amounts of dried whey. Studies varied from 14- to 28-d growth assays.

2 Response, % = (Treatment — Control )/Control. Average response = average of the responses across all
studies at each inclusion level. n = number of comparisons.

50



Table 5. Swine day studies (1996-2002) evaluating the effects of spray-dried blood cells in phase 2
diets on overall growth performance of nursery pigs-?

Response vs. pigs fed the control diet (%)

Reference BW ADG ADFI FG
Lawrence et al., 2002

2.5% 85 7.0 -15
DeRouchey et a., 2000

2.5% 7.2 17.4 2.7 11.7

5.0% 51 13.0 -5.3 16.0

7.5% 6.8 19.6 -5.3 19.6
Leeetd., 1998

2.0% 7.4 2.5 -4.6
Woodworth et al., 1996

2.5% 6.5 25 -3.9
Level inthediet n Average response, %

2.0% 1 7.4 25 -4.6

2.5% 3 7.2 10.8 4.1 2.1

5.0% 1 51 13.0 -5.3 16.0

7.5% 1 6.8 19.6 -5.3 19.6

! Spray-dried blood cells were added at the expense of soybean meal in the control diet. Treatment and
control diets contained equal amounts of dried whey. All studies were 14-d growth assays.

% Response, % = (Treatment — Control)/Control. Average response = average of the responses across all
studies at each inclusion level. n = number of comparisons.

Table 6. Swine day studies (1996-2008) evaluating the effects of adding synthetic amino acids in
phase 2 diets on overall growth performance of nursery pigs“?

Response vs. pigs fed the control diet (%)

Reference BW ADG ADFI FIG
Sulabo et al., 2008 0.5 11 -2.3 -2.9
Frantz et al., 2004 0.9 14 -1.0 21
Woodworth et al., 1996 - -4.8 -3.8 16
Average response 0.7 -0.8 -24 0.3

1 Synthetic amino acids were added to replace amino acids provided by specialty protein sources. Treat-
ment and control diets contained equal amounts of dried whey. Studies varied from 10- to 21-d growth
assay’s.
2 Response, % = (Treatment — Control)/Control. Average response = average of the responses across all
studies.
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EFFECTS OF PEPSOYGEN AND DRIED PORCINE SOLUBLES 50
IN NURSERY PIG DIETS?

C. K. Jones, J. M. DeRouchey, J. L. Nelssen, M. D Tokach, S. S. Dritz?, and R. D. Goodband

Summary

Two experiments were conducted to
evaluate the effects of dietary specialty protein
source on weanling pig growth performance.
In Exp. 1, 350 pigs (initially 13.4 |b) were
used in a 35-d growth trial to compare the
effects of fish meal, PepSoyGen, and dried
porcine solubles (DPS 50) on weanling pig
performance. Seven dietary treatments were
fed: (1) negative control, (2) 3% fish meal, (3)
6% fish meal, (4) 3.75% PepSoyGen, (5)
7.50% PepSoyGen, (6) 1.88% PepSoyGen and
1.88% DPS 50, and (7) 3.75% PepSoyGen
and 3.75% DPS 50. From d 0 to 14, pigs fed
increasing PepSoyGen and PepSoyGen in
combination with DPS 50 had improved
(quadratic, P = 0.01, linear, P = 0.002,
respectively) F/G. Average daily gain and F/G
were improved (P = 0.05 and P = 0.03,
respectively) for pigs fed diets containing
PepSoyGen and DPS 50 combinations
compared with pigs fed diets containing fish
meal. Also, feeding the combination of
PepSoyGen and DPS 50 improved ADG and
ADFI (P = 0.01 and P = 0.02, respectively)
compared with feeding only PepSoyGen.
Overall (d O to 35), pigs fed increasing
PepSoyGen from d 0 to 14 had improved F/G
(quadratic, P = 0.03).

In Exp. 2, 252 pigs (initially 15.0 Ib) were
used to evaluate the effects of fish mesl,
PepSoyGen, and DPS 50 on nursery pig
performance. A common pelleted starter diet
was fed from weaning until the start of the
experiment (d 7). Six dietary treatments were
fed: (1) negative control, (2) 5% fish meal, (3)
3.5% DPS 50, (4) 6.0% PepSoyGen, (5)
1.75% PepSoyGen and 1.75% DPS 50, and
(6) 3.0% PepSoyGen and 2.5% fish meal.
During the treatment period (d O to 14), pigs
fed DPS 50 alone or in combination with
PepSoyGen had improved ADG and F/G (P <
0.05) compared with pigs fed all other diets.
Overal (d 0 to 28), pigs fed DPS 50 from d O
to 14 had improved ADG and F/G (P < 0.05)
compared with pigs fed the control diet.
Additionally, pigs fed DPS 50 had improved
F/IG (P < 0.05) compared with pigs fed
PepSoyGen and fish meal in combination.

In conclusion, pigs fed DPS 50 alone or in
combination with PepSoyGen had improved
performance compared with pigs fed the
control diet.

Key words. growth, nursery pig, protein
sources

! Appreciation is expressed to Nutra-Flo, Sioux City, IA, for providing the PepSoyGen and DPS 50 and

for partia funding of thetrials.

2Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.



Introduction

Nursery pigs have relatively immature
digestive systems at weaning, which limits
their ability to utilize plant protein sources.
However, newly weaned pigs absorb nearly
two-thirds of dietary amino acids as peptides,
or short amino acid chains. These peptides are
absorbed nearly twice as fast as free amino
acids. Therefore, supplying weaned pigs with
protein containing higher levels of peptides or
more highly digestible soy proteins should
improve growth performance.

Research has indicated that pigs fed
fermented rather than solvent-extracted
soybean meal have improved nutrient
digestibility. The fermentation process is
thought to eliminate trypsin inhibitors and
some oligosaccharides that may decrease pig
performance. PepSoyGen (Nutra-Flo
Company, Sioux City, 1A) is a commercially
available fermented soybean meal product.

Another possible protein  source for
nursery diets is DPS 50 (Nutra-Flo Company,
Sioux City, 1A), a coproduct of the heparin (a
human pharmaceutical product) industry. DPS
50 is made from porcine intestinal mucosa and
is thought to contain a high level of easily
digestible peptides and amino acids. This
protein source has previously been shown to
improve growth performance of nursery pigs,
possibly because the product supplies a high
level of small peptides to assist in gut
devel opment.

Although the positive effects of DPS have
been demonstrated in nursery pigs, less
information is available on fermented soy
products or the combined use of these protein
products. Therefore, the objective of these
experiments was to evaluate the effects of fish
meal, PepSoyGen, and DPS 50 on growth
performance of weanling pigs.
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Procedures

All  experimental  procedures were
approved by the Kansas State University
(KSU) Anima Care and Use Committee.
Protein sources were collected and anayzed
for DM, CP, amino acids, Ca, and P (Table 1).

Experiment 1. A tota of 350 pigs
(initially 13.4 Ib) were used in a 35-d growth
trial to evauate the effects of fish meal,
PepSoyGen, and DPS 50 on weanling pig
performance. Pigs were blocked by weight
and alotted to 1 of 7 dietary treatments. There
were 5 pigs per pen and 10 pens per treatment.
Each pen (5 x 5 ft) contained a 4-hole dry
self-feeder and 1 cup waterer to provide ad
libitum access to feed and water. The study
was conducted at the KSU Segregated Early
Weaning Facility.

A common pelleted starter diet was fed
from weaning until the start of the experiment
(d 7). The 7 dietary treatments were (1)
negative control, (2) 3% fish meal, (3) 6% fish
meal, (4) 3.75% PepSoyGen, (5) 7.50%
PepSoyGen, (6) 1.88% PepSoyGen and 1.88%
DPS 50, and (7) 3.75% PepSoyGen and
3.75% DPS 50 (Table 2). Treatment diets 2, 4,
and 6 were each formulated with 35.7%
soybean meal; diets 3, 5, and 7 each had
29.8% soybean meal. Treatment diets were
fed for 14 d; then, al pigs received a common
phase 3 diet for 21 d. All diets were in meal
form. Average daily gain, ADFI, and F/G
were determined by weighing pigs and
measuring feed disappearance on d 7, 14, 24,
and 35 of thetrial.

Experiment 2. A total of 252 pigs
(initially 15.0 Ib) were used in a 28-d growth
trial to further evaluate the effects of fish
meal, PepSoyGen, and DPS 50 on nursery pig
performance. Pigs were blocked by weight
and alotted to 1 of 6 dietary treatments. There
were 6 pigs per pen and 7 pens per treatment.



Each pen contained 1 self-feeder and 1 nipple
waterer to provide ad libitum access to feed
and water. Pigs were housed in the KSU
Swine Teaching and Research Center.

A common pelleted starter diet was fed
from weaning until the start of the experiment.
The 6 experimental treatments were (1)
negative control, (2) 5% fish meal, (3) 3.5%
DPS 50, (4) 6.0% PepSoyGen, (5) 1.75%
PepSoyGen and 1.75% DPS 50, and (6) 3.0%
PepSoyGen and 2.5% fish mea (Table 3).
Treatments 2 through 6 were formulated to the
same dietary soybean meal level (31.4%).
Treatment diets were fed for 14 d; then, all
pigs received a common phase 3 diet for 14 d.
All diets were in meal form. Average daily
gain, ADFI, and F/IG were determined by
weighing pigs and measuring feed
disappearance on d 7, 14, 21, and 28 of the
trial.

Statistical Analysis. Data were analyzed
as a randomized complete block design with
pen as the experimental unit. Data were
analyzed with an analysis of variance by using
the MIXED procedure of SAS with the weight
block as a random effect and treatments as a
fixed effect. Contrasts were used to determine
the effects of protein source compared with
the control.

Results and Discussion

Crude protein and amino acid analysis of
the protein sources were consistent with the
values supplied by the manufacturer that were
used in diet formulation (Table 1).

Experiment 1. From d O to 14, pigs fed
diets containing the lower (3%) level of fish
meal had improved ADFI (quadratic, P =
0.05; Tables 4 and 5), leading to a tendency
for improved (quadratic,c P = 0.08) ADG
compared with pigs fed the control diet. Pigs
fed diets containing either 3 or 6% fish meal

tended to have improved (linear, P = 0.09)
F/G compared with pigs fed the control diet.
Pigs fed diets containing 6% fish mea or
PepSoyGen had ADG and ADFI similar (P >
0.10) to those of pigs fed the control diet.
However, F/G was improved (quadratic, P =
0.01) for pigs fed diets containing PepSoyGen
compared with pigs fed the control diet; the
lower (3.75%) level of PepSoyGen was
optimum. Pigs fed ether diet with the
combination of PepSoyGen and DPS 50 had
improved F/G (linear, P = 0.01) and tended to
have improved (linear, P = 0.06) ADG
compared with pigs fed the control diet but
had similar (P > 0.10) ADFI. Pigs fed diets
containing PepSoyGen had ADF, ADFI, and
F/G similar (P > 0.10) to those of pigs fed
diets containing fish meal. Pigs fed diets
containing the combination of PepSoyGen and
DPS 50 had improved ADG and F/G (P =
0.05 and P = 0.03, respectively) compared
with pigs fed diets containing fish meal but
had similar (P > 0.10) ADFI. Pigs fed diets
containing the combination of PepSoyGen and
DPS 50 had improved (P = 0.01) ADG
compared with pigs fed diets containing
PepSoyGen without DPS 50, a direct result of
improved (P = 0.02) ADFI. Thus, DPS 50
appears to stimulate feed intake and improve
nursery pig growth rate compared with the
other protein sources evaluated. There were no
differences (P > 0.10) in F/G in pigs fed diets
containing PepSoyGen aone or in
combination with DPS 50.

During the common period (d 14 to 35),
there were no changes (P > 0.10) in ADG,
ADFI, or F/IG for pigs previoudly fed fish
meal, PepSoyGen, or the combination of
PepSoyGen and DPS 50.

Overdl (d 0 to 35), pigs fed diets
containing PepSoyGen from d 0 to 14 had
improved (quadratic, P = 0.03) F/G compared
with pigs fed the control diet; feed efficiency
was optimized at the lower (3.75%) level of



PepSoyGen. Moreover, pigs fed diets
containing increasing amounts of PepSoyGen
and DPS 50 in combination from d O to 14
tended to have improved F/G (linear, P =
0.06) compared with pigs fed the control diet.
There were no other significant differences (P
> 0.10) in ADG, ADFHI, or F/G.

Experiment 2. During the treatment
period (d O to 14), pigs fed diets containing
DPS 50 aone or in combination with
PepSoyGen had improved (P < 0.05) ADG
and F/G compared with pigs fed al other diets
(Table 6). Pigs fed diets containing fish meal,
PepSoyGen, or the combination of
PepSoyGen and fish meal had ADG similar (P
> 0.10) to that of pigs fed the control diet. Pigs
fed diets containing DPS 50 tended to have
improved (P < 0.10) ADFI compared with
pigs fed the control diet. No other differences
in ADFI were seen (P > 0.10) among any
other diets.
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Ovedl (d 0 to 35), pigs fed diets
containing DPS 50 from d 0 to 14 had
improved (P < 0.05) ADG compared with pigs
previously fed the control diet and tended to
have improved (P < 0.10) ADG compared
with pigs previousy fed the diet containing
PepSoyGen and fish meal in combination.
There were no significant differences (P >
0.10) in ADFI. Pigs fed diets containing DPS
50 from d O to 14 had improved (P < 0.05)
F/G from d 0 to 35 compared with pigs fed the
control diet or the diet containing PepSoyGen
and fish meal in combination from d O to 14.
Pigs fed diets containing the combination of
PepSoyGen and DPS 50 from d O to 14 tended
to have improved (P < 0.10) overal F/G
compared with pigs fed the control diet fromd
Oto 14.

In conclusion, pigs fed DPS 50 alone or in
combination with PepSoyGen had improved
performance compared with those fed the
control diet.



Table 1. Analyzed nutrient composition of ingredients (Exp. 1 & 2, as-fed basis)

Fish meal PepSoyGen® DPS 50

ltem Formulated®®  Analyzed® Formulated® Analyzed® Formulated® Anayzed®

CP, % 62.90 65.34 54.25 56.37 50.00 51.01

Amino acids, %
Arginine 3.74 3.92 2.72
Histidine 1.35 1.45 1.06
Isoleucine 2.57 2.53 1.80 2.69 1.80 2.06
Leucine 4.54 4.46 3.40 4.55 3.40 3.9
Lysine 4.81 4.74 3.20 3.46 3.10 381
Methionine 1.77 1.71 0.71 0.80 0.90 0.96
Phenylalanine 2.55 3.12 2.23
Threonine 2.64 2.52 2.15 2.22 2.00 2.10
Tryptophan 0.66 0.59 0.49 0.75 0.35 0.25
Valine 3.03 2.96 2.32 2.83 2.40 2.60
Alanine 4.06 257 2.95
Cysteine 0.57 0.47 0.97 0.78 0.85 0.78
Glycine 4.82 2.47 3.65
Hydroxylysine --- 0.20 0.08 --- 0.16
Hydroxyproline 0.99 0.00 - 0.71
Ornithine 0.08 0.08 0.32
Proline 2.94 2.98 2.83
Serine 2.19 2.55 1.86
Taurine 0.47 0.03 0.20
Tyrosine 1.99 2.18 1.86

! PepSoyGen (Nutra-Flo, Sioux City, IA).

2 Dried porcine solubles 50 (Nutra-Flo, Sioux City, 1A).
®Diets were prepared using formulated val ues.

* Nutrient values from NRC (1998).

> Mean value of 1 sample analyzed in duplicate.

® Nutrient values provided by the manufacturer.
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Table 2. Composition of diets, Exp. 1 (as-fed basis)®

Fish meal PepSoyGen® PepSoyGen + DPS 50°
Ingredient, % Control 3% 6% 3.75% 7.50% 1.88% + 1.88% 3.75% + 3.75% Common diet
Corn 45.46 48.26 50.73 46.96 48.13 46.98 48.13 61.28
Soybean meal (46.5% CP) 40.01 34.76 29.87 34.65 29.66 34.70 29.76 33.85
Select menhaden fish meal 3.00 6.00
PepSoyGen 3.75 7.50 1.88 3.75
DPS 50 1.88 3.75
Spray dried whey 10.00 10 10.00 10.00 10.00 10.00 10.00
Soybean ail 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Monocalcium P (21% P) 153 1.15 0.78 1.55 155 1.45 135 1.65
Limestone 0.98 0.80 0.60 1.00 1.03 1.05 1.13 0.95
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.35
Vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Lysine-HCI 0.15 0.15 0.15 0.19 0.23 0.19 0.23 0.30
DL-methionine 0.12 0.11 0.11 0.13 0.13 0.12 0.13 0.12
L-threonine 0.06 0.07 0.07 0.07 0.08 0.07 0.09 0.11
Totd 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Calculated analysis’
Total amino acids, %
Lysine 153 153 153 1.53 153 1.53 153 142
Isoleucine:lysine ratio 69 67 66 67 66 67 65 64
Leucinelysineratio 132 131 129 134 136 132 131 130
Methioninelysine ratio 31 32 34 31 31 31 32 31
Met & Cyslysineratio 58 58 58 58 58 58 58 57
Threoninelysineratio 65 65 65 65 65 65 66 64
Tryptophan:lysine ratio 20 19 18 19 18 19 18 18
Vainelysineratio 75 74 73 73 72 73 72 71
CP, % 239 23.6 234 23.7 235 236 234 214
ME kcal/lb 1,508 1,517 1,526 1,507 1,507 1,511 1,514 1,518
Totd lysine:ME ratio, g/Mca 4.61 457 455 461 4.60 4.58 4.58 4.23
Ca % 0.88 0.88 0.88 0.89 0.89 0.88 0.88 0.80
P, % 0.80 0.78 0.77 0.80 0.80 0.79 0.78 0.75
Available P, % 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.42

! Pigs were fed experimental diets from d 0 to 14 of the trial and a common diet from d 15 to 35 of the trial.

2 PepSoyGen (Nutra-Flo, Sioux City, 1A).

® Dried porcine solubles 50 (Nutra-Flo, Sioux City, 1A).

* Nutrient values from NRC (1998) were used for fish meal, and nutrient values for PepSoyGen and DPS were provided by the manufacturer.
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Table 3. Composition of diets, Exp. 2 (as-fed basis)*

Fish meal DPS 50° PepSoyGen® PepSoyGen + DPS50  PepSoyGen + Fish meal
Ingredient, % Control 5.0% 3.5% 6.0% 1.75% + 1.75% 3.0% + 2.5%
Corn 45.46 49.98 50.31 47.94 50.25 48.97
Soybean meal (46.5% CP) 40.01 31.42 31.38 31.40 31.40 31.39
Select menhaden fish meal 5.00 2.50
PepSoyGen 6.00 1.75 3.00
DPS50 3.50 1.75
Spray dried whey 10.00 10.00 10.00 10.00 10.00 10.00
Soybean oil 1.00 1.00 1.00 1.00 1.00 1.00
Monocalcium P (21% P) 153 0.90 1.38 155 1.45 1.23
Limestone 0.98 0.68 1.13 0.98 1.08 0.83
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15 0.15 0.15
Lysine-HCI 0.15 0.15 0.32 0.22 0.32 0.19
DL-methionine 0.12 0.11 0.16 0.14 0.17 0.13
L-threonine 0.06 0.07 0.13 0.08 0.13 0.08
Total 100.00 100.00 100.00 100.00 100.00 100.00
Calculated analysis’
Total amino acids, %
Lysine 153 153 153 153 153 153
Isoleucine:lysine ratio 69 6 62 66 62 66
Leucinelysineratio 132 130 123 135 125 132
Methionine:lysine ratio 31 33 33 32 33 33
Met & Cys.lysineratio 58 58 58 58 58 58
Threonine:lysineratio 65 65 65 65 65 65
Tryptophan:lysineratio 20 19 17 18 17 18
Valinelysineratio 75 73 69 72 69 72
CP, % 23.9 235 22.3 235 224 235
ME, kcal/lb 1,508 1,523 1,515 1,508 1,512 1,515
Totd lysine:ME ratio, g/Mcal 461 455 458 4.60 459 459
Ca, % 0.88 0.88 0.88 0.88 0.88 0.88
P, % 0.80 0.77 0.77 0.80 0.77 0.78
Available P, % 0.47 0.47 0.47 0.47 047 0.47

! Pigs were fed experimental diets from d 0 to 14 of the trial and a common diet from d 15 to 28 of the trial.

2 Dried porcine solubles 50 (Nutra-Flo, Sioux City, IA).
3 PepSoyGen (Nutra-Flo, Sioux City, IA).

* Nutrient values from NRC (1998) were used for fish meal, and nutrient values for PepSoyGen and DPS were provided by the manufacturer.



Table 4. Effects of fish meal, PepSoyGen, and DPS 50 on nursery pig performance (Exp. 1)*

Negative Fish meal PepSoyGen PepSoyGen? + DPS 50°

Item Control 3% 6% 3.75% 7.50% 1.88 + 1.88% 3.75% + 3.75%
d0to14

ADG, Ib 0.58 0.63 0.56 0.57 0.58 0.65 0.65

ADFI, Ib 0.76 0.79 0.69 0.70 0.73 0.77 0.78

FIG 1.33 1.26 1.26 1.21 1.27 1.20 1.20
d14t035

ADG, Ib 1.29 1.31 1.28 1.28 1.31 1.26 1.32

ADFI, Ib 1.91 1.94 1.87 1.85 1.93 1.89 1.93

FIG 1.48 1.48 1.47 1.45 1.48 1.50 1.47
d0to 35

ADG, Ib 1.00 1.04 0.98 0.99 1.01 1.01 1.05

ADFI, Ib 1.45 1.48 1.39 1.39 1.44 1.44 1.47

FIG 1.44 1.43 1.42 1.39 1.43 1.43 1.40

L A total of 350 pigs (5 pigs per pen and 10 pens per treatment) with an initial BW of 13.1 Ib. Pigs were fed a common diet from weaning until

d 7 then fed experimental diets for 14 d.
2 PepSoyGen (Nutra-Flo, Sioux City, I1A).
® Dried porcine solubles 50 (Nutra-Flo, Sioux City, 1A).
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Table 5. Probability values for pigs fed fish meal, PepSoyGen, and DPS 50 on nursery pig performance (Exp. 1)

123

Probability, P <
Fish meal PepSoyGen Combination Fish meal vs. PepSoyGen vs.
Item Linear Quadratic Linear Quadratic Linear  Quadratic PepSoyGen Combination* Combination SE
d0to 14
ADG, |b 0.71 0.08 1.00 0.89 0.06 0.32 0.45 0.05 0.01 0.042
ADFI, Ib 0.08 0.05 0.39 0.14 0.69 0.90 0.24 0.24 0.02 0.049
FIG 0.09 0.37 0.16 0.01 0.01 0.06 0.47 0.03 0.13 0.030
d 141035
ADG, Ib 0.74 0.45 0.77 0.52 0.60 0.24 0.84 0.78 0.93 0.055
ADFI, Ib 0.52 0.38 0.83 0.17 0.77 0.53 0.63 0.94 0.58 0.082
FIG 0.70 0.77 0.99 0.19 0.70 0.16 0.55 0.49 0.20 0.019
d0to 35
ADG, |b 0.58 0.17 0.91 0.73 0.24 0.70 0.73 0.46 0.28 0.049
ADFI, Ib 0.22 0.14 0.86 0.19 0.67 0.67 0.55 0.56 0.24 0.069
FIG 0.29 0.83 0.55 0.03 0.06 0.82 0.15 0.26 0.86 0.016

1 A total of 350 pigs (5 pigs per pen and 10 pens per treatment) with an initial BW of 13.1 Ib. Pigs were fed a common diet from weaning until d 7 then fed

experimental dietsfor 14 d.
2 PepSoyGen (Nutra-Flo, Sioux City, IA).
% Dried porcine solubles 50 (Nutra-Flo, Sioux City, IA).

4 1.88% PepSoyGen + 1.88% DPS 50" and 3.75% PepSoyGen + 3.75% DPS 50.
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Table 6. Effects of fish meal, PepSoyGen, and DPS 50 on nursery pig performance (Exp. 2)%3

Negative Fish meal DPS 50 PepSoyGen PSG + DPS 50 PSG + Fish meal
Item; Control 5.0% 3.5% 6.0% 1.75% + 1.75% 3.0% + 2.5% SE
dOto 14
ADG, Ib 0.56° 0.59 0.69° 0.59° 0.66° 0.56° 0.032
ADFI, Ib 0.73" 0.78Y 0.81Y 0.76" 0.78% 0.74% 0.040
FIG 1.34° 1.34° 1172 1.28° 1.18% 1.32° 0.050
d14to0 28
ADG, Ib 1.14%Y 1.18% 1.17%Y 1.20° 1.10% 1.19°Y 0.040
ADFI, Ib 1.59 1.60 1.59 1.63 1.54 1.64 0.053
FIG 1.40 1.35 1.37 1.36 1.40 1.39 0.040
d0to28
ADG, Ib 0.84% 0.89% 0.93™ 0.90%* 0.88% 0.87% 0.030
ADFI, b 1.16 1.19 1.20 1.19 1.16 1.19 0.035
FIG 1.38™ 1.35% 1.29% 1.33Y 1.32% 1.36™Y 0.032

® Treatments without a common superscript letter differ P < 0.05.
* Treatments without a common superscript |etter differ P < 0.10.

L A total of 252 pigs (6 pigs per pen and 7 pens per treatment) with an initial BW of 15 Ib. Pigs were fed a common diet from weaning until 15 Ib then fed

experimental dietsfor 14 d.
2 Dried porcine solubles 50 (Nutra-Flo, Sioux City, 1A).
3 PepSoyGen (Nutra-Flo, Sioux City, IA).

61



Swine Day 2008

EFFECTS OF COPPER SULFATE, TRI-BASIC COPPER CHLORIDE,
AND ZINC OXIDE ON WEANLING PIG GROWTH AND PLASMA
MINERAL CONCENTRATIONS?

N. W. Shelton, M. D. Tokach, J. L. Nelssen, R. D. Goodband, S. S. Dritz?,
J. M. DeRouchey, and G. M. Hill®

Summary

Two 28-d experiments were conducted to
determine the effects of increasing dietary
zinc and copper levels on weanling pig per-
formance. In each experiment, 180 weanling
pigs (PIC, 21 d of age, 12.5 b in Exp. 1 and
13.2 Ib in Exp. 2) were alotted to 1 of 6
treatments with 5 and 6 replications in Exp. 1
and 2, respectively. Diets were fed in 2 phases
(d 0 to 14 and 14 to 28), and the trace mineral
premix provided 165 ppm zinc and 16.5 ppm
copper to al diets. In Exp. 1, treatments were
arranged as a 2 x 3 factorial with 2 levels of
added copper from tri-basic copper chloride
(TBCC; 0 or 150 ppm) and 3 levels of added
zinc from zinc oxide (0, 1,500, or 3,000 ppm
from d O to 14 and 0, 1,000, or 2,000 ppm
from d 14 to 28). In addition, blood collected
on d 14 was analyzed for plasma zinc, copper,
and phosphorus concentrations. No copper X
zinc interactions were observed (P > 0.25) for
any of the growth data. Addition of TBCC in-
creased (P < 0.03) ADG and ADFI over con-
trol pigs from d O to 14, 14 to 28, and O to 28.
Pigs fed increasing dietary zinc had increased
(linear, P < 0.003) ADFI during both phases
and increased ADG from d 0 to 14 and O to
28. No effects were observed for blood me-
tabolites in plasma copper; however, copper x
zinc interactions were observed (P < 0.03) for

both plasma zinc and phosphorus. The interac-
tions occurred because increasing dietary zinc
oxide increased plasma zinc and phosphorus
when TBCC was not included in the diet but
had relatively little effect when TBCC was
added to the diet.

In Exp. 2, treatments were arranged as a
2 x 3 factorial with 2 levels of added zinc
from zinc oxide (0 or 3,000 ppm from d O to
14 and 0 or 2,000 from d 14 to 28) and 3 cop-
per treatments (control, 125 ppm copper from
TBCC, or 125 ppm copper from copper sul-
fate). In addition, blood collected on d 14 and
28 was analyzed for plasma zinc, copper, and
phosphorus concentrations. Again, no copper
x zinc interactions (P > 0.10) were observed
for any performance data. Adding zinc oxide
to the diet improved (P < 0.03) ADG, ADHI,
and F/G from d O to 14 and ADG and ADFI
from d O to 28. Adding copper to the diet in-
creased (P < 0.05) ADG, ADFI, and F/G from
d O to 14 and 0 to 28 with pigs fed copper sul-
fate having greater (P < 0.02) ADG and ADFI
from d O to 14 than pigs fed TBCC. Similar to
Exp. 1, plasma zinc was increased (P < 0.001)
in pigs fed high levels of dietary zinc at d 14.
Unlike many previous research trials, these
two trials found additive effects to feeding
high levels of dietary copper and zinc in diets
for nursery pigs.

! The authors thank the Kansas Pork Association for partial financial support.
?Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
® Department of Animal Sciences, Michigan State University, East Lansing.
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Introduction

Zinc and copper are two minerals com-
monly added at pharmacological levels in
weanling pig diets to serve as growth promot-
ers. Nursery studies have demonstrated that
increased dietary levels of zinc can promote
growth rates and decrease diarrhea in weanl-
ing pigs. Typicaly, the greatest response to
pharmacologica levels of zinc is seen in the
first 2 to 4 wk postweaning, and the most
commonly used form is zinc oxide (ZnO). Di-
etary copper has also been shown to enhance
growth rates in weanling pigs and growing
pigs. Therefore, copper is typically added to
late nursery and early grower diets; the most
commonly used form is copper sulfate (Cu-
SO,). Research combining ZnO and CuSO;, at
high levels has shown growth rates similar to
those when ZnO is used alone. Thus, early
diets for nursery pigs often contain growth
promoting levels of zinc without growth pro-
moting levels of copper. Therefore, the objec-
tive of these trials was to characterize the ef-
fect of combining ZnO with a different copper
source, tri-basic copper chloride (TBCC), as
well as revaluate the response to utilizing both
ZnO and CuSO4 in weanling diets.

Procedures

The protocols used in these experiments
were approved by the Kansas State University
Institutional Animal Care and Use Committee.
Each pen contained a 4-hole dry self-feeder
and a nipple waterer to provide ad libitum ac-
cess to feed and water. Pens had wire-mesh
floor and alowed for approximately 3 ft* per
pig. Weights and feed disappearance were
measured weekly to determine ADG, ADFI,
and F/G.

Blood samples were collected from 2 pigs
per pen (d 14 in Exp. 1 and d 14 and 28 in
Exp. 2) by jugular venipuncture. Blood sam-
ples were chilled for approximately 1 h until
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they were centrifuged at 2,000 rpm for 20
min. Plasma was then collected from each
sample, frozen, and sent to Michigan State
University for minera analysis. Copper and
zinc levels were determined by atomic absorp-
tion spectrophotometry, and phosphorus was
measured by color spectrophotometry. Feed
samples from both experiments were collected
and analyzed for copper and zinc levels.

Pen was used as the experimental unit for
all analyses in both experiments, and data
were analyzed by using the PROC MIXED
procedurein SAS.

Experiment 1. A total of 180 weanling
pigs (initially 12.5 Ib and 21 d of age) were
used in a 28-d growth trial to compare the ef-
fects of supplemental zinc and copper from
ZnO and TBCC, respectively. Pigs were allot-
ted by initial BW in a completely randomized
block design. There were 5 pens per treatment
with 6 pigs per pen. Treatments were arranged
asa2 x 3 factorial with 2 levels of added cop-
per from TBCC (0 or 150 ppm) and 3 levels of
added zinc from ZnO (none, moderate, or
high; 0, 1,500, or 3,000 ppm from d O to 14
and 0, 1,000, or 2,000 ppm from d 14 to 28).
Dietswere fed in 2 phases (d 0 to 14 and 14 to
28; Table 1). Phase 1 (d0to 14) and 2 (d 14 to
28) diets were fed in meal form and were for-
mulated to contain 1.41 and 1.31% standard-
ized ilea digestible (SID) lysine, respectively
(Table 1). Phase 1 diets contained 15% spray-
dried whey and 3.75% fish meal, and phase 2
diets were corn soybean meal based. The trace
mineral premix supplied 165 ppm zinc and
16.5 ppm copper to each of the diets. Zinc ox-
ide and TBCC were then supplemented by re-
placing corn starch to achieve the desired zinc
and copper levels.

Experiment 2. Similar procedures and
diets (Table 2) were utilized in experiment 2.
A total of 180 weanling pigs (initially 13.2 Ib
and 21 d of age) were used in this 28-d growth
trial. Pigs were dlotted in a completely
randomized block design with blocks by



weight and sex. There were 6 pens per treat-
ment with 5 pigs per pen. Treatments were
arranged as a 2 x 3 factorial with 2 levels of
added zinc from ZnO (0 or 3,000 ppm from d
0 to 14 and 0 or 2,000 ppm from d 14 to 28)
and 3 added copper sources (none, 125 ppm
copper from TBCC, or 125 ppm copper from
copper sulfate). All diets were supplemented
with 165 ppm zinc and 16.5 ppm copper from
the trace mineral premix.

Results and Discussion

Laboratory analysis of the diets indicated
that nutrient levels were similar to those ex-
pected from diet formulation for Exp. 1 and 2
(Tables 3 and 4, respectively).

Experiment 1. No copper x zinc interac-
tions (Table 5, P > 0.25) were observed for
any of the performance criteria throughout the
trial. An interaction was expected because
previous research has found no response to
added copper when high levels of ZnO are
added to the diet. Similar to many earlier tri-
als, ADG increased (linear, P < 0.002) as zinc
concentration increased in the diet from d O to
14. The gain response was driven directly by
increases in intake because ADFI increased
(linear, P < 0.003) as dietary zinc was added.
Dietary copper from TBCC also increased (P
< 0.02) ADG and ADFI compared with non-
copper-supplemented  treatments.  Dietary
treatment did not influence F/G, which is in
agreement with several previous trials. The
greatest performance values were seen in
treatments containing both high levels of zinc
from ZnO and copper from TBCC.

From d 14 to 28, the addition of copper
from TBCC continued to enhance (P < 0.03)
both ADG and ADFI. Also, ADFI continued
to increase (linear, P < 0.002) as dietary zinc
increased. However, there was only a ten-
dency (P < 0.10) for a change in ADG as die-
tary zinc increased. This agrees with other tri-
als that showed the greatest responseto zinc is
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typically found in the early phases postwean-
ing.

Because of the responses during each
phase, overall ADG and ADFI were improved
(P < 0.007) for pigs supplemented with added
copper from TBCC. Pigs fed TBCC weighed
approximately 2.2 |b more on d 28 postwean-
ing than pigs not supplemented with TBCC.
Also, ADG and ADFI increased (linear, P <
0.003) as dietary zinc was added from ZnO.
Again, pigs that received both added copper
and a high level of zinc had the greatest gain
and feed intake; no differences were observed
inoveral F/G.

From d O to 14, dietary treatments had no
effect on feed cost per pound of gain, but in-
come over feed cost (IOFC) increased as ZnO
(linear, P < 0.01) and TBCC (P < 0.02) were
added to the diet. Adding zinc to the diet in-
creased (P < 0.03) feed cost per pound of gain
from d 14 to 28 but also resulted in a linear
increase (P < 0.02) in IFOC because of the
increased growth rate of pigs fed high levels
of ZnO. Adding TBCC to the diet tended (P <
0.07) to increase |OFC without changing feed
cost per pound of gain. Overall, adding ZnO
to the diet linearly increased (P < 0.02) feed
cost per pound of gain. Despite the increase in
feed cost per pound of gain, IOFC increased
(linear, P < 0.02) as supplemental zinc was
added. The response was due to the growth
improvements from ZnO. Adding TBCC to
the diet also increased (P < 0.02) |IOFC by ap-
proximately $0.75/pig over pigs not supple-
mented with any added copper.

There were no treatment differences for
plasma copper levels (Table 6). However,
copper x zinc interactions were detected (P <
0.03) for both plasma zinc and phosphorus.
The plasma zinc interaction occurred because
a more dramatic increase in plasma zinc was
seen in diets containing no supplemental cop-
per when zinc level increased in the diet. The
phosphorus interaction was due to plasma
phosphorus increasing as dietary zinc



increased in diets without supplemental cop-
per and plasma phosphorus decreasing as zinc
was increased in diets receiving supplemental
copper.

Experiment 2. No copper x zinc interac-
tions were observed (Table 7, P > 0.10) for
any of the growth criteria in this trial. From d
0 to 14, ADG, ADFI, and F/G were increased
(P < 0.03) with zinc supplementation. Some
studies have shown improvements in F/G with
added zinc; however, most have shown gain
responses related to increased ADFI. Pharma
cological levels of copper also improved (P <
0.02) ADG, ADFI, and F/G, with copper sul-
fate improving (P < 0.02) ADG and ADFI
more than TBCC.

From d 14 to 28, no differences were ob-
served (P > 0.10) for ADG; however, numeri-
cal increases were observed for pigs fed either
copper source. Daily feed intake increased (P
< 0.02) in pigs supplemented with zinc. Add-
ed copper aso improved (P < 0.05) F/G; cop-
per sulfate improved (P < 0.03) and TBCC
treatments tended to improve (P < 0.06) F/G
compared with control treatments.

Over the entire 28-d trial, added zinc re-
sulted in increases (P < 0.02) in ADG and
ADFI. Copper supplementation also improved
(P < 0.05) ADG, ADFI, and F/G. Copper sul-
fate increased (P < 0.02) ADG, ADFI, and
F/G compared with the controls, and TBCC
produced intermediate results that were nu-
mericaly higher (P < 0.07) than controls in
ADG and F/G.

Because of improvements in feed effi-
ciency, zinc supplementation decreased (P <
0.001) feed cost per pound of gain from d O to
14. Copper sulfate also decreased (P < 0.003)
feed cost per pound of gain compared with
control pigs. Zinc and copper supplementation
also increased (P < 0.0001) IOFC. From d 14
to 28, ZnO increased (P < 0.02) feed cost per
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pound of gain, which ultimately negated the
lower cost during the first phase, resulting in
no difference (P > 0.67) for the overall trial.
However, both copper sources decreased (P <
0.05) feed cost per pound of gain. Copper sul-
fate increased (P < 0.003) IOFC for the entire
28-d trial. On average, copper sulfate and
TBCC increased IOFC by $1.43 and
$0.73/pig, respectively, compared with control
pigs. Zinc supplementation also increased (P
< 0.06) IOFC by approximately $0.69/pig,
with the entire benefit occurring during the
first 14 d after weaning.

No dietary effects were observed (Table 8,
P > 0.41) for plasma phosphorus at either
bleeding time. Plasma zinc was increased (P <
0.001) on d 14 and tended (P < 0.09) to be
higher at d 28 for pigs supplemented with
ZnO. There was no effect seen for plasma
copper on d 14, but a copper x zinc interaction
was observed (P < 0.02) on d 28. In diets con-
taining no added zinc, plasma copper in-
creased when TBCC was added to the diet but
decreased when copper sulfate was added to
the diet. The opposite occurred in diets con-
taining supplemental zinc; plasma copper de-
creased as TBCC was added to the diet and
increased when copper sulfate was added.

Both trials showed additive responses to
feeding pharmacological levels of copper and
zinc to weanling pigs; in the second experi-
ment, pigs had a greater response to copper
sulfate than to TBCC. These findings are in
contrast to previous research that did not find
additive responses to added dietary copper and
zinc. The reason we found additive responses
is not clear. However, the mgjority of the early
research used 250 ppm added dietary copper
when testing for additive responses, whereas
we used 125 and 150 ppm. More research is
needed to determine the reasons for these ad-
ditive effects and explain factors that influ-
ence the level of response to growth promot-
ing levels of copper and zinc.



Table 1. Composition of diets in Exp. 1*

ltem, % Phase 1° Phase 2°
Corn 48.75 60.75
Soybean meal (46.5% CP) 29.01 35.00
Spray-dried whey 15.00
Select menhaden fish meal 3.75
Monocalcium P (21% P) 1.05 1.60
Limestone 0.70 1.10
Salt 0.33 0.33
Vitamin premix 0.25 0.25
Trace mineral premix 0.15 0.15
Lysine HCI 0.30 0.30
DL-methionine 0.175 0.125
L-threonine 0.125 0.110
Corn starch* 0.410 0.283
Total 100.00 100.00
Caculated Analysis
SID® amino acids, %
Lysine 141 131
Isoleucinelysine 60 63
Leucinellysine 120 129
Methionine:lysine 36 33
Met & Cyslysine 58 58
Threoninelysine 62 62
Tryptophan:lysine 17 18
Valinelysine 65 69
ME, kcal/lb 1,495 1,495
SID LysineME, g/Mca 4.28 3.97
CP, % 22.3 21.9
Ca, % 0.88 0.85
P, % 0.78 0.75
Available P, % 0.50 0.42

L A total of 180 weanling pigs (PIC, initially 12.5 Ib and 21 d of age) were used in a 28-d
experiment.

?Pigs were fed phase 1 fromd 0 to 14.

3 Pigs were fed phase 2 from d 14 to 28.

% Corn starch was replaced with zinc oxide and tri-basic copper chloride to create treatment
diets.

®SID = Standard ileal digestible (SID).
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Table 2. Composition of diets in Exp. 2*

ltem, % Phase 1° Phase 2°
Corn 48.72 60.74
Soybean meal (46.5% CP) 29.01 35.00
Spray-dried whey 15.00
Select menhaden fish meal 3.75
Monocalcium P (21% P) 1.05 1.60
Limestone 0.70 1.10
Salt 0.33 0.33
Vitamin premix 0.25 0.25
Trace mineral premix 0.15 0.15
Lysine HCI 0.30 0.30
DL-methionine 0.175 0.125
L-threonine 0.125 0.110
Corn starch’ 0.435 0.307
Tota 100.00 100.00
Calculated Analysis
SID® amino acids, %
Lysine 1.41 1.31
Isoleucine:lysine 60 63
Leucinellysine 120 129
Methionine:lysine 36 33
Met & Cyslysine 58 58
Threonine:lysine 62 62
Tryptophan:lysine 17 18
Vainelysine 65 69
ME, kcal/lb 1,495 1,495
SID Lysine:ME ratio, g/mcal 4.28 3.97
CP, % 22.3 21.9
Ca % 0.88 0.85
P, % 0.78 0.75
Available P, % 0.50 0.42
L A tota of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d
experiment.

2 Pigs were fed phase 1 from d 0 to 14.

®Pigs were fed phase 2 from d 14 to 28.

* Corn starch was replaced with zinc oxide, copper sulfate, and/or tri-basic copper chloride
to create treatment diets.

®>SID = Standard ileal digestible (SID).
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Table 3. Analyzed chemical composition of diets (Exp. 1)*

Added copper?
No Yes
Addedzinc® None  Medium  High None  Medium High

Phase 1

CP, % 22.4 22.3 22.7 22.0 22.6 22.0

Zinc, ppm 212 1,472 2,519 190 1,431 2,831

Copper, ppm 23.2 22.4 236 1961 1698 191.0

Calcium, % 0.98 0.82 0.82 1.04 0.78 0.86

Phosphorus, % 0.75 0.83 0.84 0.82 0.83 0.87
Phase 2°

CP, % 235 21.8 22.0 21.6 20.9 21.6

Zinc, ppm 217 1,201 1,993 427 840 1,713

Copper, ppm 26.0 19.3 62.7 124.2 1371 169.1

Calcium, % 0.83 0.91 0.99 0.81 0.69 1.09

Phosphorus, % 0.76 0.77 0.89 0.77 0.71 0.82

L A total of 180 weanling pigs (PIC, initidly 12.5 Ib and 21 d of age) were used in a 28-d ex-

periment.

2 Added copper from tri-basic copper chloride was supplied at no (0 ppm) or yes (150 ppm) lev-

elsto the basal diet (16.5 ppm Cu).

3 Added zinc from zinc oxide was supplied at none (0 ppm), medium (1,500 ppm in phase 1 and
1,000 in phase 2), or high (3,000 ppm in phase 1 and 2,000 in phase 2) levels to the basal diet

(165 ppm Zn).

“ Pigs were fed phase 1 from d 0 to 14.

> Pigs were fed phase 2 from d 14 to 28.
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Table 4. Analyzed chemical composition of diets (Exp. 2)*

Added zinc?
No Yes
Copper source®  None TBCC SO, None TBCC SO,

Phase 1*

CP, % 21.7 22.5 22.8 22.6 22.3 22.7

Zinc, ppm 286 183 197 2,798 2,721 2,599

Copper, ppm 28.4 152.3 149.4 27.3 156.4 140.9

Calcium, % 1.01 0.93 0.88 0.88 0.95 0.81

Phosphorus, % 0.85 0.82 0.85 0.82 0.83 0.80
Phase 2°

CP, % 22.3 21.0 22.0 19.6 20.6 22.6

Zinc, ppm 183 229 176 2,360 1,897 1,930

Copper, ppm 24.6 177.9 188.1 47.6 140.1 144.2

Calcium, % 1.15 0.90 0.95 0.93 0.88 0.92

Phosphorus, % 0.81 0.78 0.88 0.77 0.78 0.81

L A total of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d experi-
ment.

2 Added zinc from zinc oxide was supplied at no (0 ppm) or yes (3,000 ppm in phase 1 and 2,000
ppm in phase 2) levelsto the basal diet (165 ppm Zn).

3 Copper sources included none, tri-basic copper chloride (TBCC, 125 ppm) and copper sulfate
(SOy4, 125ppm) and were supplemented to the basal diet (16.5 ppm Cu).

“Pigs were fed phase 1 from d 0 to 14.

> Pigs were fed phase 2 from d 14 to 28.
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Table 5. Effects of dietary zinc oxide and tri-basic copper chloride on weanling pig performance and economics (Exp. 1)*

Added copper? P<
No Yes 7n x Zinc
Added zinc® None Medium High None Medium High SE Cu Cu Zn linear quadratic

Initial wt (d 0), Ib 124 125 125 125 125 12.5 0.76 045 029 040 026 0.45
dOto 14

ADG, |b 035 040 050 047 045 0.53 0.04 030 002 0004 0002 0.18

ADFI, Ib 044 048 061 056 057 0.62 0.04 026 002 0006 0.003 0.29

FIG 128 127 122 121 127 1.18 0.06 074 030 038 037 0.28

Feed cost/lb gain, $* 0.286 0.286 0.278 0.270 0.286 0269 0013 075 036 051 0.69 0.28

IOMFC, $/pig*° 155 181 226 217 200 2.44 0233 032 002 002 001 0.17
d14to28

ADG, Ib 1.05 110 116 115 116 1.22 0.06 078 003 010 004 0.68

ADFI, Ib 148 154 166 161 164 1.75 0.08 087 001 0005 0002 0.32

FIG 142 139 144 140 141 1.44 0.02 072 094 024 019 0.29

Feed cost/Ib gain, $ 0.181 0.180 0.187 0180 0.183 0189 0003 073 060 003 016 0.84

IOMFC, $/pig 6.15 6.47 6.69 6.79 6.75 7.00 0336 075 007 036 0.02 0.29
d0to28

ADG, Ib 070 0.75 083 081 0.80 0.87 0.05 0.38 0.007 0.008 0003 034

ADFI, Ib 096 101 114 109 110 1.18 0.06 043 0.005 0002 0001 0.26

FIG 138 135 137 134 137 1.36 0.02 029 049 094 0.76 0.86

Feed cost/Ib gain, $ 0.206 0.205 0.214 0205 0.212 0213 0003 041 049 004 0.02 0.41

IOMFC, $/pig 769 828 895 89 875 9.45 0511 043 002 005 0.02 0.60
Final wt (d 28), Ib 319 334 357 3Bl 350 375 1.87 061 0.006 0006 0.003 0.29

! A total of 180 weanling pigs (PIC, initially 12.5 Ib and 21 d of age) were used in a 28-d experiment.

2 Added copper from tri-basic copper chloride was supplied at no (0 ppm) or yes (150 ppm) levels to the basal diet (16.5 ppm Cu).

3 Added zinc from zinc oxide was supplied at none (0 ppm), medium (1,500 ppm from d O to 14 and 1,000 from d 14 to 28), or high (3,000
ppm from d 0 to 14 and 2,000 from d 14 to 28) levelsto the basal diet (165 ppm Zn).

* Feed costs were based on corn at $5.00/bu, soybean meal at $350/ton, TBCC at $300/cwt and ZnO at $121.87/cwt.

®|OFC = Income over marginal feed costs (weight gain x $0.60/1b - feed cost).
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Table 6. Effects of dietary zinc oxide and tri-basic copper chloride on plasma mineral levels in weanling pigs (Exp. 1)*

Added copper? P<

No Yes 71 x Zinc

Added zinc® None Medium High None Medium High SE Cu Cu Zn linear quadratic

Plasma concentrations®

Copper, pg/mL 188 188 181 181 198 189 010 058 063 057 097  0.30
Zinc, pg/mL 064 077 108 081 081 093 006 003 068 0001 0001 0.14
Phosphorus, mg/mL 0070 0083 0085 0081 0080 0077 0002 0003 095 005 003 021

! A total of 180 weanling pigs (PIC, initially 12.5 b and 21 d of age) were used in a 28-d experiment.

2 Added copper from tri-basic copper chloride was supplied at no (0 ppm) or yes (150 ppm) levels to the basal diet (16.5 ppm Cu).

3 Added zinc from zinc oxide was supplied at none (0 ppm), medium (1,500 ppm from d O to 14 and 1,000 from d 14 to 28), or high (3,000
ppm from d 0 to 14 and 2,000 from d 14 to 28) levelsto the basal diet (165ppm Zn).

* Plasma was collected on d 14 from 2 pigs per pen.
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Table 7. Effects of zinc oxide, tri-basic copper chloride, and copper sulfate on weanling pig performance and economics (Exp. 2)*

P<
Added zinc? Copper source effects
No Yes Zn x Nonevs. SO, vs.
Copper source® None TBCC SO, None TBCC SO, SE Cu Zn Cu SO, TBCC TBCC

Initial wt (d 0), Ib 132 132 132 132 132 132 0.7 089 094 09 078 078 0.99
dOto 14

ADG, Ib 033 0.37 046 045 0.46 057 004 087 0.001 0.002 0001 049 0.004

ADFI, Ib 047 048 055 052 054 062 004 09 003 002 0008 0.78 0.02

FIG 146 130 122 116 118 110 005 010 0001 0.01 0.003 0.12 0.10

Feed cost/Ib gain, $* 0325 0290 0272 0236 0267 0249 0010 010 0.001 0.01 0.003 0.13 0.09

IOMFC, $/pig*® 129 161 214 213 214 284 0223 073 0001 0.01 0.001 041 0.001
d14to 28

ADG, Ib 098 1.04 103 097 107 109 005 075 040 0211 0.06 0.08 0.88

ADFI, Ib 157 162 154 161 169 174 006 022 002 047 0.37 0.25 0.79

FIG 163 156 149 169 157 160 005 062 013 005 0.03 0.06 0.65

Feed cost/lb gain, $ 0.208 0.200 0191 0220 0.206 0209 0006 063 002 0.08 0.03 0.08 0.65

IOMFC, $/pig 539 581 5900 520 592 599 0329 088 099 010 0.05 0.09 0.80
d0to28

ADG, Ib 0.64 0.70 075 071 077 083 004 093 002 001 0002 o007 0.11

ADFI, Ib 099 1.05 104 106 111 118 005 047 0004 005 0.02 0.13 0.33

FIG 158 149 141 151 145 142 004 056 038 001 0.003 0.07 0.16

Feed cost/lb gain, $ 0236 0223 0215 0233 0224 0223 0005 061 068 0.02 0.005 0.05 0.37

IOMFC, $/pig 6.68 742 805 733 806 882 0484 099 006 001 0.003 0.10 0.12
Final wt (d 28), Ib 31.8 329 340 333 346 36.5 1.5 08 002 003 0.01 0.22 0.11

LA total of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d experiment.

2 Added zinc from zinc oxide was supplied at no (0 ppm) or yes (3,000 ppm from d 0 to 14 and 2,000 from d 14 to 28) levels to the basal diet
(165 ppm Zn).

% Copper sources included none, tri-basic copper chloride (TBCC, 125 ppm Cu), and copper sulfate (SOs, 125 ppm Cu).

* Feed costs were based on corn at $5.00/bu, 46.5% soybean meal at $350/ton, TBCC at $3.00/Ib, copper sulfate at $1.19/Ib, and zinc oxide at
$1.22/1b.

®|OFC = Income over marginal feed costs (weight gain x $0.60/Ib - feed cost).
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Table 8. Effects of dietary zinc oxide, tri-basic copper chloride, and copper sulfate on weanling pig plasma mineral levels (Exp. 2)*

P<
Added zinc? Copper source effects

No Yes 71 x Nonevs. SO,vs.

Copper source® None TBCC SO, None TBCC SO, SE Cu Zn Cu SO, TBCC TBCC
Plasma concentrations®

d14
Copper, pug/mL 173 168 147 166 160 161 0072 026 099 012 005 049 018
Zinc, pg/mL 068 063 060 111 112 121 0059 031 0001 083 084 077 062

Phosphorus, mg/mL 0.064 0.063 0.063 0.061 0.063 0.065 0002 0.67 082 069 042 0.87 0.52
d28
Copper, pg/mL 178 18 15 175 161 18 008 002 08 071 042 0.83 0.56
Zinc, pg/mL 087 089 087 09 09 09 0040 0.72 0.09 069 050 042 0.90
Phosphorus, mg/mL 0.074 0073 0.073 0072 0075 0070 0002 048 042 052 048 0.68 0.26
LA total of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d experiment.
2 Added zinc from zinc oxide was supplied at no (0 ppm) or yes (3,000 ppm from d 0 to 14 and 2,000 from d 14 to 28) levels to the basal diet
165 ppm Zn).
gCopI[;:))r(;r sour)c&s included none, tri-basic copper chloride (TBCC, 125 ppm copper), and copper sulfate (SO4, 125 ppm copper).
* Plasma was collected on d 14 and 28 from the same two pigsin each pen.
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Swine Day 2008

INFLUENCE OF ANTIMICROBIAL SEQUENCE IN THE NURSERY ON PIG
PERFORMANCE AND ECONOMIC RETURN?

M. U. Steidinger?, M. D. Tokach, D. Dau®, S. S. Dritz*, J. M. DeRouchey,
R. D. Goodband, and J. L. Nelssen

Summary

A total of 1,008 pigs (11.9 Ib and 19 d of
age) were used in a 42-d experiment to deter-
mine the influence of antibiotic regimen on
growth performance and economic return.
From d O to 10, pigs were fed diets containing
either no antibiotic or Denagard at 35 g/ton
and chlortetracycline at 400 g/ton (Dena
gard/CTC). From d 10 to 21, diets contained
no medication, Denagard/CTC, Mecadox at 25
g/ton and Oxytetracycline at 400 g/ton, or
Mecadox at 50 g/ton. From d 21 to 42, diets
contained either no medication or Dena
gard/CTC. Adding Denagard/CTC to the diet
from d 0 to 10 improved (P < 0.01) ADG, F/G,
and margin over feed cost (MOFC). Adding
antibiotics to the diet from d 10 to 21 im-
proved (P < 0.01) ADG, ADH, F/G, and
MOFC. There were no differences between
pigs fed diets containing Mecadox at 25 g/ton
in combination with Oxytetracycline and pigs
fed diets containing Mecadox at 50 g/ton. Pigs
fed diets containing Denagard CTC tended (P
< 0.09) to have greater ADG than pigs fed e-
ther diet containing Mecadox and tended (P <
0.07) to have improved F/G and MOFC than
pigs fed diets containing Mecadox at 50 g/ton.
Adding Denagard/CTC to the diet from d 21
to 42 improved (P < 0.05) ADG, ADFI, and
F/G. Denagard/CTC also improved (P < 0.01)

MOFC when gain was valued at $1.00/Ib of
gain. For the overall trial, adding antibiotics to
the diet during any phase improved (P < 0.05)
ADG. Overal feed efficiency was improved
when antibiotics were added to the diet from d
0to 10 and 21 to 42. Overall feed cost per pig
was increased (P < 0.01) by the addition of
antibiotics to the diet; however, the improve-
ment in ADG resulted in no change in overall
feed cost per pound of gain (P > 0.49). Over-
all, MOFC was increased when antibiotics
were added to the diet from d O to 10 and d 10
to 21 when gain was valued at $0.50 or
$1.00/Ib and tended to increase (P < 0.06)
when Denagard/CTC was added to the diet
from d 21 to 42 when the extra gain was val-
ued at $1.00/Ib. These results demonstrate that
adding antibiotics to the nursery diet improved
pig performance and economical return on this
commercial farm.

Key words: antimicrobial, nursery pig
Introduction

Past research has continually demonstrated
that including antibiotics in nursery pig diets
improves pig growth performance. The great-
est response is normally through an increasein
feed intake, which increases daily gain.
Although the benefit of including feed-grade

! The authors thank Swine Nutrition Services, Anchor, IL, for providing the pigs and facilities used in this
study and Novartis Animal Health, Greensboro, NC, for financial support.

2 Swine Nutrition Services, Inc., Anchor, IL.
3Novartis Animal Health, Greensboro, NC.

“ Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.



antibiotics in the nursery stage is well docu-
mented, many production systems don’t al-
ways include antibiotics in al of the nursery
phases. The main reason for not including an-
tibiotics in al the diets is to provide a period
of time where oral vaccines can be adminis-
tered. This trial was conducted to help deter-
mine the economic effect of removing the an-
tibiotics from the diet.

A second purpose of this trial was to com-
pare the growth and economic response of
some of the antibiotic regimens that are com-
monly used in the commercial swine industry.

Procedures

A total of 1,008 pigs (19 d of age) were
used in a 42-d experiment. Pigs were from a
PRRSv positive, but stable, sow farm. Pigs
were weaned into a 4-room nursery facility.
Each room contained 12 pens (6 x 10 ft) with
wire flooring and a single bowl waterer and 4-
hole dry feeder. All pigs received the same 3-
stage diets (d 1 to 10, 10 to 21, and 21 to 42);
feed medication was the only difference be-
tween treatment groups (Table 1).

The research site had a finishing barn
within 75 ft of the nursery building. Historical
mortality was 2 to 10% with pigs seroconvert-
ing to PRRSv by wk 3 in the nursery. Pigs
were vaccinated for Mycoplasma hyopneumo-
niae and received %2 dose circovirus vaccine at
2 and 4 wk postplacement.

All pigs were weaned on the same day and
blocked by weight into each of the treatment
groups. There were 8 treatment groups (126
pigs per treatment; 1,008 pigs total); each
treatment group consisted of 6 pens with 21
pigs per pen. All pigs were monitored daily,
and animals exhibiting severe clinical signs
were humanely euthanized according to No-
vartis Animal Health animal welfare policy.

For the dietary antibiotic regimens, pigs
were fed diets containing either no antibiotic
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or Denagard at 35 g/ton and chlortetracycline
at 400 g/ton (Denagard/CTC) from d O to 10
(Table 2). From d 10 to 21, diets contained no
medication, Denagard/CTC, Mecadox at 25
g/ton and Oxytetracycline at 400 g/ton, or
Mecadox at 50 g/ton. From d 21 to 42, diets
contained either no medication or Dena
gard/CTC.

Water and feed were available to all pigs
ad libitum for the duration of the study. Feed
samples were collected from the feed mill to
confirm medication level for al diet phases
and treatment groups. Feed samples also were
collected from 1 feeder of each treatment
group for all diet phases. All feed samples
were analyzed for the appropriate medication
and its concentration (Table 3). Carbadox lev-
els in the diet were dlightly lower than ex-
pected.

All pigs were weighed on d O, 10, 21, and
42 to calculate ADG, ADFI, and F/G. Any
pigs treated for health-related problems were
recorded to calculate the number of treatments
per pen. Actual feed cost at the time of the ex-
periment was used to calculate feed cost per
pig and feed cost per pound of gain. Margin
over feed cost (MOFC) was calculated as
pound of gain x the value of the gain minus
feed cost per pig. Two different values of gain
($0.50 or $1.00/Ib) were used to account for
the impact of weight gained in the nursery on
pig weight at market. The $0.50/Ib assumes
that weight gained in the nursery remains at
market without becoming greater or smaller.
The $1.00/Ib assumes that each 1 b gained in
the nursery becomes 2 |b at market. Previous
research has demonstrated that each 1 Ib
gained in the nursery isworth 1 to 4 |b at mar-
ket depending on the research trial.

Data were analyzed by using the MIXED
procedure of SAS with pen as the experimen-
tal unit for all response criteria. The statistical
model included the fixed effect of treatment
and random effect of nursery room. The data
was derived from 6 replicate pens across 4



nursery rooms in a balanced incomplete block
design. Single degree of freedom contrasts
were used to determine the response to antibi-
otic inclusion in the diet during each phase
and any differences between sources of anti-
biotic during phase 2.

Results

No adverse effects to inclusion of the anti-
biotics in the feed were noted during any
phase of the study. Overall pig mortality dur-
ing the study was similar to historical ex-
pected mortality. Laboratory anaysis indi-
cated that antibiotic levels in the feed were
dlightly lower than target levels for al antibi-
otic treatments (Table 3).

Adding Denagard/CTC to the diet from d
0 to 10 improved (P < 0.01) ADG, F/G and
MOFC (Tables 4, 5, and 6). Feed cost per pig
was increased (P < 0.04); however, the extra
gan was great enough that feed cost per
pound of gain was reduced (P < 0.04). Includ-
ing Denagard/CTC in the diet from d O to 10
after weaning resulted in 0.83 Ib more gain per
pig and a net increase in MOFC of $0.22/pig
when gain was valued a $0.50/Ib and
$0.62/pig when the value of gain was in-
creased to $1.00/1b.

Adding antibiotics to the diet from d 10 to
21 improved (P < 0.01) ADG, ADFI, F/G, and
MOFC. Similar to the results from d O to 10,
adding antibiotics to the diets increased (P <
0.01) feed cost per pig, but the growth re-
sponse was great enough to result in lower (P
< 0.01) feed cost per pound of gain. Either
treatment containing Mecadox improved ADG,
ADFI, F/G, feed cost per pound of gain, and
MOFC. There were no differences between
pigs fed diets containing Mecadox at 25 g/ton
in combination with Oxytetracycline and pigs
fed diets containing Mecadox at 50 g/ton. Pigs
fed diets containing Denagard/CTC tended (P
< 0.09) to have greater ADG than pigs fed ei-
ther diet containing Mecadox and tended (P <
0.07) to have improved F/G and MOFC com-
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pared with pigs fed diets containing Mecadox
a 50 g/ton. On average, adding Dena-
gard/CTC to the diet increased pig weight 2.1
Ib and MOFC $0.64 and $1.69 with the value
of gain at $0.50 and $1.00/Ib, respectively,
compared with the control. The two diets con-
taining Mecadox had a similar MOFC advan-
tage over the control at $0.38 to 0.43/pig when
gain was valued a $0.50/Ib and $1.03 to
$1.15/pig when gain was valued at $1.00/1b.

Adding Denagard/CTC to the diet from d
21 to 42 improved ADG (P < 0.01), ADFI (P
< 0.03), and F/G (P < 0.05). Feed cost per pig
increased (P < 0.01) with the addition of De-
nagard/CTC to the diet. The response in
MOFC depended on the value assigned to the
extra gain (2.2 Ib/pig) created by the Dena-
gard/CTC. When gain was valued at $0.50/Ib
of gan (MOFC 1), margin was numerically
($0.26/pig) but not significantly influenced (P
= 0.16) by Denagard/CTC inclusion in the diet.
When gain was valued at $1.00/Ib of gain,
however, MOFC increased (P < 0.01; $1.32)
when Denagard/CTC was added to the diet
from d 21 to 42. Many production systems
remove antibiotics from the feed during this
time period to prevent interference with oral
vaccines that are added to the drinking water.
The negative impact of removing antibiotics
from the diet on pig performance and margin
over feed should be considered when evaluat-
ing vaccine strategies.

For the overall trial, adding antibiotics to
the diet from d 0 to 10, 10 to 21, and 21 to 42
improved (P < 0.05) ADG. Overall feed effi-
ciency was improved when antibiotics were
added to the diet from d O to 10 and 21 to 42.
Overall feed cost per pig was increased (P <
0.01) by the addition of antibiotics to the diet;
however, the improvement in ADG resulted in
no change in overall feed cost per pound of
gain (P > 0.49). Overall MOFC was increased
when antibiotics were added to the diet from d
0 to 10 and 10 to 21 regardless of the value
assigned to the gain. Overall MOFC also
tended to increase (P < 0.06) when Denagard/



CTC was added to the diet from d 21 to 42  strate that adding antibiotics to the nursery
when the extra gain was valued at $1.00/Ib but  diet improved pig performance and economi-
was not increased (P = 0.21) when the gain  cal return on this commercial farm.

was valued at $0.50/Ib. These results demon-

Table 1. Composition of control diets

Ingredient, % Phase 1 Phase 2 Phase 3
Corn* 46.87 51.99 53.85
Soybean meal (46.5% CP) 20.00 27.50 26.89
L actose replacement 23.33 10.00
Spray-dried animal plasma 3.67
Dried distillers grains with solubles 0.00 5.00 15.00
Fat, AV blend 1.45 1.50 1.48
Limestone 0.92 0.92 1.04
Monocalcium P, 21% P 1.04 1.00 043
Salt .39 .39 45
L-lysine HCI 0.766 0.582 0.400
DL-methionine 0.361 0.228 0.074
L-threonine 0.305 0.197 0.064
L-valine 0.166 0.071
Zinc oxide 0.350 0.250
Vitamin premix? 0.150 0.150 0.125
Trace mineral premix® 0.125 0.125 0.100
Copper sulfate 0.075 0.075 0.075
Phytase 2500 0.030 0.030 0.030
Total 100.00 100.00 100.00
SID lysine®, % 1.45 1.34 1.25
Total lysine, % 1576 1.464 141
SID amino acid ratios
Met & Cyslysine, % 58 58 57
Threonine:lysine, % 60 60 60
Tryptophan:lysine, % 13 15 17
Valinelysine % 58 59 66
ME, Kcal/lb 1518 1475 1488
Lactose, % 14 6 0
Salt, % 0.42 0.39 0.43
Phytase, units/kg 750 750 750
CP, % 17.6 19.5 21.8
Fat, % 54 5.0 53
Ca, % 0.74 0.75 0.7
P, % 0.66 0.69 0.64
Available P, % 0.45 0.42 0.35

! Antibiotics replaced corn in the control diets to form the experimental treatments.

2Provided following vitamins per pound of complete diet: vitamin A, 4,995 |U; vitamin D, 750 IU; vita-
min E, 24 1U; vitamin K, 2.0 mg; vitamin By,, 17.6 ug; niacin, 22.5 mg; pantothenic acid, 12.5 mg; and
riboflavin, 3.8 mg.

3 Contained following minerals: copper, 1.32%; iodine, 240 ppm; iron, 10%; manganese, 2.8%:; selenium,
240 ppm; and zinc, 12%.

* Standardized ileal digestible.
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Table 2. Dietary antibiotics in each phase

Treatment d0to 10 d10to 21 d21to42
1 No medication No medication No medication
2 Denagard/CTC! Mecadox 25 g/OTC? Denagard/CTC
3 Denagard/CTC Mecadox 50 g Denagard/CTC
4 Denagard/CTC Mecadox 25 g/OTC No medication
5 Denagard/CTC Mecadox 50 g No medication
6 Denagard/CTC No medication Denagard/CTC
7 Denagard/CTC Denagard/CTC Denagard/CTC
8 Denagard/CTC Denagard/CTC No medication

Chlortetracycline, 400 g/ton.
Oxytetracycline, 400 g/ton.

Table 3. Analyzed antibiotic levels in each phase, g/ton

Treatment Carbadox  Oxytetracycline  Chlortetracycline Tiamulin

Phase 1

Control <114 <5.68 <182 <2

Denagard/CTC* 298 24.0
Phase 2

Control <114 11.9 2.62 <2

Mecadox 25 g/OTC? 13.7 294

Mecadox 50 g 39.4

Denagard/CTC 251 22.7
Phase 3

Control <114 <5.68 <182 <2

Denagard/CTC 221 24.3

Chlortetracycline, 400 g/ton.
Oxytetracycline, 400 g/ton.
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Table 4. Influence of antimicrobial additions to the diet on pig performance

Treatment
1 2 3 4 5 6 7 8
dOto 10 Nomed Den/CTC! Den/CTC Den/CTC Den/CTC Den/CTC Den/CTC Den/CTC
d10to 21 Nomed Mec/OTC?* Mec50g Mec/OTC Mec50g Nomed Den/CTC Den/CTC
d21to 42 Nomed Den/CTC Den/CTC No med No med Den/CTC Den/CTC No med SEM
dOto 10
ADG, |Ib 0.20 0.25 0.30 0.26 0.27 0.28 0.31 0.29 0.043
ADFI, Ib 0.40 0.41 0.45 0.42 0.45 0.44 0.47 0.46 0.046
FIG 2.00 1.74 1.52 1.68 1.81 1.64 1.63 1.67 0.148
d10to 21
ADG, Ib 0.48 0.63 0.60 0.58 0.61 0.47 0.68 0.66 0.068
ADFI, Ib 0.78 0.88 0.87 0.84 0.88 0.78 0.93 0.93 0.086
FIG 1.66 141 1.48 1.46 1.46 1.65 1.40 1.39 0.049
d21to42
ADG, |Ib 0.88 1.06 1.01 0.91 0.99 1.07 1.03 0.98 0.125
ADFI, Ib 1.36 1.64 1.56 1.49 1.55 1.63 1.64 157 0.192
FIG 1.56 1.4 1.54 1.64 1.58 1.52 1.59 1.61 0.045
dO0to42
ADG, Ib 0.61 0.75 0.73 0.67 0.71 0.72 0.76 0.73 0.083
ADFI, Ib 0.97 1.14 1.10 1.06 1.10 1.11 1.17 1.15 0.122
FIG 1.62 152 1.52 1.60 1.56 1.54 1.53 1.56 0.036
Weight, Ib
do 11.7 12.0 11.7 11.7 12.0 12.1 11.7 12.1 1.229
d10 13.7 14.5 14.7 14.4 14.7 14.9 14.8 15.0 1.495
d21 19.1 215 21.5 20.8 21.5 20.3 22.3 22.4 2.149
d42 38.4 43.8 42.8 40.7 42.7 43.1 44.4 43.1 4411
Mortality, % 8.7 3.6 2.7 5.1 5.2 6.4 47 0.8 0.029
Treatments, n 7.2 47 7.5 75 6.3 7.3 5.0 6.2 1.222

! Denagard, Chlortetracycline.
?Mecadox (Mec), Oxytetracycline (OTC).
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Table 5. Influence of antimicrobial additions to the diet on feed economics®

Treatment
1 2 3 4 5 6 7 8
d0to 10 Nomed Den/CTC?> Den/CTC Den/CTC Den/CTC Den/CTC Den/CTC Den/CTC
d10to 21 Nomed Mec/OTC® Mec50 g Mec/OTC Mec50g No med Den/CTC Den/CTC
d21to42 Nomed Den/CTC Den/CTC Nomed Nomed Den/CTC Den/CTC Nomed SEM
Feed cost, $/pig
d0to 10 1.02 112 122 1.15 122 1.20 1.29 1.25 0.125
d10to 21 145 171 1.72 1.65 1.74 144 1.87 1.86 0.167
d21to42 3.99 524 5.01 4.34 454 524 5.24 4.62 0.593
d0to42 6.45 8.08 7.93 7.14 7.50 7.88 8.39 7.82 0.794
Feed cost, $/Ib gain
d0to 10 0.518 0.471 0.412 0.455 0.490 0.445 0.441 0.454 0.04
d10to 21 0.280 0.250 0.266 0.260 0.262 0.278 0.254 0.253 0.008
d21to42 0.217 0.235 0.235 0.229 0.220 0.232 0.242 0.224 0.007
d0to42 0.258 0.257 0.260 0.258 0.253 0.261 0.262 0.252 0.008
Margin over feed cost 14, $/pig
d0to 10 -0.03 0.11 0.30 0.15 0.12 0.21 0.26 0.19 0.113
d10to 21 121 174 153 154 1.60 1.16 1.85 1.80 0.215
d21to42 5.28 5.90 5.64 5.26 5.89 6.02 5.61 571 0.745
d0to42 6.37 7.62 7.33 6.88 7.46 7.23 7.65 7.75 1.002
Margin over feed cost 2*, $/pig
d0to 10 0.96 1.33 181 145 1.46 161 1.80 1.63 0.322
d10to 21 3.87 5.20 4.77 4.73 4.93 3.77 5.56 5.46 0.587
d21to42 14.56 17.04 16.28 14.85 16.31 17.27 16.45 16.04 2.048
d0to 42 19.19 23.31 22.60 20.90 22.42 22.35 23.68 23.33 2.748

! Base diet costs were $516.37/ton from d 0 to 10; $337.19/ton from d 10 to 21; and $278.90/ton from d 21 to 42. Medication costs
per ton were $26.40 for Denagard/CTC, and $18.10 for Mecadox/OTC, and $21.86 for Mecadox.

“ Denagard, Chlortetracycline.

¥ Mecadox (Mec), Oxytetracycline (OTC).

*Margin over feed cost 1 assumed avalue of gain at $0.50/Ib. Margin over feed cost 2 assumed a value of gain of $1.00/1b.
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Table 6. Statistical differences for performance and economic data, (P <)

Treat- Contrasts'
ment 1 2 3 4 5 6 7 8

dOto 10

ADG, |b 0.07 0.004 0.06 0.02 0.17 0.19 0.07 0.62 0.08

ADFI, Ib 0.66 0.15 0.29 0.13 0.54 0.29 0.13 0.63 0.57

FIG 0.10 0.01 0.10 0.11 0.15 0.67 0.58 0.90 0.04
d10to 21

ADG, Ib 0.003 0.005 .0001 .0001 0.001 0.96 0.09 0.08 0.70

ADFI, Ib 0.23 0.09 0.010 0.004 0.04 0.77 0.16 0.27 0.91

FIG .0001 .0001 .0001 .0001 .0001 0.37 0.34 0.07 0.77
d21to42

ADG, Ib 0.04 0.01 0.53 0.48 0.63 0.71 0.63 0.91 0.002

ADFI, Ib 0.23 0.01 0.25 0.19 0.39 0.93 0.59 0.53 0.03

FIG 0.28 0.77 0.15 0.12 0.26 0.40 0.85 0.31 0.05
d0to42

ADG, Ib 0.06 0.003 0.03 0.02 0.09 0.67 0.23 0.43 0.02

ADFI, Ib 0.33 0.02 0.10 0.05 0.23 0.96 0.32 0.36 0.14

FIG 0.12 0.02 0.14 0.17 0.19 0.43 0.50 0.91 0.01
Weight, b

do 1.00 0.85 0.94 0.98 0.93 0.96 0.98 0.95 0.97

d10 0.99 0.35 0.65 0.56 0.76 0.80 0.65 0.84 0.67

d21 0.69 0.10 0.07 0.05 0.16 0.82 0.39 0.52 0.64

d42 0.58 0.06 0.22 0.17 0.35 0.83 0.50 0.64 0.13
Mortality, % 0.28 0.05 0.03 0.03 0.07 0.85 0.45 0.57 0.69
Treatments, n 0.56 0.54 0.30 0.18 0.48 0.50 0.68 0.28 0.45
Feed cost, $/pig

dOto 10 0.40 0.04 0.14 0.06 0.32 0.30 0.11 0.57 0.43

d10to 21 0.02 0.01 0.00 0.00 0.00 0.64 0.07 0.18 0.89

d21to42 0.00 0.002 0.28 0.21 0.43 0.95 0.58 0.53 <.0001

d0to42 0.05 0.003 0.06 0.03 0.16 0.80 0.24 0.36 0.01
Feed cogt, $/Ib gain

dO0to 10 0.29 0.04 0.25 0.24 0.33 0.67 0.58 0.90 0.07

d10to 21 0.04 0.02 0.00 0.00 0.00 0.20 0.87 0.16 0.79

d21to42 0.02 0.02 0.14 0.10 0.25 0.38 0.80 0.26 0.00

d0to42 0.82 0.90 0.49 0.56 0.52 0.87 0.91 0.97 0.17
Margin over feed cost 1, $/pig?

dO0to 10 0.04 0.003 0.07 0.04 0.17 0.22 0.14 0.81 0.02

d10to21 0.004 0.01 <.0001 <.0001 0.005 0.56 0.18 0.07 0.73

d21to42 0.34 0.12 0.94 0.97 0.93 0.47 0.75 0.69 0.16

d0to42 0.22 0.01 0.04 0.03 0.12 0.70 0.25 0.44 0.21
Margin over feed cost 2, $/pig?

d0to 10 0.04 0.002 0.05 0.02 0.15 0.18 0.08 0.66 0.04

d10to 21 0.004 0.007 <.0001 <0001 0.001 0.75 0.13 0.07 0.76

d21to42 0.10 0.02 0.66 0.63 0.73 0.61 0.66 0.94 0.01

d0to42 0.10 0.005 0.04 0.02 0.11 0.72 0.21 0.38 0.06

! Contrast 1 = Response to antibictic in phase 1 (Treatment 1 vs. all others).

Contrast 2 = Response to antibiotic in phase 2 (Treatments 1 and 6 vs. al others).
Contrast 3 = Denagard/CTC vs. no medication in phase 2 (Treatments 1 and 6 vs. 7 and 8).
Contrast 4 = Mecadox vs. no medication in phase 2 (Treatments 1 and 6 vs. 2, 3, 4, and 5).

Contrast 5 = Mecadox 25 g/OTC vs. Mecadox 50 g in phase 2 (Treatments 2 and 4 vs. 3 and 5).

Contrast 6 = Mecadox 25 g/OTC vs. Denagard CTC in phase 2 (Treatments 2 and 4 vs. 7 and 8).
Contrast 7 Mecadox 50 g vs. Denagard CTC in phase 2 (Treatments 3 and 5 vs. 7 and 8).
Contrast 8 Denagard CTC vs. no medication in phase 3 (Treatments 1, 4, 5, and 8 vs. 2, 3, 6, and 7).
2Margin over feed cost 1 assumed a value of gain at $0.50/1b. Margin over feed cost 2 assumed a value of gain of $1.00/1b.
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EFFECTS OF INCREASING STANDARDIZED ILEAL DIGESTIBLE
LYSINE:CALORIE RATIO ON GILTS GROWN IN A COMMERCIAL
FINISHING ENVIRONMENT??

N. W. Shelton, M. D. Tokach, S. S. Dritz®, R. D. Goodband,
J. L. Nelssen, and J. M. DeRouchey

Summary

A total of 2,165 commercial gilts (PIC 337
x 1050) were used in two 4-wk studies to de-
termine the lysine requirement for growing
and finishing gilts. All diets were corn-
soybean meal based and contained 0.15% L-
lysine HCl and 3% added fat. Desired lysine
levels were achieved by altering the corn and
soybean meal level in the diet. Each experi-
ment consisted of 6 treatments with 7 pens per
treatment and 24 to 27 pigs per pen. In Exp. 1,
1,085 gilts (initially 84.2 Ib) were used with
standardized ilea digestible (SID) ly-
sinecalorie ratios of 2.01, 2.30, 2.58, 2.87,
3.16, and 3.45 g/Mcal. Both ADG and F/G
improved (quadratic, P < 0.003) with increas-
ing SID lysine:caorie ratio, with the greatest
improvement in performance through 3.16 g
SID lysine/Mcal ME and a smaller increase to
the highest SID lysine:calorie level. Daily SID
lysine intake increased (linear, P < 0.001) and
SID lysine intake per pound of gain increased
(quadratic, P < 0.001) as expected with in-
creasing dietary lysine. Income over feed costs
(IOFC) and feed cost per pound of gain also
followed a similar pattern (quadratic, P <
0.001). In Exp. 2, 1,080 gilts (initially 185.3
Ib) were used with SID lysine:calorie ratios of

1.55, 1.75, 1.95, 2.05, 2.35, and 2.55 g/Mcdl.
As SID lysinecalorie ratio increased, ADG,
F/G, daily SID lysine intake, SID lysine intake
per pound of gain, IOFC, and feed cost per
pound of gain improved (linear, P < 0.001)
through the highest lysine:calorie level of 2.55
g/Mcal. These studies indicate that feeding
higher levels of lysine than previously thought
to be optimal offers significant economic and
biologic improvements in growing and finish-
ing gilts. More research is needed to validate
the ideal SID lysine:calorie ratio for today’s
evolving genetics.

Key words: gilt, income over feed costs, ly-
sine

Introduction

Lysine is the first limiting amino acid in
corn-soybean meal-based swine diets. There-
fore, understanding lysine requirements for
growing and finishing pigs is essentia in de-
veloping cost-effective diets. It is common to
express the lysine requirement in terms of
standardized illeal digestible (SID) lysine per-
centage or as a ratio of SID lysine to the ME
level in a diet. Using the ratio, nutritionists
can formulate diets for a variety of feeding

! The authors thank the Kansas Pork Association for partial funding of this study.
2 Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg,
Scott Heidebrink, and Marty Heintz for technical assistance, and to Anjinomoto-Heartland Lysine,

Chicago, IL, for amino acid analysis.

% Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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situations with different dietary energy densi-
ties. Continuous evaluation of the lysine re-
guirements is necessary with today’s increas-
ingly high-lean genotypes. Recent research
has shown an increased growth rate in pigs
vaccinated with commercia porcine circo vi-
rus type 2 (PCV2) vaccine. With enhanced
growth rates in vaccinated pigs and evolving
genetic lines, the lysine requirement may have
increased from requirements established 6 yr
ago. Therefore, the objective of this trial was
to observe the growth and economic effects of
feeding increasing dietary lysine levels to gilts
in acommercia finishing environment.

Procedures

A total of 1,085 (initially 84.2 |b) and
1,080 (initially 185.3 Ib) gilts were used in
Exp. 1 and 2 for 28 and 29 d, respectively.
The gilts were vaccinated with 2 doses of a
commercial PCV2 vaccine while in the nurs-
ery. There were 24 to 27 pigs per pen in each
experiment; average number of pigs per pen
was initially the same across treatments within
each study. The study was conducted at a
commercial research facility in southwest
Minnesota, and similar genetics (PIC 337 x
1050) were used in each experiment.

All diets were corn-soybean meal based
with 0.15% added L-lysine HCI. Amounts of
soybean and corn were changed to achieve the
desired lysine concentration in the diet. All
diets contained 3% added fat (choice white
grease). Diets were formulated to meet all
other requirements recommended by NRC
(1998). In Exp. 1, the SID lysine:calorie ratios
for the experimental diets were 2.01, 2.30,
2.58, 2.87, 3.16, and 3.45 g/Mcal (Table 1). In
Exp. 2, the SID lysine:calorie ratios were 1.55,
1.75, 1.95, 2.05, 2.35, and 2.55 g/Mcal (Table
2). During the trials, diet samples were col-
lected and analyzed to validate the calculated
amino acid values (Tables 3 and 4).

In each experiment, pens of pigs were al-
lotted to 1 of the 6 dietary treatments in a
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completely randomized design with 7 pens per
treatment. Pig weights (by pen) and feed dis-
appearance were measured throughout the tri-
als. Average daily gain, ADFI, F/G, daily SID
lysine intake, SID lysine intake per pound of
gain, feed cost per pound of gain, and income
over feed costs (IOFC) were determined in
each trial. Income over feed costs was calcu-
lated by assessing a value to the weight gain
per pig (at $60/cwt) during the trial and sub-
tracting the feed costs per pig. All data were
then analyzed for linear and quadratic effects
of increasing SID lysine:calorie ratios, with
pen being the experimental unit in al analy-
Ses.

Results and Discussion

In Exp. 1 (85- to 140-Ib gilts), ADG and
F/G improved (quadratic, P < 0.003, Table 5)
with increasing SID lysine:calorie ratios, with
the greatest improvement through 3.16 g ly-
sine/Mcal ME with a small improvement
through the highest ratio of 3.45 g SID ly-
sine/Mcal ME. Although the magnitude of re-
sponse was relatively small, ADFI decreased
(linear, P < 0.04) with increasing SID ly-
sinecalorie ratio. As expected, daily SID ly-
sine intake increased (linear, P < 0.001) with
increasing dietary lysine. Lysine intake per
pound of gain increased (quadratic, P < 0.001)
with increasing dietary lysine. It appears that
approximately 10 g SID lysine was required
per pound of gain for optimal performance.
Feed cost per pound of gain decreased (quad-
ratic, P < 0.001) with increasing SID ly-
sine:calorie ratios; the most economical value
was reached at 3.16 g SID lysine/Mcal ME.
Income over feed costs increased (quadratic,
P < 0.001) with increasing SID lysine:calorie
ratio, with the greatest return achieved at the
highest ratio. This data illustrates that eco-
nomical and biological responses were maxi-
mized at the SID lysine:calorie ratios of 3.16
to 3.45 g SID lysine/Mca ME.

In Exp. 2 (185- to 245-1b gilts), ADG and
F/G improved (linear, P < 0.001, Table 6)



with increasing SID lysine:calorie ratio. Feed
intake was not (P > 0.80) affected by increas-
ing dietary lysine. Daily SID lysine intake and
SID lysine intake per pound of gain increased
(linear, P < 0.001) with increasing SID lysine.
Feed cost per pound of gain decreased (linear,
P < 0.001) with increasing SID lysine:calorie
ratio. These decreased costs were driven by
the improvements in F/G. Income over feed
costs increased (linear, P < 0.001) from
$13.84/pig at 1.55 g SID lysine/Mca ME to
$17.94/pig at 2.55 g SID lysine/Mca ME. The
improvements in gain and F/G with increasing
SID dietary lysine allowed for the improve-
ments in IOFC. These data show that the most
advantageous SID lysine:calorie ratio was the
highest level tested (2.55 g SID lysine/Mca
ME).

The results from these trials indicate that
10 to 11 g of SID lysine per pound of gain
were required in these trials for the optimal
response. This is about 1 to 2 g higher than
reported in previous trials (Main et al., 2002
Swine Day Report of Progress, p. 135). Fig-
ures 1 to 4 show data from Main et al. (2002)
compared with results from our trials. These
graphs indicate that growth performance
achieved at the lower lysine levels in the cur-
rent trials was similar to the performance
achieved by pigsin the earlier research. In the
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Main et a. (2002) study, as lysine levels in-
creased, growth performance reached a pla-
teau, whereas growth performance continued
to increase in the current trials. Both studies
were conducted in the same research facility
with the same genetic lines. The main differ-
ences are that 6 yr of genetic progress have
occurred between the experiments and the
pigs in the current research trials were vacci-
nated for PCV2. Research has demonstrated
that pigs vaccinated for PCV2 have improved
ADG and F/G compared with nonvaccinates.
This suggests a greater capacity for protein
deposition; thus, it is not surprising that these
pigs may have a higher lysine requirement
than nonvaccinates.

Kansas State University recommendations
developed on the basis of previous research
suggest using approximately 2.65 g SID ly-
sine/Mcal ME for 85- to 140-1b gilts and 1.95
g SID lysine/Mcal ME for 185- to 245-1b gilts.
As the data from these experiments demon-
strate, because of the high growth perform-
ance potential, there are significant advantages
in feeding higher levels of dietary lysine. As
genetic advancement and improved health
status occur, more research is needed to vali-
date the optimal SID lysinecalorie ratio to
maximize biological and economic responses.



Table 1. Composition of diets, Exp. 1 (as-fed basis)*
SID? lysineME, g/Mcal

2.01 2.3 2.58 2.87 3.16 3.45
SID lysine, %
Item, % 0.70 0.80 0.90 1.00 1.10 1.20
Corn 79.41 7543 7146 6748 6351 59.53
Soybean meal (46.5% CP) 15.49 1947 2344 2742 3139 3537
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P (21% P) 0.50 0.50 0.50 0.50 0.50 0.50
Limestone 0.90 0.90 0.90 0.90 0.90 0.90
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Copper sulfate 0.03 0.03 0.03 0.03 0.03 0.03
Vitamin premix 0.08 0.08 0.08 0.08 0.08 0.08
Trace mineral premix 0.08 0.08 0.08 0.08 0.08 0.08
Lysine HCI 0.15 0.15 0.15 0.15 0.15 0.15
Natuphos classic® 0.02 0.02 0.02 0.02 002  0.02
Total 100 100 100 100 100 100
Calculated analysis
SID amino acids, %
Lysine 0.7 0.8 0.9 1.0 11 1.2
Isoleucine:lysine 70 70 69 69 69 69
Leucinellysine 175 165 157 151 146 141
Methionine:lysine 31 29 28 27 26 26
Met & Cyslysine 64 60 58 56 54 53
Threonine:lysine 63 62 61 60 60 59
Tryptophan:lysine 19 19 19 19 20 20
Vainelysine 83 81 79 78 77 76
ME, kcal/lb 1,581 1,580 1,579 1,579 1578 1,577
Total lysine, % 0.79 0.90 1.01 1.12 1.23 1.34
CP, % 141 15.6 171 18.6 20.1 21.7
Ca % 0.51 0.52 0.54 0.55 0.56 0.57
P, % 0.43 0.45 0.47 0.48 0.50 0.52
Available P, %" 0.24 0.24 0.25 0.25 0.26 0.26
Diet cost, $/ton” 232.50 239.32 246.13 25295 259.76 266.58

L A total of 1,085 gilts (PIC 337 x 1050) were housed at approximately 27 pigs per pen and 7
replications per treatment in a 28-d trial.

% Standardized ileal digestible.

% Provided per pound of diet: 136 units of phytase.

* Phytase provided 0.08% available P to the diet.

> Diet costs were based on corn at $5.00/bu and 46.5% soybean meal at $350/ton.
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Table 2. Composition of diets, Exp. 2 (as-fed basis)*

SID? lysineME, g/Mcal

1.55 1.75 1.95 2.15 2.35 2.55
SID lysine, %
Item, % 0.54 0.61 0.68 0.75 0.82 0.89
Corn 85.84 83.07 8031 7754 74.77 72.00
Soybean meal (46.5% CP) 9.12 11.91 14.69 17.47 20.25 23.03
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P (21% P) 0.58 0.56 0.55 0.53 0.52 0.50
Limestone 0.85 0.85 0.85 0.85 0.85 0.85
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.05 0.05 0.05 0.05 0.05 0.05
Trace mineral premix 0.05 0.05 0.05 0.05 0.05 0.05
Lysine HCI 0.15 0.15 0.15 0.15 0.15 0.15
L-Threonine 0.005 0.010
Optiphos 2000° 0.01 0.01 0.01 0.01 0.01 0.01
Total 100 100 100 100 100 100
Calculated analysis
SID amino acids, %
Lysine 0.54 0.61 0.68 0.75 0.82 0.89
Isoleucine:lysine 71 71 70 70 70 69
Leucinellysine 200 188 178 170 164 158
Methionine:lysine 35 33 31 30 29 28
Met & Cyslysine 71 68 64 62 60 58
Threonine:lysine 65 64 63 62 62 62
Tryptophan:lysine 18 18 19 19 19 19
Vainelysine 88 85 83 82 80 79
ME, kcal/lb 1,583 1,583 1,582 1,582 1,582 1,582
Total lysine, % 0.62 0.69 0.77 0.85 0.92 1.00
CP, % 11.70 12.70 1380  14.90 15.90 17.00
Ca, % 0.49 0.49 0.50 0.50 0.51 0.52
P, % 0.42 0.43 0.44 0.45 0.46 0.47
Available P, %* 0.22 0.22 0.22 0.22 0.22 0.22
Diet cost, $/ton” 220.51 22518 229.86 23453 239.32 244.11

L A total of 1,080 gilts (PIC 337 x 1050) were housed at approximately 27 pigs per pen and 7
replications per treatment in a 29-d trial.

Z Standardized ileal digestible.

% Provided per pound of diet: 91 units of phytase.
* Phytase provided 0.05% available P to the diet.
> Diet costs were based on corn at $5.00/bu and 46.5% soybean meal at $350/ton.
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Table 3. Chemical composition of diets (Exp. 1)*

SID? lysine ME, g/Mcal

2.01 2.30 2.58 2.87 3.16 3.45
SID lysine, %

ltem, %> 0.7 0.8 0.9 1.0 1.1 1.2

CP 1357 (14.10)  14.64(15.61) 16.07(17.12)  16.80(18.63)  19.05(20.14)  19.37 (21.65)
Lysine 0.78 (0.79) 0.86 (0.90) 0.99 (1.01) 1.06 (1.12) 1.14 (1.23) 1.24 (1.34)
Threonine 0.50 (0.52) 0.54 (0.51) 0.60 (0.50) 0.62 (0.50) 0.71 (0.49) 0.77 (0.49)
Methionine 0.22 (0.24) 0.23 (0.23) 0.25 (0.22) 0.28 (0.21) 0.27 (0.20) 0.29 (0.20)
Met+Cys 0.45 (0.50) 0.47 (0.48) 0.52 (0.46) 0.55 (0.44) 0.57 (0.43) 0.60 (0.42)
Isoleucine 0.54 (0.56) 0.59 (0.55) 0.67 (0.55) 0.71 (0.55) 0.81 (0.55) 0.84 (0.55)
Leucine 1.31 (1.35) 1.36 (1.28) 1.48 (1.23) 1.54 (1.18) 1.68 (1.14) 1.74 (1.11)
Valine 0.63 (0.66) 0.68 (0.65) 0.76 (0.63) 0.80 (0.63) 0.87 (0.62) 0.91 (0.61)
Tryptophan 0.14 (0.15) 0.15 (0.15) 0.18 (0.15) 0.20 (0.15) 0.22 (0.16) 0.23(0.16)

L A total of 1,085 gilts (PIC 337 x 1050) were housed with approximately 27 pigs per pen and 7 replications per treatment in a

28-dtrial.

? Standardized ileal digestible.
3 Analyzed values for protein and amino acids are shown with calculated values located in parentheses.
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Table 4. Chemical composition of diets (Exp. 2)*

SID? lysine ME, g/Mcal

155 1.75 1.95 2.15 2.35 2.55
SID lysine, %

ltem, %° 0.54 0.61 0.68 0.75 0.82 0.89
CP 10.93 (11.68) 14.97 (12.74) 13.17 (13.80) 15.86 (14.86) 15.21 (15.92) 15.94 (16.98)
Lysine 0.62 (0.62) 0.92 (0.69) 0.79 (0.77) 0.99 (0.85) 0.93 (0.92) 1.07 (1.00)
Threonine 0.42 (0.42) 0.60 (0.46) 0.51 (0.50) 0.64 (0.55) 0.58 (0.60) 0.64 (0.64)
Methionine 0.19 (0.21) 0.27 (0.22) 0.22 (0.23) 0.28 (0.25) 0.24 (0.26) 0.27 (0.28)
Met+Cys 0.40 (0.44) 0.51 (0.47) 0.45 (0.50) 0.55 (0.53) 0.50 (0.55) 0.54 (0.58)
Isoleucine 0.42 (0.44) 0.59 (0.49) 0.54 (0.54) 0.65 (0.59) 0.63 (0.65) 0.71 (0.70)
Leucine 1.11 (1.18) 1.42 (1.26) 1.29 (1.33) 1.49 (1.41) 1.41 (1.48) 1.58 (1.56)
Valine 0.48 (0.54) 0.67 (0.59) 0.60 (0.65) 0.78 (0.70) 0.71 (0.75) 0.80 (0.80)
Tryptophan 0.12 (0.11) 0.17 (0.13) 0.16 (0.14) 0.17 (0.16) 0.17 (0.18) 0.17 (0.19)

L A total of 1,080 gilts (PIC 337 x 1050) were housed with approximately 27 pigs per pen and 7 replications per treatment in a

29-d trial.

% Standardized ileal digestible.
3 Analyzed values for protein and amino acids are shown with calculated values located in parentheses.
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Table 5. Effects of standardized ileal digestible (SID) lysine:calorie ratio on 85- to 140-Ib gilts (Exp. 1)*

SID lysineME, g/Mcal

2.01 2.30 2.58 2.87 3.16 3.45
SID lysine, % Probability, P <
0.7 0.8 0.9 1.0 1.1 1.2 SE  Linear Quadratic
Initial weight, Ib 84.2 84.0 84.2 84.3 84.4 84.2 219 0.94 0.98
ADG, Ib 1.81 1.91 2.04 2.09 213 215 0.024 0.001 0.003
ADFI, b 4.34 4.30 4.29 4.24 421 420 0057 0.04 0.93
FIG 2.39 2.25 2.10 2.03 1.98 196 0.014 0.001 0.001
Final weight, Ib 135.0 1375 1414 1427 1439 1443 258  0.004 0.38
Daily SID lysineintake, g 13.79 15,62 1754 1924 21.02 2287 0250 0.001 0.85
SID Lysineintake/lb gain, g 7.60 8.17 8.59 9.22 989 1066 0.060 0.001 0.001
Feed cost/Ib gain, $° 0.278 0269 0259 0257 0257 0261 0.002 0.001 0.001
|OFC, $/head?? 16.35 17.72 1950 2002 2039 2039 0257 0.001 0.001

LA total of 1,085 gilts (PIC 337 x 1050) were housed with approximately 27 pigs per pen and 7 replications per treatment in a 28-d
trial.

? Feed costs were based on corn at $5.00/bu and 46.5% soybean meal at $350/ton.

®Income over feed costs = value of gain on a $60/live cwt weight basis - feed costs during trial period.
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Figure 1. Comparison of standardized ileal digestible (SID) lysine:calorie ratio on
ADG for 2 gilt studies.
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Figure 2. Comparison of standardized ileal digestible (SID) lysine:calorie ratio on
F/G for 2 gilt studies.
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Table 6. Effects of standardized ileal digestible (SID) lysine:calorie ratio on 185- to 245-Ib gilts (Exp. 2)*

SID lysineME, g/Mcal

155 175 195 215 235 255

SID lysine, % Probability, P <

0.54 0.61 0.68 0.75 0.82 089 SE Linear  Quadratic
Initial weight, Ib 1854 1853 1854 1852 1853 1853 279 0.8 0.98
ADG, Ib 1.82 1.92 1.93 2.05 2.08 217 0.032 0.001 0.90
ADFI, Ib 5.59 5.68 5.55 5.58 5.60 560 0.067 0.81 0.87
FIG 3.07 2.96 2.90 271 2.69 258 0.036 0.001 0.64
Final weight, Ib 2383 2412 2417 2447 246 248.2 308 0.02 0.99
Daily SID lysineintake, g 13.69 1575 1715 1902 2085 2262 0233 0.001 0.91
SID lysineintake/lb gain, g 7.53 8.21 8.01 928 1001 1043 0.110 0.001 0.26
Feed cost/Ib gain, $° 0339 0334 0332 032 0322 0315 0004 0.001 0.87
|OFC, $/head?> 13.84 1491 1511 167 1693 17.94 0463 0.001 0.97

L A total of 1,080 gilts (PIC 337 x 1050) were housed at approximately 27 pigs per pen and 7 replications per treatment in a 29-d

trial.

? Feed costs were based on corn at $5.00/bu and 46.5% soybean meal at $350/ton.
®Income over feed costs = value of gain on a $60/live cwt weight basis - feed costs during trial period.
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Figure 3. Comparison of standardized ileal digestible (SID) lysine:calorie ratio on
ADG for 3 gilt studies.
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Figure 4. Comparison of standardized ileal digestible (SID) lysine:calorie ratio on
F/G for 3 gilt studies.
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Swine Day 2008

EFFECTS OF INCREASING STANDARDIZED ILEAL DIGESTIBLE
LYSINE:CALORIE RATIO FOR 120- TO 180-Ib GILTS GROWN IN A
COMMERCIAL FINISHING ENVIRONMENT??

N. W. Shelton, M. D. Tokach, S. S. Dritz®, R. D. Goodband,
J. L. Nelssen, and J. M. DeRouchey

Summary

A 28-d growth trial was conducted to es-
timate the lysine requirement for 120- to 180-
Ib gilts. A total of 1,092 gilts (initially 121.7
Ib, PIC 337 x 1050) were allotted to treatment
diets with standardized ileal digestible (SID)
lysine/ME ratios of 1.89, 2.12, 2.35, 2.58,
281, and 3.04 g/Mca. All diets contained
0.15% L-lysine HCI and 3% choice white
grease and were formulated to meet or exceed
al other requirements. Seven replicate pens
per treatment were used; there were approxi-
mately 26 pigs per pen. Gilts were vaccinated
with 2 doses of commercial porcine circo vi-
rus type 2 (PCV2) vaccine while in the nurs-
ery. As the SID lysine content of the diet in-
creased, both ADG and F/G improved (linear,
P < 0.001) with the greatest values at the SID
lysine/ME ratio of 2.58 g/Mcal. Daily SID ly-
sine intake and SID lysine intake per pound of
gain increased (linear, P < 0.001) as lysine
density of the diet increased. Diet did not in-
fluence (P > 0.25) feed cost per pound of gain;
however, there was a tendency for improved
(linear, P < 0.06) income over margina feed
cost (IOMFC) as SID lysine level increased in
the diet. The SID lysine/ME ratio that yielded
the greatest IOMFC value, 2.58 g/Mcal, corre-
sponded to the treatment with the greatest

growth response. On the basis of this trial,
2.58 g SID lysine/Mcal ME appearsto provide
the greatest biologica and economical re-
sponse for 120- to 180-1b gilts.

Key words: gilt, lysine, requirement
Introduction

As feed prices continue to increase, pro-
ducers must optimize feed efficiencies to mi-
nimize feed costs. Because lysine is the first
limiting amino acid in corn-soybean meal-
based swine diets, it is essential for nutrition-
ists and producers to utilize the most effective
lysine level to maximize efficiency without
incurring extra costs. Lysine requirements are
often expressed in terms of standardized ileal
digestible (SID) lysine or as aratio of SID ly-
sinetothe ME level in adiet. Thisratio allows
dietary lysine levels to be altered for a variety
of feeding situations in which different feed
ingredients are used. Lysine requirements
need to be routinely reevaluated as genotype
and heath status change within the production
system. Currently, porcine circovirus type 2
(PCV2) vaccine is used to protect against the
performance and economic effects related to
porcine circovirus disease. The vaccine aso
has been shown to increase growth rates.

! The authors thank the Kansas Pork Association for partial funding of this project.
2 Appreciation is expressed to New Horizon Farms for the use of its pigs and facilities and Richard

Brobjorg and Marty Heintz for technical assistance.

3 Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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Therefore, the objective of this experiment
was to estimate the lysine requirement of 120-
to 180-1b gilts vaccinated with PCV 2 vaccine.

Procedures

Procedures in this experiment were ap-
proved by the Kansas State University Institu-
tiona Anima Care and Use Committee. A
total of 1,092 gilts (initialy 121.7 |b, PIC
337 x 1050) were used in a 28-d growth tria
to estimate the lysine requirement for 120 to
180 Ib gilts. Gilts were vaccinated with 2 dos-
es of commercial PCV2 vaccine while in the
nursery and housed in a curtain-sided com-
mercia finishing barn located in southwest
Minnesota. There were 26 pigs per pen.

All diets were corn-soybean meal based
with 0.15% added L—-ysine HCI. Soybean and
corn levels were atered to achieve the desired
lysine concentration in the diet. All diets con-
tained 3% added fat in the form of choice
white grease. Diets were formulated to meet
al other requirements recommended by NRC
(1998). The SID lysine/ME ratios for the ex-
perimental diets were 1.89, 2.12, 2.35, 2.58,
2.81, and 3.04 g/Mca (Table 1). During the
trial, diet samples were collected and analyzed
to validate the calculated amino acid values.

Pens of pigs were allotted to 1 of 6 dietary
treatments in a completely randomized design
with 7 replicate pens per treatment. Pig
weights (by pen) and feed disappearance were
measured throughout the trial at 14-d intervals
to determine ADG, ADFI, F/G, daily SID ly-
sine intake, SID lysine intake per pound of
gain, feed cost per pound of gain, and income
over marginal feed costs (IOMFC). Income
over marginal feed costs was calculated by
assessing a value to the weight gain per pig
($60/cwt) during the trial and subtracting the
feed costs incurred per pig. The data were ana-
lyzed for linear and quadratic effects of in-
creasing SID lysine:calorie ratios by using the
PROC MIXED procedure in SAS with pen as
the experimental unit.
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Results and Discussion

Daily gain and F/G improved (linear, P <
0.001, Table 2) as SID lysine:calorie ratios
increased in the diet. The greatest numeric in-
creases in ADG and F/G were observed up to
258 g SID lysine/Mcal ME. No statistical
trends were detected (P > 0.70) for ADFI.
Therefore, daily SID lysine intake increased
(linear, P < 0.001) as dietary SID lysine levels
increased. SID lysine intake per pound of gain
also increased (linear, P < 0.001) as lysine
density of the diets increased. On the basis of
the performance results, it appears that ap-
proximately 9 g SID lysine were required for
each pound of gain. No differences were ob-
served (P > 0.25) for feed cost per pound of
gain; however, IOMFC tended (P < 0.06) to
increase linearly as SID lysine:calorie ratio
increased. The greatest economical response
was at 2.58 g SID lysine/Mca ME, which cor-
responds to the growth response. These data
illustrate that 2.58 g SID lysine/Mcal ME pro-
vides the most efficient growth and economic
responses for 120- to 180-1b gilts.

Figures 1 and 2 show results from our trial
compared with those from a similar trial con-
ducted by Main et a. (2002) in the same
southwest Minnesota research facility with the
same genetic line of pigs (PIC 337 x 1050).
Growth plateaus were reached at dlightly
higher SID lysineME ratios in our tria than
inthe earlier trial.

This higher lysine requirement was not
surprising as we continue to reap the benefits
of growth due to genetic advancement as well
as improved overal health with PCV2 vacci-
nation. Kansas State University previousy
recommended using approximately 2.35 g SID
lysine/Mcal ME for 120- to 180-lb gilts. The
data from this trial show that utilizing a
dlightly higher value of approximately 2.58 g
SID lysine/Mcal ME will help maximize bio-
logical and economic responses in healthy
pigs with good feed intakes and growth rates.



Table 1. Composition of diets

SID! lysine:calorie ratio (g/Mcal)

1.89 212 2.35 2.58 2.81 3.04
SID lysine, %
Item 0.66 0.74 0.82 0.90 0.98 1.06
Corn 81.00 77.85 74.65 71.50 68.30 65.15
Soybean meal (46.5% CP) 13.90 17.10 20.25 23.45 26.60 29.80
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P (21% P) 0.63 0.61 0.59 0.58 0.56 0.54
Limestone 0.85 0.85 0.85 0.85 0.85 0.85
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.05 0.05 0.05 0.05 0.05 0.05
Trace mineral premix 0.05 0.05 0.05 0.05 0.05 0.05
Lysine HCI 0.15 0.15 0.15 0.15 0.15 0.15
DL-Methionine 0.005 0.015 0.035
L-Threonine 0.005 0.010 0.015 0.025
Optiphos 2000 0.025 0.025 0.025 0.025 0.025 0.025
Total 100.0 100.0 100.0 100.0 100.0 100.0
Calculated analysis
LysineME ratio, g/mcal 2.15 2.40 2.65 2.90 3.16 341
SID amino acids, %
Lysine 0.66 0.74 0.82 0.90 0.98 1.06
Isoleucine:lysine 70 70 70 69 69 69
Leucinelysine 180 171 163 157 152 148
Methionine:lysine 32 30 29 29 29 30
Met & Cyslysine 65 62 60 58 58 58
Threonine:lysine 63 62 62 62 62 62
Tryptophan:lysine 19 19 19 19 19 20
Vainelysine 84 82 80 79 78 77
ME, kcal/lb 1,581 1,581 1,580 1,580 1,580 1,580
Total lysine, % 0.75 0.84 0.92 1.01 1.10 1.19
CP, % 135 14.7 15.9 17.1 18.3 19.6
Ca % 0.51 0.52 0.52 0.53 0.54 0.54
P, % 0.46 0.46 0.47 0.48 0.49 0.50
Available P, %* 0.29 0.29 0.29 0.29 0.29 0.29
Avail P.caorie, g/Mcal 0.82 0.82 0.82 0.82 0.82 0.82
Diet cost, $/ton’ 232.62 23794 24338 24896 254.62 260.62

1SID = standardized ileal digestible.
? Phytase provided 0.1% available P to the diet.
®Diet costs were based on corn at $5.00/bu and 46.5% soybean meal at $350/ton.
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Table 2. Effects of standardized ileal digestible (SID) lysine:calorie ratio on performance of 120- to 180-Ib gilts*

SID lysineicalorieratio (g /Mcal)

1.89 2.12 2.35 2.58 281 3.04

SID lysine, % Probability, P <
0.66 0.74 0.82 0.90 0.98 1.06 SE Linear Quadratic

Initial weight, Ib 121.7 121.7 121.7 121.7 121.7 121.7 2.22 0.99 0.98
ADG, Ib 1.99 1.96 2.10 2.15 2.15 2.13 0.03 0.001 0.12
ADFI, Ib 472 4.63 477 4.66 4.82 4.64 0.10 0.95 0.71
FIG 2.37 2.36 2.27 2.17 2.24 2.18 0.04 0.001 0.35
Final weight, Ib 1775 176.9 180.3 181.8 182.5 182.2 241 0.05 0.68
Daily lysineintake, g 14.2 15.6 17.8 19.0 21.5 22.4 0.365 0.001 0.63
Lysine intake/lb gain, g 7.10 7.94 8.47 8.89 9.96 10.51 0.160 0.001 0.61
Feed cost/Ib gain, $° 0.276 0.281 0.277 0.271 0.285 0.285 0.005 0.26 0.35
IOMFC, $/pig® 18.12 1751 19.01 19.81 18.99 18.76 0.499 0.06 0.12

LA total of 1,092 gilts (PIC 337 x 1050) were housed at approximately 26 pigs per pen and 7 replications per treatment in a 28-d trial.

? Feed costs were based on corn at $5.00/bu and 46.5% soybean meal at $350/ton.
}|OMFC = Income over marginal feed costs (weight gain x $0.60/Ib - feed cost).
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Swine Day 2008

EFFECTS OF FEEDING EXCESS CRUDE PROTEIN ON GROWTH
PERFORMANCE AND CARCASS TRAITS OF FINISHING PIGS

S. M. Williams, J. D. Hancock, C. Feoli, S. Issa, and T. L. Gugle

Summary

A total of 176 pigs (88 barrows and 88
gilts, average initial BW of 209 Ib) were used
in a 33-d experiment to determine the effects
of excess dietary CP on growth performance
and carcass measurements of finishing pigs.
Pigs were sorted by sex and ancestry and
blocked by weight with 11 pigs per pen and 4
pens per treatment. Treatments were corn-
soybean meal based and formulated to a min-
imum of 0.80% total lysine but with 12, 14,
16, and 18% CP. Feed and water were con-
sumed on an ad libitum basis until pigs were
slaughtered (average final BW of 275 |b) at a
commercial abattoir. Increasing CP concentra-
tion had no effect (P > 0.20) on ADG, ADHI,
F/G, and HCW. With HCW used as a covari-
ate, there were linear decreases in dressing
percentage (P < 0.01) and loin depth at the last
rib (P < 0.04) as CP concentration in the diet
was increased from 12 to 18%. However, fat
thickness at the last rib and percentage carcass
lean were not affected (P > 0.34) by CP treat-
ment. Our results indicate that increasing CP
from 12 to 18% in diets for late-finishing pigs
does not affect growth performance or carcass
leanness but has small negative effects on
dressing percentage and loin depth.

Key words: carcass, finishing pigs, growth,
protein

Introduction

It has been suggested that excess CP in di-
ets for finishing pigs reduces energetic effi-
ciency, causes greater organ weights, and
leads to decreased carcass yield. These con-
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cerns are especially relevant today because
diets based on dried distillers grains with so-
lubles tend to have excess CP. Therefore, the
objective of this experiment was to determine
the effects of excess dietary CP on growth
performance and carcass measurements of fin-
ishing pigs.

Procedure

A total of 176 pigs (88 barrows and 88
gilts, average initial BW of 209 |b) were used
in a 33-d growth assay. Pigs were sorted by
sex and ancestry, blocked by weight, and as-
signed to pens. There were 11 pigs per pen
and 4 pens per treatment. The pigs were
housed in a finishing facility having 6-ft x 16-
ft pens with half solid and half slatted concrete
flooring. Each pen had a self-feeder and nip-
ple waterer to allow ad libitum consumption
of feed and water.

All diets had at least 0.8% lysine but with
12, 14, 16, and 18% CP (Table 1). The diets
were corn-soybean meal based, with the soy-
bean meal fraction of the diet increased (large-
ly at the expense of corn and synthetic amino
acids) to supply greater CP to the diet. Pigs
and feeders were weighed at d 0 and 33 to al-
low calculation of ADG, ADFI, and F/G, and
the pigs were killed (average BW of 275 |b) so
carcass data could be collected.

All data were analyzed as a randomized
complete block design by using the MIXED
procedure of SAS. Polynomia regression was
used to describe the shape of the response to
increasing concentrations of CP in the diet.
Because differences in HCW are known to



affect other carcass measurements, HCW was
used as a covariate to correct for slaughtering
pigs a a constant age rather than constant
weight.

Results and Discussion

Increasing CP concentration in the diet
had no effect on ADG, ADFI, F/G, and HCW
(P > 0.20). However, there were dlight de-
creases in dressing percentage (linear, P <
0.01) and loin depth at the last rib (linear, P <

Table 1. Composition of diets

0.04) as CP concentration in the diet was in-
creased from 12 to 18%. Fat thickness at the
last rib and percentage carcass lean were not
affected (P > 0.34) as CP concentration in the
diet wasincreased.

In conclusion, increasing CP from 12 to
18% did not affect growth performance, car-
cass weight, or carcass leanness. There were
linear decreases in dressing percentage and
loin depth as CP was increased from 12 to
18%, but the effects were small.

CP, %

Ingredient, % 12 14 16 18
Corn 88.51 83.28 78.01 72.98
Soybean meal (47.5% CP) 8.80 14.50 20.06 25.15
Limestone 1.06 1.07 1.04 101
M onocal cium phosphate (21% P) 0.66 0.55 0.51 0.48
Salt 0.23 0.23 0.23 0.23
L-lysine HCI 0.39 0.19
L-threonine 0.11 0.02
L-tryptophan 0.05 0.01
DL- methionine 0.04
Vitamin premix 0.06 0.06 0.06 0.06
Trace mineral premix 0.04 0.04 0.04 0.04
Antibiotic® 0.05 0.05 0.05 0.05
Calculated analysis, %

Lysine, % 0.80 0.80 0.81 0.95

Ca 0.55 0.55 0.55 0.55

P total 0.45 0.45 0.46 0.48

! To provide 40 g/ton tylosin.
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Table 2. Effects of increasing CP concentration on growth performance and carcass
characteristics of finishing pigs"

CP, % P value
ltem 12 14 16 18 SE Linear Quad Cubic
ADG, Ib 208 204 203 206 004 -2
ADFI, Ib 630 628 624 615 018 -
FIG 303 308 307 299 008 --
HCW, Ib 2042 2020 2006 2021 448  ---
Dress, %> 736 733 731 732 021 001 ---
Carcass lean, %° 550 545 545 544 0.7
Backfat thickness,in® 074 076 076 076 004  --
Loin depth, in. 250 245 243 241 004 003 ---

L A total of 176 pigs (initial BW of 209 Ib) with 11 pigs per pen and 4 pens per treatment.
? Dashesindicate P > 0.15.
3 HCW used as a covariate.
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Swine Day 2008

EFFECTS OF EXCESS DIETARY CRUDE PROTEIN FROM SOYBEAN MEAL AND
DRIED DISTILLERS GRAINS WITH SOLUBLES IN DIETS FOR FINISHING PIGS

S. M. Williams, J. D. Hancock, C. Feoli, S. Issa, and T. L. Gugle

Summary

A total of 180 pigs (90 barrows and 90
gilts, average initia weight of 148 Ib) were
used in a 67-d experiment to determine the
effects of excess dietary CP on growth per-
formance and carcass measurements in finish-
ing pigs. The pigs were sorted by ancestry and
blocked by weight with 12 pigs per pen and 5
pens per treatment. Treatments were corn-
soybean meal-based diets formulated to 15.3
and 18.3% CP and a corn-soybean-DDGS-
based diet formulated to 18.3% CP. Feed and
water were consumed on an ad libitum basis
until the pigs were slaughtered (average final
weight of 282 Ib) a a commercial abattoir.
Pigs fed diets with high CP had lower (P <
0.001) final weight, ADG, ADFI, and HCW,
but these results were caused entirely by the
diet with 40% DDGS. Our results indicated
that diets with 40% DDGS decreased growth
performance and economically important car-
cass measurements. However, the excess CP
in those diets does not seem to be the cul prit.

Key words: carcass, dried distillers grainswith
solubles, finishing pigs, growth, protein

Introduction

Many scientists (particularly in Europe)
suggest that excess CP in diets reduces ener-
getic efficiency in pigs. This lost efficiency
should be reflected in poor growth perform-
ance measurements. Additionally, excess CP
in diets has been blamed for increased organ
weights leading to lower carcass yields. These
arguments are of particular interest to us be-
cause diets with high inclusion of dried distill-
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ers grains with soluble (DDGS) have an abun-
dance of CP. Thus, we designed an experi-
ment to determine the effects of excess dietary
CP from soybean meal vs. DDGS on growth
performance and carcass measurements of fin-
ishing pigs.

Procedures

A total of 180 pigs (90 barrows and 90
gilts, average initial weight of 148 Ib) were
used in a 67-d growth assay. The pigs were
sorted by sex and ancestry, blocked by weight,
and assigned to pens. There were 12 pigs per
pen and 5 pens per treatment. The pigs were
housed in a finishing facility with 6-ft x 16-ft
pens having half solid and half datted con-
crete flooring. Each pen had a self-feeder and
nipple waterer to allow ad libitum consump-
tion of feed and water until the pigs were
slaughtered at an average weight of 282 Ib.

The first treatment was a corn-soybean
meal-based diet formulated to 15.3% CP with
added lysine and threonine (Table 1). For the
second treatment, a simple corn-soybean
meal-based diet was formulated to 18.5% CP.
Finally, a diet with 40% DDGS (Sioux River
Ethanol, Hudson, SD) was formulated; that
diet aso had 18.5% CP.

Pigs and feeders were weighed on d 0, 34,
and 67 to alow calculation of ADG, ADHI,
and F/G. The pigs were killed on d 67 (aver-
age weight of 282 |b), and carcass data were
collected. Because differences in slaughter
weight and, thus, HCW are known to affect
carcass measurements, carcass data were
analyzed without and with HCW used as a



covariate to remove the effects of slaughtering
pigs at a constant age rather than constant
weight.

All data were analyzed as a randomized
complete block design by using the MIXED
procedure of SAS. Orthogonal contrasts were
used to separate treatment means with com-
parisons between the control vs. high protein
treatments and high protein from soybean
meal vs. high protein from DDGS.

Results and Discussion

Pigs fed the 15.3% CP corn-soybean meal-
based diet had greater (P < 0.03) ADG, ADFI,
HCW, and dressing percentage than pigs fed
the 18.3% CP treatments. The negative effects
of the high protein treatments were caused en-
tirely by the low (P < 0.001) ADG, ADFI, and

Table 1. Composition of diets

HCW for pigs fed the DDGS diet compared
with pigs fed the high protein corn-soybean
meal-based diet. For further analysis of our
results, HCW was used as a covariate to adjust
the pigs to the same carcass weight. When this
was done, there were no treatment effects (P >
0.1) for dressing percentage and percentage
carcass lean. However, pigs fed the control
diet had greater (P < 0.09) fat thickness than
pigs fed the high protein treatments. Also, pigs
fed the soybean meal treatment had less (P <
0.04) backfat than those fed the DDGS diet.

In conclusion, our data demonstrate that
pigs fed 15.3% protein had greater ADG, AD-
FI, and HCW than pigs fed the 18.5% protein
treatments. However, those negative effects
resulted only from addition of 40% DDGS,
suggesting that it is not the excess CP causing
the negative effects.

d0to 34 d 34to 67
High 40% High 40%

Ingredient, % Control SBM' DDGS? Control  SBM DDGS
Corn 79.78 72.06 52.82 81.70 74.13 54.74
DDGS 40.00 40.00
Soybean meal (47.5% CP)  17.80 25.85 4.95 16.20  24.00 3.25
Limestone 1.09 1.05 1.34 1.06 101 1.24
Monocalcium 0.73 0.67 0.05 0.54 049  ---
phosphate (21% P)
Salt 0.23 0.23 0.23 0.23 0.23 0.23
L-lysine HCI 0.20 0.47 013  --- 0.40
L-threonine 0.03
Vitamin premix 0.04 0.04 0.04 0.04 0.04 0.04
Trace mineral premix 0.05 0.05 0.05 0.05 0.05 0.05
Antibiotic® 0.05 0.05 0.05 0.05 0.05 0.05
Calculated analysis, %

Lysine 0.90 0.97 0.90 0.80 0.92 0.80

Ca 0.60 0.60 0.60 0.55 0.55 0.55

Total P 0.50 0.52 0.50 0.45 0.48 0.48

CP 15.3 18.3 18.3 14.6 17.6 17.6
! Soybean meal.

%Dried distillers grains with solubles.

3To provide 40 g/ton tylosin.

102



Table 2. Effects of excess dietary CP from soybean mean and dried distillers grains with
solubles in diets for finishing pigs*

P value
HighCP High CP Control vs.

[tem Control corn-soy DDGS? SE others SBM vs. DDGS
d0to 67

ADG, Ib 211 2.10 1.88 0.03 0.001 0.001

ADFI, Ib 6.55 6.41 5.82 0.09 0.001 0.001

FIG 3.10 3.05 3.10 0.03 -3 0.09
HCW, Ib 215.2 2139 200.9 3.55 0.001 0.001
Dress, % 74.2 74.2 73.3 0.33 0.02 0.08
Backfat thickness, in. 0.77 0.70 0.73 0.02 0.03
Loin depth, in. 242 2.46 2.36 0.05 0.11
Carcass lean, % 54.3 55.6 54.8 0.4 0.06 0.15
Adjusted dress, %* 73.8 73.6 74.0 0.41
Adjusted backfat, in.* 0.76 0.68 0.75 0.02 0.09 0.03
Adjusted loin depth, in*  2.38 2.43 2.42 0.03
Adjusted carcass lean, %* 55.2 55.7 54.8 0.4 0.11

LA total of 180 pigs (90 barrows and 90 gilts, initially 148 Ib) with 12 pigs per pen and 5 pens per
treatment.

2 Dried distillers grains with solubles.

® Dashesiindicate P > 0.15.

*HCW used as a covariate.
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EFFECTS OF ADDING ENZYMES TO DIETS WITH CORN- AND SORGHUM-BASED
DRIED DISTILLERS GRAINS WITH SOLUBLES ON GROWTH PERFORMANCE
AND NUTRIENT DIGESTIBILITY IN NURSERY AND FINISHING PIGS

C. Feoli, J. D. Hancock, T. L. Gugle, S. D. Carter*, and N. A. Cole?

Summary

Two experiments were conducted to de-
termine the effects of added enzymes on the
nutritional value of diets with corn- and sor-
ghum-based dried distillers grains with solu-
bles (DDGS). For Exp. 1, 180 weanling pigs
(initially 16.6 1b) were fed the same starter
diet for 10 d and then used in a 27-d growth
assay. There were 6 pigs per pen and 6 pens
per treatment. Treatments were a corn-
soybean meal-based control and diets with
30% corn-based (Hudson, SD) and sorghum-
based (Russell, KS) DDGS with and without
enzymes (a cocktail of [3-glucanase, protease,
a-amylase, and xylanase to supply 331, 1,102,
2,205, and 8,818 units of activity, respec-
tively, per pound of diet). Pigs fed the control
diet had greater (P < 0.003) ADG, ADFI, and
digestibility of DM, N, and GE than pigs fed
the DDGS treatments; sorghum-based DDGS
supported worse (P < 0.04) F/G and digesti-
bilities of N and GE than corn-based DDGS.
Addition of enzymes tended to improve F/G
(P < 0.09) and did improve digestibility of
DM (P < 0.04) for pigs fed diets with 30%
DDGS, and this response was similar regard-
less of DDGS source. For Exp. 2, 330 finish-
ing pigs (initially 141 1b) were used in a 65-d
growth assay. There were 11 pigs per pen and
6 pens per treatment. Treatments were the
same as in Exp. 1, but 40% DDGS was used
in diets for the finishing experiment. Pigs fed

the control diet had greater ADG, ADFI, and
digestibility of DM, N, and GE and lower io-
dine value than pigs fed the DDGS treatments
(P < 0.008). Pigs fed the corn-based DDGS
treatments had better F/G and digestibility of
DM, N, and GE but greater iodine value of
jowl fat than pigs fed the sorghum-based
DDGS treatments (P < 0.04). Enzymes im-
proved digestibility of DM, N, and GE (P <
0.01), especially for diets with sorghum-based
DDGS (DDGS source x enzyme interaction, P
< 0.10). In conclusion, growth performance
and nutrient digestibility were decreased with
addition of DDGS to diets for nursery and fin-
ishing pigs, but adding enzymes partialy re-
stored the losses in nutrient digestibility.

Key words: digestibility, dried distillers grains
with solubles, enzyme supplementation

Introduction

Price and availability make using ethanol
industry coproducts in diets for pigs a very
attractive option. However, previous studies
from this laboratory indicated that inclusion of
high levels of dried distillers grains with solu-
bles (DDGS) in diets for nursery and finishing
pigs had negative effects on growth perform-
ance and nutrient digestibility. Dried distillers
grains with solubles have approximately 16%
cellulose, 8% xylans, and 5% arabinans and
are known to reduce digestibility of

! Department of Animal Science, Oklahoma State University, Stillwater.

2 USDA-ARS, Bushland, TX.
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nutrients. We have reported that enzymes can
improve nutrient digestibility in wheat-based
diets when their specific substrates are pre-
sent. Thus, it seems likely that adding en-
zymes to DDGS-based diets might improve
nutrient utilization. Therefore, the objective of
these experiments was to determine the effects
of enzyme additions on the nutritional value of
diets with corn- and sorghum-based DDGS in
nursery and finishing pigs.

Procedures

For Exp. 1, 180 weanling pigs (initialy
16.6 |b) were fed the same starter diet for 10 d
and then used in a 27-d growth assay. The
pigs were sorted by sex and ancestry, blocked
by weight, and assigned to pens. There were 6
pigs per pen and 6 pens per treatment. The
pigs were housed in an environmentally con-
trolled nursery room having 4-ft x 4-ft pens
with woven-wire flooring. Each pen had a
self-feeder and nipple waterer to allow ad libi-
tum consumption of feed and water. The diets
(Table 1) were offered to the pigs in mea
form.

Treatments were arranged as a 2 x 2 facto-
rial plus control with main effects of DDGS
source (corn-based DDGS from Sioux River
Ethanol, Hudson, SD, and sorghum-based
DDGS from U.S. Energy Partners, Russell,
KS) and enzyme addition (with and without
331, 1,102, 2,205, and 8,818 units of pB-
glucanase, protease, a-amylase, and xylanase
per pound of diet).

Pigs and feeders were weighed on d 0, 10,
and 27 to alow cdculation of ADG, ADFI,
and F/G. Feces were collected on d 15 and 16
from no less than 3 pigs per pen, and DM, N,
GE, and Cr were determined to allow calcula-
tion of apparent nutrient digestibility.

Data were analyzed as a randomized com-
plete block design by using the MIXED pro-
cedure of SAS with initidl weight as the

105

blocking criterion and pen as the experimental
unit. Orthogonal contrasts were used to sepa
rate treatment means with comparisons of (1)
control vs. DDGS treatments, (2) effect of
DDGS source, (3) effect of enzyme addition,
and (4) interaction among DDGS source and
enzyme addition.

For Exp. 2, a total of 330 finishing pigs
(initially 141 Ib) were used in a 65-d growth
assay. The pigs were sorted by sex and ances-
try, blocked by weight, and assigned to pens.
There were 11 pigs per pen and 5 pens per
treatment. The pigs were housed in an envi-
ronmentally controlled finishing facility hav-
ing 6-ft x 16-ft pens with half solid and half
datted concrete flooring. Each pen had a self-
feeder and nipple waterer to allow ad libitum
consumption of feed and water. Treatments
were arranged as a 2 x 2 factorial plus control
asin Exp. 1, but 40% DDGS was used in diets
for the finishing experiment (Table 2).

Pigs and feeders were weighed on d 0, 35,
and 65 to allow calculation of ADG, ADFI,
and F/G. Feces were collected mid-experiment
from no less than 6 pigs per pen, and DM, N,
GE, and Cr were determined to allow calcula-
tion of apparent nutrient digestibility. Half of
the pigs were slaughtered (average BW of 270
Ib) to alow collection of carcass data and
samples of jowl fat. Fatty acid profile of jowl
fat was determined and iodine value was cal-
culated following AOCS (1998) procedures.

Growth performance, nutrient digestibility,
and carcass data were analyzed as a random-
ized complete block design by using the
MIXED procedure of SAS with initial weight
as the blocking criterion and pen as the ex-
perimental unit. Orthogonal contrasts were
used to separate treatment means with com-
parisons of (1) control vs. DDGS treatments,
(2) effect of DDGS source, (3) effect of en-
zyme addition, and (4) interaction among
DDGS source and enzyme addition.



Results and Discussion

In the nursery experiment (Table 3), pigs
fed the control diet had greater overal ADG,
ADFI, and digestibility of DM, N, and GE
than pigs fed the DDGS treatments (P <
0.003). Pigs fed diets with corn-based DDGS
had greater (P < 0.04) digestibility of N and
GE than pigs fed diets with sorghum-based
DDGS. Addition of enzymes improved ADG
for pigs fed corn-based DDGS but decreased
ADG for pigs fed sorghum-based DDGS
(DDGS source x enzyme interaction, P <
0.04). Additionally, enzyme addition tended to
improve (P < 0.09) F/G and did improve (P <
0.04) digestibility of DM regardless of DDGS
source.

In the finishing experiment (Table 4), pigs
fed the control diet had greater (P < 0.008)
overall ADG and ADFI and digestibility of
DM, N, and GE than pigs fed the DDGS diets.
Furthermore, pigs fed the corn-based DDGS
treatments had better (P < 0.04) overal F/IG

and digestibility of DM, N, and GE than pigs
fed the sorghum-based DDGS treatments. En-
zymes had no effect on growth performance
(P > 0.14) but improved (P < 0.01) digestibil-
ity of DM, N, and GE, especidly for diets
with sorghum-based DDGS (DDGS source x
enzyme interaction, P < 0.10). As for carcass
data, the effects of DDGS on ADG were re-
flected in the lower (P < 0.002) HCW for pigs
fed diets with DDGS. Percentage carcass lean,
backfat thickness, and loin depth were not af-
fected (P > 0.11) by treatment, but addition of
40% DDGS increased (P < 0.001) iodine val-
ue of jowl fat. Diets with corn-based DDGS
resulted in greater (P < 0.001) iodine value of
jowl fat than diets with sorghum-based
DDGS.

In conclusion, rate of gain and nutrient di-
gestibility were decreased with addition of
DDGS to diets for nursery and finishing pigs,
and adding enzymes partially restored those
losses in nutrient digestibility.

106



Table 1. Composition of nursery diets

d0to 10 d 10to 27

Ingredient, % Control DDGS! Control DDGS
Corn 47.60 27.58 62.86 42.97
DDGS 30.00 30.00
Soybean meal (47.5% CP) 28.70 19.00 32.60 22.85
Whey 15.00 15.00
Fish meal 3.00 3.00
Spray-dried plasma 2.50 2.50
Limestone 0.87 1.06 111 1.36
Monocal cium phosphate (21% P) 0.62 0.11 1.30 0.67
Salt 0.30 0.30 0.36 0.35
L-lysine HCI 0.21 0.41 0.32 0.53
DL-methionine 0.13 0.03 0.12 0.02
L-threonine 0.02 - 0.09 0.05
Vitamin premix 0.08 0.08 0.11 0.11
Mineral premix 0.07 0.03 0.08 0.05
Antibiotic? 0.70 0.70 0.70 0.70
Chromic oxide® 0.25 0.25
Zinc oxide 0.20 0.20
Copper sulfate 0.10 0.09
Calculated analysis, %

Lysine 1.60 1.60 1.40 1.40

Ca 0.80 0.80 0.75 0.75

Total P 0.70 0.70 0.65 0.65

! Dried distillers grains with solubles.
2To supply 140 g/ton oxytetracycline and 140 g/ton neomycin.

3 Used as an indigestible marker.
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Table 2. Composition of finishing diets

d0to35 d35to 65

Ingredient, % Control DDGS* Control DDGS
Corn 79.72 52.75 81.56 54.67
DDGS 40.00 40.00
Soybean meal (47.5% CP) 17.80 4.95 16.20 3.25
Limestone 1.09 1.34 1.06 1.24
M onocal cium phosphate (21% P) 0.73 0.05 0.54
Salt 0.30 0.30 0.38 0.30
L-lysine HCI 0.20 0.47 0.13 0.40
L-threonine 0.03
Vitamin premix 0.04 0.04 0.04 0.04
Mineral premix 0.04 0.05 0.04 0.05
Antibiotic? 0.05 0.05 0.05 0.05
Calculated analysis, %

Lysine 0.90 0.90 0.80 0.80

Ca 0.60 0.60 0.55 0.55

Total P 0.50 0.50 0.45 0.45

! Dried distillers grains with solubles.
2 To provide 40 g/ton tylosin.
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Table 3. Effects of adding enzymes to diets with corn- and sorghum-based dried distillers grains with
solubles (DDGS) on growth performance and nutrient digestibility in nursery pigs*

Corn-DDGS Sorghum-DDGS P value
Cont. DDGS
no with no with VS. source Enzyme DDGS x
Item Control enzyme enzyme enzyme enzyme SE DDGS effect effect Enzyme
dOto10
ADG, Ib 1.10 0.94 0.99 1.09 1.02 0.05 0.003 0.002 --? 0.02
ADFI, Ib 134 115 1.16 132 123 0.06 0.001 o0.001 --- 0.07
FIG 122 122 117 121 121 001 - 0.08
dO0to 27
ADG, Ib 1.27 1.16 1.19 1.20 115 0.04 0.001 --- 0.04
ADFI, Ib 1.82 1.64 1.65 1.80 1.70 0.06 0.001 0.0010 015 0.08
FIG 1.43 141 1.39 150 1.48 001 -- 0001 0.09 --
Digestibility of
DM, %° 80.4 75.0 76.7 75.6 76.3 05 0.001 --- 004 --
Digestibility of
N, % 75.9 755 76.4 68.5 68.2 1.0 0.003 0.001 ---
Digedtibility of
GE, % 78.4 73.6 75.0 726 72.9 0.7 0.001 0.04 ---

!A total of 180 nursery pigs (31 d old, initially 16.6 Ib) with 6 pigs per pen and 6 pens per treatment.
“Dashesindicate P > 0.15.
3Fecal samples were collected on d 15 and 16 with chromic oxide used as an indigestible marker.
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Table 4. Effects of adding enzymes to diets with corn- and sorghum-based dried distillers grains with
solubles (DDGS) on growth performance, nutrient digestibility, and carcass characteristics in finishing pigs*

Corn-DDGS Sorghum-DDGS P vaue
Cont. DDGS
no with no with VS source Enzyme DDGS x

Item Control enzyme enzyme enzyme enzyme SE DDGS effect effect Enzyme
d0to 35

ADG, Ib 2.23 1.89 192 197 2.00 0.08 0.001 0.06 ---2

ADFI, Ib 6.50 5.58 5.60 5.98 6.13 0.19 0001 0.001

F/IG 291 2.95 2.92 3.04 3.07 009 012 0.02
d0to 65

ADG, |b 2.14 191 1.90 1.96 1.96 0.07 0001 013

ADFI, Ib 6.71 6.00 6.12 6.43 6.55 025 0.008 0.004

F/G 314 314 3.22 3.28 334 007 008 0.02 015 -
Digestibility of

DM, %3 845 775 79.1 73.0 785 11 0.001 0.04 0.004 0.10
Digestibility of

N, % 78.0 76.1 715 62.3 70.0 13 0.001 0.001 0.002 0.02
Digestibility of

GE, % 82.9 76.7 77.9 70.3 75.6 11 0.001 0.001 0.01 0.09
HCW, Ib 200.0 189.0 184.0 1875 1881 6.8 0.002 ---
Dress, %* 73.0 72.7 72.7 721 72.3 0.2 011 0.06
Carcasslean, %*  54.2 53.9 54.0 54.3 54.2 06 -
Backfat

thickness, in.* 0.65 0.64 0.64 0.62 0.60 005 ---
Loin depth, in.* 2.34 2.25 2.25 2.29 2.24 004 012 ---
lodine value*® 70.3 80.4 80.1 74.6 74.3 0.7 0.001 0.001

! A total of 330 finishing pigs (initially 141 Ib) with 11 pigs per pen and 6 pens per treatment.
*Dashesindicate P > 0.15.

3 Fecal samples were collected mid-experiment with chromic oxide used as an indigestible marker.
*HCW used as a covariate.

® As calculated from fatty acid profile of jowls.
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EVALUATION OF COMMERCIAL ENZYME SUPPLEMENTATION
ON GROWING PIG PERFORMANCE!

J.Y. Jacela? S. S. Dritz?, M. D. Tokach, J. M. DeRouchey, J. L. Nelssen,
R. D. Goodband, and P. Brown®

Summary

A total of 1,129 pigs were used in a 56-d
study to evaluate the effect of a commercial
enzyme on growth performance and assess its
energy replacement value in swine diets. Pigs
were blocked on the basis of pen weights and
alotted to 1 of 6 dietary treatments fed in 3
phases. Dietary treatments had increasing lev-
els of fat (0, 2.5, and 5.0%) with or without
added enzyme (0.05% or 0% Agri-King
REAP). Phase 1 was fed from approximately
7510 110 Ib BW, phase 2 was fed from 110 to
160 |Ib BW, and phase 3 was fed from 160 to
200 Ib BW. Diets were based on cornmeal and
soybean meal with 15% added dried distillers
grains with solubles (DDGS) and balanced to
a constant lysine to calorie ratio (2.98, 2.68,
and 2.38 g/Mca ME for phases 1, 2, and 3,
respectively) within diet phase. Pen weights
and feed intake were obtained every 2 wk
from d O to 56 to determine ADG, ADFI, and
F/G. There were no interactions (P > 0.11)
between the addition of enzyme and added fat
for ADG, ADFI, or F/G of pigs throughout the
duration of the 84-d experiment. There was no
difference (P = 0.53) in ADG, ADFI, or F/IG
between pigs fed diets with and without added
enzyme. However, pigs fed diets with increas-
ing added fat levels had improved (linear, P <

0.03) ADG and F/G. In conclusion, the addi-
tion of the commercial enzyme did not affect
growth performance of pigs in this study, but
ADG and F/G improved with the addition of
fat in the corn-soybean meal-based diets with
15% DDGS.

Key words: enzyme, fat, growth, pig
Introduction

Grains such as corn comprise the mgjority
portion of swine diets mainly as an energy
source. However, a fraction of nutrients in
these ingredients are found in forms known as
dietary fiber that monogastric animals like
pigs are unable to fully digest. For this rea-
son, use of commercial enzymes in swine di-
ets may become an important tool in improv-
ing feeding efficiency by providing a means
for the pig to digest fiber components that can
then be utilized for growth. As feed costs in-
crease, the economic value of additives like
enzymes, which have the potential to improve
energy digestibility and, therefore, feed effi-
ciency, also increases. Enzymes are designed
to act on specific substrates. Thus, the use of a
multienzyme preparation can potentially have
more beneficial effects than single enzyme
preparations because it acts on severa

! Appreciation is expressed to Agri-King, Inc., Fulton, IL, for partial funding of the study, New Horizon
Farms for use of pigs and facilities, and Richard Brobjorg and Marty Heintz for technical assistance.
% Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.

3 Agri-King Inc., Fulton, IL.
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substrates and releasing nutrients trapped
within the indigestible components of grains.

Agri-King REAP (Agri-King Inc., Fulton,
IL) is a proprietary blend of enzymes that has
B-glucanase, cellulase, and protease activities.
These enzymes act on dietary fiber found in
the plant cell wall as well as a smaller group
of storage carbohydrates found in common
ingredients like cornmeal and soybean meal.
Although many studies have been conducted
on enzyme supplementation on pig diets, data
for this relatively new enzyme product are
needed to evaluate its effects in a commercial
pig production setting. Therefore, this tria
was conducted to evaluate the effect of a
commercia enzyme (Agri-King REAP) on
growth performance and assess its energy re-
placement value in swine diets.

Procedures

Procedures for this trial were approved by
the Kansas State University Institutional Ani-
mal Care and Use Committee. The trial was
conducted in a commercia research finishing
barn in southwest Minnesota. The barns were
double curtain sided with 18-ft x 10-ft pens
that have completely datted flooring and deep
pits for manure storage. Each pen contained 1
self-feeder and 1 cup waterer. The barn was
equipped with a robotic feeding system to
provide feed intake on an individual pen basis.

A total of 1,129 pigs (PIC 337 x C22)
were blocked on the basis of pen weights and
alotted to 1 of 6 dietary treatments. The die-
tary treatments were increasing levels of fat
(0, 2.5, and 5.0%) with or without added en-
zyme (0.05 or 0% Agri-King REAP). Diets
were fed in 3 phases with phase 1 fed from
approximately 75 to 110 Ib BW, phase 2 fed
from 110 to 160 Ib BW, and phase 3 fed from
160 to 200 Ib BW (Table 1). Diets were based
on cornmeal and soybean mea with 15%
added dried distillers grains with solubles and
balanced to a constant lysine to calorie ratio
(2.98, 2.68, and 2.38 g/Mcal ME for phases 1,
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2, and 3, respectively) within diet phase. Pigs
from each pen were weighed as a group every
2 wk from d 0O to 56 to determine ADG. Feed
delivery data generated through the automated
feeding system every weigh day were used to
calculate feed consumption per pen and de-
termine ADFI and F/G.

Statistical analysis was performed by
analysis of variance by using the MIXED pro-
cedure of SAS. Data were analyzed as a ran-
domized complete block design with pen as
the experimental unit. Linear and polynomial
contrasts were used to determine the main ef-
fects of increasing fat levels.

Results and Discussion

There were no significant interactions (P >
0.32; Table 2) between the addition of enzyme
and increasing fat additions for any of the time
periods or overall.

Pigs fed diets with added enzyme had
lower (P = 0.04; Table 3) ADG fromd 0 to 28
than pigs fed diets without enzyme. From d 28
to 56, however, ADG and feed intake were
greater (P < 0.03) for pigs fed diets with add-
ed enzyme. There was no difference (P =
0.94) in growth performance between pigs fed
diets with and without added enzyme from d O
to 56. Addition of enzyme did not affect F/IG
(P > 0.51) in any phase or for the overall 56-d
period.

The addition of fat improved (linear, P <
0.01) F/G, and feed intake tended to decrease
(P < 0.06) asfat levels were increased from O
to 5% in the diet for the d O to 28 period. In
the second period (d 28 to 56), feed intake was
lower and F/G improved (linear, P < 0.01) as
the level of fat addition increased. For the
overal period (d 0 to 56), ADG increased,
ADFI decreased, and F/G improved (linear,
P < 0.01) as fat was increased from 0 to 5%.
For every 1% added fat, F/G was improved
1.3 and 1.2% in pigs fed 2.5 and 5.0% added
fat in their diets, respectively. The observed



improvement in feed efficiency for every 1%
added fat in this study was lower than the pre-
viously reported improvement of 1.8% for
every 1% increment of added fat in growing-
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finishing pig diets. In conclusion, the addition
of the commercia enzyme did not affect
growth performance of pigs in this study. As
expected, ADG and F/G improved with the
addition of fat in the diets.



Table 1. Diet composition (as-fed basis)*?

Phase 1 Phase 2 Phase 3
Item Fat, % 0 2.5 5.0 0 2.5 5.0 0 25 5.0
Ingredient, %
Corn 60.59 56.54 52.45 64.73 60.82 56.92 68.76 64.98 61.21
Soybean meal (46.5% CP) 22.36 23.86 25.40 18.37 19.78 21.18 14.39 15.67 16.94
DDGS’ 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
Choice white grease 0.00 2.50 5.00 0.00 2.50 5.00 0.00 2.50 5.00
Monocalcium P (21% P) 0.15 0.20 0.25 0.00 0.00 0.00 0.00 0.00 0.00
Limestone 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix with phytase’ 0.15 0.15 0.15 0.15 0.15 0.15 0.13 0.13 0.13
Trace mineral premix 0.15 0.15 0.15 0.15 0.15 0.15 0.13 0.13 0.13
L-lysine HCI 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100 100 100 100 100
Cdlculated analysis
Standardized ileal digestible (SID) amino acids
Lysine, % 1.00 1.03 1.07 0.90 0.93 0.96 0.80 0.83 0.85
Methionine:lysine ratio, % 30 29 28 31 30 30 33 32 31
Met & Cysilysineratio, % 61 59 58 63 62 60 67 65 63
Threonine:lysine ratio, % 62 61 61 62 62 61 63 63 62
Tryptophan:lysine ratio, % 18 18 18 18 18 18 18 18 18
Total lysine, % 1.15 1.18 1.22 1.04 1.07 1.10 0.93 0.96 0.98
CP, % 199 20.2 20.6 18.4 18.7 19.0 16.9 17.1 17.4
SID Lysine:calorieratio, g/Mcal ME 2.98 2.98 2.98 2.68 2.68 2.68 2.38 2.38 2.38
ME, kcal/lb 1,520 1,571 1,621 1,523 1,575 1,626 1,525 1,576 1,627
Ca, % 0.51 0.52 0.53 0.47 0.47 0.47 0.45 0.46 0.46
P, % 0.46 0.47 0.48 0.41 041 0.41 0.40 0.40 0.39
Available P, % 0.31 0.32 0.33 0.27 0.27 0.27 0.25 0.25 0.25

! Phase 1 was fed from 75 to 110 Ib, phase 2 was fed from 110 to 160 Ib, and phase 3 was fed from 160 to 200 Ib.

2 Agri-King REAP (Agri-King Inc., Fulton, 1L) added at 0.05% in all phases at increasing levels of fat to make the enzyme treatments.

®Dried distillers grains with solubles.

* Provided 898 FTU/kg phytase with an expected phytate P release of 0.14% for phase 1, 898 FTU/kg phytase with an expected phytate P release of
0.13% for phase 2, and 748 FTU/kg phytase with an expected phytate P release of 0.12% for phase 3.
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Table 2. Effect of enzyme at increasing levels of fat on growth performance?

No Enzyme Enzyme
Added fat,% Added fat, % Probability, P <
Item 0 2.50 5.0 0 2.50 5.0 SE Enzyme x Fat
Weight, Ib
do 759 757 75.6 75.7 76.0 7451 1.8 0.93
d28 135.1 1358 1349 1329 1338 1337 2.4 0.98
d 56 191.3 1939 1928 1909 1924 1931 2.6 0.94
dOto 28
ADG, Ib 204 207 203 197 199 2.04 0.03 0.32
ADFI, Ib 476 454 450 454 440 4.42 0.10 0.75
FG 234 220 221 230 221 2.17 0.04 0.73
d 28 to 56
ADG, Ib 2.08 213 214 212 216 2.21 0.02 0.80
ADFI, Ib 5.38 537 5.09 548 551 5.36 0.07 0.44
FG 2.59 252 238 258 254 2.43 0.04 0.72
d0to 56
ADG, Ib 2.06 210 209 204 207 2.12 0.02 0.33
ADFI, Ib 506 494 478 499 493 4.87 0.08 0.58
FG 2.46 235 229 244  2.38 2.30 0.03 0.79

LA total of 1,129 pigs (initialy 75.8 Ib) with 27 pigs per pen were used with 7 replications per treatment.
2 One pen on the 5% fat with enzyme treatment was excluded from data analysis as an outlier.
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Table 3. Effect of enzyme and increasing levels of fat on growth performance™?

Probability, P <
Enzyme Fat Fat

Item No Yes SE 0% 250% 5.0% SE Enzyme Linear Quadratic
Weight, Ib

do 75.7 754 1.0 75.8 75.8 75.1 13 0.81 0.69 0.81

d28 1353 1335 14 1340 1348 134.3 1.7 0.36 0.87 0.75

d 56 1927 1921 15 1911 1931 193.0 1.8 0.80 0.47 0.62
d0to28

ADG, Ib 2.05 200 0.02 201 2.03 203 0.02 0.04 0.32 0.67

ADFI, Ib 4.60 445 0.06 4.65 4.47 446 0.07 0.07 0.06 0.34

FG 2.25 223 0.02 2.32 2.20 219 0.02 0.51 0.001 0.08
d 28 to 56

ADG, |Ib 212 216 0.01 2.10 2.15 217 0.02 0.03 0.01 0.61

ADFI, Ib 5.28 545 0.04 5.43 5.44 522 0.05 0.01 0.01 0.09

FG 2.50 252 0.02 2.59 253 241 0.03 0.54 0.0001 027
d 0to 56

ADG, Ib 2.08 208 0.01 2.05 2.09 210 0.01 0.94 0.01 0.54

ADFI, Ib 4.93 493 0.04 5.02 4.94 483 0.05 0.95 0.01 0.84

FG 2.37 2.37 0.02 2.45 2.37 230 0.02 0.82 0.0001 0.77

LA total of 1,129 pigs (initially 75.8 Ib) with 27 pigs per pen were used with 21 replications per treatment for
the enzyme effects and 14 replications per treatment for the fat levels.
One pen on the 5% fat with enzyme treatment was excluded from data analysis as an outlier.
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EFFECTS OF COMMERCIAL ENZYMES IN DIETS CONTAINING
DRIED DISTILLERS GRAINS WITH SOLUBLES FOR NURSERY PIGS'

C. K. Jones, J. R. Bergstrom, M. D Tokach, J. M. DeRouchey, J. L. Nelssen,
S. S. Dritz” and R. D. Goodband

Summary

Two experiments utilizing a total of 530
pigs were conducted to evaluate the effects of
commercia enzymes in diets containing dried
distillers grains with solubles (DDGS) on nur-
sery pig growth performance. In Exp. 1, 180
pigs (initialy 19.9 Ib) were used in a 27-d
growth trial to compare the effects of Easy-
zyme, Hemicell-W, and Porzyme in diets con-
taining 30% DDGS on weanling pig perform-
ance. The 5 dietary treatments fed were a posi-
tive control (corn-soybean meal-based diet),
negative control (diet with 30% corn DDGS),
and the negative control diet with either
0.05% Easyzyme, 0.05% Hemicell-W, or
0.05% Porzyme added. Overall (d 0 to 27),
pigs fed the diet containing Easyzyme had
lower (P < 0.05) ADG than pigs fed the posi-
tive control diet. Pigs fed diets containing
Hemicell-W had lower (P < 0.05) ADG than
pigs fed the control diet with or without 30%
DDGS or the diet containing Porzyme. Pigs
fed the diet containing Porzyme had ADG
similar (P > 0.10) to that of pigs fed the con-
trol diets with or without 30% DDGS. There
were no differences (P > 0.10) in ADFI or
FIG.

In Exp. 2, 350 pigs (initially 24.3 Ib) were
used to evauate the effects of a commercial
enzyme in diets containing a variety of levels
and sources of DDGS on nursery pig perform-
ance. The 10 experimental treatments were (1)
corn-soybean meal positive control, (2) 15%
corn DDGS, (3) 30% corn DDGS, (4) 30%
corn DDGS + 0.05% Easyzyme, (5) 15% milo
DDGS from source 1, (6) 30% milo DDGS
from source 1, (7) 30% milo DDGS from
source 1 + 0.05% Easyzyme, (8) 15% milo
DDGS from source 2, (9) 30% milo DDGS
from source 2, and (10) 30% milo DDGS from
source 2 + 0.05% Easyzyme. Overall (d O to
21), there was no (P > 0.10) enzyme x DDGS
source interaction for any of the measured
growth variables. Pigs fed diets with increas-
ing corn DDGS had ADG, ADFI, and F/G
similar (P > 0.10) to those of pigs fed the con-
trol diet. Pigs fed diets with increasing milo
DDGS had poorer (linear, P = 0.002) F/G than
pigs fed the control diet. Also, pigs fed diets
containing milo DDGS had poorer (P = 0.04)
F/G than pigs fed diets containing corn
DDGS. However, pigs fed different sources of
milo DDGS had similar (P > 0.10) ADG,
ADFI, and F/G. Adding 0.05% Easyzyme to
the diets containing 30% DDGS did not influ-
ence (P > 0.10) ADG, ADFI, or F/G.

1Appreciation is expressed to ADM, Decatur, IL; Danisco, New Century, MO; and Form-A-Feed, Inc.,
Stewart, MN, for providing the enzymes and Chief Ethanol Fuels, Inc., Hastings, NE; Kansas Ethanol,
Lyons, KS; and U.S. Energy Partners, Russall, KS, for providing the various sources of DDGS.

% Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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In summary, feeding diets with milo
DDGS resulted in poorer F/G with no change
in ADG compared with feeding the control
diet or diets containing corn DDGS. Adding
enzymes to corn-soybean meal-based diets
containing high levels of DDGS did not im-
prove any of the growth performance vari-
ables.

Key words: digtillers, enzyme, growth, nurs-
ery pig

Introduction

Rising feed ingredient costs have prompt-
ed the swine industry to utilize products that
improve feed efficiency. Enzymes have been
used extensively in Europe, where feedstuffs
with high fiber concentrations are the primary
source of carbohydrates in swine diets. En-
zymes are used to improve feed utilization and
decrease the cost of gain. Because corn is
highly digestible and has a low fiber content,
enzymes have not consistently shown eco-
nomic improvements in growth performance
when used in corn-based diets.

Recently, high ingredient costs have led to
increasing use of coproduct ingredients in
swine diets. Dried distillers grains with solu-
bles (DDGS) are one such coproduct that is
widely used. Because the starch fraction is
removed, DDGS have a greater fiber fraction
than corn. Therefore, enzymes may be more
beneficial in diets containing DDGS than in
corn-soybean meal-based diets. The objective
of these experiments was to evaluate the ef-
fects of different commercial enzymesin diets
containing a variety of sources of DDGS on
weanling pig growth performance.

Procedures
All experimental procedures were ap-

proved by the Kansas State University (KSU)
Institutional Animal Care and Use Committee.
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Experiment 1. A total of 180 pigs (ini-
tially 19.9 Ib) were used in a 27-d growth trial
to evaluate the effects of 3 different commer-
cial enzymes in diets containing corn DDGS
on weanling pig performance. Pigs were
blocked by weight and allotted to 1 of 5 die-
tary treatments. There were 6 pigs per pen and
6 pens per treatment. Each pen contained 1
self-feeder and 1 nipple waterer to provide ad
libitum access to feed and water. Pigs were
housed in the KSU Swine Teaching and Re-
search Center.

A common pelleted starter diet was fed
from weaning until the start of the experiment.
The 5 dietary treatments fed were (1) positive
control (corn-soybean meal diet), (2) negative
control (corn-soybean meal diet with 30%
corn DDGS; Chief Ethanol Fuels, Hastings,
NE), and the negative control diet with either
(3) 0.05% Easyzyme (Archer Daniels Midland
Company, Decatur, IL), (4) 0.05% Hemicell-
W (Form-A-Feed, Inc., Stewart, MN), or (5)
0.05% Porzyme (Danisco, New Century, MO)
added (Table 1). Inclusion levels were based
on manufacturers recommendations and
guaranteed analysis (Table 2). Treatment diets
were fed for 27 d and were in meal form. Av-
erage daily gain, ADFI, and F/G were deter-
mined by weighing pigs and measuring feed
disappearance on d 7, 14, and 27 of thetrial.

Data were analyzed as a randomized com-
plete block design with pen as the experimen-
tal unit. Pigs were blocked on the basis of
weight at the beginning of the trial, and analy-
sis of variance was performed by using the
MIXED procedure of SAS. Contrasts were
used to determine the effects of enzyme
source compared with the control.

Experiment 2. A total of 350 pigs (ini-
tially 24.3 Ib) were used in a 21-d growth trial
to evaluate the effects of a commercial en-
zyme in diets containing corn or milo DDGS
on nursery pig performance. Pigs were
blocked by weight and allotted to 1 of 10 die-
tary treatments. There were 5 pigs per pen and



7 pens per treatment. Each pen (5 ft x 5 ft)
contained a 4-hole dry self-feeder and 1 cup
waterer to provide ad libitum access to feed
and water. The study was conducted at the
KSU Segregated Early Weaning Facility.

Analyzed nutrient values were used in diet
formulation (Table 3). The 10 experimental
treatments were (1) positive control (corn-
soybean meal diet), (2) 15% corn DDGS
(Chief Ethanol Fuels, Hastings, NE), (3) 30%
corn DDGS, (4) 30% corn DDGS + 0.05%
Easyzyme (Archer Daniels Midland Com-
pany, Decatur, IL), (5) 15% milo DDGS from
source 1 (Kansas Ethanol, Lyons, KS), (6)
30% milo DDGS from source 1, (7) 30% milo
DDGS from source 1 + 0.05% Easyzyme,( 8)
15% milo DDGS from source 2 (U.S. Energy
Partners, Russell, KS), (9) 30% milo DDGS
from source 2, and (10) 30% milo DDGS from
source 2 + 0.05% Easyzyme (Table 4). Treat-
ment diets were fed for 21 d. All diets werein
meal form. Average daily gain, ADFI, and
F/G were determined by weighing pigs and
measuring feed disappearance on d 7, 14, and
21 of thetrial.

Data were analyzed as a completely ran-
domized design with pen as the experimental
unit. Data were analyzed with an analysis of
variance by using the MIXED procedure of
SAS with treatment as a fixed effect. Con-
trasts were used to determine the effects of
DDGS source and enzyme inclusion compared
with the control.

Results and Discussion

Experiment 1. Diet analysis was similar
to expected levels (Table 5). Overall (d O to
27), there were no differences (P > 0.10) be-
tween pigs fed the corn-soybean meal diet or
the corn-soybean meal diet with 30% DDGS
(Table 6). Furthermore, pigs fed diets contain-
ing Porzyme had ADG, ADFI, and F/G simi-
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lar (P > 0.10) to those of pigs fed the corn-
soybean mea diet with or without 30%
DDGS. However, pigs fed diets containing
Hemicell-W and Easyzyme had poorer (P <
0.05) ADG than pigs fed the positive control
diet, and pigs fed the diet containing Hemi-
cell-W also had lower (P < 0.05) ADG than
pigs fed the negative control diet or diet con-
taining Porzyme. There were no differences
(P >0.10) in ADFI or F/G.

Experiment 2. Diet anaysis was similar
to expected levels (Table 7). Corn DDGS had
lower CP and fiber contents but higher crude
fat content than milo DDGS. Milo DDGS
from source 1 had higher CP, fat, fiber, and
ash contents than milo DDGS from source 2.
Overdl (d 0 to 21), there were no
(P > 0.10) enzyme x DDGS source interac-
tions for any of the measured growth variables
(Tables 8 and 9). Pigs fed diets with increas-
ing corn DDGS had ADG, ADFI, and F/G
similar (P > 0.10) to those of pigs fed the con-
trol diet. Pigs fed diets with increasing milo
DDGS had poorer (linear, P = 0.002) F/G than
pigs fed the control diet but similar ADG. Al-
so, pigs fed diets containing milo DDGS diets
had poorer (P = 0.04) F/G than pigs fed diets
containing corn DDGS. Pigs fed different
sources of milo DDGS had similar (P > 0.10)
ADG, ADFI, and F/G. However, pigs fed diets
containing 30% DDGS had ADG, ADFI, and
F/G similar (P > 0.10) to those of pigs fed di-
etsincluding 30% DDGS with 0.05% enzyme.

In summary, adding different enzymes to
diets containing 30% DDGS did not improve
performance compared with either a corn-
soybean meal-based diet or a corn-soybean
meal-based diet with 30% added DDGS.
Feeding diets including milo DDGS resulted
in poorer feed efficiency because of the lower
energy content of milo DDGS. Neither source
of milo DDGS nor incluson of an enzyme
affected growth performance variables.



Table 1. Composition of diets (Exp. 1, as-fed basis)*

Ingredient, % 0% DDGS 30% Corn DDGS**
Corn 65.42 41.35
Soybean meal (46.5%) 30.55 25.05
Corn DDGS 30.00
Monocalcium P (21% P) 1.65 0.90
Limestone 0.98 1.38
Salt 0.35 0.35
Vitamin premix 0.25 0.25
Trace mineral premix 0.15 0.15
Lysine-HCI 0.37 0.45
DL-methionine 0.15 0.06
L-threonine 0.14 0.06
Total 100.00 100.00
Calculated analysis
Standardized ileal digestible amino acids, %
Lysine 1.25 1.25
Isoleucine:lysine 60 68
Leucinelysine 127 159
Methionine:lysine 35 33
Met & Cyslysine 59 62
Threonine:lysine 63 63
Tryptophan:lysine 17 17
Valinelysine 67 75
Total lysine, % 1.38 1.45
CP, % 20.3 23.8
ME, kcal/lb 1,496 1,421
Total lysineME ratio, g/Mcal 3.79 3.99
Ca, % 0.80 0.80
P, % 0.74 0.69
Available P, % 0.42 0.41

! Pigs were fed experimental diets for 27 d.

2 Dried distillers grains withsolubles.

® Diets were formulated from the same lot of corn DDGS from Chief Ethanol Fuels, Hastings,
NE.

* Easzyme, Hemicell-W, and Porzyme were added in place of corn.
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Table 2. Guaranteed analysis of enzymes (Exp. 1 and 2)

Easyzyme™? Hemicell-W? Porzyme*
ltem
B-glucanase, units/g 1,100
-mannanase, units/g 110 140,000,000
Xylanase, units/g 1,500 70,000,000 40,000

! Easyzyme (Archer Daniels Midland Company, Decatur, IL).

% Oneunit is micromoles total reducing sugars (glucose equivalent) released per minute at 30°C
and pH 4.0.

3 Hemicell-W (Form-A-Feed, Inc., Stewart, MN).

* Porzyme (Danisco, New Century, MO).

Table 3. Proximate analysis of DDGS® (Exp. 2, as-fed basis)?

Corn DDGS® Milo DDGS Source 1* Milo DDGS Source 2°
DM, % 88.50 88.34 88.43
CP, % 25.94 30.74 29.67
Crude fat, % 8.93 10.22 8.91
Crude fiber, % 5.72 7.21 6.90
Ash, % 5.13 4.06 391
Ca, % 0.37 0.04 0.07
P, % 0.82 0.72 0.69

! Dried distillers grains with solubles.

2 Results of analyzed values on which the diets were formul ated.
3 Chief Ethanol Fuels (Hastings, NE).

* Kansas Ethanol (Lyons, KS).

®U.S. Energy Partners (Russell, KS).

121



Table 4. Composition of diets (Exp. 2, as-fed basis)*

Milo DDG?
Corn DDGS? Source 1* Source 2°
Control 15% 30% 30% 15% 30% 30% 15% 30% 30%
Enzyme® No No No Yes No No Yes No No Yes
Ingredient, %
Corn 65.73 55.86 4410 44.04 55.26 43.17 43.11 55.13 42.61 42.56
Soybean meal, 46.5% 30.24 25.38 2255 2255 25.88 23.22 23.23 25.97 23.73 23.74
DDGS 15.00 30.00 30.00 15.00 30.00 30.00 15.00 30.00 30.00
Monocalcium P, 21% P 1.63 1.25 0.85 0.85 1.30 0.95 0.96 1.30 1.00 1.00
Limestone 1.00 1.08 1.15 1.15 1.18 1.38 1.38 118 133 1.33
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Lysine-HCI 0.38 0.44 0.44 0.44 0.44 0.45 0.45 0.45 0.46 0.46
DL-methionine 0.14 0.11 0.06 0.06 0.09 0.02 0.02 0.10 0.05 0.05
L-threonine 0.14 0.14 0.11 0.11 0.12 0.07 0.07 0.12 0.08 0.08
Easyzyme 0.05 0.05 0.05
Total 100.00 100.00 100.00 100.00 100.00 100.00  100.00 100.00 100.00 100.00
Calculated analysis
Standardized ileal amino acids, %
Lysine 125 1.25 1.25 125 1.25 1.25 125 125 1.25 1.25
Isoleucine:lysine 59 59 61 61 62 67 67 62 67 67
Leucinellysine 127 135 147 147 147 171 171 147 171 171
Methioninelysine 34 33 31 31 32 29 29 32 30 30
Met & Cyslysine 58 58 58 58 58 58 58 58 58 58
Threonine:lysine 62 62 62 62 62 62 62 62 62 62
Tryptophan:lysine 17 16 16 16 16 16 16 16 16 16
Valinelysine 66 67 67 67 71 79 79 71 78 78
Tota lysine, % 1.38 1.42 1.47 147 141 145 1.45 141 144 1.44
CP, % 20.2 21.0 225 225 21.9 24.2 24.2 21.8 24.1 24.1
ME, kcal/lb 1,496 1,502 1,507 1,506 1,494 1,491 1,490 1494 1491 1490
Total lysineME ratio, g/Mcal 3.79 3.77 3.76 3.76 3.80 3.80 381 3.80 3.80 381
Ca % 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
P, % 0.73 0.72 0.70 0.70 0.71 0.70 0.70 0.71 0.70 0.70
Available P, % 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42

! Pigs were fed experimental diets for 21 d. ? Dried distillers grains with solubles (DDGS). ® Diets were formulated from the same lot of corn DDGS from Chief
Ethanol Fuels, Hastings, NE. “ Diets were formulated from the same lot of milo DDGS from Kansas Ethanol, Lyons, KS. ° Diets were formulated from the same
lot of milo DDGS from U.S. Energy Partners, Russell, KS. ° Easyzyme (Archer Daniels Midland Company, Decatur, IL).
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Table 5. Analysis of diets (Exp. 1, as-fed basis)

Corn-soy 30% Corn DDGS*?
Enzyme No No Easyzyme®  HemicellW*  Porzyme®
DM, % 87.07 88.71 88.86 88.42 88.75
CP, % 19.88 22.56 24.06 22.97 24.15
Crude fat, % 2.18 4.54 443 4.26 4.64
Crude fiber, % 2.24 3.70 3.73 3.57 3.69
Ash, % 5.67 7.08 7.24 6.80 7.18

! Dried distillers grains with solubles.

? Diets were formulated from the same lot of corn DDGS from Chief Ethanol Fuels, Hastings, NE.
¥ Easyzyme (Archer Daniels Midland Company, Decatur, IL).

*Hemicell-W (Form-A-Feed, Inc., Stewart, MN).

>Porzyme (Danisco, New Century, MO).

Table 6. Effects of dried distillers grains with solubles (DDGS) enzymes on nursery pig per-
formance (Exp. 1)*

30% DDGS?

Item No Enzyme No Enzyme Easyzyme® HemicellW*  Porzyme®  SE
d0to 27
ADG, Ib 1.17° 1.13% 1.10° 1.05° 1.15% 0.033
ADFI, Ib 1.70 1.70 1.61 1.55 1.74 0.084
FIG 1.45 151 1.45 1.47 1.52 0.048

3¢ Within a row, means without a common superscript letter differ (P < 0.05).

! A total of 180 pigs (6 pigs per pen and 6 pens per treatment) with an initial BW of 19.9 Ib.

Pigs were fed a common diet from weaning until the start of the trial then fed experimental

diets for 27 d.

2 Diets were formulated from the same lot of corn DDGS from Chief Ethanol Fuels, Hastings, NE.
® Easyzyme (Archer Daniels Midland Company, Decatur, IL).

* Hemicell-W (Form-A-Feed, Inc., Stewart, MN).

® Porzyme (Danisco, New Century, MO).
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Table 7. Analysis of diets (Exp. 2, as-fed basis)

Milo DDGS'
Corn DDGS? Source 1 Source 2*
Control 15% 30% 30% 15% 30% 30% 15% 30% 30%
Enzyme® No No No Yes No No Yes No No Yes
DM, % 86.98 87.60 88.28 88.48 87.64 88.62 87.48 87.08 87.81 87.50
CP, % 21.08 20.51 23.07 22.94 20.82 23.57 24.10 20.90 23.00 23.10
Crudefat, % 3.15 4.39 521 4.75 3.60 4.68 4.36 314 4.14 4.10
Crude fiber, % 2.37 2.84 3.27 3.40 3.10 3.90 3.55 271 3.76 3.45
Ash, % 5.49 5.44 5.81 5.66 5.55 5.40 571 5.32 5.29 5.10
! Dried distillers grains with solubles.
2 Diets were formulated from the same lot of corn DDGS from Chief Ethanol Fuels, Hastings, NE.
3 Diets were formulated from the same lot of milo DDGS from K ansas Ethanol, Lyons, KS.
4 Diets were formulated from the same lot of milo DDGS from U.S. Energy Partners, Russell, KS.
® Easyzyme (Archer Daniels Midland Company, Decatur, IL).
Table 8. Effects of dried distillers grains with solubles (DDGS) with enzymes on nursery pig performance (Exp. 2)*
Milo DDGS
Corn DDGS? Source 13 Source 2*
Control 15% 30% 30% 15% 30% 30% 15% 30% 30%
Enzyme® No No No Yes No No Yes No No Yes
d0to21
ADG, |Ib 1.05 1.02 1.03 1.03 1.07 1.01 0.98 1.05 1.02 1.04
ADFI, Ib 1.60 1.60 1.60 1.62 1.68 1.65 157 1.68 1.68 1.69
FIG 1.53 157 1.55 1.57 157 1.63 1.60 1.59 1.65 1.63

! Pigs were fed experimental dietsfor 21 d.
2 Diets were formulated from the same lot of corn DDGS from Chief Ethanol Fuels, Hastings, NE.
3 Diets were formulated from the same lot of milo DDGS from K ansas Ethanal, Lyons, KS.
* Diets were formulated from the same lot of milo DDGS from U.S. Energy Partners, Russell, KS.
® Easyzyme (Archer Daniels Midland Company, Decatur, IL).
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Table 9. Probability effects of dried distillers grains with solubles (DDGS) enzymes on nursery pig performance (Exp. 2)*

Probability, P <
Corn DDGS Milo DDGS CornDDGS  Source 1 Milo DDGS? Enzyme" 30% DDGS
Vs Vs vs. Vs.

Item; Linear Quadratic Linear Quadratic MiloDDGS  Source2 MiloDDGS® DDGS Source 30% DDGS + Enzyme  SEM
DOto21

ADG, |b 0.53 0.37 0.19 0.12 0.76 0.40 0.91 0.87 0.022

ADFI, Ib 0.98 0.94 0.19 0.20 0.06 0.12 0.35 0.58 0.038

FIG 0.52 0.36 0.002 0.82 0.04 0.34 0.29 0.62 0.030

! Pigs were fed experimental diets for 21 d.

2 Diets were formulated from the same lot of corn DDGS from Chief Ethanol Fuels, Hastings, NE.
® Diets were formulated from the same lot of milo DDGS from Kansas Ethanol, Lyons, KS.

* Easyzyme (Archer Daniels Midland Company, Decatur, IL).

® Diets were formulated from the same lot of milo DDGS from U.S. Energy Partners, Russell, KS.
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EVALUATION OF DEOILED CORN DRIED DISTILLERS GRAINS WITH SOLUBLES
(SOLVENT EXTRACTED) ON GROWTH PERFORMANCE OF NURSERY PIGS*

J.Y. Jacela?, L. Brandts®, J. M. DeRouchey, S. S. Dritz?, M. D. Tokach, R. D. Goodband,
J. L. Nelssen, R. C. Thaler?, D. Peters?, and D. E. Little’

Summary

A total of 210 pigs (initialy 22.0 Ib) were
used in a 28-d study to evaluate the effects of
increasing deoiled corn dried distillers grains
with solubles, solvent extracted (dDGS) on
nursery pig growth performance. Pigs were
blocked on the basis of pen weight and ran-
domly alotted to 1 of 5 dietary treatments
containing 0, 5, 10, 20, or 30% dDGS. There
were 7 pens per treatment and 6 pigs per pen.
All diets were formulated to equivalent ME
and standardized ileal digestible lysine con-
centrations. Soybean oil was added to the
dDGS diets as an energy source to equalize
dietary ME of the 5 treatments. Pigs from each
pen were weighed as a group and feed con-
sumption was obtained on d 0, 14, and 28 to
determine ADG, ADFI, and F/G. Overall,
feeding diets with increasing dDGS had no
effect (P > 0.46) on nursery pig ADG, ADFI,
and F/G. In conclusion, dDGS can be included
at levels up to 30% in nursery pig diets for
pigs weighing between 22 to 50 Ib without
affecting growth performance provided fat is
added to the diet to offset the low energy con-
tent of dDGS.

Key words: deoiled corn dried distillers grains
with solubles, feed ingredient, growth, nursery

pig

Introduction

Because of recent increases in corn and
soybean prices, the swine industry is seeking
aternatives to these major feed ingredients.
Coproducts of ethanol production such as
dried distillers grains with solubles (DDGS)
are widely available for use in livestock diets,
and traditional DDGS are used frequently. As
a result of increased ethanol production, the
volume of DDGS as well as other coproducts
is increasing. One such coproduct is deoiled
corn DDGS, solvent extracted, (dDGS), which
has higher CP, fiber, and mineral content than
traditional DDGS. However, the energy value
of dDGS is lower than that of traditional
DDGS, aresult of the deoiling process.

In a previous experiment conducted at
Kansas State University, we were able to es-
tablish the amino acid digestibility coefficients
and energy values of dDGS for swine. These
values, amed to provide reference values for
diet formulation, were validated in a growth
performance trial in growing and finishing
pigs. Although use of dDGS in growing and
finishing pig diets has been researched, the
potential for using this coproduct in nursery
diets has not been examined. Therefore, the
objective of this tria was to evaluate the

! Appreciation is expressed to Verasun Energy Inc., Brookings, SD, for partial funding of the study.
?Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
3 Department of Animal and Range Science, South Dakota State University, Brookings.

“DairyNet Inc., Brookings, SD.



effects of the dDGS on growth performance of
nursery pigs.

Procedures

Experimental procedures used in this study
were approved by the South Dakota State
University Animal Care and Use Committee.

A total of 210 pigs (initially 22.0 Ib) were
blocked on the basis of pen weights and ran-
domly alotted to 1 of 5 dietary treatments
with 7 pens per treatment and 6 pigs per pen.
Barrows and gilts were housed in separate
mechanicaly ventilated barns. Both barns
have completely datted flooring; barrows
were housed in 4-ft x 4-ft pens, giltsin 4-ft x
5-ft pens. Each pen was equipped with nipple
waterers and 3-hole feeders. All pigs were fed
similar starter diets until the start of the ex-
periment.

The dDGS utilized in this experiment was
analyzed for DM, CP, amino acids, crude fat,
NDF, ADF, Ca and P (Table 1). Metaboliz-
able energy and standardized ileal digestible
(SID) amino acids values were determined
from a previous study (Jaycela et a., 2007
Swine Day Report of Progress, p. 137). These
values were then used in diet formulation. The
5 dietary treatments contained dDGS at O, 5,
10, 20, or 30% (Table 2). All diets were for-
mulated to contain equal ME and SID lysine
concentrations. Soybean oil was added to the
dDGS diets as an energy source to equalize
dietary ME levels of the 5 treatments. To de-
termine ADG, pigs from each pen were
weighed as a group on d 0, 14, and 28. Feed
consumption for each pen was also obtained
during these times to determine ADFI and cal-
culate F/G.

Data were analyzed as a randomized com-
plete block design by using the PROC
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MIXED procedure of SAS. Pen served as the
experimental unit. Linear and polynomial con-
trasts were used to determine the effects of
increasing dDGS. Contrast coefficients were
determined for unequally spaced treatments by
using the IML procedure of SAS.

Results and Discussion

The analyzed nutrient content of dDGS
was similar to values anticipated for this new
ethanol coproduct. The CP was 28.3%, and
the lysine concentration was 0.84%, giving a
lysine:CP ratio of 2.97, indicating this is a
high quality ethanol coproduct source.

Overadl (d O to 28), nursery pigs fed in-
creasing dDGS had similar (P > 0.46) ADG,
ADFI, and F/G. These data indicate that in-
creasing dietary dDGS up to 30% did not af-
fect growth performance for nursery pigs
weighing 22 to 50 |b when diets were bal-
anced for both SID amino acids and ME.

Previous research evaluating the effects of
traditional DDGS on nursery pig growth per-
formance has shown that DDGS can be fed at
levels up to 25% without negatively affecting
growth performance. In this study, dDGS was
added at levels up to 30%, and the resulting
growth performance in nursery pigs was com-
parable to that of pigs fed diets without dDGS.

In conclusion, dDGS can be added to nur-
sery diets for pigs weighing 22 to 50 Ib with-
out influencing growth performance provided
fat is added to the diets to offset the decreased
ME content of dDGS. In addition, these re-
sults further validate the accuracy of previ-
ously determined ME (1,137 kcal/lb) and SID
amino acid values for dDGS.



Table 1. Analyzed nutrient composition content of deoiled corn dried distillers grains with
solubles, solvent extracted (dDGS)

ltem Nutrient composition® SID, %°
Proximate analysis, %
DM 90.7
CP 28.3
Crude fat 4.1
ADF 15.6
NDF 34.2
Ca 0.14
P 0.69
ME, kcal/Ib® 1,137
Amino acids, %
Arginine 121 82.70
Histidine 0.74 74.63
Isoleucine 1.05 74.52
Leucine 3.26 83.79
Lysine 0.84 50.38
Methionine 0.58 80.41
Phenylalanine 1.37 80.77
Threonine 1.02 68.91
Tryptophan 0.19 77.96
Valine 1.43 73.75
Alanine 1.96 79.12
Aspartic acid 1.76 64.58
Cysteine 0.48 66.94
Glutamic acid 4.07 79.01
Glycine 1.09 64.63
Proline 2.01 87.79
Serine 1.21 76.86
Tyrosine 1.03 82.35
! Asfed basis.

2 Standardized ileal digestibility (SID) values were determined in a previous study (Jacelaet al.,
2007 Swine Day Report of Progress, p. 137).

3 Used in diet formulation and determined in a previous study (Jacela et al., 2007 Swine Day Re-
port of Progress, p. 137).

128



Table 2. Experimental nursery diet composition (as-fed basis)*

dDGS?, %

ltem 0 5 10 20 30
Corn 63.76 59.08 54.46 45.18 35.88
Soybean meal (46.5% CP) 32.57 31.39 30.21 27.84 25.48
dDGS 5.00 10.00 20.00 30.00
Soybean oil 0.90 1.75 3.50 5.25
Monocal cium phosphate (21% P) 1.65 1.50 1.40 1.15 0.90
Limestone 0.95 1.05 1.10 1.23 1.38
Salt 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.05 0.05 0.05 0.05 0.05
Trace mineral premix 0.15 0.15 0.15 0.15 0.15
L-lysine HCI 0.30 0.33 0.35 0.40 0.45
DL-methionine 0.12 0.11 0.10 0.08 0.06
L-threonine 0.10 0.10 0.09 0.08 0.06
Total 100.00 100.00  100.00 100.00 100.00
Calculated analysis
Standardized ileal digestible amino acids

Lysine, % 1.25 1.25 1.25 1.25 1.25

Methionine:lysine ratio, % 33 33 33 33 33

Met & Cyslysineratio, % 58 58 58 58 58

Threonine:lysineratio, % 62 62 62 62 62

Tryptophan:lysine ratio, % 18 18 18 17 17
Total lysine, % 1.38 1.40 1.42 1.45 1.48
CP, % 21.0 21.6 22.2 235 24.7
SID Lysine:calorieratio, g/Mcal ME 3.79 3.79 3.79 3.79 3.79
ME, kcal/lb 1,496 1,496 1,496 1,496 1,496
Ca, % 0.80 0.80 0.80 0.80 0.80
P, % 0.75 0.73 0.73 0.71 0.69
Available P, % 0.42 0.42 0.42 0.42 0.42

! Fed from approximately 22 to 50 Ib.

2 Deoiled corn dried distillers grains with solubles, solvent extracted.
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Table 3. Effects of increasing deoiled corn dried distillers grains with solubles, solvent
extracted (dDGS) on nursery pig growth performance’

dDGS, % Probability, P <

Item 0 5 10 20 30 SE Linear Quadratic
Weight, Ib

do 220 220 211 21.9 21.9 1.0 0.94 0.70

d 28 50.0 50.3 49.0 49.4 49.2 1.2 0.56 0.77
d0to 28

ADG, Ib 100 101 1.00 0.98 0.97 0.04 0.50 0.97

ADFI, Ib 165 170 167 1.66 1.68 0.02 0.99 0.89

FIG 166 170 1.72 1.70 1.75 0.08 0.46 0.93

LA total of 210 pigs with 6 pigs per pen and 7 replications per treatment.
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EFFECT OF DEOILED CORN DRIED DISTILLERS GRAINS WITH SOLUBLES
(SOLVENT EXTRACTED) ON GROWTH PERFORMANCE, CARCASS
CHARACTERISTICS, AND CARCASS FAT QUALITY OF GROWING

AND FINISHING PIGS!

J.Y. Jacela?, J. M. DeRouchey, S. S. Dritz?, M. D. Tokach, J. L. Nelssen,
R. D. Goodband, K. J. Prusa®, R. C. Thaler®, and D. E. Little

Summary

A total of 1,215 pigs (initially 65.2 Ib)
were used in a 99-d study to determine the
effects of deoiled corn dried distillers grains
with solubles, solvent extracted (dDGS) on
growing and finishing pig growth
performance, carcass characteristics, and
carcass fat quality. Pigs were blocked on the
basis of pen weight and randomly alotted to 1
of 5 dietary treatments containing either O, 5,
10, 20, or 30% dDGS. Pigs were fed in 4
phases, al dietary treatments were formulated
to similar dietary ME and standardized ileal
digestible (SID) lysine concentrations within
each phase. Choice white grease (CWG) was
included at increasing amounts as dDGS
increased in the diet to maintain uniform
dietary ME. Overdl (d 0 to 99), ADG and
ADFI decreased (linear, P < 0.01) with
increasing dDGS in the diet. This reduction
was especialy pronounced when pigs were
fed more than 20% dDGS. However, there
was no difference in F/G (P > 0.12) for pigs
fed increasing dDGS. For carcass
characteristics, carcass weight and percent
yield were reduced (linear, P < 0.01) and loin
depth tended to decrease (P < 0.09) with

increasing dDGS. However, there were no
differences in backfat (P < 0.26), percent lean
(P < 0.16) or fat-free lean index (P < 0.20).
Jowl, backfat, and belly fat iodine values
increased (linear, P < 0.01) with increasing
dDGS. These increases were expected because
of the increasing CWG in diets with
increasing dDGS. In summary, feeding
increasing levels of dDGS lowered ADG and
ADFI but did not affect F/G as a result of the
added fat in the diet. These data confirm the
accuracy of the previously determined ME
(1,137 kcal/lb) and SID amino acid values for
dDGS; however, reasons for the reduced
ADFI need further investigation.

Key words: deoiled corn dried distillers grains
with solubles, feed ingredient, growth, pork
quality

Introduction

The U.S. ethanol industry has experienced
rapid growth over the last several years. In
January 2008, there were 139 plants that
accounted for 7.9 billion gal of ethanol
produced, and more plants are being built to
meet the increasing demand for ethanol. This

! Appreciation is expressed to Verasun Energy Inc., Brookings, SD, for partial funding of the study, New
Horizon Farms for use of pigs and facilities, and Richard Brobjorg, Cal Hulstein, and Marty Heintz for

technical assistance.

2 Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
3 Department of Food Science and Human Nutrition, lowa State University, Ames.
“ Department of Animal and Range Science, South Dakota State University, Brookings.

®DairyNet Inc., Brookings, SD.



rapid growth has led to an increased
availability of ethanol  manufacturing
coproducts such as dried distillers grains with
solubles (DDGS). Although the cattle industry
historically has been the major market for this
coproduct, its use as a feed ingredient in the
swine industry has increased because
improved manufacturing processes allow for a
high quality coproduct with greater nutrient
digestibility.

As the amount of DDGS increases and
technologies improve, new coproducts are
also being developed. One such product is
deociled corn DDGS, solvent extracted
(dDGS), which is traditional DDGS with a
majority of the oil removed. The deoiling
process increases the CP, fiber, and mineral
content of this coproduct. Because dDGS is a
new coproduct that has the potential to be
used in swine diets, an evaluation of its use in
acommercia swine environment is necessary.
We have previousy determined the
digestibility of amino acids and energy in
dDGS; however, the effect on growth
performance and carcass parameters has not
been determined. Therefore, the objectives of
this trial were to determine the effect of dDGS
on the growth performance, carcass
characteristics, and carcass fat quality of
growing and finishing pigs.

Procedures

Procedures for this trial were approved by
the Kansas State University Institutional
Animal Care and Use Committee. The tria
was conducted in a commercial research
finishing barn in southwest Minnesota. The
barns were double curtain sided with 18-ft x
10-ft pens that have completely datted
flooring and deep pits for manure storage.
Each pen contained 1 self-feeder and 1 cup
waterer. A robotic feeding system was
utilized to provide feed on an individual pen
basis.

A total of 1,215 pigs were used in a 99-d
growth study. Pigs were blocked on the basis
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of pen weights and randomly allotted to 1 of 5
dietary treatments in meal form. There were
initially 27 pigs in each pen. The 5 treatments
consisted of diets containing O, 5, 10, 20, or
30% dDGS. Pigs were fed in 4 phases with
phase 1 fed from approximately 65 to 120 Ib
BW, phase 2 fed from 120 to 170 Ib, phase 3
fed from 170 to 220 |b, and phase 4 fed from
220 to 265 Ib (Tables 1 and 2). Diets were
formulated to 0.94, 0.80, 0.69, and 0.95%
standardized ileal digestible (SID) lysine and
to maintain available P concentration of at
least 0.27, 0.24, 0.22, and 0.21% for phases 1
to 4, respectively. All dietary treatments were
formulated to similar dietary ME and SID
lysine concentrations within each phase. The
SID and energy content of dDGS were
determined in a previous research study
(Jaycela et a., 2007 Swine Day Report, p.
137; Table 3). Choice white grease (CWG)
increased as dDGS increased in the diet to
maintain uniform dietary ME levels.

Pen weights were obtained on d O; every
14 d until d 70; and on d 78, 93, and 99 to
determine ADG. Two middle-weight pigs
from each pen were selected and slaughtered
on d 93 to collect jowl, belly, and backfat (BF)
samples for fatty acid analysis. Feed intake
and F/G were determined on the basis of the
feed delivery data generated through an
automated feeding system and the amount of
feed remaining in each pen’s feeder on each
weigh date.

Pigs from each pen were individually
tattooed with the pen numbers at the end of
the trial and transported to the JBS Swift &
Company processing plant (Worthington,
MN). Standard carcass criteria of loin and BF
depth, HCW, percent lean, and yield were
collected. Fat-free lean index (FFLI) was
determined by using the equation 50.767 +
(0.035 x HCW) —(8.979 x BF).

Fatty acids from each of the fat samples
were expressed as a percentage of the total
fatty acids. lodine value was calculated by us-
ing the fatty acid profile of each sample



according to the following equation (AOCS,
1998).

C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732)
+ C18:3 (2.616) + C20:1 (0.785) + C22:1
(0.723).

Statistical analysis was performed by
analysis of variance by using the MIXED
procedure of SAS. Data were analyzed as a
randomized complete block design with pen
as the experimental unit. Carcass weight was
used as a covariate for BF, loin depth, percent
lean, and FFLI. Linear and polynomial
contrasts were used to determine the effects of
increasing dDGS. Contrast coefficients were
determined for unequally spaced treatments by
using the IML procedure of SAS.

Results and Discussion

Overall (d 0 to 99), ADG and ADFI
decreased (linear, P < 0.01; Table 4) with
increasing dDGS in the diet. These effects
were due to a modest reduction in ADG and
ADFI at low levels of dDGS inclusion and a
large reduction when dDGS were fed at 30%
of the diet. However, F/G was not affected (P
> 0.12) by increasing dDGS in the diet.

As dDGS increased, carcass weight and
percent yield decreased (linear, P < 0.01), and
loin depth tended to decrease (linear, P <
0.09). There was no difference in BF (P >
0.25), percent lean (P > 0.16), or FFLI (P >
0.19). The reduction in carcass weight can be
attributed to the decreased ADG and yield as
pigs were fed increasing dDGS.

Increasing dDGS in pig diets aso
increased (linear, P < 0.01) the iodine values
of jowl, BF, and belly fat depotsin pigs (Table
5). These increases were expected because of
the increasing levels of CWG in diets with
increasing dDGS. lodine values from the 3 fat
stores increased between 5.0 and 6.6 g/100 g
in pigs fed 30% dDGS in the diet compared
with the control pigs. This trandates into an
approximate 1.7 to 2.2 g/100 g increase for
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every 10% dDGS inclusion in the diet when
fed in combination with CWG. In a previous
study at Kansas State University in which
growing-finishing pigs were fed diets with
traditional DDGS, iodine values of various fat
stores (jowl, BF, and belly fat) increased by
similar levels when level of CWG was
constant for al dietary treatments. The
increase in iodine vaues herein, however,
would not be expected to be nearly as large
without the increase in added CWG needed to
maintain isocal oric diets within each phase.

We hypothesize that the reduction in
percent yield is related to the higher fiber
content of the dDGS diets. Diets containing
higher levels of fiber have been shown to
increase basal metabolic rate, which could
account for the lower percent yield in pigs that
were fed diets containing dDGS. Previous
studies have also shown that diets high in fiber
increase rate of passage in the gastrointestinal
tract, resulting in increased gut cell
proliferation and intestinal growth. The higher
fiber could have led to a greater volume of
intestinal  fluid and increased weight of
digesta, intestines, and other visceral organs.
Because visceral organs are excluded from the
carcass, percent yield is negatively affected in
pigs fed the dDGS diets because of the higher
volume and weight of entrails removed during
daughter. In addition, the majority of the
energy required for maintenance is used by
visceral organs like the liver and the
gastrointestinal  tract. Thus, the resulting
increase in weight of the visceral organs could
have resulted in a further increase in
maintenance requirement and diverted the
utilization of nutrients away from the
production of edible carcass. The reduction in
carcass yield is not unexpected; this effect has
been consistently reported in finishing pigs
fed traditional DDGS.

Results from this trial appear similar to
previous research evauating traditional
DDGS in which feed intake was reduced when
DDGS were fed at more than 20% of the diet.
The addition of dDGS to growing and



finishing diets appears to negatively affect
palatability, but reasons for the decrease in
feed intake are not clear. However, these data
validate the accuracy of the previousy

determined ME (1,137 kcal/lb) and SID amino
acid values for dDGS because there were no
changes in F/G when dDGS were fed at
increasing levelsin the diet.
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Table 1. Phase 1 and 2 diet composition (as-fed basis)*

dDGS", %
Phase 1 diet Phase 2 diet
Item 0 5 10 20 30 0 5 10 20 30
Ingredient, %
Corn 7311 68.36 63.61 54.13 44.50 78.78  74.06 69.28 59.81  50.09
Soybean meal (46.5% CP) 24.79 23.62 22.44 20.09 17.75 1922 18.04 16.87 1452 1218
dDGS 5.00 10.00 20.00 30.00 5.00 1000 20.00  30.00
Choice white grease 0.95 1.93 3.80 5.75 0.95 1.93 3.80 5.80
Monocal cium phosphate (21% P) 0.60 0.48 0.35 0.13 0.50 0.35 025 -
Limestone 0.85 0.93 0.98 1.10 1.20 0.85 0.93 0.98 1.13 1.13
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix with phytase® 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Trace mineral premix 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
L-lysine HCI 0.15 0.18 0.20 0.25 0.30 0.15 0.18 0.20 0.25 0.30
Total 100 100 100 100 100 100 100 100 100 100
Calculated analysis
Standardized ileal digestible amino acids
Lysine, % 0.94 0.94 0.94 0.94 0.94 0.80 0.80 0.80 0.80 0.80
Methionine:lysine ratio, % 28 29 30 32 34 30 31 32 34 36
Met & Cyslysineratio, % 58 59 60 62 64 61 62 64 66 68
Threonine:lysine ratio, % 61 62 62 64 65 62 63 64 65 67
Tryptophan:lysine ratio, % 19 19 19 19 18 19 19 19 18 18
Total lysine, % 1.06 1.07 1.09 112 1.15 0.90 0.92 0.93 0.96 0.99
CP, % 17.89 18.52 19.15 20.42 21.68 15.78 16.41 17.04 18.31 19.57
ME, kcal/lb 1,517 1,517 1,517 1,517 1,517 1,520 1,520 1520 1,520 1,520
SID Lysinecalorieratio, g/Mcal ME 281 281 281 281 281 2.39 2.39 2.39 2.39 2.39
Ca, % 0.54 0.54 0.54 0.54 0.54 0.50 0.50 0.50 0.50 0.50
P, % 0.50 0.49 0.48 0.47 0.48 0.46 0.44 0.44 0.42 0.45
Available P, % 0.27 0.27 0.27 0.27 0.30 0.24 0.24 0.24 0.24 0.29
Dietary fat iodine value 1214 108.4 97.8 98.1 88.4 117.2  108.0 100.9 94.2 88.7
lodine value product® 25.5 36.8 42.1 55.9 69.8 16.4 30.2 39.3 57.5 70.9

! Phase 1 fed from approximately 65 to 120 Ib and phase 2 fed from 120 to 170 Ib.
2Deoiled corn dried distillers grains with solubles, solvent extracted.
% Provided 450 FTU/kg phytase with an expected phytate P release of 0.08% in phases 1 and 2.

“1odine value of diet oil x % diet oil x 0.10.
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Table 2. Phase 3 and 4 diet composition (as-fed basis)*

dDGS’, %
Phase 3 diet Phase 4 diet
Item 0 5 10 20 30 0 5 10 20 30
Ingredient, %
Corn 83.21 78.47 73.71 64.21  54.49 73.03 68.26 63.53 53.93 44.07
Soybean meal (46.5% CP) 14.84 13.66 12.49 10.14 7.81 25.17 23.99 22.82 20.47 18.15
dDGS 5.00 10.00 20.00  30.00 5.00 10.00 20.00 30.00
Choice white grease 0.95 1.90 3.80 5.80 0.98 1.90 3.85 5.90
M onocal cium phosphate (21% P) 0.45 0.34 0.23 0.35 0.23 0.1
Limestone 0.88 0.93 1.00 1.13 1.13 0.8 0.88 0.95 1.00 1.08
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix with phytase® 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Trace mineral premix 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
L-lysine HCI 0.15 0.18 0.20 0.25 0.30 0.15 0.18 0.20 0.25 0.30
Paylean (9 g/lb) 0.025 0.025 0.025 0.025 0.025
Total 100 100 100 100 100 100 100 100 100 100
Calculated analysis
Standardized ileal digestible amino acids
Lysine, % 0.69 0.69 0.69 0.69 0.69 0.95 0.95 0.95 0.95 0.95
Methionine:lysine ratio, % 32 33 34 37 39 28 29 30 32 33
Met & Cyslysineratio, % 65 66 68 70 73 58 58 59 61 63
Threonine:lysineratio, % 63 64 65 67 69 61 62 62 64 65
Tryptophan:lysine ratio, % 19 18 18 18 17 19 19 19 19 18
Total lysine, % 0.78 0.8 0.81 0.84 0.87 1.07 1.08 1.10 1.13 1.16
CP, % 14.12 14.75 15.38 16.65 1791 18.05 18.69 19.32 20.58 21.83
ME, kcal/lb 1,521 1,521 1,521 1521 15521 1,522 1,522 1,522 1,522 1,522
SID Lysine:calorieratio, g/Mcal ME 2.06 2.06 2.06 2.06 2.06 2.83 2.83 2.83 2.83 2.83
Ca, % 0.49 0.49 0.49 0.49 0.49 0.48 0.48 0.48 0.48 0.50
P, % 0.43 0.42 0.42 0.4 0.43 0.45 0.44 0.43 0.44 0.48
Available P, % 0.22 0.22 0.22 0.23 0.28 0.21 0.21 0.21 0.24 0.29
Dietary fat iodine value 116.1 107.5 100.8 94.2 89.4 121.6 107.8 100.2 94.7 88.2
lodine value product* 19.7 33.3 41.3 59.3 69.8 26.8 31.3 40.1 54.9 67.9

! Phase 3 fed from 170 to 220 |b and phase 4 fed from 220 to 265 Ib.
2Deoiled corn dried distillers grains with solubles, solvent extracted.

% Provided 375 FTU/kg phytase with an expected phytate P release of 0.07% in phases 3 and 4.
* lodine value of diet oil x % diet oil x 0.10.
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Table 3. Analyzed nutrient composition and standardized ileal digestible (SID) amino
acids and energy content of deoiled corn dried distillers grains with solubles, solvent
extracted (dDGS)*

dDGS

ltem Nutrient composition® SID, %

Proximate analysis, %
DM 87.69
CP 31.20
Crude fat 4.00
ADF 16.10
NDF 34.60
Ca 0.05
P 0.76
Ash 4.64

Metabolizable energy, kcal/lb® 1,137

Amino acids, %
Arginine 131 82.70
Histidine 0.82 74.63
Isoleucine 121 74.52
Leucine 3.64 83.79
Lysine 0.87 50.38
Methionine 0.58 80.41
Phenylalanine 1.69 80.77
Threonine 1.10 68.91
Tryptophan 0.19 77.96
Valine 154 73.75
Alanine 2.13 79.12
Aspartic acid 1.84 64.58
Cysteine 0.54 66.94
Glutamic acid 4.26 79.01
Glycine 1.18 64.63
Proline 211 87.79
Serine 1.30 76.86
Tyrosine 1.13 82.35

! Values were determined in a previous study (Jacela et al., 2007 KSU Swine Day Report of
Progress, p. 137).

? As-fed basis.

3 Calculated.
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Table 4. Effects of increasing deoiled corn dried distillers grains with solubles, solvent extracted
(dDGS) on growth performance and carcass characteristics®

dDGS, % Probability, P <

Item 0 5 10 20 30 Linear  Quadratic  SE
Weight, Ib

do 65.2 65.2 65.2 65.3 65.3 0.94 0.99 1.0

d 99 267.6 262.9 262.0 260.5 256.3 0.001 0.68 2.1
d0to99

ADG, |Ib 2.00 1.97 1.96 1.96 1.93 0.01 0.61 0.02

ADFI, Ib 476 478 4.64 4.65 4.49 0.003 0.72 0.07

FIG 2.38 2.43 2.37 2.38 2.33 0.12 0.44 0.03
Slaughter wt, Ib 265.8 261.9 262.1 259.2 255.7 0.001 0.89 2.1
Carcasswt, Ib 200.9 196.2 196.5 193.4 190.2 0.0001 0.66 1.8
Yield, % 75.5 75.0 75.0 74.7 74.3 0.01 0.73 0.3
Backfat, in® 0.65 0.65 0.65 0.65 0.67 0.26 0.25 0.01
Loin depth, mm? 2.50 2.45 2.46 2.48 2.39 0.09 0.55 0.03
Lean, %° 56.5 55.9 56.3 56.4 55.8 0.16 0.28 0.2
FFLI, %>° 50.4 50.4 50.4 50.5 50.2 0.20 0.19 0.1

LA total of 1,215 pigs (initialy 65.2 Ib, 27 pigs per pen) were used in this study; there were 9 replications
per treatment.

?Data analyzed using carcass weight as a covariate.

% Fat-free lean index.
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Table 5. Effects of increasing deoiled corn dried distillers grains with solubles, solvent extracted (dDGS) on fat quality

dDGS', % Gender? Probability, P < SE

Item 0 5 10 20 30 Barrow  Gilt Linear Quadratic Gender Trt Gender
lodine value, g/100g

Jowl 675 68.1 69.0 711 733 68.9 70.7 0.01 0.41 0.01 045 0.30

Backfat 685 684 69.2 73.0 735 69.2 719 0.01 0.99 0.01 063 042

Belly fat 67.1 68.0 69.1 724 737 68.7 715 0.01 0.64 0.01 060 0.40
C 18:2 fatty acids, %

Jowl 136 137 147 159 17.1 14.5 154 0.01 0.75 0.01 031 020

Backfat 165 163 17.0 189 184 16.5 18.3 0.01 0.40 0.01 043 029

Belly fat 153 154 163 178 182 15.7 175 0.01 0.50 0.01 0.39 0.26
Saturated fatty acids, %

Jowl 357 351 350 338 323 34.9 339 0.01 0.34 0.01 034 022

Backfat 376 375 372 348 336 36.7 35.5 0.01 0.34 0.01 039 0.26

Belly fat 379 369 365 343 330 36.4 35.0 0.01 0.85 0.01 040 0.26

1Values are means of 18 observations per treatment.
2V alues are means of 45 observations.
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AMINO ACID DIGESTIBILITY OF HIGH-PROTEIN CORN DRIED DISTILLERS
GRAINS WITH SOLUBLES IN PIGS*

J. Y. Jacela? H. L. Frobose, J. M. DeRouchey, S. S. Dritz?, M. D. Tokach,
J. L. Nelssen, and R. D. Goodband

Summary

The objective of this experiment was to
determine the digestibility of amino acids
(AA) in a high-protein dried distillers grains
with solubles (DDGS) product. Six growing
barrows (initially 50 Ib) were surgically fitted
with a T-cannula at the terminal ileum to al-
low for ileal digesta collection. After recov-
ery, the pigs were randomly allotted to 2 die-
tary treatments in a crossover design with 2
periods. The first diet contained high-protein
DDGS (67% of the diet) as the sole protein
source; the second was a nitrogen-free diet for
determining basal endogenous AA loss.
Chromic oxide was added to both diets as an
indigestible marker. Ileal digesta samples
were collected each period and analyzed for
AA concentration. Standardized and apparent
ileal digestibilities (SID and AID, respec-
tively) of AA were calculated after chemical
analysis of the high-protein DDGS, diets, di-
gesta, and fecal samples. Nutrient composition
analysis of the high-protein DDGS showed a
CP value of 36.5%, crude fat of 4.8%, and
phosphorous content of 0.38%. The AID for
lysine, methionine, threonine, and tryptophan
were 65.9, 87.0, 72.8, and 76.2%, respec-
tively. Values for SID AA were calculated to
be 67.8, 87.5, 75.0, and 78.6% for lysine, me-
thionine, threonine, and tryptophan, respec-
tively. In conclusion, this high-protein DDGS

product has greater AA digestibility values
than traditional DDGS. Therefore, this product
appears well-suited for use in swine diets but
needs further evaluation to determine its ef-
fects on pig growth performance.

Key words. amino acids, digestibility, dried
distillers grains with solubles, swine

Introduction

Asthe biofuel industry continues to evolve
and mature, improvements and new technolo-
gies in ethanol fuel production are being
adapted by the ethanol biorefineries to cut
costs and increase efficiency and profitability.
This has resulted in production of more co-
products and increased attention being paid to
the quality of these coproducts. LifelLine
Foods is a company that, in addition to from
food products for human consumption, pro-
duces ethanol from corn by utilizing the dry
defractionation method. Dry defractionation is
arelatively new technology that optimizes the
use of corn by separating the kernel into its
bran, germ, and endosperm components be-
fore fermentation. The process involves tem-
pering the seed with warm water to make it
expand, enabling the removal of bran (peri-
carp) from the kernel. The germ (oil-rich frac-
tion) is then removed, and the remaining por-
tion of the kernel is sent to the food mill

! Appreciation is expressed to LifeLine Foods, St. Joseph, MO, for supplying the high-protein dried dis-
tillers grains with solubles product and partial funding.
2 Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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where the hard yellow endosperm is removed
for food companies. The soft endosperm
(starch) is then sent to the ethanol facility for
fermentation. The distillers grains that remain
after fermentation are dried with steam instead
of direct heat, resulting in a product that may
have increased quality and digestibility. Also,
as a result of breaking down and segregating
the kernel into its components, CP becomes
more concentrated, whereas the crude fat is
lower in the fina high-protein product com-
pared with traditional dried distillers grains
with solubles (DDGS). Although this product
may command a higher value than conven-
tional DDGS because of its higher CP content,
this product needs to be valued on the basis of
digestibility of its nutrients. Therefore, this
study was conducted to determine the digesti-
bility of amino acids (AA) in high-protein
DDGS in growing pigs.

Procedures

The protocols used in this experiment
were approved by the Kansas State University
Institutional Animal Care and Use Committee.

Six growing barrows (PIC, initially 50 Ib
BW) were surgically fitted with a T-cannula
on their right flank approximately 6 in. ante-
rior to the ileocecal valve. The pigs were al-
lowed to recover from surgery and were then
placed in individual stainless steel metabolism
cages in an environmentally controlled build-
ing. Each cage was equipped with a feeder and
anipple waterer for ad libitum access to water.
During the first 9 d post-surgery (recovery pe-
riod), the pigs were fed a common diet. On d
10 post-surgery, the pigs were randomly allot-
ted to 1 of 2 dietary treatments in a crossover
design. Thefirst diet contained 67% of a high-
protein corn DDGS; the second diet was for-
mulated to be nitrogen-free to allow for the
determination of basal AA endogenous losses
(Table 1). Chromic oxide was added to both
diets at 0.25% as an indigestible marker.
There were 2 periods in the experiment; each
period consisted of 7 d. The first 5 d of each
period were used to allow pigs to adapt to the
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dietary treatment. Ileal digesta was collected
ond 6 and 7 over a 10-h period (between 0700
and 1700 each day). Pig weights were deter-
mined at the start of each period prior to
switching to the next diet to determine the dai-
ly feed allocation. Daily feed allocation was
divided into 2 equal amounts and given twice
a day at 0600 and 1800 hours. No feed was
given at the end of each period before the next
experimental diet was fed the following morn-

ing.

Table 1. Composition of test diets (as-fed basis)

High-protein

Ingredient, % DDGS' N-free
Corn gtarch 26.20 80.90
High-protein DDGS 66.70
Soybean oil 1.00 3.00
Monocalcium P (21% P) 1.05 175
Limestone 0.80 0.40
Salt 0.35 0.45
Vitamin premix 0.25 0.25
Trace mineral premix 0.15 0.15
Sow add pack 0.25 0.25
Potassium chloride - 0.50
Magnessium oxide 0.10
Chromic oxide 0.25 0.25
Solkafloc - 3.00
Sucrose 3.00 9.00
Total 100.00 100.00
Calculated analysis, %

Total lysine 0.41 0.00

CcP 25.15 0.00

Ca 0.60 0.48

P 0.45 0.37

Available P 0.40 0.37

! Dried distillers grains with solubles from Life-
Line Foods LLC, St. Joseph, MO.

During collection days, each pig’'s cannula
was opened to allow the digesta to flow out of
the ileum; ileal digesta was collected by at-
taching a latex balloon to the cannula. The
balloons were checked for the level of fill and
removed every 30 min or as soon as they were
full. The contents of the balloons were then
transferred to a 1-L plastic container and
stored in a freezer until further chemica



analyses were conducted. After the collection
phase of the experiment, digesta samples from
each period from each animal were thawed
and homogenized. A subsample from each
homogenized ileal digesta was then trans-
ferred to a 1.25-in. x 6-in. x 8.5-in. duminum
pan, freeze-dried, and ground for AA analysis.

The amount of chromic oxide in the diets,
digesta, and fecal samples was determined by
using atomic absorption spectroscopy. Chro-
mic oxide served as the indigestible marker
for calculating AA digestibility values. The
high-protein DDGS, 2 diets, and digesta sam-
ples were also analyzed for DM, CP, and AA.
Amino acid analysis for the diets, high-protein
DDGS, and ileal digesta samples was con-
ducted at the Agriculture Experiment Station
Chemical Laboratories at the University of
Missouri—Columbia.

The apparent ileal digestibility (AID) for
AA (%) in the high-protein DDGS diet was
calculated by using the equation:

AID =[1- (AAJ/AAT) x (Crf/Crd)] x 100%

where AAd is the concentration of the AA in
theileal digesta (g/lkg of DM), AAf isthe con-
centration of the AA in the diets (g/kg of
DM), Crf isthe chromium concentration in the
diet (g/kg of DM), and Crd is the chromium
concentration in the ileal digesta (g/kg of
DM).

The basal endogenous loss of each AA (g/kg
of DMI) at the ileum was determined on the
basis of the digesta samples obtained when the
pigs were fed with the nitrogen-free diet by
using the equation:

|AAend = [AAd x (Crf/Crd)]

By using the values for AID and |AAe, the
standardized ileal digestibility (SID) value for
each AA (%) was then calculated as:

SID = [AID + (IAAed/AAT)]
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Results and Discussion

The nutrient profile of the high-protein
DDGS used in the experiment is reported in
Table 2. The CP level was 36.5%, which is
about 9% higher than the published average
CPvauein traditional DDGS. In addition, the
fat content of the high-protein DDGS was
4.8%, which, as expected, is less than half of
the average amount typically found in tradi-
tional DDGS. The lower fat content found in
the high-protein DDGS was a result of the
mechanical separation of the germ portion
from the rest of the corn kernel components
during defractionation. On the other hand,
though ADF and NDF for the high-protein
DDGS were expected to be lower because of
the separation of the bran during the defrac-
tionation process, the values were even higher
than published book values for traditional
DDGS. The ADF and NDF vaues for the
product used in this experiment were 20.50
and 32.80%, respectively. It is possible that
there was a significant amount of bran added
back to the final DDG product. Although the
amount of calcium in the high-protein DDGS
was amost similar to traditional DDGS at
0.04%, phosphorus content was relatively low
at only 0.38%. The lower phosphorus content
may be due to the minimal amount of solubles
present in the final product. The higher CP
content of the high-protein DDG resulted in
every AA being higher when compared with
the amount of AA in traditional DDGS. The
lysine content of the DDGS product was
1.22%, resulting in alysine:CP ratio of 3.34%.
A lysine:CP ratio of not less than 2.8% is the
recommended value when evaluating the qual-
ity of DDGS for use in swine diets. Thus, the
high ratio found in the high-protein DDGS
indicates the product should have high lysine
digestibility.

Swine diets are ideally formulated on the
basis of the digestibility of the nutrients found
in each ingredient that goes with the diet.
More specifically, these diets should be for-
mulated on the basis of SID AA. This study
was conducted with the aim of establishing



digestibility coefficients for AA values for the
high-protein DDGS. In this product, the AID
for lysine, methionine, threonine, and trypto-
phan were 65.9, 87.0, 72.8, and 76.2%, re-
spectively (Table 3). These values were higher
than published AID values for traditional
DDGS. After correcting the AID values for
basal ileal endogenous AA loss, the SID val-
ues were calculated to be 67.8, 87.5, 75.0, and
78.6% for lysine, methionine, threonine, and
tryptophan, respectively. These values are also
higher than those found in traditional DDGS.
The most significant difference between the
high-protein DDGS and traditional DDGS ap-
pears to be the high digestibility coefficient
for lysine. Lysine is considered the most vari-
able among the AA because of the heating

process involved in the production of conven-
tiona DDGS. The high amount of lysine in
the high-protein DDGS and its high digestibil-
ity values increased its overall AA vaue in
swine diets compared with traditional DDGS.

This experiment established the values for
the digestibility coefficients of AA for the
high-protein DDGS for use in swine diet for-
mulation. The results of this experiment sug-
gest a coproduct of high quality and value in
terms of CP, AA content, and AA digestibil-
ity. However, this product has a relatively
lower phosphorus content compared with tra-
ditional DDGS. Further evaluation of this co-
product is needed to determine its effects on
pig growth performance.

Table 2. Analyzed nutrient composition of a high-protein corn DDGS product®

Nutrient, % DM basis As-fed basis
DM 100.00 89.54
CP 40.76 36.50
Crude fat 5.36 4.80
ADF 22.89 20.50
NDF 36.63 32.80
Ca 0.04 0.04
P 0.42 0.38
Ash 1.84 1.65
Indispensable amino acids
Arginine 1.84 1.65
Histidine 1.16 1.04
Isoleucine 1.69 151
Leucine 5.45 4.88
Lysine 1.36 1.22
Methionine 0.88 0.79
Phenylalanine 214 1.92
Threonine 1.45 1.30
Tryptophan 0.26 0.23
Vaine 221 1.98
Dispensable amino acids
Alanine 3.06 2.74
Aspartic acid 2.66 2.38
Cysteine 0.85 0.76
Glutamic acid 6.99 6.26
Glycine 1.49 1.33
Proline 3.17 2.84
Serine 172 154
Tyrosine 1.66 1.49

! Dried distillers grains with solubles from LifelLine Foods, LLC St. Joseph, MO.
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Table 3. Standardized and apparent ileal digestibility (%) of amino acids in a
high-protein corn DDGS product?

Amino acid Sk AID*

Indispensable amino acids
Arginine 85.32 83.79
Histidine 80.00 79.04
| soleucine 81.35 80.23
Leucine 88.87 88.31
Lysine 67.82 65.91
Methionine 87.53 86.96
Phenylalanine 86.10 85.24
Threonine 75.00 72.75
Tryptophan 78.61 76.23
Valine 79.70 78.13

Dispensable amino acids

Alanine 84.37 83.40
Aspartic acid 73.83 72.13
Cysteine 76.84 75.51
Glutamic acid 85.73 84.94
Glycine 66.69 61.34
Proline 79.12 74.52
Serine 82.87 81.24
Tyrosine 86.07 85.10

1Values are means of 6 pigs (initially 50 Ib) used in a crossover design.

2 Dried distillers grains with solubles from LifeLine Foods LLC, St. Joseph, MO.
® Standardized ileal digestibility.

* Apparent ileal digestibility.
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EFFECTS OF ADDING SATURATED FAT TO DIETS WITH SORGHUM-BASED
DRIED DISTILLERS GRAINS WITH SOLUBLES ON GROWTH PERFORMANCE
AND CARCASS CHARACTERISTICS IN FINISHING PIGS

C. Feoli, J. D. Hancock, D. H. Kropf, S. Issa, T. L. Gugle, and S. D. Carter*

Summary

Two experiments were conducted to de-
termine the effects of adding sources of satu-
rated fat to diets with sorghum-based dried
digtillers grains with solubles (DDGS). For
Exp. 1, 112 barrows (initially 140 |b) were
used in a 69-d growth assay with 7 pigs per
pen and 4 pens per treatment. Treatments were
a corn-soybean meal-based control and diets
having 40% sorghum-based DDGS (U.S. En-
ergy Partners, Russell, KS) without and with
5% added tallow or pam oil. Feed and water
were consumed on an ad libitum basis until
pigs were slaughtered (average BW 283 |b) to
allow collection of carcass data and jowl sam-
ples. Fatty acid composition of jowl samples
was used to calculate iodine value (1V) as an
indicator of carcass fat firmness. Overal (d O
to 69), the corn-soybean control supported
greater ADG and ADFI (P < 0.001) with no
difference in F/G (P > 0.9) compared with the
DDGS treatments. Adding 5% beef tallow and
pam oil to diets with DDGS improved overall
F/G (P < 0.02). Pigs fed the control diet had
greater (P < 0.04) HCW and dressing percent-
age than pigs fed the DDGS treatments. Add-
ing fat to DDGS diets tended to improve
dressing percentage (P < 0.07), but there were
no effects of fat source on carcass measure-
ments (P > 0.14). Changesin IV indicated sof-
ter fat in pigs fed DDGS (P < 0.001) than in
pigs fed the control diet even when sources of

saturated fatty acids were added to the diets.
For Exp. 2, 112 barrows (initially 150 Ib) were
used in a 67-d growth assay with 7 pigs per
pen and 4 pens per treatment. Treatments were
the same as in Exp. 1, but fat sources were
stearic acid and coconut oil. At slaughter (av-
erage BW 270 |b), in addition to collection of
carcass data and jowl samples, belly firmness
was determined by using a subjective scoring
system and by measuring the distance from tip
to tip of the belly after it was drooped over a
1-in.? bar for 5 min. The corn-soybean control
tended to support greater overall ADG (P <
0.09) with no difference in ADFI and F/G (P
> 0.14) compared with DDGS treatments.
Adding fat sources to diets with DDGS tended
to improve (P < 0.06) overall F/G, and coco-
nut oil improved F/G compared with stearic
acid (P < 0.001). PFigs fed the control diet had
greater (P < 0.05) HCW than pigs fed the
DDGS treatments. Pigs fed the control diet
had lower 1V and greater firmness score than
pigs fed diets with added DDGS (P < 0.02).
Adding fat sources to diets with DDGS im-
proved these estimates of carcass firmness and
tip to tip distance for suspended bellies (P <
0.001); coconut oil had a much greater effect
than stearic acid (P < 0.001). In conclusion,
adding beef tallow, palm oil, and coconut oil
to diets with 40% DDGS improved efficiency
of gain in finishing pigs. However, only coco-
nut oil restored carcass firmness to levels at or
above a corn-soybean diet without DDGS.

! Department of Animal Science, Oklahoma State University, Stillwater.



Key words. carcass firmness, coconut oil,
dried distillers grains with solubles, palm oil

Introduction

With conversion of starch to ethanol, other
proximate components in cereal grain (eg.,
protein, fiber, and fat) are concentrated by
about three times in dried distillers grains with
solubles (DDGS). Existing data suggest nega-
tive effects of the vegetable oil in DDGS on
firmness of pork carcasses. Work at North
Carolina State University demonstrated that
hydrogenated choice white grease added to
corn-soybean diets increased carcass firmness
in pigs. However, we reported in the 2007
Swine Day Report of Progress (Feoli et al.,
page 122) that increasing tallow (a source of
saturated fatty acids) from O to 5% of the diet
did not improve iodine value (1V) of jowl fat
(an indicator of carcass firmness) in finishing
pigs fed diets with DDGS. Beef tallow is only
50% saturated and mainly long-chain fatty
acids, which seems to not be saturated enough
to compensate for the negative effects of
DDGS on firmness of carcass fat. Therefore,
the objective of the present experiments was
to determine the effects of adding various
sources of saturated fat (beef tallow, pam ail,
stearic acid, and coconut oil) to diets with sor-
ghum-based DDGS.

Procedures

In Exp. 1, 112 barrows (initially 140 Ib)
were used in a 69-d growth assay. The pigs
were sorted by ancestry, blocked by weight,
and assigned to pens. There were 7 pigs per
pen and 4 pens per treatment. The pigs were
housed in afinishing facility having 6-ft x 16-
ft pens with half solid and half datted concrete
flooring. Each pen had a self-feeder and nip-
ple waterer to allow ad libitum consumption
of feed and water.

Treatments were a corn-soybean meal-
based control and diets having 40% sorghum-
based DDGS (U.S. Energy Partners, Russell,
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KS) without and with 5% added talow or
palm oil (Table 1). The control diet and first
DDGS treatment were formulated to 0.90%
lysine, 0.60% Ca, and 0.50% total P for d 0 to
36 and 0.70% lysine, 0.55% Ca, and 0.45%
total P for d 36 to 69. However, nutri-
ent:calorie ratios were kept constant for diets
with added fat.

Pigs and feeders were weighed at d 0, 36,
and 69 to allow calculation of ADG, ADHI,
and F/G, and the pigs were slaughtered (aver-
age BW 283 |b). Carcass data were collected,
and samples of jowl! fat were collected, their
fatty acid profile was determined, and their 1V
was calculated following AOCS (1998) pro-
cedures.

All data were analyzed as a randomized
complete block design by using the MIXED
procedure of SAS with HCW as a covariate
for carcass measurements. Orthogonal con-
trasts were used to separate treatment means
with comparisons between control vs. DDGS
treatments, DDGS without vs. with added fat,
and tallow vs. palm ail.

In Exp. 2, 112 barrows (initially 150 Ib)
were used in a 67-d growth assay. The pigs
were sorted by ancestry, blocked by weight,
and assigned to pens. There were 7 pigs per
pen and 4 pens per treatment. The pigs were
housed in the same finishing facility asin Exp.
1. Treatments were a corn-soybean meal-
based control and diets having 40% DDGS
without and with 5% added stearic acid and
coconut oil (Table 1). The diets were formu-
lated to the same nutrient specifications as
used in Exp. 1.

Pigs and feeders were weighed on d 0, 30,
and 67 to dlow caculation of ADG, ADFI,
and F/G, and the pigs were slaughtered (aver-
age BW 270 |b). Carcass data were collected,
and samples of jowl fat were collected, their
fatty acid profile was determined, and their IV
was calculated. In addition, belly firmness
was determined by using a subjective scoring



system (scale of 1 = very soft to 10 = very
firm) and by measuring the distance from tip
to tip of the belly after it was drooped over a
1-in.? bar for 5 min.

All data were analyzed as a randomized
complete block design by using the MIXED
procedure of SAS with HCW as a covariate
for carcass measurements. Orthogonal con-
trasts were used to separate treatment means
with comparisons between control vs. DDGS
treatments, DDGS without vs. with added fat,
and stearic acid vs. coconut oil.

Results and Discussion

Analyses of the DDGS (Table 2) indicated
that its fat was mainly long-chain and unsatu-
rated (e.g., C18:2) asis expected for the oil in
cereal grains. Fatty acid composition of the
other fat sources was similar to expected com-
positions; tallow and palm oil were about 50%
saturated, and the stearic acid and coconut oil
products were more than 90% saturated.

In the first growth assay (Exp. 1), the
corn-soybean control supported greater overall
ADG and ADFI (P < 0.001) with no differ-
ence in F/IG (P > 0.9) compared with the
DDGS treatments (Table 3). Adding 5% beef
tallow or pam oil to diets with DDGS im-
proved overall F/G by 6.5% (P < 0.02), but
there was no difference (P > 0.12) in growth
performance between pigs fed tallow vs. palm
oil. For carcass data, pigs fed the control diet
had greater (P < 0.04) HCW and dressing per-
centage than pigs fed the DDGS treatments.
Adding fat to the DDGS diets tended to im-
prove dressing percentage (P < 0.07), but
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there were no effects of fat source on carcass
measurements (P > 0.14). Changesin 1V indi-
cated softer fat in pigs fed DDGS (P < 0.001)
than in pigs fed the control diet even when the
sources of saturated fatty acids (tallow and
palm oil) were added to the diets.

In Exp. 2, the corn-soybean control tended
to support greater overall ADG (P < 0.09)
with no difference in ADFI and F/IG (P >
0.14) compared with the DDGS treatments
(Table 4). Adding fat sources to diets with
DDGS tended to improve (P < 0.06) overal
F/G, and coconut oil improved F/G compared
with stearic acid (P < 0.001). For carcass data,
pigs fed the control diet had greater (P < 0.05)
HCW than pigs fed the DDGS treatments.
However, dressing percentage, percentage
carcass lean, backfat thickness, and loin depth
were not affected by adding DDGS or fat to
the diets (P > 0.18). Pigs fed the control diet
had lower IV and greater firmness scores
compared with pigs fed diets with added
DDGS (P < 0.02). Adding fat sources to diets
with DDGS improved these estimates of car-
cass firmness and the tip to tip distance for
suspended bellies (P < 0.001); coconut oil had
a much greater effect than stearic acid (P <
0.001).

In conclusion, the use of 40% DDGS in
diets for finishing pigs tended to reduce ADG
and indicators of carcass firmness. Adding
tallow, palm oil, or coconut oil to diets with
DDGS improved feed efficiency, but only co-
conut oil restored indicators of carcass firm-
ness to levels as good as or better than those
achieved with the corn-soybean meal-based
control treatment.



Table 1. Composition of diets

Phase 1 Phase 2
DDGS + DDGS +

Ingredient, % Control DDGS fat Control DDGS fat
Corn 79.90 5310 49.32 8496 5810 5456
DDGS! 40.00  40.00 40.00  40.00
Fat 5.00 5.00
Soybean meal (47.5% CP) 17.70 4.80 6.00 12.90 1.00
Limestone 1.09 1.35 134 1.07 1.27 131
Monocal cium phosphate (21% P) 0.73 0.04 0.13 0.59
Salt 0.23 0.10 0.10 0.23 0.10 0.10
L-lysine HCI 0.20 0.47 0.47 0.12 0.39 0.39
L-threonine 0.03
Vitamin premix 0.04 0.04 0.04 0.04 0.04 0.04
Mineral premix 0.03 0.05 0.05 0.04 0.05 0.05
Antibiotic? 0.05 0.05 0.05 0.05 0.05 0.05
Calculated analysis, %°

Lys 0.90 0.90 0.93 0.70 0.70 0.73

Ca 0.60 0.60 0.62 0.55 0.55 0.57

Tota P 0.50 0.50 0.52 0.45 0.45 0.47

! Dried distillers grains with solubles.
% To provide 40 g/ton tylosin.
® Nutrient:calorie ratios were kept constant for diets with added fat.

Table 2. Fatty acid composition of dried distillers grains with solubles (DDGS) and fat
sources

Fatty acid, % DDGS Beef tallow Palm oil Stearicacid  Coconut ail
C8:0 0.43 0.01 0.05 0.01 7.87
C10:0 0.00 0.10 0.05 0.06 6.02
C12:.0 0.04 0.07 0.35 0.09 47.82
C14:0 0.11 3.16 1.09 2.65 17.53
C16:.0 16.58 24.24 42.46 27.20 8.61
Cl16:1 0.50 2.15 0.07 0.40 0.06
C17:.0 0.16 2.00 0.14 1.89 0.02
C18:.0 1.96 20.25 4.45 65.34 3.24
Ci8:1 28.15 41.88 37.81 0.08 6.14
C18:2 48.30 3.04 11.68 0.27 2.08
C18:3 2.70 0.25 0.59 0.02 0.06
C20:0 0.30 0.15 0.37 1.25 0.09
Saturated fatty acids 19.88 50.62 49.14 98.97 91.31
Unsaturated fatty acids 80.12 49.38 50.86 1.03 8.69
Unsaturated/saturated 4.03 0.98 1.03 0.01 0.10
lodine value 115.6 44.1 54.5 1.0 9.1
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Table 3. Effects of adding beef tallow and palm oil to diets with sorghum-based dried distillers
grains with solubles (DDGS) on growth performance and carcass characteristics in finishing

pigs*

40% DDGS P value
No added Palm Control vs. Fat Talow
Item Control fat Talow oil SE DDGS effect vs. Padm
d0to 36

ADG, |Ib 2.32 2.04 1.95 2.07 0.06 0001 ---? 0.13

ADFI, Ib 6.72 6.18 5.75 5.83 0.14 0.002 0.06 ---

FIG 2.90 3.03 2.95 2.82 0.06 --- 0.09 0.15
d0to69

ADG, Ib 2.27 2.04 1.96 2.06 0.04 0.001 0.13

ADFI, Ib 7.37 6.91 6.34 6.40 0.13 0.001 0.006 ---

FIG 3.25 3.39 3.23 3.11 0.05 --- 0.02 0.15
HCW, Ib 2148 195.6 1955 198.2 6.6 0.001
Dressing, %° 71.9 70.0 71.1 70.4 0.4 0.04 0.07 0.14
Carcass lean, %° 53.8 54.2 542  54.4 0.4
Backfat thickness, in.3 0.76 0.73 0.72 0.72 0.02  ---
Loin depth, in.3 2.23 2.21 212 2.18 0.05  ---
lodine value®* 67.9 72.1 731 732 0.6 0.001 -

LA total of 112 barrows (initially 140 Ib) with 7 pigs per pen and 4 pens per treatment.
?Dashesindicate P > 0.15.

3HCW used as a covariate.

* As calculated from fatty acid profile of the jowls.
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Table 4. Effects of adding stearic acid and coconut oil to diets with sorghum-based dried distill-
ers grains with solubles (DDGS) on growth performance and carcass characteristics in finishing

pigs*

40% DDGS P value
No added Control Fa  Stearicvs.
Item Control fat Stearic Coconut SE vs. DDGS effect Coconut
d0to 30
ADG, Ib 171 153 1.53 167 0.03  0.009 012 0.02
ADFI, Ib 645 6.05 6.17 587 019 002 @ ---2 0.13
FIG 377 39 4.03 351 007 -- 0.02  0.001
d0to 67
ADG, Ib 1.80 1.69 1.72 175 005 0.09
ADFI, Ib 6.32 6.07 6.32 575 018 014 0.02
FIG 351 359 3.67 329 005 -- 0.06  0.001
HCW, Ib 1975 188.0 1895 194.2 5.1 0.05
Dressing, %° 71.7 708 705 714 06 -
Carcass lean, %° 554 557 55.7 55.0 03 - 0.09
Backfat thickness, in.® 067 0.64 0.64 069 002 -- 0.06
Loin depth, in.? 225 218 222 227 004 -
lodine value* 674 717 70.5 66.6 0.3 0.001 0.001 0.001
Belly firmness score®® 5.8 4.7 4.9 6.1 0.3 0.02 0.001 0.001
Tiptotip distance, in> 7.3 5.7 6.4 9.4 03 - 0.001 0.001

1A total of 112 barrows (initially 150 Ib) with 7 pigs per pen and 4 pens per treatment.
?Dashes indicate P > 0.15.

3HCW used as a covariate.

* As calculated from fatty acid profile of the jowls.

®Scale of 1 = very soft to 10 = very firm.
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EFFECTS OF EXPANDER CONDITIONING ON THE NUTRITIONAL VALUE
OF DIETS WITH DRIED DISTILLERS GRAINS WITH SOLUBLES
IN NURSERY AND FINISHING PIGS

C. Feoli, J. D. Hancock, K. C. Behnke®, T. L. Gugle, and S. D. Carter?

Summary

Three experiments were conducted to de-
termine the effects of expander conditioning
on nutritional value of diets without and with
corn- and sorghum-based dried distillers
grains with solubles (DDGS). In Exp. 1, 180
nursery pigs (average weight 29 Ib) were as-
signed to 30 pens. Treatments were arranged
as a 3 x 2 factoria with main effects of diet
formulation (corn-soybean meal vs. 30% corn-
or sorghum-based DDGS) and conditioning
(standard steam vs. expander) prior to pellet-
ing. Pigs fed corn-soybean meal diets had bet-
ter (P < 0.005) ADG, F/G, and digestibility of
DM, N, and GE than pigs fed diets with
DDGS. Diets with corn-based DDGS sup-
ported better (P < 0.03) ADG, F/G, and di-
gestibility of DM and N than diets with sor-
ghum-based DDGS. Expander processing im-
proved (P < 0.009) ADG, F/G, and digestibil-
ity of DM, N, and GE compared with standard
conditioning. Pigs fed diets with sorghum-
based DDGS showed the greatest response in
F/G to expander conditioning leading to a
DDGS source x conditioning interaction (P <
0.008). In Exp. 2, 176 finishing pigs (average
weight 164 |b) were assigned to 16 pens.
Treatments were arranged as a 2 x 2 factorial
with main effects of diet formulation (corn-
soybean meal vs. 40% sorghum-based DDGS)
and conditioning (standard steam vs. ex-
pander) prior to pelleting. Net electrical en-

ergy required for feed processing was lower
(P < 0.001) and production rate was greater (P
< 0.005) for the corn-soybean meal diets than
for diets with DDGS. However, pellet durabil-
ity was improved (P < 0.001) by addition of
DDGS to the diets. Pigs fed corn-soybean
meal diets had better (P < 0.03) overall ADG
and F/G than pigs fed diets with DDGS. Ex-
pander conditioning did not affect ADG (P >
0.83) but improved overall F/G and dressing
percentage (P < 0.007). In Exp. 3, 192 finish-
ing pigs (average weight 222 Ib) were as
signed to 16 pens to determine nutrient di-
gestibility. Treatments were the same as in
Exp. 2. Feed and water was consumed ad libi-
tum during a 6-d adjustment period; then, fe-
ces were collected for 2 d. Corn-soybean meal
diets had greater (P < 0.001) digestibility of
DM, N, and GE than diets with DDGS, and
expander conditioning improved (P < 0.02)
digestibility of DM, N, and GE compared with
standard conditioning. However, the improved
digestibility of DM with expander condition-
ing was apparent primarily for the DDGS diets
(diet x conditioning interaction, P < 0.01). In
conclusion, expanding diets improved ADG,
F/G, and nutrient digestibility in nursery pigs
and F/G, dressing percentage, and nutrient di-
gestibility in finishing pigs fed diets without
and with DDGS.

Key words: digestibility, dried distillers grains
with solubles, expander conditioning

! Department of Grain Science and Industry, Kansas State University.
2 Department of Animal Science, Oklahoma State University, Stillwater.
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Introduction formulated to 1.4% lysine, 0.75% Ca, and
0.65% P.

The U.S. Renewable Fuel Standard man-
dates that 15 billion gal of ethanol from grain

starch will be needed by 2015. Thus, it seems

Table 1. Composition of nursery diets

. ; Corn-soybean
certain that coproducts from the ethanol indus- | ngrediient, % meal DDGS
try, such as dried distillers grains with solu- =, 62.86 42 97
bles (DDGS), will continueto increase in sup- 5~ 30,00
ply. and use in diets for pigs. Dried d.IStI||eI’S Soybean meal (47.5% CP) 3260 285
grains with solubles have about three times as _
much fiber as the cereals from which they are  -'Mmestone L1l 1.36
produced. In the 2007 Swine Day Report of ~ Monocalcium phosphate (21% P) 1.30 0.67
Progress, (Feoli et al., page 126 and Feoli et ~ Salt 0.36 0.35
al., page 131), we suggested that addition of  L-lysine HCI 0.32 0.53
high levels of DDGS in diets for nursery and  DL-methionine 0.12 0.02
finishing pigs had negative effects on nutrient  L-threonine 0.09 0.05
digestibility and growth rate. Previous ex-  vitamin premix 0.11 0.11
periments from our laboratory have shown  \ineral premix 0.08 0.05
that conditioning wheat midds-based diets A pipiotic? 0.70 0.70
high in fiber in an expander prior to pelleting . omic oxide® 0.5 0.25
improved nutrient digestibility in nursery and Copper sulfate 0.10 0.09
finishing pigs. Therefore, the objective of the ' '
present experiments was to determine the ef- _
fects of expander conditioning on the nutri- ~ Caculated anaysis
tiona value of diets with and without ~ Lysine 140 140
DDGS. Ca 0.75 0.75

Totd P 0.65 0.65

Procedures ! Dried distillers grains with solubles.

2 To supply 140 g/ton oxytetracycline and 140 g/ton neo-

For Exp. 1, 180 nursery pigs (42 d old and
initially 29 Ib) were used in a 14-d growth as-
say. The pigs were sorted by sex and ancestry,
blocked by weight, and assigned to pens.
There were 3 gilts and 3 barrows in each pen
and 5 pens per treatment. The pigs were
housed in an environmentally controlled nurs-
ery having 4-ft x 4-ft pens with woven-wire
flooring. Each pen had a self-feeder and nip-
ple waterer to allow ad libitum consumption
of feed and water.

Treatments were arranged as a 3 x 2 facto-
rial with main effects of diet formulation (Ta-
ble 1; corn-soybean meal vs. diets with 30%
corn-based DDGS from Sioux River Ethanol,
Hudson, SD, and 30% sorghum-based DDGS
from U.S. Energy Partners, Russell, KS) and
conditioning (standard steam vs. expander)
prior to pelleting. All diets (Table 1) were
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mycin.
3 Used as an indigestible marker.

Diets were either steam conditioned to
180°F or expanded conditioned (302°F, 200
PSI) before passing into a pelleting press (30
HD Master Model, California Pellet Mill, San
Francisco, CA) equipped with a 7/8-in.-thick
die having 5/32-in. openings. Samples of the
processed diets were collected, and pellet du-
rability index (PDI) was determined by using
the tumbling-box technique (ASAE S269.4
DEC1991). Additionally, the PDI procedure
was modified to induce more stress on the pel-
lets by adding 5 hexagonal nuts into the tum-
bling box.

Pigs and feeders were weighed on d 0 and
14 to dlow calculation of ADG, ADFI, and
F/G. Feces were collected on d 4 and 5 from



no less than 3 pigs per pen to allow determina-
tion of apparent digestibility for DM, N, and
GE.

Data were analyzed as a randomized com-
plete block design (initial weight as a covari-
ate) by using the MIXED procedure of SAS.
Orthogonal contrasts were used to separate
treatment means with comparisons of (1) con-
trol vs. DDGS diets, (2) corn- vs. sorghum-
based DDGS, 3) standard vs. expander condi-
tioning, (4) corn-soy vs. DDGS x standard vs.
expander conditioning, and (5) corn- vs. sor-
ghum-based DDGS x standard vs. expander
conditioning.

For Exp. 2, 176 finishing pigs (initialy
164 Ib) were used in a 54-d growth assay. The
pigs were sorted by sex and ancestry, blocked
by weight, and assigned to pens. There were
11 pigs per pen and 4 pens per treatment. The
pigs were housed in an environmentally con-
trolled finishing facility having 6-ft x 16-ft
pens with half solid and half datted concrete
flooring. Each pen had a self-feeder and nip-
ple waterer to allow ad libitum consumption
of feed and water.

Treatments were arranged as a 2 x 2 facto-
rial with main effects of diet formulation
(corn-soybean meal vs. 40% sorghum-based
DDGS) and conditioning (standard steam vs.
expander) prior to pelleting. All diets (Table
2) were formulated to 0.90% lysine, 0.60%
Ca, and 0.50% P. Feed was processed as in
Exp. 1, but 6 batches of feed were made, and
more extensive processing data were col-
lected. Voltage and cone pressure of the ex-
pander were kept constant at 250 volts and
200 PSI, respectively. Then, motor load and
production rate for the pellet mill, net electri-
cal consumption for the pellet mill and the ex-
pander, and PDI were measured and analyzed
as a randomized complete block design by us-
ing the MIXED procedure of SAS with batch
as the blocking criterion. Orthogonal contrasts
for a 2 x 2 factorial were used to separate
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means for the main effects of diet formulation
and conditioning.

Pigs and feeders were weighed on d 0, 26,
and 54 to allow calculation of ADG, ADFI,
and F/G. The pigs were slaughtered (average
weight 287 Ib) at acommercial slaughter facil-
ity, and carcass data were collected. Growth
performance and carcass data were analyzed
as a randomized complete block design by us-
ing the MIXED procedure of SAS with initial
weight as the blocking criterion and pen as the
experimental unit. Hot carcass weight was
used as a covariate in analysis of data for
dressing percentage, carcass lean percentage,
backfat thickness, and loin depth. Orthogonal
contrasts for a 2 x 2 factorial were used to
separate treatment means with main effects of
diet formulation and conditioning.

For Exp. 3, 176 finishing pigs (initialy
222 1b) were used in an 8-d digestibility study.
The pigs were sorted by sex and ancestry,
blocked by weight, and assigned to pens.
There were 11 pigs per pen and 4 pens per
treatment. The pigs were housed in an envi-
ronmentally controlled finishing facility hav-
ing 6-ft x 16-ft pens with half solid and half
datted concrete flooring. Each pen had a self-
feeder and nipple waterer to alow ad libitum
consumption of feed and water with pigs and
feeders weighed on d 0 and 8. Feces were col-
lected on d 7 and 8 from no less than 6 pigs
per pen. Concentrations of DM, N, GE, and Cr
in the diets and feces were determined to al-
low for calculation of apparent digestibilities.
Treatments and diets were the same as in the

growth assay (Exp. 2).

Data were analyzed as a randomized com-
plete block design by using the MIXED pro-
cedure of SAS with initial weight as the
blocking criterion and pen as the experimental
unit. Orthogonal contrasts for a2 x 2 factorial
were used to separate means for the main ef-
fects of diet formulation and conditioning.



Results and Discussion

In Exp. 1 (Table 3), the corn-soybean meal
diets supported better (P < 0.005) ADG, AD-
FI, F/G, and digestibility of DM, N, and GE,
than diets with DDGS. Also, pigs fed diets
with corn-based DDGS had better (P < 0.03)
ADG, F/G, and digestibility of DM and N
than pigs fed diets with sorghum-based
DDGS. Expander conditioning improved (P <
0.009) ADG, F/G, and digestibility of DM, N,
and GE compared with standard conditioning.
However, expander conditioning tended to
improve digestibility of DM most in diets with
DDGS as indicated by the corn-soybean medl
vs. DDGS x standard vs. expander condition-
ing interaction (P < 0.08). Finally, pigs fed
diets with sorghum-based DDGS had greater
improvement in F/G with expander condition-
ing than pigs fed diets with corn-based DDGS
(corn- vs. sorghum-based DDGS x standard
vs. expander; P < 0.008).

Milling data (Table 4) for the finishing di-
ets used in Exp. 2 indicated that addition of
40% DDGS decreased pellet mill throughput
(i.e.,, production rate) and increased energy
used in the pelleting process (P < 0.005).
However, contrary to some reports, high in-
clusion of DDGS improved PDI (P < 0.001).
As for pig growth (Table 5), adding 40%
DDGS to diets for finishing pigs reduced (P <
0.02) overall ADG and ADFI and increased (P
< 0.03) overal F/G. Expander conditioning
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improved (P < 0.002) F/G, but this response
was consistent for diets with and without
DDGS (i.e.,, no diet formulation x expander
conditioning interaction; P > 0.41).

Pigs had lower (P < 0.001) HCW when
fed diets with 40% DDGS. Even when cor-
rected to a constant HCW (via covariate anal-
ysis), dressing percentage (P < 0.03) and loin
depth (P < 0.06) were greater for pigs fed the
corn-soybean meal diets than for pigs fed the
DDGS treatments. However, half the loss in
HCW and all the loss in dressing percentage
were recovered when diets with DDGS were
expander processed prior to pelleting.

Nutrient digestibility in finishing pigs (Ta-
ble 6) was greater (P < 0.001) for pigs fed di-
ets without DDGS. Expander conditioning
improved (P < 0.02) digestibility of N and GE
compared with standard conditioning, but di-
gestibility of DM was improved with ex-
pander conditioning only in the DDGS diets
(diet x conditioning interaction, P < 0.01).

In conclusion, adding 30 and 40% DDGS
to nursery and finishing diets decreased
growth performance and nutrient digestibility
compared with a corn-soybean meal control.
However, expanding diets improved ADG,
F/G, and nutrient digestibility in nursery pigs
and F/G, dressing percentage, and nutrient di-
gestibility in finishing pigs fed diets without
and with DDGS.



Table 2. Composition of finishing diets

d0to 26 d26to 54
Corn-soybean Corn-soybean

Ingredient, % medl DDGS' meal DDGS
Corn 79.63 52.67 81.47 54.54
DDGS 40.00 40.00
Soybean meal (47.5% CP) 17.80 4.95 16.20 3.30
Limestone 1.09 1.34 1.06 1.24
M onocal cium phosphate (21% 0.73 0.05 0.54
P)
Salt 0.30 0.30 0.38 0.30
L-lysine HCI 0.20 0.47 0.13 0.40
L-threonine 0.03
Vitamin premix 0.12 0.12 0.12 0.12
Mineral premix 0.05 0.05 0.05 0.05
Antibiotic? 0.05 0.05 0.05 0.05
Calculated analysis

Lysine 0.90 0.90 0.80 0.80

Ca 0.60 0.60 0.55 0.55

Total P 0.50 0.50 0.45 0.45

! Dried distillers grains with solubles.
% To provide 40 g/ton tylosin.
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Table 3. Effects of expander conditioning of diets with corn- and sorghum-based dried distillers grains
with solubles (DDGS) on growth performance and nutrient digestibility in nursery pigs*

Corn-soybean  Corn-based Sorghum-based
meal DDGS DDGS Contrasts®

Item Std® Exp®  Std Exp Std  Exp SE 1 2 3 4 5
PDI, %° 885 949 930 950 919 966
ADG, Ib 148 159 133 144 121 139 004 0001 002 0.002---° -
ADFI, Ib 215 223 193 204 206 207 005 0001 009 - - -
FIG 145 140 145 142 170 150 003 0.005 0.001 0.009 --- 0.008
Digestibility of
DM, %’ 825 837 769 799 764 783 04 0001 0.03 0.001 0.08 --
Digestibility of
N, % 783 815 764 796 701 734 07 0001 0001 0.001 --- ---
Digestibility of
GE, % 812 838 765 784 756 773 05 0001 0.9 0.001 --- ---

LA total of 180 nursery pigs (initially 29 Ib) with 6 pigs per pen and 5 pens per treatment.

2 Contrasts were (1) control vs. DDGS diets, (2) corn- vs. sorghum-based DDGS, (3) standard vs. expander con-
ditioning, (4) corn-soybean meal vs. DDGS x standard vs. expander conditioning, and (5) corn- vs. sorghum-
based DDGS x standard vs. expander conditioning.

3 Standard conditioning prior to pelleting.

* Expander conditioning prior to pelleting.

> Pellet durability index (ASAE S269.4 DEC1991).

®Dashesindicate P > 0.15.

" Fecal samples collected on d 4 and 5 with chromic oxide used as an indigestible marker.

Table 4. Effects of expander conditioning of finishing diets with corn- and sorghum-based dried dis-
tillers grains with solubles (DDGS) on production efficiency (Exp. 2)*

Corn-soybean med DDGS P value
Diet Condit. Diet x

ltem Std? Exp® Std Exp SE  effect  effect  Cond.
Conditioning temp, °F * 181 244 182 315 4 0.001  0.001 0.001
Amperage, amps 19.0 18.9 17.4 16.2 03 0001 0.03 0.04
Motor load, % 335 30.0 29.8 28.2 14 005 007 --°
Production rate, Ib/h 2,553 2,550 2213 2312 113 0.005 ---
Net energy, kWhi/t 9.6 41.9 10.1 53.8 1.6 0.001 0.001 0.001
Pellet durability

Standard, %° 76.3 90.8 87.7 96.0 1.3 0.001 0.001 0.007

Modified, %’ 69.6 88.8 85.2 95.5 16 0.001 0.001 0.002

! Each diet was replicated by manufacturing a new batch of feed 6 times.

2 Standard conditioning prior to pelleting.

% Expander conditioning prior to pelleting.

*Measured at the exit of the standard conditioner and at the expander cone.
*Dashesindicate P > 0.15.

®Pellet durability index (ASAE S269.4 DEC1991).

"Modified by adding 5 hexagonal nuts (1/2-in. diameter) to the tumbling box.
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Table 5. Effects of expander conditioning of diets with corn- and sorghum-based dried distillers
grains with solubles (DDGS) on growth performance and carcass characteristics in finishing pigs*

Corn-soybean meal DDGS P value
Diet Condit. Diet x
ltem Sto? Exp® Std Exp SE effect effect  Cond.
d0to 26
ADG, Ib 2.43 2.46 2.22 225 0.08 002  ---*
ADFI, Ib 6.78 6.46 6.22 6.07 0.30 0.004 009 -
FIG 2.79 2.63 2.80 270 007 - 002 -
dOto54
ADG, Ib 2.37 2.32 2.16 223  0.05 0.004 - 0.14
ADFI, Ib 7.13 6.63 6.60 659 0.26 0.02 0.03 0.04
FIG 3.01 2.86 3.06 296  0.06 0.03 0.002 -
HCW, Ib 2153  215.6 2040 2100 5.6 0.001 0.10 0.13
Dressing, %° 735 74.3 72.7 73.7 0.3 0.03 0.007 -
Carcass lean, %° 53.8 53.6 54.0 53.3 0.7
Backfat thickness, in® 0.80 0.81 0.77 082 004 -
Loin depth, in® 2.38 2.42 2.31 231 004 0.06

LA total of 176 finishing pigs (initially 164 Ib) with 11 pigs per pen and 4 pens per treatment.
2 Standard conditioning prior to pelleting.

3 Expander conditioning prior to pelleting.

*Dashesindicate P > 0.15.

®HCW used as a covariate.

Table 6. Effects of expander conditioning of diets with corn- and sorghum-based dried distillers grain

with solubles (DDGS) on nutrient digestibility in finishing pigs*

Corn-soybean meal DDGS P value
Diet Condit. Diet x

Item Std? Exp’ Std Exp SE effect effect  Cond.
Pellet durability

Standard, %* 746 947 909 972

Modified, %° 677 944 892 971
ADG, |b 177  2.02 183 18 011 ---°
ADFI, Ib 681 657 657 634 030
FIG 385 325 359 352 027 0.15
Digestibility of DM, %’ 86.8  86.7 795 819 0.4 0.001 0.02 0.01
Digestibility of N, % 832 854 725 765 0.7 0.001 0.001  ---
Digestibility of GE, % 86.1  87.7 775 811 0.8 0.001 0.02

LA total of 176 finishing pigs (initially 222 Ib) with 11 pigs per pen and 4 pens per treatment.
2 Standard conditioning prior to pelleting.

% Expander conditioning prior to pelleting.

*Pellet durability index (ASAE S269.4 DEC1991).

®>Modified by adding five hexagonal nuts (1/2-in. diameter) to the tumbling box.

®Dashes indicate P > 0.15.

" Fecal samples collected on d 7 and 8 with chromic oxide used as an indigestible marker.
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VARIATION IN CHEMICAL COMPOSITION OF SOYBEAN HULLS"

F. F. Barbosa, M. D. Tokach, J. M. DeRouchey, R. D. Goodband,
J. L. Nelssen, and S. S. Dritz?

Summary

The objective of this study was to examine
the variation in chemical composition of soy-
bean hulls. Our goa was to develop regression
equations characterizing the nutritive value of
soybean hulls for use in swine diets. Samples
(n = 39) were collected from different process-
ing plants across the United States and ana-
lyzed for CP, GE, crude fiber (CF), ADF,
NDF, fat, ash, Ca, P, and essential amino ac-
ids. One sample was excluded from these re-
sults because it contained approximately 10
times the amount of Ca (5.2% vs. a mean of
0.57%) as other samples. The results of chem-
ical analysis of the samples were used to de-
termine maximum, minimum, and mean val-
ues on a DM basis. Estimated DE values were
calculated according to an equation described
by Noblet and Perez (1993). Regression equa-
tions among the nutrients also were estab-
lished. A high correlation was observed be-
tween CF and CP (R? = 0.92), ADF (R? =
0.96), NDF (R2 = 0.97), and estimated DE (R
= 0.94), indicating that the analyzed fiber con-
tent of soybean hulls could be used to predict
the other components. A high correlation also
was observed between CP and estimated DE
(R2=0.90). Lower correlations were observed
between ash concentration and Caand P. High
correlations were observed between CP and
lysine (R* = 0.89), methionine (R?= 0.88),
threonine (R2 = 0.93), and tryptophan (R? =
0.93). In summary, the chemical composition

of soybean hulls can be highly variable; how-
ever, CF content can help explain much of the
variation in CP, ADF, NDF, and estimated
DE, and CP content can be used to predict in-
dividual amino acid levels.

Key words: nutritive value, soybean hulls
Introduction

The United States is among the world's
top soybean-producing countries. One of the
by-products of soybean processing is soybean
hulls, which are separated during the oil ex-
traction process. Soybean hulls represent 7 to
8% of the weight of the soybean. Thus, large
amounts of soybean hulls are available for
swine feeding. Many of the ingredient compo-
sition tables used by swine nutritionists do not
list the composition for soybean hulls. Tables
in some foreign publications (e.g., Brazilian
tables for poultry and swine) list values for
soybean hulls; however, these values may be
based on a limited number of samples and in-
fluenced by soybean source and processing
techniques. Research to determine the nu-
trional values of soybean hulls from U.S. soy-
bean crushing facilities has not been com-
pleted. Therefore, this study was conducted to
examine the variation in chemical composition
of soybean hulls. Our goa was to develop re-
gression equations characterizing the nutritive
value of soybean hullsfor usein swine diets.

! The authors thank Anjinomoto Heartland Lysine, Chicago, IL, for conducting the amino acid analysis.
2Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.



Procedures

Samples were collected from feed mills
and soy processors throughout the United
States. A total of 39 samples were collected
from processing plantsin Alabama (1 sample),
Colorado (3 samples), Georgia (1 sample),
[llinois (10 samples), Indiana (2 samples),
lowa (6 samples), Kansas (3 samples), Minne-
sota (6 samples), Missouri (1 sample), North
Carolina (1 sample), North Dakota (1 sample),
Ohio (2 samples), Oklahoma (1 sample), and
Wisconsin (1 sample). The samples were ana
lyzed for crude fiber (CF), GE, CP, ADF,
NDF, fat, ash, Ca, P, and indispensable amino
acids content. Gross energy was analyzed by
bomb calorimetry in the Kansas State Univer-
sity Analytical Lab. Amino acids were ana-
lyzed by Ajinomoto Heartland LLC Amino
Acid lab (Chicago, IL). All other analysis was
conducted by Ward Labs (Kearney, NE). Af-
ter the analysis of nutrient values, 1 sample
was excluded because it contained approxi-
mately 10 times the amount of Ca (5.22% vs.
amean of 0.57%) as other samples. Therefore,
all the results were obtained from 38 samples.
The results for amino acid concentration were
obtained from all 39 samples. Estimated DE
values were calculated according to an equa-
tion described by Noblet and Perez (1993):
DE = 4,151 + (122 x % Ash) + (23 x % CP) +
(38 x % EE) - (64 x % CF (R* = 0.89). Esti-
mated ME values were calculated according to
the equation described by May and Bell
(1971): ME = DE x (1.012 — (0.0019 x % CP
(R?=0.91).

The mean, minimum, maximum, and stan-
dard deviation for each analytical variable
were determined. Regression equations were
developed to determine the relationship be-
tween major analytical components.

Results and Discussion
The wide range in soy hull nutrient levels

is shown in Table 1. Crude protein ranged
from 9.0 to 26.7% with a mgjority of the sam-
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ples between 9 and 12%. Crude fiber content
ranged from 21.8 to 36.1% on an as-fed basis
with the majority of the samples being be-
tween 34 and 36% (Figure 1).

Because the wide range in nutrient values
was not evenly distributed, the mean values
should not be used for diet formulation. Thus,
regression equations were developed to pre-
dict the nutrient levels from 1 or 2 variables
that could be measured relatively inexpen-
sively (Table 2). These equations are an im-
portant tool in formulating diets for pigs, re-
ducing the time and cost of laboratory analy-
sis. A high correlation was observed between
CF and CP with CF predicting 92% of the
variation in CP content (Figure 1). Crude fiber
also was highly correlated to other variables
with CF predicting almost 96% of the varia-
tion in ADF content, 97% of the variation in
NDF content, 90% of the variation in esti-
mated DE, and 89% of the variation in esti-
mated ME (Figures 2 to 5, respectively). A
high correlation also was observed between
CP and estimated DE (Y = 74.79x + 521.9; R2
= 0.90). Lower correlations were observed
between ash concentration and Ca and P.
Also, lower correlations were observed be-
tween GE and all the other nutrients.

Because of the high variability in CP lev-
els, it was not surprising that individual amino
acids were highly variable between soy hull
sources (Table 1). When expressed relative to
the CP content in the soy hulls, most of the
variability can be explained. Crude protein
explained most of the variability in lysine
(89%), methionine (88%), threonine (93%),
and tryptophan (93%) (Figures 6 to 9, respec-
tively) as well many other amino acids.

The chemical composition of the soybean
hulls can be influenced by many factors in-
cluding processing procedure and growing
conditions for the soybeans. These data indi-
cate that the chemical composition of soybean
hulls can be highly variable; however, CF
content can help explain much of the variation



in CP, ADF, NDF, and energy content. Crude  required for diet formulation can be estimated
protein content can explain much of the varia=  from laboratory analysis of the CF and CP
tion in amino acid content. Thus, the most of  level.

the nutrient values for soybean hulls that are

Table 1. Nutritional values of soybean hulls on an as-fed basis*

Nutrient Minimum Mean Maximum SD
Moisture, % 3.39 8.18 9.51 1.16
CP, % 9.00 12.27 26.70 3.68
GE, kcal/kg 3,668 4,017 4,401 159
Est. DE, kcal/kg 1,056 1,425 2,413 291
Est. ME, kcal/kg 1,037 1,387 2,272 268
Crudefiber, % 21.80 33.32 36.10 3.04
ADF, % 27.50 42.42 46.70 3.95
NDF, % 37.80 57.28 62.10 5.16
Fat, % 0.60 154 4.30 0.83
N free extract, % 36.00 39.18 41.10 1.26
Ash, % 411 4.87 6.12 0.46
Ca % 0.42 0.52 0.70 0.05
P, % 0.10 0.15 0.32 0.05

Amino acids, %

Lysine 0.67 0.86 1.83 0.21
Methionine 0.10 0.16 0.48 0.07
Threonine 0.37 0.48 1.15 0.14
Tryptophan 0.11 0.15 0.37 0.05
Arginine 0.43 0.65 1.81 0.29
Histidine 0.24 0.31 0.68 0.09
Leucine 0.58 0.82 1.99 0.30
Isoleucine 0.34 0.48 1.17 0.17
Phenylalanine 0.31 0.54 1.26 0.19
Vaine 0.39 0.55 1.30 0.18

!V alues represent the data from 38 samples (39 for amino acids).
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Table 2. Regression equations to predict CP, ADF, NDF, estimated DE, and estimated ME
from crude fiber (CF) and to predict amino acids content from CP (as-fed basis)

Nutrient Equation R?

Nutrient predicted from CF*
CcpP =-1.1622 x CF + 50.998 0.92
ADF =1.2697 x CF + 0.1143 0.96
NDF =1.6689 x CF + 1.6755 0.97
Estimated DE =-90.699 x CF + 4447.4 0.90
Estimated ME =-83.072 x CF + 4155.2 0.89

Amino acid predicted from CP*
Lysine =0.05735x CP + 0.1048 0.89
Methionine =0.0168 x CP— 0.0551 0.88
Threonine =0.038 x CP—0.0189 0.93
Tryptophan =0.0123 x CP—0.0078 0.93
Arginine =0.0758 x CP— 0.2757 0.93
Histidine =0.0241 x CP + 0.0162 0.93
Leucine =0.0776 x CP + 0.136 0.93
Isoleucine = 0.0459 x CP— 0.0162 0.93
Phenylalanine =0.0486 x CP— 0.0574 0.93
Valine =0.0474 x CP— 0.0339 0.92

! CF is expressed as a percentage of the soy hulls on an as-fed basis.
2 CPis expressed as a percentage of the soy hulls on an as-fed basis.
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Figure 1. Relationship between crude fiber and CP content of soybean hulls (as-fed basis).
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Figure 2. Relationship between crude fiber and ADF content of soybean hulls (as-fed basis).
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Figure 3. Relationship between crude fiber and NDF content of soybean hulls (as-fed basis).
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Figure 6. Relationship between CP and lysine content of soybean hulls (as-fed basis).

gig y = 0.0168x- 0.0551

0.4 R? = 0 ARO2
0.4
0.3
0.3
Q.2

La ]
-

0.1
0.1
n.ao

Methionine. 54

5.0 0.0 15.0 2040 250 J0.C
TP, %

Figure 7. Relationship between CP and methionine content of soybean hulls (as-fed basis).

164



1.0 y = 0.038x- 0.0185 *
; Ri=0.923

=z 0.8
1]
E 0.6
=
Y
=
= 2

0.0 .

A 10.0 150 20.0 25.0 30.0

CP. %
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Swine Day 2008

USE OF DRIED DISTILLERS GRAINS WITH SOLUBLES
AND SOYBEAN HULLS IN NURSERY PIG DIETS

F. F. Barbosa, S. S. Dritz', M. D. Tokach, J. M. DeRouchey,
R. D. Goodband, and J. L. Nelssen

Summary

A total of 3,186 pigs were used in two 21-
d experiments to evaluate growth performance
of nursery pigs fed different levels of dried
distillers grains with soluble (DDGS) or soy-
bean hulls. In each experiment, pigs (n =
1,593, and 24.0 Ib in Exp. 1 and n = 1,593,
and 27.3 Ib in Exp. 2) were alotted to 72 pens
(36 pens of barrows and 36 pens of gilts) with
21 or 22 pigs per pen on d 21 after weaning. A
pen of barrows and pen of gilts shared a com-
mon feeder; thus, feeder was the experimental
unit. In Exp. 1, treatments were a corn-
soybean meal-based control diet or the same
diet with 7.5, 15, or 22.5% added DDGS. In-
creasing DDGS from 0 to 22.5% did not affect
ADG (P > 0.26) or ADFI (P > 0.21) but line-
arly (P < 0.004) improved F/G. The surviva
rate of pigs (99.0 to 99.5%) was not affected
(P > 0.60) by diet. In Exp. 2, treatments were
arranged as a 2 x 2 factoria with either O or
15% DDGS and 0 or 4% soybean hulls. Add-
ing DDGS, soybean hulls, or the combination
of DDGS and soybean hulls to the control diet
did not affect (P > 0.17) ADG. There was an
interaction (P < 0.01) between DDGS and
soybean hulls for ADFI and atrend for an in-
teraction (P < 0.09) for F/G. Adding DDGS
reduced ADFI and improved (P < 0.04) F/G to
a greater extent when added to the control diet
than when added to the diet containing soy-

bean hulls. Adding soybean hulls to the con-
trol diet did not affect (P > 0.17) pig perform-
ance. The survival rate of pigs (99.5 to 100%)
was not affected (P > 0.31) by treatments. In
summary, 15 to 22.5% DDGS and up to 4%
soybean hulls were added to diets for 25- to
50-1b pigs without affecting ADG; increasing
levels of DDGS (up to 22.5%) improved feed
efficiency in these experiments.

Key words: dried distillers grains with solubles,
nursery pig, soybean hulls

Introduction

In the last few years, the utilization of ce-
real grains to produce ethanol has rapidly in-
creased in the United States. Because of its
abundance, higher starch content, and greater
ethanol yield compared with other cerea
grains, corn is the most common grain used to
produce ethanol. One of the most relevant
coproducts obtained from ethanol production
is dried distillers grains with solubles
(DDGS), and great interest has been generated
regarding the use of this coproduct in swine
diets. Another by-product that has been stud-
ied for use in swine diets is soybean hulls,
which originate from soybean processing.
The United States is one of world's largest
producers of soybeans, with more than 70 mil-
lion tons produced in 2007. The hulls repre-
sent 7 to 8% of the weight of the soybean;

! Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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therefore, approximately 6 million tons of
soybean hulls are produced every year. Recent
research has indicated that low levels (2 to
4%) of soybean hulls may be added to nursery
diets without reducing pig performance. Be-
cause soybean hulls are normally less expen-
sive than corn, use at these low levels could
reduce diet cost. Limited data is available to
determine the influence of soybean hulls on
pig performance in commercial farms. Thus,
these trials were conducted to evaluate growth
performance of nursery pigs fed different lev-
els of DDGS or soybean hullsin a commercia
nursery.

Procedures

Procedures used in these experiments were
approved by the Kansas State University Insti-
tutional Animal Care and Use Committee. A
total of 3,186 pigs were used in two 21-d ex-
periments. In each experiment, 1,593 pigs
were allotted to 72 pens (36 pens of barrows
and 36 pens of gilts) with 21 or 22 pigs per
pen on d 21 after weaning. A pen of barrows
and pen of gilts shared a common feeder; thus,
feeder was the experimental unit.

Experiment 1. Pigs (initially 24.0 Ib)
were randomly allotted to 1 of 4 dietary treat-
ments. Treatments consisted of a corn-
soybean meal-based control diet or the same
diet with 7.5, 15, or 22.5% added DDGS (Ta
ble 1). On d 21, 28, 35, and 42 after weaning,
pigs were weighed and feed disappearance
was measured to calculate ADG, ADFI, and
F/G. Survival rate was calculated for each
feeder by dividing the number of pigs at the
end of the experiment by the initial number of
pigs (2 pens per feeder; initialy 22 pigs per
pen). Data were analyzed by using the PROC
MIXED procedure in SAS. Contrasts were
used to test for linear and quadratic responses
to DDGS level.

Experiment 2. Pigs (initially 27.3 |b)
were randomly allotted to 1 of 4 dietary treat-
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ments. Diets were corn-soybean meal-based.
Dietary treatments were arranged as a 2 x 2
factoria with either 0 or 15% DDGS and O or
4% soybean hulls (Table 2). The experimental
procedures followed the same methodology as
described for Exp. 1. Data were analyzed by
using PROC MIXED in SAS as a randomized
complete block design with pens (one barrow
pen and one gilt pen) consuming feed from a
single feeder as the experimental unit. Data
were anayzed for interactions and the main
effects of DDGS and soybean hulls.

Results and Discussion

Experiment 1. Increasing DDGS in the
diet from 0 to 22.5% did not influence (P >
0.21) ADG or ADFI (Table 3). However, in-
creasing DDGS in the diet from 0 to 22.5%
linearly (P < 0.004) improved F/G. Survival
rate of pigs was not affected (P > 0.60) by die-
tary treatment.

Experiment 2. Adding DDGS, soybean
hulls, or the combination of DDGS and soy-
bean hulls to the control diet did not influence
(P >0.09) ADG (Table 4). Aninteraction (P <
0.01) was observed between DDGS and soy-
bean hulls for ADFI. Feed intake was reduced
to a greater extent when DDGS was added to
the control diet than when added to the diet
containing soybean hulls. There was also a
trend for an interaction (P < 0.09) between
DDGS and soy hulls for F/G. Adding DDGS
to the control diet improved F/G, whereas
adding DDGS to the diet containing soy hulls
had no influence on F/G. Adding soybean
hulls to the control diet did not influence pig
performance. Survival rate of pigs (99.5 to
100%) was not affected (P > 0.31) by the
treatments.

In conclusion, 15 to 22.5% DDGS and 4%
soybean hulls were added to diets for 25- to
50-1b pigs without negatively affecting ADG.
Increasing DDGS (up to 22.5%) improved
feed efficiency in these experiments.



Table 1. Diet composition (Exp. 1)

Dried distillers grains with solubles, %

Ingredient, % 0 75 15 22.5
Corn 60.83 55.78 50.68 45.58
Soybean meal (46.5% CP) 34.25 31.91 29.57 27.24
Dried distillers grains with solubles 7.50 15.00 22.50
Choice white grease 1.50 1.50 1.50 1.50
Dicalcium phosphate (18.5% P) 1.45 1.20 1.00 0.80
Limestone 0.80 0.90 1.00 1.10
Salt 0.35 0.35 0.35 0.35
L-lysine HCI 0.30 0.35 0.40 0.45
DL-methionine 0.10 0.09 0.07 0.06
L-threonine 0.12 0.12 0.12 0.12
Vitamin and trace mineral premix 0.30 0.30 0.30 0.30
Total 100.0 100.0 100.0 100.0
Calculated analysis
Standardized ileal digestible amino acids
Lysine, % 1.29 1.29 1.29 1.29
Methionine:lysine ratio, % 31% 31% 31% 31%
Met & Cys.lysineratio, % 55.9% 56.6% 57.3% 58.0%
Threonine:lysineratio, % 63.5% 64.0% 64.4% 64.8%
Tryptophan:lysineratio, % 17.91% 17.47% 17.03% 16.60%
ME, kcal/lb 1,533 1,536 1,538 1,540
LysineME ratio, g/Mcal 3.82 381 3.80 3.80
Protein, % 215 22.1 22.6 231
Ca, % 0.74 0.72 0.71 0.70
P, % 0.67 0.65 0.64 0.62
Available P, % 0.41 0.41 0.41 0.41
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Table 2. Diet composition (Exp. 2)

Control 15% 4% DDGS +

Ingredients, % diet DDGS soy hulls soy hulls
Corn 60.83 50.72 57.46 47.30
Soybean meal (46.5% CP) 34.24 29.43 33.71 28.89
DDGS 15.00 15.00
Soy hulls 4.00 4.00
Choice white grease 1.50 1.50 1.50 1.50
Dicalcium phosphate (18.5% P) 1.45 1.05 1.40 1.05
Limestone 0.80 1.05 0.75 1.00
Salt 0.35 0.35 0.35 0.35
L-lysine HCI 0.30 0.40 0.30 0.40
DL-methionine 0.10 0.07 0.10 0.07
L-threonine 0.12 0.12 0.12 0.12
Vitamin and trace mineral premix 0.30 0.30 0.30 0.30
Tota 100.0 100.0 100.0 100.0
Calculated analysis
Standardized ileal digestible amino acids

Lysine, % 1.29 1.29 1.29 1.29

Methionine:lysine ratio, % 31% 31% 31% 31%

Met & Cyslysineratio, % 55.9% 57.3% 55.0% 56.4%

Threonine:lysineratio, % 63.5% 64.4% 63.1% 63.9%

Tryptophan:lysineratio, % 17.9% 17.0% 17.7% 16.8%
ME, kcal/lb 1,533 1,537 1,512 1,515
LysineME ratio, g/Mcal 3.82 3.81 3.87 3.86
Protein, % 215 22.6 215 225
Ca, % 0.74 0.74 0.74 0.75
P, % 0.67 0.65 0.66 0.64
Available P, % 0.42 0.42 0.42 0.42

! Dried distillers grains with solubles.

Table 3. Effects of increasing dried distillers grains with solubles (DDGS) in nursery diets on
pig performance and survival rate (Exp. 1)*

DDGS, %

Item 0 7.5 15 22.5 SE P values
ADG, Ib 112 113 114 1.14 0.01 0.26
ADFI, Ib 1.67 1.66 1.62 1.64 0.02 0.21
FIG 150 147 143 1.44 0.02 0.004
Avgwt, Ib

d 212 24.0 24.1 24.1 24.0 0.2 0.91

d42 47.5 47.8 48.1 48.0 0.4 0.43
Survival, % 99.0% 99.5% 99.2% 99.2% 0.5 0.83
! Each number is the mean of 6 feeders (1 barrow pen and 1 gilt pen per feeder with 22 pigs per pen
initialy).

2 Thetrial began 21 d after weaning.
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Table 4. Effects of dried distillers grains with solubles (DDGS) and soybean hulls in nursery diets on pig
performance and survival rate (Exp. 2)*

P values
4%soy  15% DDGS & Soy DDGS x soy

Item Control  15% DDGS hulls 4% soy hulls SE  DDGS  hulls hulls
ADG, Ib 1.23 1.23 1.22 1.20 001 030 0.09 0.26
ADFI, Ib 1.81% 1.73° 1.77% 1.74° 002 025 035 0.01
FIG 1.47% 1.41° 1.45% 1.45% 002 007 061 0.09
Avgwt, Ib

d 217 27.2 27.3 27.3 27.3 03 095 092 0.99

d 42 53.1 53.2 53.0 52.4 04 042 023 0.50
Survival,%  99.5 99.7 100.0 99.7 02 031 031 1.00

! Each number is the mean of 6 feeders (1 barrow pen and 1 gilt pen per feeder with 22 pigs per pen initially).

2 Thetrial began 21 d after weaning.
®\ithin arow, means without a common superscript letter differ (P < 0.05).
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Swine Day 2008

INFLUENCE OF GLYCEROL AND ADDED FAT
ON FINISHING PIG PERFORMANCE"

A. W. Duttlinger, M. D. Tokach, S .S. Dritz?, J. L. Nelssen,
R. D. Goodband, and J. M. DeRouchey

Summary

A 28-d study was conducted to determine
the influence of dietary glycerol on grow-
finish pig performance. The experiment was
conducted at a commercial swine research fa
cility in southwest Minnesota. A total of 1,093
pigs (initially 171.3 Ib, PIC) were blocked by
weight and randomly allotted to 1 of 6 dietary
treatments. Pigs were fed corn-soybean meal-
based diets. The treatments were arranged in a
2 x 3 factorial with main effects of glycerol
(O, 2.5, or 5%) and added fat (O or 6%). Over-
al (d 0to 28), there was afat x glycerol inter-
action (P < 0.04) for ADFI. When 5% glyc-
erol was added to diets without added fat,
ADFI decreased; however, ADFI did not
change when glycerol was added to diets con-
taining 6% added fat.

Pigs fed diets with added fat had improved
(P < 0.01) ADG and F/G compared with pigs
fed diets with no added fat. Increasing glyc-
erol decreased ADG (linear, P < 0.02) and
ADFI (linear, P < 0.04) and tended (linear,
P < 0.08) to worsen F/G, a result of the nega-
tive effect of adding glycerol to diets without
fat. In conclusion, 6% added fat improved
ADG and F/G, but the glycerol used in this
study decreased ADG and ADFI when added
to diets without added fat.

Key words: fat, glycerol
Introduction

According to the Nationa Biodiesel
Board, in October 2007 there were 105
operating biodiesel production facilities and
77 facilities in the planning or construction
stage in the United States. If al of these plants
were built, estimated U.S. biodiese
production capacity would exceed 2.5 billon
ga. This level of production would produce
nearly 1.3 million tons of glycerol, the
primary coproduct of biodiesel production.
There has been much interest in utilizing
crude glycerol as a feed ingredient in animal
diets to reduce diet costs. However, little is
known about glycerol’s nutritional value.
Previous research at Kansas State University
found that feeding glycerol to nursery pigs
increased ADG and ADFl and dlightly
improved F/G. In addition, dietary fat has
continualy shown improved ADG and F/G in
grow-finish performance. However, because
fat and glycerol are both in liquid form,
questions exist regarding whether their effects
on performance will be additive when
included in the diet. Therefore, the objective
of this study was to evaluate the effects of
glycerol added to diets with or without added
fat on growth performance in finishing pigs.

! Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg, Cal

Hulstein, and Marty Heintz for technical assistance.

2Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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Procedures

Procedures used in these experiments were
approved by the Kansas State University
(KSU) Ingtitutional Animal Care and Use
Committee. The experiment was conducted at
a commercia research facility in southwest
Minnesota. The facility had a totally datted
floor, and each pen was equipped with a 4-
hole dry self-feeder and 1 cup waterer. The
facility was a double-curtain-sided, deep-pit
barn that operated on natural ventilation dur-
ing the summer and mechanical ventilation
during the winter. The experiment was con-
ducted in August.

A total of 1,093 pigs (initialy 171.3 Ib,
PIC 337 x 1050) were used in the 28-d study.
Each pen contained 24 to 28 pigs with an
equal distribution of barrows and gilts. Pigs
were randomly allotted and blocked to 1 of 6
dietary treatments with 7 pens per treatment.
Pigs were fed corn-soybean meal-based ex-
perimental diets (Table 1) in meal form. The
treatments were arranged in a 2 x 3 factoria
with main effects of crude glyceral (0, 2.5, or
5%) and added fat (O or 6%). A single lot of
crude glycerol was stored and used in the trial.
All experimental diets were balanced to main-
tain a constant standardized ileal digestible
lysineeME ratio. Pigs and feeders were
weighed on d 0, 14, and 28 to determine the
response criteriaof ADG, ADFI, and F/G.

Data were analyzed as a randomized com-
plete block design by using the PROC
MIXED procedure of SAS with pen as the ex-
perimental unit. The main effects and interac-
tion between fat and glycerol were tested. Li-
near and quadratic polynomial contrasts were
used to determine the effects of increasing
added glycerol.

Results

Overall (d 0to 28), there was afat x glyc-
erol interaction (P < 0.04) for ADFI (Table 2).
When 5% glycerol was added to diets without
added fat, ADFI decreased; however, ADFI
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did not change when glycerol was added to
diets containing 6% added fat.

Pigs fed diets with added fat had greater
(P < 0.01) ADG than pigs fed diets with no
added fat. Adding fat to the diet improved (P
< 0.01) F/G because pigs fed added fat con-
verted feed more efficiently than pigs fed diets
with no added fat.

Increasing glycerol decreased ADG (lin-
ear, P < 0.02) and ADFI (linear, P < 0.04) and
tended (linear, P < 0.08) to worsen F/G, are-
sult of the negative effect of adding glycerol
to diets without fat.

Discussion

Adding fat to diets of these finishing pigs
resulted in significant improvement in ADG
and F/G. Adding 6% fat to the diet increased
ADG 9.7% and improved F/G 9.3%. Com-
pared with previous research trials in this fa
cility, the growth response was greater than
expected for this weight range; however, the
response in F/G was similar to previoustrials.

Previous research at KSU has shown in-
creases in ADG and ADFI and dight im-
provement in F/G when feeding glycerol to
nursery pigs. Our trial was designed to test
performance in finishing pigs. Because crude
glycerol has been reported to have energy con-
tent similar to corn, we did not expect that
adding up to 5% glycerol to the diet would
influence growth performance. We speculated
that any negative effects, if observed, may be
due to poor diet flowability when 5% glycerol
was added to diets containing 6% fat. Because
adding glycerol to diets containing 6% fat did
not influence growth performance, flowability
does not appear to be a major problem. Con-
versely, adding glycerol to diets without added
fat resulted in poorer ADFI, ADG, and F/G.

The negative effect of glycerol on feed in-
take in diets without added fat was surprising.
Glycerol from this same lot was used in the
previous nursery trial conducted at KSU. It is



possible that storing this lot of glycerol inthe tion of the glycerol thus decreasing palatabil-
feed mill for 3 mo (over the summer) may ity. Further research is planned at KSU to in-
have resulted in decreased stability or oxida-  vestigate this possibility.

Table 1. Diet composition (as-fed basis)

0% added fat 6% added fat
0% 2.50% 5% 0% 2.50% 5%

Item, % glycerol  glycerol  glycerol glycerol glycerol glyceral
Corn 82.84 80.14 77.43 74.37 71.66 68.96
Soybean meal, 46.5% CP 1524 15.44 15.64 17.71 17.91 18.11
Glycerol 2.50 5.00 2.50 5.00
Choice white grease 6.00 6.00 6.00
Monocacium P, 21% P 0.45 0.45 0.45 0.50 0.50 0.50
Limestone 0.85 0.85 0.85 0.80 0.80 0.80
Salt 0.35 0.35 0.35 0.35 0.35 0.35
L-lysine HCI 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin premix with phytase® 0.06 0.06 0.06 0.06 0.06 0.06
Trace mineral premix 0.07 0.07 0.07 0.07 0.07 0.07
Total 100 100 100 100 100 100
Calculated analysis
Total lysine, % 0.79 0.79 0.79 0.85 0.85 0.85
SID? Lysine:ME, g/lMcal 2.09 2.09 2.09 207 207 2.07
Standardized ileal amino acids, %

Lysine 0.70 0.70 0.70 0.75 0.75 0.75

Isoleucine:lysine 0.71 0.70 0.70 0.70 0.69 0.69

Leucinelysine 1.79 1.76 174 1.67 1.65 1.62

Methionine:lysine 0.31 0.31 0.31 0.3 0.29 0.29

Met & Cyslysine 0.65 0.64 0.63 0.61 0.6 0.59

Threonine:lysine 0.63 0.63 0.62 0.62 0.61 0.61

Tryptophan:lysine 0.19 0.19 0.19 0.19 0.19 0.19

Valinellysine 0.84 0.83 0.82 0.81 0.8 0.79
ME, kcal/lb 1,522 1,522 1,522 1,645 1,645 1,645
Protein, % 14.3 141 14.0 14.7 14.6 144
Ca, % 0.48 0.48 0.48 0.48 0.48 0.48
P, % 0.43 0.43 0.42 0.44 0.43 0.42
Available P, %° 0.22 0.22 0.22 0.23 0.23 0.23

! Provided per pound of diet: 170 phytase unit (FTU) of phytase.
29|D = Standardized ileal digestible.
3 Includes expected P release of .07% from added phytase.
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Table 2. Effects of glycerol on grow-finish pig performance®

Contrasts, P <
0% added fat 6% added fat Glycerol
0% 2.50% 5% 0% 2.50% 5% Fat x

Item glycerol glycerol  glycerol glycerol glycerol glycerol SE  Glycerol Fat  Glycerol Linear Quadratic
dOto28

Initial wt, Ib 171.2 1715 171.2 171.3 1715 171.3 2.31 1.00 09  0.99 1.00 090

ADG, Ib 1.85 1.78 1.67 2.03 1.98 200 004 014 0.01 0.05 0.02 0.82

ADFI, Ib 6.38 6.44 6.03 6.33 6.21 6.29 0.09 0.04 0.86 0.08 004 038

FG 3.45 3.63 3.63 313 3.13 314 0.06 0.28 0.01 0.14 0.08 0.35

LA total of 1,093 pigs (initially 171.3 Ib) were used in a 28-d experiment. Each pen contained 24 to 28 pigs with an equal distribution of barrows and
gilts. There were 7 pens (replications) per treatment.
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EFFECTS OF INCREASING GLYCEROL AND DRIED DISTILLERS GRAINS WITH
SOLUBLES ON THE GROWTH PERFORMANCE AND CARCASS
CHARACTERISTICS OF FINISHING PIGS*?

A. W. Duttlinger, J. M. Benz, T. A. Houser, M. D. Tokach, S. S. Dritz®, J. M. DeRouchey,
J. L. Nelssen, R. D. Goodband, and K. J. Prusa*

Summary

A tota of 1,160 barrows (PIC, initialy
68.4 |b) were used in a 97-d study to deter-
mine the influence of glycerol and dried dis-
tillers grains with solubles (DDGS) on grow-
ing-finishing pig performance, carcass charac-
teristics, and fat quality. Pigs were blocked by
weight and randomly allotted to 1 of 6 dietary
treatments with 7 replications per treatment.
Pigs were fed corn-soybean meal-based diets
arranged in a 2 x 3 factorial with main effects
of glyceral (0, 2.5, or 5%) and DDGS (0 or
20%). Overall (d 0 to 97), there were no glyc-
erol x DDGS interactions (P > 0.12) for
growth performance, carcass characteristics,
and carcass fat iodine value (IV). Increasing
glycerol did not affect (P > 0.14) ADG or
F/G. Adding 20% DDGS to the diet did not
affect ADG. However, pigs fed diets with
20% added DDGS had greater (P < 0.02)
ADFI resulting in poorer (P < 0.01) F/G than
pigs fed diets with no DDGS. For carcass cha-
racteristics, pigs fed increasing glycerol
tended to have increased (linear, P < 0.11)
yield. Pigs fed diets with added DDGS had
increased (P < 0.01) jowl fat, belly fat, and
backfat 1V compared with pigs fed diets with
no DDGS. However, increasing dietary glyc-

erol tended to decrease (linear, P < 0.11)
backfat 1V. In conclusion, feeding pigs 20%
DDGS worsened F/G and increased carcass
fat 1V, whereas feeding glycerol did not influ-
ence growth performance but tended to im-
prove carcass yield and reduce backfat 1V.

Key words: dried distiller grains with solubles,
glycerol, growing-finishing pig

Introduction

According to the National Biodiesel
Board, in October 2007 there were 105
biodiesel production facilities operating and
77 facilities in the planning or construction
stage in the United States. If al of these
facilities were operational, the estimated U.S.
biodiesel production capacity would exceed
2.5 hillon gal. This level of production would
produce nearly 1.3 million tons of glyceral,
the primary coproduct of biodiesel production.
There has been much interest in utilizing
crude glycerol as a feed ingredient in animal
diets. However, little is known about
glycerol’s nutritional value and its effect on
carcass characteristics. Previous research has
shown that the unsaturation index of carcass
fat can be reduced when pigs are fed glycerol.

! Appreciation is expressed to the Minnesota Pork Board for partial funding of thistrial.
2 Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg and

Marty Heintz for technical assistance.

*Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
* Department of Animal Science, lowa State University, Ames.



Thus, combining glycerol with an ingredient
high in unsaturated fat, such as dried distillers
grains with solubles (DDGS), may improve
carcass fat firmness.

In addition, research has shown that
DDGS levels ranging from 0 to 20% of the
diet could be fed without negatively affecting
growth performance. Feeding DDGS has been
shown to affect carcass quality and
characteristics when fed to growing-finishing
pigs. Specifically, feeding DDGS has been
shown to reduce percent yield and carcass
weight, increase carcass fat softness, and
reduce belly firmness. Therefore, the objective
of this trial was to evaluate the effect of
dietary glycerol and DDGS on growing-
finishing pig performance, carcass
characteristics, and iodine value (1V) of belly
fat, jowl fat, and backfat (BF).

Procedures

Procedures used in these experiments were
approved by the Kansas State University
(KSU) Ingtitutional Animal Care and Use
Committee. The experiment was conducted at
a commercial research facility in southwest
Minnesota. The facility had a totally datted
floor, and each pen was equipped with a 4-
hole dry self-feeder and 1 cup waterer. The
facility was a double-curtain-sided, deep-pit
barn that operated on mechanical ventilation
during the summer and on automatic ventila-
tion during the winter. The experiment was
conducted in late summer and fall of
2007.

A total of 1,160 barrows (PIC, 337 x
1050, initially 68.4 |b) were used in the 97-d
study. Pigs were blocked by weight and ran-
domly allotted to 1 of 6 dietary treatments
with 7 pens per treatment. Each pen contained
27 to 28 barrows. Pigs were fed corn-soybean
meal-based experimental diets (Tables 1, 2, 3,
and 4) in meal form across 4 phases. The
treatments were arranged in a 2 x 3 factorial
with main effects of glycerol (0, 2.5, or 5%)
and DDGS (0 or 20%). Multiple lots of glyc-
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erol from the same soybean biodiesel produc-
tion facility (Minnesota Soybean Processors,
Brewster, MN) were used in the tria. All ex-
perimental diets were balanced to maintain a
constant standardized ileal digestible (SID)
lysineME ratio within each phase. For both
DDGS and glycerol, the NRC (1998) ME val-
ue of corn (1,551 kcal/lb) was used in diet
formulation.

Pigs and feeders were weighed on d 0, 14,
28, 42, 56, 70, 84, and 97 to determine the re-
sponse criteria of ADG, ADFI, and F/G. The
pigs in this study were marketed in 2 different
groups. First, on d 70, the barn was “topped,”
meaning the 2 heaviest pigs from each pen
were visualy selected, removed, and mar-
keted. The remaining pigs were marketed on d
97.

At the end of the experiment, pigs from
each pen were individually tattooed with pen
number and shipped to the JBS Swift & Com-
pany processing plant (Worthington, MN).
Standard carcass criteria of BW, loin and BF
depth, HCW, lean percentage, and yield were
collected. Fat-free lean index (FFLI) was also
measured by using the equation:

50.767 + (0.035 x HCW) — (8.979 x BF).

Jowl, BF, and belly samples were col-
lected from 2 randomly selected barrows from
each pen from the d-97 marketing group to
analyze fat for individual fatty acids. Samples
were collected and frozen until further proc-
ng and analysis.

lodine value was calculated from the fol-
lowing equation following AOCS (1998) pro-
cedures:;

C16:1(0.95)+C18:1(0.86)+C18:2(1.732)+C18:
3(2.616)+C20:1(0.785)+C22:1(0.723).

The fatty acids results are represented as a
percentage of the total fatty acids in the sam-

ple.



Data were analyzed as a randomized com-
plete block design by using the PROC
MIXED procedure of SAS with pen as the ex-
perimental unit. Main effects and interactions
between pigs fed glycerol and DDGS were
tested. Linear and quadratic polynomial con-
trasts were used to determine the effects of
increasing added glycerol.

Results

Overall (d 0to 97), there were no glycerol
x DDGS interactions (P > 0.12) for growth
performance, carcass characteristics, and 1V.
Increasing dietary glycerol did not affect (P >
0.14) any growth performance criteria (Table
5). Adding 20% DDGS to the diet did not af -
fect (P > 0.73) ADG,; however, pigs fed diets
with added DDGS had greater (P < 0.02) AD-
FI and poorer (P < 0.01) F/G than pigs not fed
DDGS. For carcass characteristics, increasing
dietary glycerol tended to increase (linear, P <
0.11) yield (Table 6). However, increasing
glycerol in the diet did not affect (P > 0.17)
carcass weight, carcass weight variation, BF
depth, loin depth, FFLI, or lean percentage.
Adding 20% DDGS to the diet did not affect
(P > 0.18) any carcass characteristics. For car-
cass fat quality, pigs fed diets with added
DDGS had increased (P < 0.01) linoleic acid,
total polyunsaturated fats (PUFA), Unsatu-
rated faity acid:saturated fatty acids
(UFA:SFA), and polyunsaturated:saturated
fatty acids (PUFA:SFA) injowl fat, belly fat,
and BF compared with pigs fed diets with no
DDGS (Table 7, 8, and 9). However, increas-
ing glycerol tended to decrease (linear, P <
0.08) linoleic acid, total PUFA, (linear, P <
0.10) PUFA:SFA, and (linear, P < 0.11) IV in
BF, with no change to jowl and belly fat IV (P
> 0.24).
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Discussion

Adding up to 5% glycerol to the diet did
not influence growth performance. This re-
sponse was expected because glycerol has
been reported to have energy content similar
to that of corn. However, in previous research
at KSU, we observed reduced ADFI when fin-
ishing pigs were fed dietary glycerol; we be-
lieved this was due to decreased palatability as
aresult of prolonged storage. Because adding
glycerol to diets did not influence ADFI in
this study, palatability does not appear to be
an issue with this glycerol source.

Contrary to previous research in this facility,
the addition of DDGS to diets increased ADFI
and worsened F/G. We hypothesize that the
DDGS used in thistrial had an actual ME val-
ue lower than our formulated value, which
was the same as corn. Even though there was
not a DDGS x glycerol interaction (P = 0.12),
the 2% poorer F/G and greater ADFI for pigs
fed diets with 20% DDGS was largely a result
of responses when DDGS was added to diets
containing glycerol. The F/G for the diets
without glycerol was similar regardliess
whether DDGS was included in the diet (2.52
vs. 2.51).

Previous research has demonstrated that
feeding DDGS results in decreased carcass
yield and increased carcass fat 1V. Although a
decrease in yield was not observed in our trial,
carcass fat did become softer when DDGS
was added to the diet. Glycerol appeared to
improve percent yield, which was not ex-
pected.

In conclusion, feeding pigs 20% DDGS
worsened F/G and increased carcass fat 1V,
whereas feeding glycerol did not influence
growth performance but tended to improve
carcass yield and reduce backfat 1V.



Table 1. Phase 1 diet composition (as-fed basis)*

DDGS, %°
0 20
0% 2.50% 5% 0% 2.50% 5%

Ingredient, % glycerol  glycerol glycerol  glycerol glycerol glycerol
Corn 68.18 65.47 62.77 55.16 52.46 49.75
Soybean meal (46.5% CP) 26.63 26.83 27.03 19.69 19.89 20.09
Glycerol 2.50 5.00 2.50 5.00
DDGS 20.00 20.00 20.00
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P, (21% P) 0.63 0.63 0.63 0.18 0.18 0.18
Limestone 0.85 0.85 0.85 1.13 1.13 1.13
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.08 0.08 0.08 0.08 0.08 0.08
Trace mineral premix 0.10 0.10 0.10 0.10 0.10 0.10
Optiphos 2000° 0.03 0.03 0.03 0.03 0.03 0.03
L-Lysine HCI 0.15 0.15 0.15 0.30 0.30 0.30
DL-Methionine 0.01 0.02 0.02
Total 100.00 100.00  100.00 100.00 100.00 100.00
Calculated analysis
SID* amino acids, %

Lysine 0.98 0.98 0.98 0.98 0.98 0.98

Methioninellysine 28 28 29 30 30 29

Met & Cyslysine 57 57 57 61 61 60

Threonine:lysine 60 60 60 61 61 60

Tryptophan:lysine 19 19 19 18 18 18
SID Lysine:calorieratio, g/Mca ME 2.82 2.82 2.82 2.81 2.81 2.81
ME, kcal/lb 1,578 1,578 1,578 1,582 1,582 1,582
Total lysine, % 1.10 1.10 1.10 1.13 1.13 1.13
CP, % 18.33 18.20 18.06 19.57 19.44 19.30
Ca, % 0.55 0.55 0.55 0.55 0.55 0.55
P, % 0.51 0.50 0.49 0.47 0.46 0.46
Available P, %° 0.28 0.28 0.28 0.28 0.28 0.28

! Fed from 68 to 120 Ib.
?Dried distillers grains with solubles.

% Provided per pound of diet: 227 phytase unit (FTU) of phytase.

* Standardized ileal digestible .

®Includes expected P release of .07% from added phytase.
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Table 2. Phase 2 diet composition (as-fed basis)*

DDGS, %
0 20
0% 2.50% 5% 0% 2.50% 5%

Ingredient, % glycerol  glycerol glycerol  glycerol glycerol glycerol
Corn 74.27 71.57 68.87 61.20 58.50 55.80
Soybean meal (46.5% CP) 20.66 20.86 21.06 13.72 13.92 14.12
Glycerol 2.50 5.00 2.50 5.00
DDGS 20.00 20.00 20.00
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P, (21% P) 0.55 0.55 0.55 0.13 0.13 0.13
Limestone 0.85 0.85 0.85 113 1.13 113
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.06 0.06 0.06 0.06 0.06 0.06
Trace mineral premix 0.08 0.08 0.08 0.08 0.08 0.08
Optiphos 2000° 0.03 0.03 0.03 0.03 0.03 0.03
L-Lysine HCI 0.15 0.15 0.15 0.30 0.30 0.30
Tota 100.00 100.00  100.00 100.00 100.00  100.00
Calculated anaysis
SID* amino acids, %

Lysine 0.83 0.83 0.83 0.83 0.83 0.83

Methioninelysine 29 29 28 32 32 32

Met & Cyslysine 60 59 58 66 65 64

Threonine:lysine 61 61 61 62 62 61

Tryptophan:lysine 19 19 19 17 17 17
SID Lysineicalorieratio, g/Mca ME 2.38 2.38 2.38 2.38 2.38 2.38
ME, kcal/lb 1,580 1,580 1,580 1,585 1,585 1,585
Total lysine, % 0.93 0.93 0.93 0.97 0.96 0.96
CP, % 16.06 15.93 15.79 17.31 17.17 17.04
Ca, % 0.52 0.52 0.52 0.52 0.52 0.52
P, % 0.47 0.46 0.45 0.43 0.43 0.42
Available P, %° 0.25 0.24 0.24 0.25 0.25 0.25

! Fed from 120 to 170 Ib.
2Dried distillers grains with solubles.

% Provided per pound of diet: 227 phytase unit (FTU) of phytase.

* Standardized ileal digestible.

> |ncludes expected P release of .07% from added phytase.
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Table 3. Phase 3 diet composition (as-fed basis)*

DDGS, %
0 20
0% 2.50% 5% 0% 2.50% 5%

Ingredient, % glycerol  glycerol glycerol  glycerol glycerol glycerol
Corn 78.67 75.97 73.27 64.12 61.42 58.72
Soybean meal (46.5% CP) 16.28 16.48 16.68 10.90 11.10 11.30
Glycerol 2.50 5.00 2.50 5.00
DDGS 20.00 20.00 20.00
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P, (21% P) 0.55 0.55 0.55 0.10 0.10 0.10
Limestone 0.85 0.85 0.85 1.13 1.13 1.13
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.05 0.05 0.05 0.05 0.05 0.05
Trace mineral premix 0.07 0.07 0.07 0.07 0.07 0.07
Optiphos 2000° 0.03 0.03 0.03 0.03 0.03 0.03
L-Lysine HCI 0.15 0.15 0.15 0.25 0.25 0.25
Tota 100.00 100.00  100.00 100.00 100.00 100.00
Calculated analysis
SID* amino acids, %

Lysine 0.72 0.72 0.72 0.72 0.72 0.72

Methionine:lysine 31 30 30 35 35 35

Met & Cyslysine 63 62 61 72 71 71

Threonine:lysine 62 62 62 66 66 65

Tryptophan:lysine 19 19 19 17 17 17
SID Lysine:calorieratio, g/Mca ME 2.06 2.06 2.06 2.06 2.06 2.06
ME, kcal/lb 1,582 1,582 1,582 1,586 1,586 1,586
Total lysine, % 0.81 0.81 0.81 0.85 0.85 0.85
CP, % 14.40 14.27 14.13 16.20 16.06 15.93
Ca, % 0.50 0.50 0.50 0.51 0.51 0.51
P, % 0.45 0.44 0.44 0.42 0.41 0.41
Available P, %° 0.23 0.23 0.23 0.23 0.23 0.23

! Fed from 170 to 220 Ib.
2Dried distillers grains with solubles.

% Provided per pound of diet: 227 phytase unit (FTU) of phytase.

* Standardized ileal digestible.

> |ncludes expected P release of .07% from added phytase.
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Table 4. Phase 4 diet composition (as-fed basis)*

DDGS, %°
0 20
0% 2.50% 5% 0% 2.50% 5%

Ingredient, % glycerol  glycerol glycerol  glycerol glycerol glycerol
Corn 80.64 77.93 75.23 66.09 63.39 60.69
Soybean meal (46.5% CP) 14.29 14.50 14.70 8.91 911 9.31
Glycerol 2.50 5.00 2.50 5.00
DDGS 20.00 20.00 20.00
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P, (21% P) 0.60 0.60 0.60 0.15 0.15 0.15
Limestone 0.85 0.85 0.85 1.13 1.13 1.13
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.04 0.04 0.04 0.04 0.04 0.04
Trace mineral premix 0.05 0.05 0.05 0.05 0.05 0.05
Optiphos 2000° 0.03 0.03 0.03 0.03 0.03 0.03
L-Lysine HCI 0.15 0.15 0.15 0.25 0.25 0.25
Tota 100.00 100.00  100.00 100.00 100.00 100.00
Calculated analysis
SID* amino acids, %

Lysine 0.64 0.64 0.64 0.64 0.64 0.64

Methionine:lysine 31 31 31 37 36 36

Met & Cyslysine 65 64 63 75 74 73

Threonine:lysine 63 62 62 67 67 66

Tryptophan:lysine 19 19 18 17 17 17
SID Lysine:calorieratio, g/Mca ME 1.92 1.92 1.92 1.92 1.92 1.92
ME, kcal/lb 1,582 1,582 1,582 1,586 1,586 1,586
Total lysine, % 0.76 0.76 0.76 0.79 0.79 0.79
CP, % 13.65 13.51 13.37 15.44 15.31 15.17
Ca, % 0.51 0.51 0.51 0.51 0.51 0.51
P, % 0.45 0.44 0.44 0.42 0.41 0.41
Available P, %° 0.22 0.22 0.22 0.22 0.22 0.22

! Fed from 220 to 273 Ib.
2Dried distillers grains with solubles.

% Provided per pound of diet: 227 phytase unit (FTU) of phytase.

* Standardized ileal digestible.

> |ncludes expected P release of .07% from added phytase.
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Table 5. Influence of glycerol and DDGS* on growing-finishing pig performance?

0% DDGS 0% DDGS Contrasts, P <
Glycerol, % Glycerol, % Glycerol
Item 0 2.50 5 0 2.50 5 SE DxG DDGS Glycerol Linear Quadratic
d0to 97
Initial wt, Ib 68.0 68.2 69.0 68.2 68.9 682 246 0.9 0.98 0.98 0.84 0.94
ADG, Ib 214 211 212 214 212 213 002 099 0.73 0.44 0.38 0.35
ADFI, Ib 537 5.28 5.30 5.39 541 553 006 029 0.02 0.59 0.63 0.37
FIG 2.51 2.50 2.50 2.52 2.56 260 0.02 012 0.01 0.31 0.14 0.72
Fina wt, Ib 2735 2720 2719 2738 2738 2721 320 096 0.76 0.87 0.60 0.98
Removals 6 7 6 6 10 6

! Dried distillers grain with solubles.

2A total of 1,160 pigs (initially 68.4 Ib.) were used in a 97-d experiment with 27 to 28 pigs per pen and 7 replications per treatment.

Table 6. Influence of glycerol and DDGS* on grow-finish pig carcass characteristics for pigs marketed on d 97%3

0% DDGS 0% DDGS Contrasts, P <

Glyceral, % Glycerol, % Glyceral
Item 0 2.50 5 0 2.50 5 SE DxG DDGS Glycerol Linear Quadratic
Carcasswit, Ib 2053 2047 2031 201.6 2025 2043 24 0.63 0.45 0.99 0.92 0.98
Carcasswt CV, % 9.0 9.4 9.2 8.8 8.1 89 067 067 0.35 0.94 0.82 0.76
Yield, % 75.1 75.5 75.7 745 75.9 75.7 047 056 0.93 0.17 0.11 0.37
Backfat, in 0.78 0.78 0.78 0.76 0.75 077 002 087 0.18 0.81 0.86 0.54
Loin depth, in 2.48 247 2.39 2.40 241 244 003 012 0.27 0.77 0.57 0.62
FFLI, %* 49.2 49.1 49.1 49.3 49.4 493 024 093 0.32 0.96 0.81 0.89
Lean, % 54.3 54.3 54.2 54.4 54.6 544 033 0.9 0.43 0.86 0.76 0.64

! Dried distillers grain with solubles.

2 A total of 1,160 pigs (initially 68.4 1b.) were used in a 97-d experiment with 27 to 28 pigs per pen and 7 replications per treatment.
3 A total of 1,035 pigs were marketed with 23 to 26 pigs per pen.

‘Fat-free lean index.
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Table 7. Influence of glycerol and DDGS" on grow-finish pig jowl fat quality®®

0% DDGS 0% DDGS Contrasts, P <
Glyceral, % Glyceral, % Glyceral
Item 0 2.50 5 0 2.50 5 SE DxG DDGS Glycerol Linear  Quadratic
Myristic acid (14:0), % 1.32 1.48 1.46 131 130 135 0.04 0.10 0.005 0.06 0.03 0.35
Palmitic acid (16:0), % 21.40 2210 2214 2078 2091 20.89 0.29 0.51 0.0002 0.27 0.16 0.43
Palmitoleic acid (16:1), % 2.75 3.02 297 248 244 246 0.12 0.40 0.0001 0.61 0.43 0.55
Margaric acid (17:0), % 0.53 0.49 0.56 053 0.50 053 0.03 0.73 0.63 0.14 0.52 0.07
Stearic acid (18:0), % 9.30 8.95 9.22 893 9.09 8.75 0.26 0.47 0.29 0.88 0.63 0.89
Oleic acid (18:1c9), % 41.28 4217 4121 3950 4019 3999 045 0.63 0.0001 0.29 0.89 0.12
Vaccenic acid (18:1n7), % 3.29 3.60 3.45 299 3.03 3.02 0.08 0.28 0.0001 0.13 0.25 0.10
Linoleic acid (18:2n6), % 14.48 13.04 1361 1863 1704 1770 0.68 0.99 0.0001 0.11 0.20 0.09
a-linolenic acid (18:3n3), % 0.71 0.65 0.69 073 0.73 0.72 0.73 0.48 0.11 0.64 0.64 0.42
y-linolenic acid (18:3n6), % 0.47 0.30 0.36 0.23 040 0.33 047 0.57 0.68 0.99 0.99 0.99
Arachidic acid (20:0), % 0.35 0.31 0.36 026 0.33 0.29 0.06 0.60 0.35 0.92 0.69 0.89
Eicosadienoic acid (20:2), % 0.85 0.76 0.79 095 0.97 0.97 0.03 0.23 0.0001 0.57 0.51 041
Arachidonic acid (20:4n6), % 0.12 0.12 0.10 012 012 0.12 0.009 0.22 0.42 0.55 0.33 0.64
Other fatty acids, % 157 148 152 1.20 1.46 137 0.20 0.66 0.28 0.92 0.79 0.76
Total SFA, %* 33.39 33.79 3422 3222 3258 3225 047 0.64 0.0007 0.61 0.37 0.69
Total MUFA, %° 49.15 50.69 49.46 4655 4740 4724 0.50 0.56 0.0001 0.08 0.36 0.04
Total PUFA, %° 17.46 1552 1632 21.23 20.02 2051 0.72 0.88 0.0001 0.11 0.21 0.09
Total trans fatty acids, %’ 0.61 0.55 0.60 041 058 052 0.13 0.69 0.45 0.90 0.70 0.79
UFA:SFA ratio® 2.00 1.96 1.93 211 208 211 0.04 0.70 0.0007 0.66 0.41 0.71
PUFA:SFA ratio’ 0.53 0.46 0.48 066 0.62 0.64 0.03 0.91 0.0001 0.19 0.23 0.17
lodine value, g/100 g*° 70.5 68.6 68.9 741 733 740 0.88 0.69 0.01 0.33 0.36 0.24

! Dried distillers grain with solubles.

2 total of 1,160 pigs (initially 68.4 Ib.) were used in a 97-d experiment with 27 to 28 pigs per pen and 7 replications per treatment.

3 A total of 84 pigs were used for fat sample collection with 2 pigs per pen and 7 replications per treatment.

*Total saturated fatty acids = {[C8:0] + [C10:0] + [C12:0] + [C14:0] + [C16:0] + [C17:0] + [C18:0] + [C20:0] + [C22:0] + [C24:0]}, where the brackets indi-
cate concentration.

> Total monounsaturated fatty acids = {[C14:1] + [C16:1] + [C18:1c9] + [C18:1n7] + [C20:1] + [C24:1]}, where the brackets indicate concentration.
®Total polyunsaturated fatty acids = {[C18:2n6] + [C18:3n3] + [C18:3n6] + [C20:2] + [C20:4n6]}, where the brackets indicate concentration.

"Total trans fatty acids = {[C18:1t] + [C18:2t] + [C18:3t]}, where the brackets indicate concentration.

8 UFA:SFA ratio = [Total MUFA + Total PUFA] / Total SFA.

9 PUFA:SFA ratio = Total PUFA / Total SFA.

9 Calculated as 1V=[C16:1] x 0.95 + [C18:1] x 0.86 + [C18:2] x 1.732 +[C18:3] x 2.616 + [C20:1] x 0.785+[C22:1] x 0.723, where the brackets indicate
concentration (AOCS, 1998).
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Table 8. Influence of glycerol and DDGS® on grow-finish pig belly fat quality®*

0% DDGS 0% DDGS Contrasts, P <

Glyceral, % Glyceral, % Glyceral
Item 0 2.50 5 0 2.50 5 SE DxG DDGS Glycerol  Linear  Quadratic
Myristic acid (14:0), % 1.32 1.39 143 126 124 127 004 0.26 0.0002 0.22 0.09 0.82
Palmitic acid (16:0), % 23.20 2312 2362 21.60 21.95 2157 0.33 0.42 0.0001 0.84 0.56 0.89
Palmitoleic acid (16:1), % 2.16 2.26 2.37 201 195 193 0.08 0.19 0.0001 0.75 0.47 0.85
Margaric acid (17:0), % 0.54 0.53 0.57 054 0.49 055 0.02 0.76 0.30 0.11 0.35 0.06
Stearic acid (18:0), % 1181 1130 1155 10.32 10.90 1049 0.35 0.31 0.002 0.98 0.90 0.85
Oleic acid (18:1c9), % 39.09 3949 39.21 37.16 3841 37.84 0.36 0.35 0.0001 0.40 0.79 0.18
Vaccenic acid (18:1n7), % 2.72 2.83 2.85 253 251 251 0.04 0.32 0.0001 0.59 0.33 0.76
Linoleic acid (18:2n6), % 14.51 1408 1352 19.88 17.86 18.82 0.66 0.42 0.0001 0.16 0.14 0.23
a-linolenic acid (18:3n3), % 0.65 0.66 0.65 0.72 0.68 0.71 0.03 0.53 0.04 0.90 0.83 0..68
y-linolenic acid (18:3n6), % 0.25 0.33 0.29 022 0.25 029 0.2 0.94 0.67 0.87 0.64 0.79
Arachidic acid (20:0), % 0.34 0.35 0.36 029 033 0.32 0.04 0.91 0.25 0.75 0.55 0.66
Eicosadienoic acid (20:2), % 0.78 0.77 0.75 094 0.90 0.98 0.03 0.15 0.0001 0.54 0.96 0.28
Arachidonic acid (20:4n6), % 0.10 0.12 0.11 0.11 0.10 0.11 0.007 0.20 0.51 0.99 0.86 0.97
Other fatty acids, % 112 132 1.28 111 113 121 0.12 0.76 0.37 0.56 0.32 0.69
Total SFA, %* 37.61 3712 3800 3442 3530 3459 0.60 0.38 0.0001 0.90 0.65 0.93
Total MUFA, %° 45.60 46.32 46.12 4318 4443 4391 0.39 0.55 0.0001 0.35 0.41 0.20
Total PUFA, %° 16.79 1656 15.87 2240 20.27 2150 0.72 0.33 0.0001 0.25 0.22 0.26
Total trans fatty acids, %’ 0.43 0.55 0.52 042 048 051 0.10 0.96 0.72 0.57 0.38 0.57
UFA:SFA ratio® 1.67 1.70 1.63 191 184 1.90 0.05 041 0.0001 0.89 0.66 0.86
PUFA:SFA ratio’ 0.45 0.45 0.42 0.65 0.58 0.63 0.03 0.35 0.0001 0.37 0.30 0.35
lodine value, g/100 g*° 66.7 66.8 65.5 736 715 729 107 0.40 0.01 0.60 0.40 0.58

! Dried distillers grain with solubles.

2 total of 1,160 pigs (initially 68.4 Ib.) were used in a 97-d experiment with 27 to 28 pigs per pen and 7 replications per treatment.

3 A total of 84 pigs were used for fat sample collection with 2 pigs per pen and 7 replications per treatment.

*Total saturated fatty acids = {[C8:0] + [C10:0] + [C12:0] + [C14:0] + [C16:0] + [C17:0] + [C18:0] + [C20:0] + [C22:0] + [C24:0]}, where the brackets indi-
cate concentration.

> Total monounsaturated fatty acids = {[C14:1] + [C16:1] + [C18:1c9] + [C18:1n7] + [C20:1] + [C24:1]}, where the brackets indicate concentration.
®Total polyunsaturated fatty acids = {[C18:2n6] + [C18:3n3] + [C18:3n6] + [C20:2] + [C20:4n6]}, where the brackets indicate concentration.

"Total trans fatty acids = {[C18:1t] + [C18:2t] + [C18:3t]}, where the brackets indicate concentration.

8 UFA:SFA ratio = [Total MUFA + Total PUFA] / Total SFA.

9 PUFA:SFA ratio = Total PUFA / Total SFA.

9 Calculated as 1V=[C16:1] x 0.95 + [C18:1] x 0.86 + [C18:2] x 1.732 +[C18:3] x 2.616 + [C20:1] x 0.785+[C22:1] x 0.723, where the brackets indicate
concentration (AOCS, 1998).
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Table 9. Influence of glycerol and DDGS" on grow-finish pig backfat quality®*

0% DDGS 0% DDGS Contrasts, P <

Glyceral, % Glyceral, % Glyceral
Item 0 2.50 5 0 2.50 5 SE DxG DDGS Glycerol  Linear  Quadratic
Myristic acid (14:0), % 1.36 144 1.46 131 127 134 004 0.30 0.0006 0.19 0.08 0.70
Palmitic acid (16:0), % 23.62 2378 2454 2212 22.38 2240 034 0.51 0.0001 0.22 0.09 0.78
Palmitoleic acid (16:1), % 2.24 2.28 2.36 192 195 195 0.09 0.81 0.0001 0.69 0.40 0.98
Margaric acid (17:0), % 0.54 0.54 0.57 054 050 0.54 0.03 0.76 0.34 0.44 0.65 0.23
Stearic acid (18:0), % 11.97 11.70 1225 1086 11.11 1093 0.38 0.63 0.003 0.87 0.66 0.78
Oleic acid (18:1c9), % 38.55 39.01 3889 3662 3799 3723 035 0.43 0.0001 0.07 0.26 0.04
Vaccenic acid (18:1n7), % 2.69 2.78 2.76 241 246 246 0.05 0.95 0.0001 0.41 0.30 0.41
Linoleic acid (18:2n6), % 14.59 1410 1298 1999 1803 1880 0.76 0.44 0.0001 0.16 0.08 0.44
a-linolenic acid (18:3n3), % 0.65 0.64 0.59 0.70 0.66 0.68 0.03 0.45 0.02 0.37 0.16 0.91
y-linolenic acid (18:3n6), % 0.19 0.16 0.17 013 0.14 0.16 0.03 0.64 0.29 0.90 0.97 0.64
Arachidic acid (20:0), % 0.33 0.29 0.31 024 025 0.25 0.02 0.64 0.003 0.76 0.80 0.49
Eicosadienoic acid (20:2), % 0.74 0.73 0.68 0.88 0.86 0.89 0.02 0.18 0.0001 0.51 0.25 0.98
Arachidonic acid (20:4n6), % 0.10 0.09 0.09 011 011 0.09 0.008 0.40 0.21 0.32 0.15 0.70
Other fatty acids, % 1.13 1.18 1.03 0.96 1.06 1.01 0.06 0.45 0.05 0.25 0.70 0.11
Total SFA, %* 38.24 3817 3955 3544 3689 3584 0.66 0.56 0.0001 0.42 0.21 0.69
Total MUFA, %° 44.98 4560 4552 4233 4385 4310 041 0.53 0.0001 0.05 0.12 0.05
Total PUFA, %° 16.78 1622 1493 2223 2026 21.06 0.82 0.44 0.0001 0.16 0.08 0.48
Total trans fatty acids, %’ 0.38 0.40 0.33 030 0.37 0.34 004 0.52 0.31 0.42 0.99 0.20
UFA:SFA ratio® 1.62 1.62 153 183 180 1.80 0.05 0.63 0.0001 0.46 0.24 0.74
PUFA:SFA ratio’ 0.44 0.43 0.38 0.63 0.57 059 0.03 0.52 0.0001 0.23 0.10 0.64
lodine value, g/100 g10 66.1 65.7 63.5 731 71.0 718 122 0.48 0.01 0.27 0.11 0.79

! Dried distillers grain with solubles.

2 total of 1,160 pigs (initially 68.4 Ib.) were used in a 97-d experiment with 27 to 28 pigs per pen and 7 replications per treatment.

3 A total of 84 pigs were used for fat sample collection with 2 pigs per pen and 7 replications per treatment.

*Total saturated fatty acids = {[C8:0] + [C10:0] + [C12:0] + [C14:0] + [C16:0] + [C17:0] + [C18:0] + [C20:0] + [C22:0] + [C24:0]}, where the brackets indi-
cate concentration.

> Total monounsaturated fatty acids = {[C14:1] + [C16:1] + [C18:1c9] + [C18:1n7] + [C20:1] + [C24:1]}, where the brackets indicate concentration.
®Total polyunsaturated fatty acids = {[C18:2n6] + [C18:3n3] + [C18:3n6] + [C20:2] + [C20:4n6]}, where the brackets indicate concentration.

"Total trans fatty acids = {[C18:1t] + [C18:2t] + [C18:3t]}, where the brackets indicate concentration.

8 UFA:SFA ratio = [Total MUFA + Total PUFA] / Total SFA.

9 PUFA:SFA ratio = Total PUFA / Total SFA.

9 Calculated as 1V=[C16:1] x 0.95 + [C18:1] x 0.86 + [C18:2] x 1.732 +[C18:3] x 2.616 + [C20:1] x 0.785+[C22:1] x 0.723, where the brackets indicate
concentration (AOCS, 1998).
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EFFECTS OF INCREASING DIETARY DRIED DISTILLERS GRAINS WITH
SOLUBLES AND GLYCEROL ON PORK LOIN QUALITY"?

A. N. Gipe, T. A. Houser, A. W. Duttlinger, M. D. Tokach, S. S. Dritz®, J. M. DeRouchey,
J. L. Nelssen, R. D. Goodband, K. J. Prusa*, and C. A. Fedler®

Summary

A total of 1,160 barrows (PIC, initialy
68.4 |b) were used in a 70-d study to deter-
mine the influence of dried distillers grains
with solubles (DDGS) and glycerol on pork
loin quality attributes. The pigs were blocked
by weight and randomly assigned to 1 of 6
dietary treatments with 7 replications per
treatment. Pigs were fed corn-soybean meal-
based diets with the addition of DDGS, glyc-
erol, or acombination of these. The treatments
were arranged in a 2 x 3 factorial with main
effects of DDGS (0 or 20%) and glycerol (O,
2.5, or 5%). Pork loins from the 2 heaviest
barrows from each pen were utilized for anal-
ysis. There were no DDGS x glycerol interac-
tions for purge loss, instrumental color
(L*a*b*), visual color, marbling score, drip
loss, visual color, pH, Warner-Bratzler shear
force (WBSF), cook loss, and most sensory
characteristics. However, there was a DDGS x
glycerol interaction (P < 0.03) for off-flavor
intensity. Specifically, pigs fed 20% DDGS
without added glycerol had more off-flavors
than pigs fed any other treatment. Pigs fed di-
ets with added DDGS had higher WBSF val-
ues, lower myofibrillar tenderness, lower
overall tenderness scores, lower connective
tissue scores, and more off-flavors (P < 0.04)

than pigs fed diets with no DDGS. In conclu-
sion, feeding pigs 20% DDGS resulted in less
tender chops with more off-flavors. Yet, the
inclusion of glycerol in the diet decreased the
intensity of off-flavorsin pork chops.

Key words: dried distillers grains with solu-
bles, glycerol, off-flavor, pork quality, tender-
ness

Introduction

The rapid expansion of the biofuels indus-
try has increased the amount of grain copro-
ducts available for livestock production while
simultaneously decreasing the amount of tra-
ditional feedstuffs. The increased costs of tra-
ditional feedstuffs and limitations on inclusion
rates of coproducts due to their unique chemi-
cal properties has presented many new chal-
lenges to pork producers. For example, dried
distillers grains with solubles (DDGS) have an
oil content of roughly 10%, which is primarily
made up of highly unsaturated fatty acids.
Monogastrics, such as swine and poultry, will
assmilate subcutaneous, intermuscular, and
intramuscular fat with afatty acid profile simi-
lar to their diet. Therefore, feeding highly un-
saturated fatty acids may result in softer, less
oxidatively stable adipose tissue, which will in

! Appreciation is expressed to the National Pork Board for partial funding of thistrial.
2 Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg and

Marty Heintz for technical assistance.

Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
4 Department of Animal Science, lowa State University, Ames.
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turn affect consumer acceptability. Addition-
aly, glycerol, a coproduct of biodiesel manu-
facturing, has potential as a feedstuff in ani-
mal diets because of its price and availability.

To date, some limited research has been
conducted on growth and performance of pigs
fed DDGS and glycerol. Yet, research ad-
dressing the effects of DDGS and glycerol on
palatability parameters of pork loins is not
currently available. Therefore, the objective of
this research was to determine the effects of
feeding various levels of DDGS and glycerol
on economically important quality traits in-
cluding purge loss, drip loss, color, marbling,
Warner-Bratzler shear force (WBSF), pH, and
sensory panel scores for tenderness, juiciness,
and off-flavor.

Procedures

Procedures used in this experiment were
approved by the Kansas State University Insti-
tutional Animal Care and Use Committee. The
experiment was conducted in southwest Min-
nesota in a commercial swine facility. The fa-
cility had a datted floor, and each pen was
equipped with a 4-hole dry self-feeder and 1
cup waterer. The facility was a double-curtain-
sided, deep-pit barn that operated on mechani-
cal ventilation during the summer and auto-
matic ventilation during the winter. Pigs were
fed in late summer and fall of 2007.

A total of 1,160 barrows (PIC 337 x 1050,
initially 68.4 1b) were used in the 70-d study.
The pigs were blocked by weight and ran-
domly assigned to 1 of 6 treatments with 7
replications per treatment. The pigs were fed a
corn-soybean meal-based diet in 4 phases
(Duttlinger et al., Swine Day 2008 Report of
Progress, p. 171). The treatments were ar-
ranged in a2 x 3 factorial with main effects of
DDGS (0 or 20%) and glycerol (O, 2.5, or
5%).

On d 70 of the study, the 2 heaviest bar-
rows were visualy selected, removed, indi-
vidually tattooed, and shipped to a commercial
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swine harvest facility (JBS Swift & Company
processing plant, Worthington, MN) for
slaughter. Following slaughter and chilling
(24 h), the loins were removed from the left
side of the carcass. The loins were then trans-
ported and stored at the Kansas State Univer-
sity Meat Laboratory. On the d 10 postmor-
tem, purge loss, drip loss, visua color, mar-
bling score, and instrumental color were
measured.

Purge loss was measured by weighing the
whole loin in the packaging material, remov-
ing the loin, blotting it dry, and reweighing the
loin and the dried packaging material. Purge
loss was calculated by taking the initial weight
minus the packaging weight minus the final
weight divided by the initia weight minus the
packaging weight. Loins were fabricated into
1-in. chops and allowed to bloom for at least 1
h prior to visua and instrumental color meas-
urements. Color measurements were taken on
across section of the longissimus dorsi muscle
located in the center loin region immediately
posterior to the end of the spinalis dorsi mus-
cle. Instrumental color was measured by using
a Hunter Lab Miniscan Colorimeter with A
illuminate (Hunter Associated Laboratories
Inc., Reston, VA) and is reported as L* (light-
ness), & (redness), and b* (yellowness) val-
ues. Visua color and marbling were evaluated
by using the 1999 National Pork Producers
Council’s color and marbling standards. Drip
loss was measured from a single 1-in. center-
cut chop from each loin. Each chop was
weighed and placed into a plastic bag immedi-
ately following fabrication. This chop was
then placed into refrigerated storage (32 to
38°F) for 24 h. Chops were then reweighed to
determine the amount of purge loss accumula-
tion for the preceding 24-h period. Drip loss
was calculated by taking initial weight minus
final weight divided by initial weight.

Five center-cut chops were individually
vacuum packaged and frozen (-40°F) for pH,
WBSF, cook loss, and sensory characteristics.
Chops were removed from the freezer and
thawed in a refrigerator (32 to 38°F) over-



night. Chops were removed from the package,
pH was measured, and chops were weighed to
determine initial weight. The pH was meas-
ured by using an Accumet Basic pH Meter
(Fisher Scientific, Waltham, MA) and Pinna-
cle Series Gel Spear Point electrode (Nova
Analytics Corporation, Woburn, MA). The
chops were cooked to an internal temperature
of 104°F, turned, and cooked to a final inter-
nal temperature of 158°F in a dual-airflow
convection gas oven (Blodgett, model DFC-
102 CH3, G.S. Blodgett Co., Burlington, VT).
Chops were monitored with copper-constantan
thermocouples placed in the approximate
geometric center of each chop and attached to
a Doric temperature recorder (Model 205; Vas
Engineering, San Francisco, CA). Following a
30-min cooling period, chops were reweighed
to determine cooking loss percentages. Chops
were chilled at 32 to 38°F overnight and six
0.5-in. cores were removed pardlel to the
muscle fiber direction. Each core was sheared
once perpendicular to the direction of the
muscle fibers by using the Warner-Bratzler V-
shaped blunt blade (G-R Manufacturing Co.,
Manhattan, KS) attached to an Instron Univer-
sal Testing Machine (model 4201, Instron
Corp., Canton, MA) with a 50-kg compression
load cell and a cross head speed of 250
mm/min. Peak shear force values were re-
corded.

Sensory chops were removed from the
package, cooked to an internal temperature of
104°F, turned, and cooked to a final internal
temperature of 158°F in a dual-airflow con-
vection gas oven. Cooked chops were then cut
into 1-in. x 0.5-in. x 0.5-in. samples. Samples
were kept warm in blue enamel double boiler
pans with warm water in the bottom portion.
Eight trained panelists were given 2 cubes of
each chop to evaluate sensory characteristics.
Each panel conducted sensory analysis on a
warm-up chop and a chop from each treat-
ment. Sensory characteristics evaluated in-
clude myofibrillar tenderness, juiciness, pork
flavor intensity, connective tissue, overall ten-
derness, and off-flavor intensity.
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The experimental design was a 2 x 3 fac-
torial. Data were analyzed as a completely
randomized design by using the PROC GLM
procedure of SAS with pen serving as the ex-
perimental unit. Main effects and interactions
between pigs fed DDGS and glycerol were
tested.

Results and Discussion

The results of instrumental and visua
measurements for the effects of DDGS and
glycerol treatments are listed in Table 1. There
were no DDGS x glycerol interactions (P >
0.05) observed for purge loss, instrumental
color (L*, a*, and b*), visual color, marbling
score, drip loss, pH, WBSF, and cooking loss.
Y et, there were main effect differences for L*
and WBSF. The L* values decreased for pigs
fed 2.5% glycerol, which is indicative of a
darker color. This effect was not linear in na-
ture because the 5.0% glycerol treatment was
not different (P > 0.05) from the control
treatment. In addition, WBSF values were (P
< 0.04) higher in loins from pigs fed 20%
DDGS regardless of glycerol level, indicating
alesstender product.

The results of trained sensory panel meas-
urements for the effects of DDGS and glycerol
treatments are listed in Table 2. There were no
interactions observed (P > 0.05) for DDGS x
glycerol treatments for myofibrillar tender-
ness, juiciness, pork flavor intensity, connec-
tive tissue amount, and overall tenderness. In
contrast, there was an interaction observed (P
< 0.03) for DDGS x glycerol treatments for
off-flavor intensity. Specificaly, the 20%
DDGS treatment without glycerol addition
had more off-flavor than all other treatments.
Off-flavors commonly cited by panelists were
sour, metallic, oxidized, stale, and rancid. This
indicates that the addition of glycerol at 2.5
and 5.0% in the diet decreases off-flavor
scores as a result of 20% DDGS inclusion.
The increase in off-flavors is of concern for
diets with 20% DDGS inclusion. However,
because this was not a consumer study, we
cannot extrapolate these results to mean that



consumers will find the product objectionable.
Furthermore, the addition of 20% DDGS to
the diet increased (P < 0.03) myofibrillar
toughness, increased (P < 0.03) the amount of
connective tissue, and decreased (P < 0.02)
overall tenderness as observed from the great-
er WBSF values compared with diets contain-
ing no DDGS. Tenderness is a very important
sensory trait to consumers who purchase meat
products. Therefore, any decrease in tender-
ness as a result of a feeding regime should be
further investigated to determine its short- and
long-term effects on pork consumption.

In summary, feeding 0 and 20% DDGS in
combination with 0, 2.5, and 5% glycerol had

minimal effects on most of the pork loin qual-
ity parameters tested in this study. However,
feeding pigs 20% DDGS increased WBSF
values and lowered overall tenderness scores,
indicating that the product was less tender
than controls. In addition, feeding 20% DDGS
resulted in increased levels of detectable off-
flavors in pork loin chops, but off-flavors of
these chops were not different from controls
when glycerol was added to the diet at 2.5 and
5.0%. This indicates that glycerol may be
beneficial when added to the diet to control
off-flavor production but will not mitigate the
decrease in tenderness observed in this study
for chops from pigs fed 20% DDGS.

Table 1. Influence of dried distillers grains with solubles (DDGS) and glycerol on purge loss, instru-
mental color (L*a*b*), visual color, marbling score, drip loss, pH, Warner-Bratzler shear force

(WBSF), and cooking loss

0% DDGS 20% DDGS
Glyceral, % Glyceral, % P-value
Item 0 25 5 0 25 5 SE DxG DDGS Glycerol
Purge loss, % 1.76 175 1.45 155 161 169 024 0.57 0.84 0.89
Instrumental color
L*? 61.03 5996 6196 6191 59.95 6234 0091 0.87 0.56 0.05
ar? 2051 2011 2097 2016 2031 2064 041 0.72 0.61 0.29
p*3 1785 1710 1794 1757 1761 1807 0.48 0.69 0.75 0.37
Visual color® 3.2 35 3.3 3.0 3.4 31 0.20 0.96 0.29 0.13
Marbling score’ 22 16 20 2.3 20 18 0.27 0.50 0.82 0.25
Drip loss, % 247 2.89 2.35 299 302 295 04 0.86 0.26 0.78
pH 5.7 5.7 5.7 5.7 5.7 5.7 0.003 0.9 0.13 0.78
WBSF, Ib 7.0 7.2 6.8 7.3 8.7 7.2 0.20 0.27 0.04 0.06
Cookingloss, % 2555 2572 2572 2582 2482 2762 0.85 0.24 0.52 0.23

10 = black, 100 = white.
?|ncreasing redness.
%I ncreasing yellowness.

%1 = pale pinkish gray to white, 2 = grayish pink, 3 = reddish pink, 4 = dark reddish pink, 5 = purplish red, 6 =

dark purplish red (NPPC, 1999).

®Visual scale, which approximates the percentage of intramuscular fat content (NPPC, 1999).
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Table 2. Influence of dried distillers grains with solubles (DDGS) and glycerol on trained sensory panel
scores

0% DDGS 20% DDGS

Glyceral, % Glyceral, % P-value
Item 0 25 5 0 25 5 SE DxG DDGS Glycerol
Myofibrillar tenderness 5.9 59 6.0 57 56 57 016 092 0.03 0.85
Juiciness® 5.3 52 52 51 52 52 011 031 0.21 0.86
Pork flavor intensity® 55 55 55 54 54 55 008 057 0.35 0.92
Connective tissue

amount* 75 76 76 75 72 74 010 025 003 0.56

Overall tenderness 6.2 63 6.3 60 6.0 60 014 082 0.02 0.84
Off-flavor intensity4 7.7 7.6 7.7 7.2 7.7 75 011 0.03 0.04 0.11

! Myofibrillar and overall tenderness scale: 1 = extremely tough, 2 = very tough, 3 = moderately tough, 4 =
dlightly tough, 5 = dlightly tender, 6 = moderately tender, 7 = very tender, and 8 = extremely tender.

2 Juiciness scale: 1 = extremely dry, 2 = very dry, 3 = moderately dry, 4 = slightly dry, 5 = dlightly juicy, 6 =
moderately juicy, 7 = very juice, and 8 = extremely juicy.

% Pork flavor scale: 1 = extremely bland, 2 = very bland, 3 = moderately bland, 4 = slightly bland, 5 = slightly
intense, 6 = moderately intense, 7 = very intense, and 8 = extremely intense.

* Connective tissue and off flavor intensity scale: 1 = abundant, 2 = moderately abundant, 3 = slightly abundant,
4 = moderate, 5 = dlight, 6 = traces, 7 = practically none, and 8 = none.
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EFFECTS OF DRIED DISTILLERS GRAINS WITH SOLUBLES ON SOW
CARCASS FAT QUALITY

T. A. Houser, J. M. DeRouchey, A. N. Gipe, B. L. Goehring, S. L. Hillyard,
A. W. Duttlinger, S. S. Dritz*, M. D. Tokach, R. D. Goodband, and J. L. Nelssen

Summary

A pilot experiment was conducted to
determine the effects of feeding nonpreg-
nant (open) sows a diet containing 50%
dried didtillers grains with solubles
(DDGS) on growth and carcass fat quality.
A total of 8 open sows were allotted to 1
of 2 diets by parity and BW. One diet was
a standard corn-soybean meal-based gesta-
tion diet; the second diet was a corn-
soybean meal-based diet that contained
50% DDGS. All sows were fed 5 Ib/d of
feed in asingle feeding for 92 d. All sows
were harvested on d 92 at the Kansas State
University Meat Laboratory for determina-
tion of carcass fat quality. As expected, no
differences in BW or backfat change were
found (P > 0.62) for the feeding period.
Additionally, no differences (P > 0.23) in
lipid oxidation as measured by 2-
thiobarbituric acid reactive substances
(TBARS) assay were reported either ini-
tialy or after 5 d of retail display for sows
fed 50% DDGS compared with controls.
Lipid oxidation increased (P < 0.003) as
measured by TBARS assay for both treat-
ments from d 1 to 5 as expected. Jow! fatty
acid analysis revealed an increase in li-
noleic acid (P < 0.01), total polyunsatu-
rated fatty acids (P < 0.01), and the ratio
of polyunsaturated fatty acids to saturated

! Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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fatty acids (P < 0.03). Also, there was a
trend for increased jowl iodine value (P <
0.08) for sows fed 50% DDGS compared
with the controls. In summary, feeding
50% DDGS to open sows for 92 d did not
significantly affect BW, backfat, and lipid
oxidation compared with controls. How-
ever, feeding 50% DDGS increased the
concentration of linoleic acid and total po-
lyunsaturated fatty acids and tended to in-
crease jowl iodine value compared with
controls.

Key words. carcass fat quality, dried dis-
tillers grains with solubles, lipid oxidation,
Sow

Introduction

With the increase in biofuel
production, the availability of feed
coproducts from ethanol manufacturing
has greatly increased. Dried distillers
grains with solubles (DDGS) is the
product that remains after the ethanol is
removed from the fermented corn mash
and contains high levels of nutrients
compared with corn. One such nutrient is
fat, which is approximately 3 times higher
in DDGS than in corn (10.7 vs. 3.9%).
Because of the high level of unsaturated
fatty acids present in DDGS, carcass fat of



finishing pigs fed DDGS has been shown
to decrease in firmness and percentage of
saturated fat. When using iodine value
(IV) as the fat firmness measurement, for
every 10% DDGS fed to finishing pigs,
the IV increases approximately 2 g/100 g.
This increase has been documented in
grow-finish pigs fed ad libitum while body
fat levels increase during the finishing pe-
riod. However, research has not evaluated
whether the same results will occur at all
or at the same rate of change in limit-fed
sows that have less change in body fat ac-
cumulation than finishing pigs. Addition-
aly, most cull sows in the United States
are harvested and processed into fresh sau-
sage products. As a result, the stability of
the fat from cull sow trimmings is very
important to retail shelf life and consumer
acceptance of fresh sausage products.
Therefore, the objective of this study was
to determine in a pilot project the effects
of feeding open sows a diet containing
50% DDGS on carcass fat quality and sta-
bility.

Procedures

The Kansas State University (KSU)
Institutional Animal Care and Use
Committee approved protocols used in this
experiment. Sows were housed at the KSU
Swine Teaching and Research farm.

Eight nonpregnant sows were used in a
92-d study. Sows were alotted in a ran-
domized design to 1 of 2 diets by parity
and BW. One diet was a standard corn-
soybean meal-based gestation diet; the
second diet was a corn-soybean meal-
based diet that contained 50% DDGS (Ta
ble 1). All sows were fed 5 |b/d of feed in
asingle feeding. Each sow was maintained
in a gestation stall and had ad libitum ac-
cess to water via a nipple waterer. Sow
BW and and backfat thickness (taken 1 to

192

2 in. from the midline over the last rib
(P2)) were measured ond 0 and 92.

On d 92, sows were transported to the
KSU Meat Laboratory for harvesting. Af-
ter slaughter, all carcasses were chilled for
48 h, fabricated into lean trimmings,
ground, packaged in oxygen permeable
overwrap, and placed into simulated retail
display. At the time of fabrication, the
jowl was removed from each carcass for
fatty acid analysis. Lipid oxidation, a mea-
surement of oxidative rancidity, was
measured on al the samples on d 1 (the
day of grinding) and after 5 d of retall dis-
play. Lipid oxidation was measured by
using the 2-thiobarbituric acid reactive
substances (TBARS) assay, which meas-
ures milligrams of malonaldehyde and
other lipid degradation products per kilo-
gram of sample. TBARS values over 1.0
mg/kg are considered rancid.

Fatty acids from each of the fat sam-
ples were expressed as a percentage of the
total fatty acids. lodine value was calcu-
lated by using the fatty acid profile of each
sample according to the following equa-
tion (AOCS, 1998).

Cl6:1 (0.95) + C18:1 (0.86) + C18:2
(1.732) + C18:3 (2.616) + C20:1 (0.785) +
C22:1(0.723).

Data were analyzed as a randomized
design with sow as the experimenta unit.
Sows were blocked based on parity and
initial weight at the beginning of the trial.

Results and Discussion

As expected, no differences in sow
BW and P2 backfat existed at the start or
end of the experiment between sows fed
the 2 dietary treatments (Table 2; P >
0.62).



There were no differences in TBARS
values as a result of treatment (Table 3; P
> 0.23), which indicates that the amount of
lipid oxidation was not significantly higher
in sows fed 50% DDGS compared with
controls. In addition, the rate of lipid oxi-
dation was similar between the two treat-
ment groups over the 5-d display period.
As expected, TBARS values increased (P
< 0.003) regardiess of treatment from d 1
tod 5. It iswell known that lipid oxidation
increases with increased storage time.

The results of fatty acid analysis for
jowl samples are reported in Table 4.
Feeding 50% DDGS for 92 d increased
(P < 0.01) linoleic acid and total polyun-
saturated fatty acids , and increased (P <
0.03) the ratio of polyunsaturated fatty ac-
ids to saturated fatty acids. These changes
may be a result of the increased crude fat
level of the diet for sows fed DDGS. Be-
cause the oil content of DDGS is high in

193

unsaturated fatty acids, this appears to
have resulted in fat composition changes
for sows fed DDGS. Thus, in the changes
in fatty acid composition, a trend for an
increased IV (P < 0.08) was observed for
sows fed 50% DDGS compared with con-
trol sows. The magnitude of change in IV
for sows fed DDGS on a limit-fed basis
was not as great as previously observed in
finishing pigs fed diets containing DDGS
ad libitum. In fact, we found a change of
only approximately 3.1 g/100 g increase
with a 50% inclusion; finishing pigs typi-
cally have an increase of approximately 2
0/100 g for every 10% DDGS in the diet
fed ad libitum. This may be due to sows
not gaining weight or backfat rather than
to sows being fed at maintenance. In con-
clusion, feeding 50% DDGS to open sows
increased the concentration of linoleic acid
and total polyunsaturated fatty acids and
tended to increase jowl 1V compared with
control sows.



Table 1. Diet composition (as-fed basis)*

Ingredient, % Control DDGS’
Corn 80.92 37.11
Soybean meal (46.5% CP) 14.93 9.26
DDGS 50.00
Monocal cium phosphate (21% P) 1.70 0.55
Limestone 1.20 1.83
Salt 0.50 0.50
Vitamin premix 0.25 0.25
Trace mineral premix 0.15 0.15
Sow add pack 0.25 0.25
Phytase 600° 0.10 0.10
Tota 100.00 100.00
Calculated analysis
Standardized ileal digestible lysine, % 0.57 0.57
CP, % 13.8 21.1
Crudefat, % 34 6.9
ME, kcal/lb 1,484 1,493
Ca % 0.85 0.85
P, % 0.69 0.64
Available P, %" 0.52 0.52
! Diets fed for 92 d with all sows receiving 5 Ib/d in asingle feeding.
2 Dried distillers grains with solubles.
% Provided per pound of diet: 227 phytase unit (FTU) of phytase.
*Includes expected P release of 0.12% from added phytase.
Table 2. BW and backfat of sows®
[tem Control 50% DDGS SE Probability P <
BW, Ib
Initial 468.0 480.8 34.6 0.80
Fina 466.5 482.0 21.3 0.62
Change -15 1.2 18.9 0.92
P2 backfat, mm?
Initial 12.5 13.3 17 0.76
Fina 13.3 13.3 0.8 0.99
Change 0.8 0.0 1.1 0.64

L A total of 8 nonpregnant sows (4 per treatment) fed for 92 d.
2 P2 backfat is measured approximately 1 to 2 in. from the midline over the last rib.
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Table 3. Lipid oxidation values for cull sow trim*

Control 50% DDGS Probability P < ?
TBARS, mg/kg
dil 0.128 0.171 0.335
d5 0.249 0.283 0.452
Probability P < 0.0163 0.0249
SE = 0.0307

LA total of 8 nonpregnant sows (4 per treatment).
?Day effect, P < 0.003.

Table 4. Effects of dried distillers grains with solubles (DDGS) on sow jowl fat quality®

Item Control 50% DDGS SE Probability, P <
Myristic acid (14:0), % 141 1.36 0.03 0.32
Palmitic acid (16:0), % 21.08 20.54 0.33 0.30
Palmitoleic acid (16:1), % 3.01 2.79 0.09 0.12
Margaric acid (17:0), % 0.28 0.33 0.03 0.26
Stearic acid (18:0), % 8.62 8.27 0.51 0.64
Oleic acid (18:1¢9), % 43.90 41.93 0.81 0.13
Vaccenic acid (18:1n7), % 4.16 3.92 0.09 0.12
Linoleic acid (18:2n6), % 12.66 15.58 0.53 0.01
a-linolenic acid (18:3n3), % 0.56 0.58 0.05 0.81
Arachidic acid (20:0), % 0.33 0.37 0.03 0.42
Eicosadienoic acid (20:2), % 0.93 112 0.03 0.01
Arachidonic acid (20:4n6), % 0.13 0.13 0.01 0.51
Other fatty acids, % 15.60 18.66 0.59 0.01
Total SFA, % 32.03 31.20 0.84 0.51
Tota MUFA, %° 53.03 50.69 0.80 0.08
Total PUFA, %* 14.94 18.12 0.65 0.01
Total trans fatty acids, %° 0.37 0.49 0.10 0.44
UFA:SFA ratio® 2.13 2.21 0.08 0.49
PUFA:SFA ratio’ 0.47 0.58 0.03 0.03
lodine value, g/100 ¢? 69.33 72.38 1.03 0.08

! Total of 8 sowswith 4 sows per treatment.

2 Total saturated fatty acids = {[C8:0] + [C10:0] + [C12:0] + [C14:0] + [C16:0] + [C17:0] +
[C18:0] + [C20:0] + [C22:0] + [C24:Q]}; brackets indicate concentration.

3 Total monounsaturated fatty acids = {[C14:1] + [C16:1] + [C18:1c9] + [C18:1n7] + [C20:1]
+ [C24:1]}; brackets indicate concentration.

* Total polyunsaturated fatty acids = {[C18:2n6] + [C18:3n3] + [C18:3n6] + [C20:2] +
[C20:4n6]} ; brackets indicate concentration.

®Total trans fatty acids = {[C18:1t] + [C18:2t] + [C18:3t]}; brackets indicate concentration.

® UFA:SFA ratio = [Total MUFA + Total PUFA] / Total SFA.

"PUFA:SFA ratio = Total PUFA / Total SFA.

8 Calculated as IV=[C16:1] x 0.95 + [C18:1] x 0.86 + [C18:2] x 1.732 +[C18:3] x 2.616 +
[C20:1] x 0.785+[C22:1] x 0.723; brackets indicate concentration (AOCS, 1998).
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EFFECTS OF FEEDER DESIGN ON GROWTH PERFORMANCE AND CARCASS
CHARACTERISTICS OF FINISHING PIGS*

J. R. Bergstrom, M. D. Tokach, S. S. Dritz%, J. L. Nelssen,
J. M. DeRouchey and R. D. Goodband

Summary

Two experiments were conducted to
compare the effects of feeder design
(conventional dry vs. wet-dry feeder) on
finishing pig performance. In Exp. 1, 1,186
pigs (PIC 337 x 1050) were used in a 69-d
experiment. Pigs were weighed (avg. 70.8 1b)
and allotted to 1 of 2 feeder types in a
completely randomized design. There were 22
pens per feeder type with 26 to 28 pigs per
pen. All pigs were fed the same dietary
sequence in 4 phases (d 0 to 10, 10 to 28, 28
to 50, and 50 to 69). Overall (d 0 to 69), pigs
using the wet-dry feeder had greater (P <
0.001) ADG, ADFI, and fina weight
compared with pigs using the conventional
dry feeder. In Exp. 2, 1,236 pigs (PIC 337 x
1050) were used in a 104-d experiment. Pigs
were weighed (avg. 63.2 1b) and alotted to 1
of the 2 feeder types in a completely
randomized design. There were 23 pens per
feeder type with 25 to 28 pigs per pen. All
pigs were fed the same feed budget (diet 1 =
59 Ib/pig, diet 2 = 88 Ib/pig, diet 3 = 121
Ib/pig, and diet 4 = 130 Ib/pig). On d 84, the 3
largest pigs per pen were marketed.
Afterward, al remaining pigs were fed a fifth
dietary phase containing Paylean until d 104.
Carcass measurements were obtained after
pigs were transported to a commercial abattoir

on d 104. Overall (d 0 to 104), pigs using the
wet-dry feeder had greater (P < 0.001) ADG,
ADFI, and final weight compared with those
using the conventional dry feeder. However,
pigs using the wet-dry feeder had poorer F/IG
and increased feed cost per pig (P < 0.002)
than pigs using the conventiona dry feeder.
Carcassyidld, fat free lean index, premium per
pig, and live value/cwt were increased,
whereas average back fat depth was decreased
(P < 0.03) for pigs using the conventiona dry
feeder compared with pigs using the wet-dry
feeder. The combination of these effects
resulted in a numerically lower net income per
pig for pigs fed with the wet-dry feeder. These
experiments demonstrate  that  growth
performance of finishing pigs was improved
with a wet-dry feeder compared with a
conventional dry feeder. However, because
carcasses of pigs fed with a wet-dry feeder
yielded less and were fatter, more research is
required to understand the dynamics among
feeder design, feed intake, and economic
return.

Key words: feeders, pig
Introduction

Because finishing feed costs represent
roughly 50% of the cost of production, swine

! Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg,
Scott Heidebrink, and Marty Heintz for technical assistance.
2Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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producers are continualy  evaluating
technologies that may improve the growth
performance of finishing pigs and reduce feed
cost per pound of gain. Additionaly,
increasing costs associated with waste
handling provide an incentive to reduce water
usage (dlurry volume). Previous research at
Kansas State University (KSU) has
demonstrated that using a wet-dry feeder may
improve the growth rate and feed efficiency
and reduce water disappearance of finishing
pigs. These previous studies evauated the
differences between a wet-dry feeder and a
conventional dry feeder with water provided
separately via a nipple waterer. However,
studies comparing the effects of various feeder
designs on the growth performance of
finishing pigs in a modern, commercial
finishing facility are scarce. Many barns are
now equipped with feeders that present dry
feed to the pigs with some sort of cup or
trough located in close (horizontal) proximity
as a water source. With a wet-dry feeder, the
water is provided by a nipple in the feed pan.
Therefore, the objective of this research was
to determine whether use of a wet-dry feeder
would improve performance and profitability
of finishing pigs housed in commercial
conditions.

Procedures

Procedures used in the experiment were
approved by the KSU Ingtitutional Animal
Care and Use Committee. The experiment was
conducted in a commercial research finishing
facility in southwest Minnesota. The facility
was double curtain sided with pit fans for
minimum ventilation and completely dlatted
flooring over a deep pit for manure storage.
Individual pens were 10 x 18 ft. Half of the
pens were equipped with a single 60-in.-wide,
5-hole conventional dry feeder (STACO, Inc.,
Schaefferstown, PA) and 1 cup waterer in
each pen (Figure 1). The remaining pens were
each equipped with a double-sided wet-dry
feeder (Crystal Springs, GroMaster, Inc.,
Omaha, NE) with a 15-in. feeder opening on
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both sides that provided access to feed and
water (Figure 2).

Although the pens equipped with a wet-
dry feeder contained a cup waterer (Figure 2),
waterers were shut off during the experiments.
Therefore, the only source of water for pigsin
these pens was through the wet-dry feeder. In
addition, water was delivered to all of the pens
of each feeder type independently, and each of
the 2 water lines was equipped with a single
water meter to monitor total dailly water
disappearance for each feeder type.

In Exp. 1, 1,186 pigs were weighed and
allotted to the 2 feeder types. There were 22
pens per treatment. Each pen contained 26 to
28 pigs with the average number of gilts and
barrows per pen and initia weight (70.8 |b)
balanced across treatments. All pigs were fed
the same sequence of diets with 4 dietary
phases (d 0 to 10, 10 to 28, 28 to 50, and 50 to
69; Table 1). On d 14, 28, 42, 56, and 69, pigs
were weighed and feed disappearance was
measured to determine ADG, ADFI, and F/G.
This experiment was conducted from
December 20, 2007, to February 27, 2008.

In Exp. 2, 1,236 pigs were weighed and
allotted to the 2 feeder types. There were 23
pens per treatment. Each pen contained 25 to
28 pigs with the average number of gilts and
barrows per pen and initial weight (63.2 1b)
balanced across treatments. Unlike Exp. 1, all
pigs were fed by using a feed budget (diet 1 =
59 Ib/pig, diet 2 = 88 Ib/pig, diet 3 = 121
Ib/pig, and diet 4 = 130 Ib/pig; Table 2). Ond
84, the 3 largest pigs per pen were marketed.
Afterward, al the remaining pigs were fed a
fifth diet containing Paylean (Elanco Animal
Health, Indianapolis IN) until d 104. On d 0,
14, 28, 42, 56, 70, 84, and 104, pigs were
weighed and feed disappearance was
measured to determine ADG, ADFI, and F/G.
After transportation to a commercia abattoir
on d 104, carcass measurements were obtained
from 494 of the remaining pigs (11 pens per
feeder type). Total feed cost per pig and total
revenue per pig were determined, and an



initial pig cost ($50/pig) and facility and labor
cost ($10.40/pig) were also used to determine
net income per pig. This experiment was
conducted from April 8, 2008, to July 21,
2008.

Data were analyzed as a completely
randomized design by using the PROC
MIXED procedure of SAS with pen as the
experimental unit.

Results

In Exp. 1, overal (d 0 to 69) ADG, ADFI,
and final weight were greater (P < 0.001) for
pigs fed using a wet-dry feeder than for those
fed using the conventional dry feeder (Table
3). Feed efficiency was not different between
pigs fed with either feeder type. Water usage
per pig averaged 1.38 and 1.44 gal/d for pigs
fed using the conventional dry feeder and wet-
dry feeder, respectively.

In Exp. 2, overal (d O to 104) ADG,
ADFI, and final weight were increased (P <
0.001), but F/G was poorer (P < 0.002) for
pigs fed using the wet-dry feeders (Table 4).
Water usage per pig averaged 1.68 and 1.48
gal/d for pigs fed using the conventional dry
feeder and wet-dry feeder, respectively.

At the conclusion of the study, pigs were
marketed and carcass data were obtained from
494 of the pigs (11 pens per feeder type, Table

5). Hot carcass weight tended (P < 0.06) to be
greater for pigs fed using the wet-dry feeders;
however, carcass yield, fat free lean index,
premium per pig, and live value per cwt were
decreased (P < 0.03). Average backfat depth
was also greater (P < 0.002) for pigs fed using
wet-dry feeders. The combination of these
responses resulted in a similar total revenue
per pig, athough total revenue for pigs fed
with wet-dry feeders was numerically greater
than for those fed using the conventional dry
feeder. Because pigs fed with wet-dry feeders
grew faster, they also consumed more feed
and had a greater (P < 0.001) feed cost per pig
than those fed using the conventional dry
feeder. Therefore, the net income per pig was
numerically greater for pigs fed using the
conventional dry feeders.

In  conclusion, these experiments
demonstrate that growth performance is
improved when pigs are offered feed and
water ad libitum via a wet-dry feeder rather
than a conventional dry feeder and drinker
bowl. Because carcasses of pigs fed with a
wet-dry feeder yielded less and were fatter,
the use of wet-dry feeders may not be justified
with some carcass incentive programs. More
research is required to understand the reason
for the decreased yield of pigs fed with the
wet-dry feeders and to further determine the
effect of feeder type on economic return to
different production systems.
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Figure 2. Wet-dry feeder.
Note that the cup waterer was shut off so the only source of water was through the feeder.
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Table 1. Diet composition, Exp. 1*

Dietary phase
Ingredient, % d0to 10 d10to28 d28to50 d 50to 69
Corn 58.88 52.09 55.31 57.93
Soybean meal (46.5% CP) 22.25 18.95 15.92 13.20
DDGS? 9.00 20.00 20.00 20.00
Bakery by-product 5.00 5.00 5.00 5.00
Choice white grease 2.55 2.05 2.10 2.25
Monocalcium P (21% P) 0.25
Limestone 0.80 0.80 0.80 0.80
Vitamins, minerals,
AA/phytase/etc. 1.27 1.11 0.87 0.82
Total 100.00 100.00 100.00 100.00
Calculated analysis
Standardized ileal digestible (SID) amino acids
Lysine, % 111 1.05 0.95 0.86
Isoleucine:lysine ratio, % 59 63 64 66
Leucinellysineratio, % 138 158 168 177
Methionine:lysineratio, % 32 31 30 31
Met & Cyslysineratio, % 58 60 60 64
Threonine:lysine ratio, % 62 62 64 63
Tryptophan:lysine ratio, % 16 16 16 16
Vainelysineratio, % 68 74 77 79
CP, % 18.9 19.7 185 174
Total lysine, % 1.24 1.20 1.09 0.99
ME, kcal/lb 1,585 1,580 1,581 1,585
SID lysineME ratio, g/Mcal 3.19 3.02 2.72 2.46
Ca % 0.45 0.40 0.39 0.38
P, % 0.45 0.43 0.42 041
Available P, % 0.26 0.26 0.25 0.25

! Each dietary phase was fed to both feeder types during the periods described in the table.
2 Dried distillers grains with solubles.
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Table 2. Diet composition, Exp. 2

Dietary Phase!
5
Ingredient, % 1 2 3 4 (with Paylean)
Corn 61.60 54.56 50.05 52.76 59.61
Soybean meal (46.5% CP) 21.60 18.55 13.10 10.45 16.45
DDGS? 9.00 20.00 30.00 30.00 17.00
Bakery by-product 5.00 5.00 5.00 5.00 5.00
Choice white grease 0.65
Monocalcium P (21% P) 0.13
Limestone 0.80 0.85 0.85 0.85 0.80
Vitamins, minerals,
AA/phytase/etc. 1.22 1.04 1.00 0.94 1.14
Tota 100.00  100.00 100.00  100.00 100.00
Feed budget, Ib/pig 59 88 121 130 tod 104
Calculated analysis
Standardized ileal digestible amino (SID) acids

Lysine, % 1.11 1.05 0.90 0.81 0.94

Isoleucinelysine ratio, % 59 63 69 71 65

Leucinellysineratio, % 139 159 190 204 167

Methionine:lysine ratio, % 32 30 33 35 32

Met & Cyslysineratio, % 59 60 68 72 62

Threonine:lysine ratio, % 62 62 64 66 65

Tryptophan:lysine ratio, % 16 16 17 17 17

Vainelysineratio, % 68 74 84 87 77
CP, % 18.9 19.7 194 18.4 18.3
Total lysine, % 1.24 1.20 1.06 0.97 1.08
ME, kcal/lb 1,547 1,537 1,538 1,539 1,538
SID lysineeME ratio, g/Mcal 3.25 3.10 2.66 2.39 2.77
Ca, % 0.42 0.41 0.40 0.39 0.39
P, % 0.42 0.44 0.46 0.45 0.41
Available P, % 0.23 0.26 0.31 0.30 0.24

! Each dietary phase was fed to pigs using both feeder types in the sequence and according to the
budget outlined in the table.
2 Dried distillers grains with solubles.
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Table 3. The effects of feeder design on the growth performance of finishing pigs — Exp. 1*

Feeder type

[tem Conventional dry Wet-dry SE Probability, P <
d0to 69

ADG, Ib 2.10 2.26 0.01 0.001

ADFI, Ib 5.13 5.58 0.03 0.001

FIG 2.44 2.47 0.01
d 69 avg wt, Ib 216.35 227.30 1.04 0.001
Water use, gal/d per pig 1.38 1.44
Water use, gal/lb gain 0.66 0.64

LA total of 1,186 pigs (PIC 337 x 1050) with 26 to 28 pigs per pen and 22 pens per treatment
were used in a 69-d experiment to compare the growth performance of pigs fed from either a
conventional dry feeder with a cup waterer or awet-dry feeder.

Table 4. The effects of feeder design on the growth performance of finishing pigs — Exp. 2*

Feeder type

[tem Conventional dry Wet-dry SE Probability, P <
d0to 104

ADG, Ib 1.90 2.01 0.01 0.001

ADFI, Ib 4.96 5.40 0.03 0.001

FIG 2.62 2.68 0.01 0.002
d 104 avg wt, Ib 261.35 272.80 1.52 0.001
Water use, gal/d per pig 1.68 1.48
Water use, gal/lb gain 0.89 0.73

LA total of 1,236 pigs (PIC 337 x 1050) with 25 to 28 pigs per pen and 23 pens per treatment
were used in a 104-d experiment to compare the growth performance of pigs fed from either a
conventional dry feeder with a cup waterer or awet-dry feeder.
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Table 5. The effects of feeder design on the carcass characteristics of finishing pigs and
economic return — Exp. 2*

Feeder type
Item Conventional dry Wet-dry SE Probability, P <
Plant live wt, Ib 253.7 265.9 2.34 0.002
HCW, Ib 194.9 200.0 177 0.06
Yield, % 76.86 75.21 0.43 0.02
Avg backfat depth, in. 0.64 0.70 0.01 0.002
Loin depth, in. 241 245 0.04
Lean, % 57.10 55.89 0.48 0.10
Fat free lean index 50.48 49.94 0.16 0.03
Premium/pig, $ 8.67 5.26 1.02 0.03
Valuelewt (live), $ 56.28 54.83 0.39 0.02
Total revenue/pig, $ 142.78 145.80 1.70
Feed cost/pig, $ 56.23 61.12 0.68 0.001
Feed, $/cwt gain 28.43 29.17 0.32 0.13
Net income/pig, $ 26.15 24.28 1.40 0.36

! Carcass data from 494 pigs (11 pens/feeder-type) were obtained for the comparison of carcass data
and economic evaluation.

2 Base carcass price of $71.43/cwt as used to calculate total revenue. Facility cost of $10.40/pig and
initial pig cost of $50.00/pig were used to cal culate net income per pig.
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EFFECTS OF FEEDER ADJUSTMENT ON GROWTH PERFORMANCE OF
GROWING AND FINISHING PIGS!

A. W. Duttlinger, S. S. Dritz%, M. D. Tokach, J. M. DeRouchey,
J. L. Nelssen, and R. D. Goodband

Summary

Two studies were conducted to determine
the effects of feeder adjustment on growth
performance of growing and finishing pigs.
Both experiments were conducted at a com-
mercial swine research facility in southwest
Minnesota. In Exp. 1, atotal of 1,170 barrows
and gilts (PIC, initially 129.0 Ib) were used in
a 70-d study. Pigs were blocked by weight and
randomly allotted to 1 of 5 treatments with 9
replications per treatment. The treatments
were feeder settings of 1, 2, 3, 4, or 5, based
on settings at the top of the STACO stainless
steel dry feeders. Pigs were fed corn-soybean
meal-based diets. From d 0 to 28, pigs fed
from feeders with increasing feeder openings
had increased (linear, P < 0.04) ADG and
ADFI. For d 28 to 70, increasing feeder set-
ting did not affect (P > 0.10) any growth per-
formance traits. Overall (d O to 70), pigs fed
from feeders with increasing feeder openings
had increased (linear, P < 0.03) ADFI. Chang-
ing feeder setting did not affect (P > 0.18)
ADG or F/G. In Exp. 2, atotal of 1,250 bar-
rows and gilts (PIC, initially 77.3 Ib) were
used in a 69-d study to determine the effect of
feeder setting and diet type on growth per-
formance of growing and finishing pigs. Pigs
were blocked by weight and randomly allotted
to 1 of 6 treatments with 8 replications per

treatment. The treatments were arranged in a
3 x 2 factorial with main effects of STACO
stainless steel dry feeder setting (1, 3, or 5)
and diet type (corn-soybean meal- or by-
product-based (15% DDGS and 5% bakery
by-product). Overal (d 0 to 69), there were no
feeder setting x diet type interactions (P >
0.31) for growth performance. Diet type did
not affect (P > 0.75) growth performance. In-
creasing feeder openings increased ADG (qu-
adratic, P < 0.03) and ADFI (linear, P < 0.01).
Feeder setting tended to influence (quadratic,
P > 0.08) F/G with the best F/G at feeder set-
ting of 3. In conclusion, feeding pigs from
feeders with a more open feeder setting in-
creased ADG and ADFI and tended to im-
prove F/G at middle feeder settings compared
with more closed feeder settings. With the dry
feeders used in this study, feed should cover
dightly more than haf of the feed pan to
avoid limiting pig performance.

Key words: by-product, dried distillers grains
with solubles, feeder adjustment, finishing

pigs
Introduction
Because of the increase in commodity and

feed ingredient prices, more emphasis has
been put on improving efficiency of growing

! Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg,
Scott Heidebrink, and Marty Heintz for technical assistance.
?Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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and finishing pigs. Proper feeder adjustment is
often an area of focus for improvement in
many production systems. Having feeder
openings too wide can lead to feed wastage.
Operating feeders too tight leads to more
plugged feeders and out-of-feed events that
could adversely affect performance.

Therefore, the objective of these trials was
to determine the effect of different feeder
settings on growth performance of growing
and finishing pigs and whether diet type
influenced the optimal feeder setting.

Procedures

Procedures used in these experiments were
approved by the Kansas State University Insti-
tutional Animal Care and Use Committee. The
experiment was conducted at a commercial
research facility in southwest Minnesota. The
facility had a totally datted floor, and each
pen was equipped with a STACO (Schaeffers-
town, PA) stainless steel dry self-feeder and 1
cup waterer. The STACO stainless steel dry
self-feeder is a 5-hole single sided feeder with
afeed pan dimension of 60-in. x 7-in. x 5.75-
in. (length x width x height).

Feeder settings were based on the factory-
cut holes in the side of the feeder (Figure 1).
Moving a dial from one hole to the next ad-
justed the feeder gate via arod that connected
the dia to the agitation gate in the feed pan.
The feeders had 10 possible feeder settings.
Feeder setting 1 was the most open feeder set-
ting. Feeder setting 5 was the most closed
feeder setting used in our trials.

The facility was a double-curtain-sided
deep-pit barn that operated on mechanical
ventilation during the summer and automatic
ventilation during the winter. Exp. 1 was con-
ducted in late spring and early summer of
2007, and Exp. 2 was conducted in late spring
of 2008.

Experiment 1. A total of 1,170 barrows
and gilts (PIC 337 x 1050, initially 129.0 Ib)
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were used in a 70-d study. Pigs were blocked
by weight and randomly allotted to 1 of 5
treatments with 9 replications per treatment.
Each pen contained 23 to 28 pigs with an
equal distribution of barrows and gilts. Pigs
were fed corn-soybean meal-based experimen-
tal diets (Table 1) in meal form. For the 5 ex-
perimental treatments, feeder settings were set
al, 2 3, 4, or 5 Feeder settings were left at
their respective setting for the duration of the
trial.

Pigs and feeders were weighed on d 0, 14,
28, 50, and 70 to determine the response crite-
riaof ADG, ADFI, and F/G. On d 50, the barn
was “topped” to simulate normal pig market-
ing under commercial production practices.
The 2 heaviest pigs from all pens were visu-
ally selected, removed, and marketed. The re-
maining pigs were marketed on d 70.

During the week of each weigh day (wk 2,
4, 7, and 10), a digital photo of each feed pan
was taken (Figures 2 to 4). The pictures were
analyzed separately by a trained panel of 6
people; every picture was scored individually
for pan coverage percentage.

After the trial was started, the distance be-
tween the feeder trough and the top of the feed
plate was measured on both the left and right
side of the feeder. The width of the feed plate
(3.625 in.) was subtracted from the height
measurement to determine gap opening. The
feed gate was designed to have some “give’ or
“play” in the feed gate to allow for feed agita-
tion. Thus, the gap opening of the feeder had a
low and high position. The gap opening was
measured when the feed plate was in both the
lowest and highest position possible. Thus, 2
measurements (right and left side of feeder) of
gap opening were obtained and averaged for
each respective position (low or high) for each
feeder. The high gap opening measurements
and percentage of pan coverage were plotted,
and the resulting graph was used to develop a
regression equation. With this regression equ-
ation, it is possible to estimate the pan cover-
age at any feeder gap opening.



Experiment 2. A total of 1,250 barrows
and gilts (PIC 337 x 1050, initially 77.3 Ib)
were used in a 69-d study. Pigs were blocked
by weight and randomly allotted to 1 of 6
treatments with 8 replications per treatment.
Each pen contained 27 to 28 pigs with an
equal distribution of barrows and gilts. The
treatments were arranged in a 2 x 3 factorial
with main effects of STACO stainless steel
dry feeder setting (1, 3, 5) and diet type (corn-
soybean meal- or by-product based (15%
DDGS and 5% bakery by-product; Table 2).
Similar to Exp. 1, feeder settings remained at
their respective setting for the duration of the
trial. Pigs and feeders were weighed on d O,
15, 30, 42, 55, and 69 to determine the re-
sponse criteriaof ADG, ADFI, and F/G.

During weeks 2 and 6 of the trial, a digital
photo of each feed pan was taken. As in EXp.
1, al pictures were analyzed separately by a
trained panel of 6 people; every picture was
scored individually for pan coverage percent-
age. Also, after the trial was started, gap
opening was measured using the same proce-
dures as in Exp. 1. High gap opening was also
graphed using the same procedures as in Exp.
1

Statistical analysis. Data were analyzed
as a randomized complete block design by us-
ing the PROC MIXED procedure of SAS with
pen as the experimental unit.

Results

Experiment 1. From d O to 28, pigs fed
from feeders with increasing feeder openings
had increased (linear, P < 0.01) ADG and in-
creased (linear, P < 0.04) ADFI (Table 3). For
d 28 to 70, increasing feeder setting did not
affect (P > 0.10) any growth performance
traits. Overall (d O to 70), pigs fed from feed-
ers with increasing feeder openings had in-
creased (linear, P < 0.03) ADFI. Changing
feeder setting did not affect (P > 0.18) ADG
or F/G.
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The range in feeder settings provided a
wide range of feeder gap openings and corre-
sponding pan coverage (Figure 5). As feeder
setting increased from 1 to 5 (or tighten
down), low and high gap opening decreased
(linear, P < 0.01) as expected (Table 4). Fur-
thermore, as feeder setting increased (or feed-
er gap opening decreased), feeder pan cover-
age percentage decreased (linear, P < 0.01) for
wk 2, 4, 7, and 10 of thetrial (Table5).

Experiment 2. From d 0 to 30 and d 30 to
69, pigs fed from feeders with increasing
feeder openings had increased (linear, P <
0.01) ADG and ADFI (Table 6). Overall (d 0
to 69), there were no feeder setting x diet type
interactions (P > 0.31) for growth perform-
ance. Diet type did not affect (P > 0.75)
growth performance (Table 7). Pigs fed from
feeders with increasing feeder openings had
increased (quadratic, P < 0.03) ADG. The pigs
on feeder setting 1 grew the fastest; there was
a dlight reduction in growth rate for pigs fed
with feeders on setting 3 and a large decrease
in ADG as feeder setting was increased from 3
to 5. Pigs fed from feeders with increasing
feeder openings had increased (linear, P <
0.01) ADFI. Feeder setting tended to influence
(quadratic, P > 0.08) F/G; optima F/G oc-
curred when feeders were on setting 3.

As expected, as feeder setting increased
(linear, P < 0.01), low gap opening and high
gap opening decreased (Table 8). As feeder
setting increased (or feeder gap opening de-
creased), feeder pan coverage percentage de-
creased for wk 2 (linear, P < 0.01) and 6 (qua-
dratic, P < 0.01) of the trial (Table 9). Feed
pan coverage at each gap opening was similar
to coverage in Exp. 1; approximately 50% of
the feed pan was covered with a high gap
opening of 1.15 in. (Figure 6).

Discussion

Our data show that feed intake and daily
gain increased as feeder opening increased,
whereas feed efficiency improved at the mid-
die feeder adjustment setting. These differ-



ences may be explained by increased feed
wastage at a very open setting and restricted
feed intake resulting in poorer ADG and F/G
when feeders are adjusted too tightly.

These trias illustrate the importance of
proper feeder management and adjustment. In
both trials, feeder setting 3 appeared to be op-
timal for the feeder studied. However, to ap-
ply this data to other dry feeder types, feeder
gap opening was measured. The average gap
opening for feeder setting 3 from the feed

trough to the bottom of the feed plate when
the feed plate was in the high position was ap-
proximately 1.15 in. The amount of feed cov-
ering the bottom surface of the feeder pan for
this setting averaged 61%. However, the range
for individual feeders on this adjustment set-
ting was large with a range of 14 to 93%. On
the basis of this data, our recommendation is
for feeders to be adjusted to allow feed to cov-
er dightly more than half of the feed pan
without feed accumulating in the corners.

Figure 1. Example of STACO stainless steel dry feeder on feeder setting 3.

Figure 2. Example of pan coverage for feeder setting 5.

Figure 3. Example of pan coverage for feeder setting 3.



Figure 4. Example of pan coverage for feeder setting 1.

Table 1. Composition of diets (Exp. 1; as-fed basis)*

Ingredient, % Phase 1 Phase 2 Phase 3
Corn 68.74 72.49 65.10
Soybean meal (46.5% CP) 23.30 19.65 26.90
Choice white grease 6.00 6.00 6.00
Monocal cium phosphate (21% P) 0.45 0.40 0.55
Limestone 0.85 0.80 0.80
Salt 0.35 0.35 0.35
Vitamin premix 0.06 0.06 0.03
Trace mineral premix 0.07 0.07 0.04
Optiphos 2000° 0.03 0.03 0.03
L-lysineHCI 0.15 0.15 0.15
L-threonine 0.03
Paylean, 9 g/lb 0.03
Total 100.00 100.00 100.00
Calculated analysis
SID® amino acids, %
Lysine 0.90 0.81 0.97
Methionine:lysine 27% 28% 27%
Met & Cyslysine 57% 59% 56%
Threonine:lysine 60% 60% 64%
Tryptophan:lysine 19% 19% 20%
SID Lysine:calorieratio, g/Mcal of ME 248 2.23 2.68
ME, kcal/lb 1,644 1,646 1,643
Total lysine, % 1.00 0.90 1.10
CP, % 16.82 15.44 18.21
Ca, % 0.51 0.47 0.52
P, % 0.45 0.42 0.48
Available P, %* 0.25 0.23 0.23
Avail P:.calorieratio, g/mca of ME 0.68 0.64 0.64

! Phase 1 fed from 208 to 259 Ib, phase 2 fed from 170 to 222 Ib, phase 3 fed from 222 to 253 Ib.

2Provided per pound of diet: 227 phytase units of phytase.
3 Standardized ileal digestible.

*Includes expected P release of 0.07% from added phytase.
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Table 2. Composition of diets (Exp. 2; as-fed basis)*

Phase 1 Phase 2 Phase 3
Ingredient, % Corn-soy By-product Corn-soy By-product Corn-soy By-product
Corn 69.38 52.69 73.73 57.06 78.80 61.96
Soybean meal (46.5% CP) 25.05 22.04 20.99 17.86 16.11 13.14
Dried distillers grains with solubles 15.00 15.00 15.00
Bakery by-product 5.00 5.00 5.00
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Monaocal cium phosphate (21% P) 0.55 0.20 0.40 0.05 0.35 0.03
Limestone 0.90 1.00 0.88 1.05 0.80 0.95
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin premix 0.15 0.15 0.13 0.13 0.10 0.10
Trace mineral premix 0.15 0.15 0.13 0.13 0.10 0.10
Optiphos 2000° 0.03 0.03 0.03 0.03 0.03 0.03
L-lysine HCI 0.30 0.35 0.28 0.33 0.27 0.31
DL-methionine 0.06 0.04 0.02
L-threonine 0.09 0.05 0.07 0.04 0.07 0.04
Total 100.00 100.00 100.00  100.00 100.00 100.00
Cdlculated analysis
SID® amino acids, %

Lysine 1.06 1.06 0.94 0.94 0.81 0.81

Methionine:lysine 30% 27% 29% 29% 29% 31%

Met & Cysilysine 56% 56% 56% 59% 58% 63%

Threoninelysine 62% 62% 62% 62% 64% 64%

Tryptophan:lysine 17% 17% 17% 17% 17% 17%
SID Lysinecaorieratio,

g/Mcal of ME 3.04 3.04 2.70 2.68 2.32 2.30
ME, kcal/lb 1,578 1,588 1,581 1,591 1,585 1,594
Totd lysine, % 117 121 1.05 1.07 0.90 0.93
CP, % 17.93 19.72 16.36 18.11 14.51 16.32
Ca % 0.55 0.52 0.50 0.50 0.45 0.44
P, % 0.48 0.46 0.44 0.41 0.41 0.39
Available P, %" 0.18 0.18 0.25 0.25 0.23 0.24

! Phase 1 fed from 77 to 125 Ib, phase 2 fed from 125 to 175 |b, phase 3 fed from 175 to 219 Ib.
2 Provided per pound of diet: 227 phytase units of phytase.

3 Standardized ileal digestible.

*Includes expected P release of 0.07% from added phytase.
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Table 3. Influence of feeder adjustment on growing-finishing pig performance (Exp. 1)

Feeder Setting Probability, P <

Item 1 2 3 4 5 SE  Treatment Linear Quadratic
d0to 28

Initial wt, Ib  129.0 129.2 1284 128.7 129.7 154 0.97 0.82 0.60

ADG, Ib 1.85 1.84 1.80 1.80 178 0.03 0.29 0.04 0.92

ADFI, Ib 451 4.46 4.32 4.30 430 0.06 0.02 0.01 0.32

FIG 245 243 241 2.39 242  0.03 0.64 0.28 0.40
d 28to 70

ADG, Ib 172 1.78 181 1.73 174 0.04 0.27 0.80 0.10

ADFI, Ib 4.85 4.93 4.88 4.73 476 0.10 0.58 0.23 0.57

FIG 281 2.78 2.69 2.75 273 0.05 0.49 0.22 0.36
d0to 70

ADG, Ib 1.77 1.80 181 1.76 175 0.02 0.33 0.22 0.18

ADFI, Ib 4.71 4.74 4.65 4,55 456  0.07 0.18 0.03 0.84

FIG 2.65 2.63 257 2.59 260 0.04 0.48 0.18 0.30

Finalwt,Ib 2516 2537 256.5 251.6 252.5 2.23 0.45 0.96 0.21

LA total of 1,170 pigs (PIC, initially 129.0 Ib) were used in a 70-d experiment with 23 to 28 pigs per pen and
9 pens per treatment.

Table 4. Influence of feeder adjustment on feeder gap opening (Exp. 1)

Feeder Setting Probability, P <
Gap opening, in.? 1 2 3 4 5 SE  Treatment Linear Quadratic
Low 114 1.04 0.90 0.79 0.68 0.03 0.01 0.01 0.92
High 1.42 1.30 1.16 1.05 0.87 0.03 0.01 0.01 0.45

A total of 1,170 pigs (PIC, initially 129.0 Ib) were used in a 70-d experiment with 23 to 28 pigs per pen and
9 pens per treatment.

2 Measured from the bottom of the feed pan to the bottom of the feed plate with the feed plate at the lowest
(low) and highest (high) possible positions.

Table 5. Influence of feeder adjustment on feeder pan coverage (Exp. 1)*

Feeder setting Probability, P <
Pan coverage, % 1 2 3 4 5 SE  Treatment Linear Quadratic
wk 2 74.0 713 57.0 34.3 20.6 4.63 0.01 0.01 0.09
wk 4 731 65.9 62.9 419 24.9 4.28 0.01 0.01 0.03
wk 7 78.0 67.0 63.7 46.3 24.8 3.39 0.01 0.01 0.01
wk 10 78.9 73.9 64.6 45.2 26.1 3.04 0.01 0.01 0.01

LA total of 1,170 pigs (PIC, initially 129.0 Ib) were used in a 70-d experiment with 23 to 28 pigs per pen and
9 pens per treatment.
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Figure 5. Percentage of pan covered with feed at different high gap opening measurements
(Exp. 1).
High gap opening is the maximum distance from the feed pan to the bottom of the feeder agita-
tion gate.
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Table 6. Influence of feeder adjustment and diet type on growing-finishing pig performance (Exp. 2)*

Corn-soybean meal By-product Diet x Probability P<
Feeder setting Feeder setting Feeder Feeder setting
Item 1 3 5 1 3 5 SE setting Diet  Feeder setting Linear Quadratic
d0to 30
Initial wt,Ib 774 775 772 772 775 771 0.04 1.00 0.97 0.99 0.93 0.89
ADG, |Ib 209 204 191 201 204 197 004 0.22 0.92 0.01 0.01 0.16
ADFI, Ib 435 416 4.03 436 429 405 0.08 0.68 0.42 0.01 0.01 0.70
FIG 207 206 214 219 209 206 0.05 0.13 0.63 0.46 0.55 0.29
d 30 to 69
ADG, |Ib 211 206 19 209 207 194 0.03 0.90 0.97 0.01 0.01 0.08
ADFI, Ib 549 525 503 543 526 504 0.07 0.86 0.81 0.01 0.01 0.83
FIG 260 255 260 260 255 260 0.04 1.00 0.88 0.26 0.99 0.10
d0to 69
ADG, |Ib 210 205 192 206 205 195 0.02 0.37 0.87 0.01 0.01 0.03
ADFI, Ib 499 477 459 495 484 461 0.06 0.74 0.75 0.01 0.01 0.69
FIG 237 234 240 242 234 235 0.03 0.31 0.87 0.19 0.67 0.08
Fina wt,Ib 2235 2206 2121 2214 2203 214.2 3.27 0.81 0.97 0.02 0.01 0.33

! A total of 1,250 pigs (PIC, initially 77.3 Ib) were used in a 69-d experiment with 27 to 28 pigs per pen and 8 pens per treatment for the treatments of
feeder setting 1 and 3 for both diet types and 7 pens per treatment for the treatments of feeder setting 5 for both diet types.
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Table 7. Main effects of feeder adjustment on growing-finishing pig performance (Exp. 2)*

Probability, P <
Feeder setting Feeder setting

Item 1 3 5 SE Linear Quadratic
d0to 30

Initial wt, Ib 77.3 775 77.1 157 0.93 0.89

ADG, Ib 2.05 2.04 1.94 0.03 0.01 0.16

ADFI, Ib 4.35 4.22 4.04 0.05 0.01 0.70

FIG 213 2.07 210 0.04 0.55 0.29
d 30to 69

ADG, |Ib 2.10 2.06 1.94 0.02 0.01 0.08

ADFI, Ib 5.46 5.26 5.03 0.05 0.01 0.83

FIG 2.60 2.55 2.60 0.03 0.99 0.10
d0to69

ADG, |Ib 2.08 2.05 1.94 0.02 0.01 0.03

ADFI, Ib 4.97 4.80 4.60 0.05 0.01 0.69

FIG 2.39 2.34 2.38 0.03 0.67 0.08

Final wt, Ib 222.5 220.4 213.2 231 0.01 0.33

LA total of 1,250 pigs (PIC, initially 77.3 Ib) were used in a 69-d experiment with 27 to 28 pigs per pen
and 8 pens per treatment for the treatments of feeder setting 1 and 3 for both diet types and 7 pens per
treatment for the treatments of feeder setting 5 for both diet types.

Table 8. Influence of feeder adjustment on gap opening (Exp. 2)*

Probability, P <
Feeder setting Feeder setting
Gap opening, in.? 1 3 5 SE Linear Quadratic
Low 113 0.86 0.62 0.02 0.01 0.50
High 142 1.14 0.87 0.02 0.01 0.83

LA total of 1,250 pigs (PIC, initially 77.3 b) were used in a 69-d experiment with 27 to 28 pigs per pen
and 8 pens per treatment for the treatments of feeder setting 1 and 3 for both diet types and 7 pens per
treatment for the treatments of feeder setting 5 for both diet types.

?Measured from the bottom of the feed pan to the bottom of the feed plate with the feed plate at the
lowest (low) and highest (high) possible positions.
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Table 9. Influence of feeder adjustment and diet type on feeder pan coverage (Exp. 2)*

Corn-soybean meal By-product _ Probability, P <
Feeder setting Feeder Setting Eé:g; Feeder Feeder setting
Feeder pan coverage, % 1 3 5 SE setting Diet SN | inear  Quadratic
wk 2 733 469 194 63.2 17.8 6.87 0.37 0.10 0.01 0.01 0.28
wk 6 747 533 259 70.3 224 6.34 0.17 0.10 0.01 0.01 0.04

LA total of 1,250 pigs (PIC, initialy 77.3 Ib) were used in a 69-d experiment with 27 to 28 pigs per pen and 8 pens per treatment for the treatments of
feeder setting 1 and 3 for both diet types and 7 pens per treatment for the treatments of feeder setting 5 for both diet types.
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Figure 6. Percentage of pan covered with feed at different high gap opening measurements (Exp. 2).

High gap opening is the maximum distance from the feed pan to the bottom of the feeder agitation gate.
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Swine Day 2008

DIET PREFERENCE AND GROWTH PERFORMANCE IN WEANLING PIGS
FED DIETS WITH Morinda citrifolia (NONI)

C. Feoli, J. D. Hancock, and K. C. Behnke!

Summary

Two experiments were conducted to de-
termine the effects of adding 5% Morinda ci-
trifolia (noni; Morinda Agricultural Products,
Orem, UT) to diets for weanling pigs. In Exp.
1, 48 pigs (initially 9.3 Ib) were used in a 29-d
preference study. There were 6 pigs per pen
and 8 pens total. The pens were equipped with
2 identical feeders (for diets without and with
noni puree), and position of the feeders was
switched each afternoon to prevent feeder lo-
cation from affecting diet consumption. The
diets were corn-soybean meal-based, pelleted,
and had 1.8% lysine for d 0 to 5, 1.6% lysine
for d 5 to 15, and 1.4% lysine for d 15 to 29.
Feed and water were consumed on an ad libi-
tum basis. No differences were noted among
diets without and with noni for pelleting ease
and pellet durability index (PDI). Feed intake
was increased for d 0 to 5 (0.11 vs. 0.23 Ib/d,
P<0.05 andd0to 15(0.15vs. 0.37 Ib/d, P <
0.006) when noni was added to the diets.
However, this effect disappeared for d 15 to
29 so that overall feed intake was not different
(0.40 vs. 0.50 Ib/d, P > 0.39) for d 0 to 29. In
Exp. 2, 96 pigs (initially 14.8 Ib) were used in
a 29-d growth assay. There were 6 pigs per
pen and 8 pens per treatment. The diets were
the same as those used in the first experiment.
Results indicated no differences (P > 0.29) in
ADG, ADFI, and F/G ford0to 5 and O to 15
between pigs fed diets without and with noni.
However, for d 15 to 29 and overal (d O to
29), ADG and ADFI were decreased (P <

0.04) for pigs fed diets with noni compared
with the control. In conclusion, there was a
preference for diets with noni for the first 15d
of the preference study. In the growth assay,
prolonged feeding of diets with noni resulted
in reduced feed intake and, ultimately, de-
creased rate of gain.

Key words: diet preference, Morinda citrifo-
lia, noni, weanling pigs

Introduction

Morinda citrifolia (noni) has been used in
Polynesian folk remedies form more than
2,000 years. It is thought to have antioxidant,
antibiotic, bactericidal, and anticarcinogenic
properties and contains phytochemicals that
have been suggested to be biologically active
(e.g., enhanced immune function, antibiotic-
like functions, and decreased potential for
cancer in laboratory rats). Swine producers
always are searching for means to improve
productivity of their pigs and profitability of
their operations. Because the use of noni in
dietsfor pigsis arelatively new research area,
we designed 2 experiments to determine the
effects of noni on feed preference and growth
performance in weanling pigs.

Procedures
For Exp. 1, 48 weanling pigs (initially 9.3

Ib) were used in a 29-d preference study. The
pigs were blocked by weight and sorted into

! Department of Grain Science and Industry, Kansas State University.
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pens on the basis of gender and ancestry.
There were 6 pigs per pen and 8 pens total in
the environmentally controlled nursery room.
Each 4-ft x 4-ft pen was equipped with wo-
ven-wire flooring, 2 identical feeders (for diets
without and with noni puree), and 1 nipple
waterer. Feeder positions were switched each
afternoon to ensure that any preference for one
diet vs. the other would not be affected by fa-
miliarity with afeeder’ s location.

The diets (Table 1) were corn-soybean
meal-based and formulated to 1.8% lysine for
d0to5, 1.6 % lysine for d 5 to 15, and 1.4%
lysine for d 15 to 29. Treatments were 5% test
premix (80% water and 20% corn) for the
control vs. 5% noni (Morinda Agricultura
Products, Orem, UT). The diets for d 0 to 5
and 5 to 15 were steam conditioned at 140°F
for approximately 20 sec before passing into a
pelleting press (CPM Master Model HD)
equipped with a 1¥+in.-thick die having 5/32-
in. openings. The diets for d 15 to 29 were
steam conditioned at 180°F and pelleted
through the same press but with a 7/8-in.-thick
die. Samples of the processed diets were col-
lected, and pellet durability index (PDI) was
determined by using the tumbling-box tech-
nique. Additionally, the PDI procedure was
modified to induce more stress on the pellets
by adding 5 hexagonal nuts into the tumbling
box.

The pigs were allowed to consume feed
and water on an ad libitum basis. Feeder
weights were collected on d O, 5, 15, and 29 of
the experiment to allow calculation of ADFI.
All data were analyzed by using the MIXED
procedure of SAS with pen as the blocking
criterion and feeder as the experimental unit.
A significant F test was considered sufficient
to declare a difference among treatment
means.

For Exp. 2, 96 weanling pigs (initialy
14.8 Ib) were used in a 29-d growth assay.
There were 6 pigs per pen and 8 pens per
treatment. The pigs were sorted and housed as
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in Exp. 1 except that the pens had only 1 feed-
er. Diets (Table 1) were the same as those
used in Exp. 1 (without and with noni), and
feed and water were consumed on an ad libi-
tum basis.

Pig and feeder weights were collected on d
0, 5, 15, and 29 of the experiment to alow
calculation of ADG, ADFI, and F/G. All data
were analyzed by using the MIXED procedure
of SAS with initial weight as the blocking cri-
terion and pen as the experimental unit. A sig-
nificant F test was considered sufficient to de-
clare a difference among treatment means.

Results and Discussion

In Exp. 1 (Table 2), observations made
during feed processing indicated that all diets
pelleted with ease and with only dlight im-
provements (2 to 4%) in PDI for diets with
noni. Pigs fed the control ate lessfor d 0 to 5
(0.11 vs. 0.23 Ib/d, P < 0.05) and d O to 15
(0.15 vs. 0.37 Ib/d, P < 0.006) than pigs fed
diets with noni. However, preference for diets
with noni disappeared during d 15 to 29 so
that overall feed intake (d O to 29) was not dif-
ferent (0.40 vs. 0.50 Ib/d, P > 0.39) for the
control vs. noni treatments. The loss of the
preference response could have resulted from
prolonged consumption of the diets with a
high concentration (5%) of noni. Alterna-
tively, it could be that extended storage (2 to 4
weeks) of diets with noni lead to development
of anti-palatability factors. Regardless what
factors eventualy led to loss of preference,
our data demonstrate that piglets preferred di-
ets with 5% noni for the first 2 wk after wean-

ing.

In Exp. 2 (Table 3), when the same feed
used in the preference determination was used
in a growth assay, there were no differences
(P > 0.29) in ADG, ADFI, and F/G for d 0 to
5 and 0 to 15 between pigs fed diets without
and with noni. Overal (d 0 to 29), ADG (P <
0.04) and ADFI (P < 0.02) were decreased for
pigs fed dietswith noni. Thus, results of the



gowth assay tend to support those of the pref-
erence determination in that diets with a high
concentration of noni that are fed for a pro-
longed period may begin to adversely affect

feed intake and, thus, rate of gain.

Table 1. Composition of diets

In conclusion, there was a preference for
diets with noni for the first 15 d of the prefer-
ence study. In the growth assay, prolonged
feeding of diets with noni resulted in reduced
feed intake and, ultimately, decreased rate of
gain.

Ingredient, % d0to5 d5to0 15 d15t0 29
Corn 2297 42.57 58.19
Soybean meal (47.5% CP) 27.10 29.15 33.00
Whey 20.00 15.00
Lactose 10.00
Soy ail 2.00
Test premix* 5.00 5.00 5.00
Spray-dried plasma 5.00 2.50
Fish mea 5.00 3.00
Monocal cium phosphate (21% P) 0.80 0.66 1.30
Limestone 0.69 0.85 111
L-lysine HCI 0.21 0.21 0.32
DL-methionine 0.19 0.14 0.14
L-threonine 0.05 0.03 0.10
Salt 0.20 0.30 0.35
Vitamin premix 0.25 0.25 0.25
Minera premix 0.15 0.15 0.15
Copper sulfate 0.09
Zinc oxide 0.39 0.19
Calculated analysis

Lysine, % 1.80 1.60 1.40

Ca, % 0.90 0.80 0.75

Total P, % 0.80 0.70 0.67

! Morinda citrifolia (noni) was used to replace the test premix that was 80% water and 20%

corn.
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Table 2. Effects of diets without and with Morinda citrifolia (noni) on pellet quality and
diet preference in weanling pigs (Exp. 1)*

[tem Control Noni SE P value
PDI, %?
d0to5 97 99 N/A N/A
d5to 15 90 94 N/A N/A
Modified PDI, %3
d0to5 95 o8 N/A N/A
d5to 15 88 92 N/A N/A
ADFI, Ib
d0to5 0.11 0.23 0.03 0.05
d5to 15 0.15 0.37 0.04 0.006
d0to 29 0.40 0.50 0.07 -4

LA total of 48 weanling pigs (6 pigs/pen and 8 pens total) with an initial weight of 9.3 Ib.
2 Pellet durability index (ASAE, 1991).

®Modified by adding 5 hexagonal nuts (0.5-in. diameter) to the tumbling box.
*Dashesindicate P > 0.15.

Table 3. Effects of diets without and with Morinda citrifolia (noni) on growth performance
of weanling pigs (Exp. 2)*

[tem Control Noni SE P value
dO0to5
ADG, Ib 0.39 0.42 0.14 -2
ADFI, Ib 0.40 0.40 0.02
FIG 1.03 0.95 0.50
d0to15
ADG, Ib 0.49 0.46 0.02
ADFI, Ib 0.62 0.58 0.09
FIG 1.27 1.26 0.18 ---
d0to 29
ADG, Ib 0.86 0.80 0.03 0.04
ADFI, Ib 1.12 1.03 0.11 0.02
FIG 1.30 1.29 0.09

L A total of 96 weanling pigs (6 pigs per pen and 8 pens per treatment) with an initial weight of
14.8 Ib.
?Dashesindicate P > 0.15.
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EFFECTS OF Morinda citrifolia (NONI) AND DIET COMPLEXITY ON GROWTH
PERFORMANCE IN WEANLING PIGS

C. Feoli, J. D. Hancock, and K. C. Behnke!

Summary

Two experiments were conducted to de-
termine the effects of concentration (0, 0.75,
1.5, 3.0, and 6.0%) of Morinda citrifolia (no-
ni; Morinda Agricultural Products, Orem, UT)
and diet complexity in weanling pigs. In EXp.
1, 210 pigs (initially 13.4 1b) were used in a
35-d growth assay; there were 7 pigs per pen
and 6 pens per treatment. Diets were corn-
soybean meal-based, and lysine concentrations
were 1.8% ford0to 7, 1.6% for d 7 to 21, and
1.4% for d 21 to 35 with feed and water con-
sumed on an ad libitum basis. Increasing the
concentration of noni in the diet from O to 3%
had no effects on pellet durability index (PDI)
for thed O to 7 and 7 to 21 diets. Average dai-
ly gain (quadratic effect, P < 0.03) and F/G
(quadratic effect, P < 0.10) for d 0 to 7 and
F/G for d O to 21 (quadratic effect, P < 0.04)
improved as noni concentration in the diet was
increased from O to 0.75%. However, no
treatment effects were observed overall (d 0 to
35). For Exp. 2, 168 pigs (initially 13.9 Ib)
were used in a 35-d growth assay; there were
6 pigs per pen and 7 pens per treatment.
Treatments were arranged as a 2 x 2 factorial
with main effects of diet formulation (simple
vs. complex) and noni addition (0 vs. 3%).
Simple diets had the same minimum nutrient
specifications as complex diets but had no
added lactose or spray-dried animal plasma
for d 0 to 7 and only 10% added whey for d 7
to 21. Pelleting data indicated improved PDI
with no additional energy inputs when noni

was added to the simple diets (for d 21 to 35).
Pigs fed ssimple diets had lower ADG (P <
0.06) for d 0 to 7 and lower ADG and ADFI
(P < 0.06) for d 0 to 21 than pigs fed complex
diets. During d 0 to 35 for ADG and d O to 21
for F/G, addition of noni to the simple diets
had negative effects (diet complexity x noni
interaction, P < 0.02). In conclusion, adding
0.75 to 3% noni to complex diets improved
growth performance early in a titration ex-
periment but had negative effects when added
to the simple diet formulations used in a sec-
ond experiment.

Key words. diet complexity, dose titration,
Morinda citrifolia, noni

Introduction

In previous research conducted at Kansas
State University and in Japan, there appeared
to be an aversion that developed over time to
diets with high inclusion of Morinda citrifolia
(noni). Because noni was just recently consid-
ered a potential feed ingredient in diets for
pigs, experiments should be conducted to de-
termine the most appropriate dose x duration
combination that will ensure ingestion of suf-
ficient noni to have the desired biological ef-
fects. In addition, it is possible that noni might
be able to replace some of the expensive in-
gredients often included in diets for weanling
pigs (e.g., spray-dried animal plasma, milk
products, specialized fish meals, and antibiot-
ics), thereby becoming a preferred ingredient

! Department of Grain Science and Industry, Kansas State University.
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in diets for weanling pigs worldwide. Thus,
we designed 2 experiments to determine the
ideal concentration of noni in diets for weaned
piglets and the effects of noni in simple and
complex diets for weanling pigs.

Procedures

For the first experiment, 210 weanling
pigs (initially 13.4 Ib) were used in a 35-d ti-
tration experiment. The pigs were blocked by
weight and sorted into pens on the basis of
gender and ancestry. There were 7 pigs per
pen and 6 pens per treatment in the environ-
mentally controlled nursery room. Each pen
was 4 ft x 4 ft and equipped with woven-wire
flooring and 1 self-feeder and 1 nipple waterer
to allow ad libitum consumption of feed and
water.

The diets (Table 1) were corn-soybean
meal based and formulated to 1.8% lysine for
d0to 7, 1.6 % lysinefor d 7 to 21, and 1.4%
lysine for d 21 to 35. Treatments were 6% test
premix (90% water and 10% corn) for the
control vs. 0.75, 1.5, 3.0, and 6.0% noni (Mo-
rinda Agricultural Products, Orem, UT) added
at the expense of the test premix. The diets
were not steam conditioned before being
passed into a pelleting press (CPM Master
Model HD) equipped with a 1%in.-thick die
having 5/32-in. openings. Samples of the
processed diets were collected, and pellet du-
rability index (PDI) was determined by using
the tumbling-box technique. Additionaly, the
PDI procedure was modified to induce more
stress on the pellets by adding 5 hexagonal
nuts into the tumbling box.

Pig and feeder weights were collected on d
0, 7, 21, and 35 to allow calculation of ADG,
ADFI, and F/G. All data were analyzed by
using the MIXED procedure of SAS with ini-
tial weight as the blocking criterion and pen as
the experimental unit. Polynomial regression
was used to describe the shape of the response
to increasing concentration of noni in the di-
ets.
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For the second experiment, 168 weanling
pigs (initially 13.9 Ib) were used in a 35-d
growth assay. There were 6 pigs per pen and 7
pens per treatment. The pigs were sorted and
housed as in Exp. 1 with feed and water con-
sumed on an ad libitum basis.

The diets (Table 2) were corn-soybean
meal based and formulated to 1.8% lysine for
d0to 7, 1.6 % lysinefor d 7 to 21, and 1.4%
lysine for d 21 to 35. Treatments were ar-
ranged as a 2 x 2 factoria with main effects of
diet formulation (simple vs. complex) and no-
ni addition (0 vs 3%). Simple diets had the
same minimum nutrient specifications as
complex diets but had no added lactose or
spray-dried animal plasmafor d 0 to 7 and on-
ly 10% added whey for d 7 to 21. The diets for
d 0to 7 and 7 to 21 were steam conditioned at
140°F for approximately 20 seconds before
passing into a pelleting press (CPM Master
Model HD) equipped with a 1%#in.-thick die
having 5/32-in. openings. The dietsfor d 21 to
35 were steam conditioned at 180°F and pel-
leted through the same press and die used for
the other diets. Samples of the pelleted diets
were collected, and PDI was determined.

Pig and feeder weights were collected on d
0, 7, 21, and 35 to allow calculation of ADG,
ADFI, F/G and variation (CV) in BW. All da
ta were analyzed by using the MIXED proce-
dure of SAS with initial weight as the block-
ing criterion and pen as the experimental unit.
Orthogonal contrasts for a2 x 2 factorial were
used to separate treatment means with com-
parisons of (1) effect of diet formulation, (2)
effect of noni addition, and (3) diet formula-
tion x noni addition.

Results and Discussion

In Exp. 1 (Table 3), increasing the concen-
tration of noni in the diet from 0 to 3% had no
effects on PDI for d 0 to 7 and 7 to 21 diets.
However, there appeared to be some dippage
of PDI with 6% added noni. Pig growth data
(Table 4) indicated that for d O to 7 there was



a quadratic improvement in ADG (P < 0.03)
and F/G (P < 0.10) as noni concentration in
the diet was increased from 0 to 0.75%, a pla-
teau as noni concentration increased to 3%,
and a decrease as noni concretion was in-
creased further to 6%. The same response was
observed for F/G during d 0 to 21 (P < 0.04).
There was no overall effect (i.e., d O to 35) of
adding noni to diets for nursery pigs.

In Exp. 2 (Table 5), pelleting data indi-
cated improved PDI with no additional energy
inputs when noni was added to the simplest
diets (for d 21 to 35). For growth performance
(Table 6), ADG was improved for d 0 to 7 (P
< 0.06) and d 0 to 21 (P < 0.02) when pigs
were given complex diets. However, the ef-
fects of diet complexity were not independent
of noni addition as F/G for d O to 21 (diet
complexity x noni interaction, P < 0.02) in-
creased as noni was added to ssimple diets and
decreased when noni was added to complex
diets. For d 0 to 35, ADG and F/G were nega-
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tively affected (diet complexity x noni interac-
tion, P < 0.09) when noni was added to simple
diets but did not show any numerical differ-
ence when noni was added to complex diets.
On d 35, CV showed greater (P < 0.02)
weight variation among pigs within a pen for
pigs fed simple diets compared with pigs fed
complex diets. However, there was a trend (P
< 0.10) for an interaction, suggesting that
when noni was added, pens treated with the
simple diets had a decrease in weight uniform-
ity but pens treated with the complex diets had
an improvement in weight uniformity.

In conclusion, our experiments suggested
a small but positive effect of noni on pellet
quality over and above simply adding water
into the mixer. Adding 0.75 to 3% noni to
complex diets improved growth performance
early in atitration experiment but had negative
effects when added to the simple diet formula-
tions used in a second experiment.



Table 1. Composition of diets for Exp. 1

Ingredient, % dOto7 d7to21 d21to 35
Corn 22.84 38.08 51.49
Soybean meal (47.5% CP) 27.24 29.60 33.65
Whey 20.00 15.00
Lactose 10.00
Soy ail 1.00 3.00 5.00
Test premix* 6.00 6.00 6.00
Spray-dried plasma 5.00 2.50
Fish meal 5.00 3.00
M onocal cium phosphate (21% P) 0.79 0.71 131
Limestone 0.69 0.83 111
L-lysine HCI 0.21 0.20 0.32
DL-methionine 0.19 0.15 0.15
L-threonine 0.05 0.04 0.11
Salt 0.20 0.30 0.37
Vitamin premix 0.25 0.25 0.25
Mineral premix 0.15 0.15 0.15
Copper sulfate 0.09
Zinc oxide 0.39 0.19
Calculated analysis

Lysine, % 1.80 1.60 1.40

Ca, % 0.90 0.80 0.75

Total P, % 0.80 0.70 0.65

! Morinda citrifolia (noni) was used to replace the test premix that was 90% water and 10%
corn.
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Table 2. Composition of diets for Exp. 2

dOto7 d7to21

Ingredient, % Simple Complex Simple Complex d21to35
Corn 31.53 26.58 4223 4142 54.76
Soybean meal (47.5% CP) 36.45 26.49 3580 29.30 33.40
Whey 20.00 20.00 10.00  15.00
Lactose 10.00
Soy ail 1.00 1.00 3.00 3.00 5.00
Test premix* 3.00 3.00 3.00 3.00 3.00
Spray-dried plasma 5.00 2.50
Fish mea 5.00 5.00 3.00 3.00
Monocalcium phosphate (21% P)  0.94 0.77 0.81 0.67 131
Limestone 0.55 0.71 0.83 0.84 111
L-lysine HCI 0.25 0.22 0.23 0.21 0.32
DL-methionine 0.20 0.19 0.15 0.14 0.14
L-threonine 0.09 0.05 0.06 0.03 0.10
Salt 0.20 0.20 0.30 0.30 0.37
Vitamin premix 0.25 0.25 0.25 0.25 0.25
Mineral premix 0.15 0.15 0.15 0.15 0.15
Copper sulfate 0.09
Zinc oxide 0.39 0.39 0.19 0.19
Calculated analysis

Lysine, % 1.80 1.80 1.60 1.60 1.40

Ca, % 0.90 0.90 0.80 0.80 0.75

Tota P, % 0.80 0.80 0.70 0.70 0.66

! Morinda citrifolia (noni) was used to replace the test premix that was 90% water and 10%
corn.

Table 3. Effects of diets with increasing concentration of Morinda citrifolia (noni) on pel-
let quality (Exp. 1)

noni, %

Item 0 0.75 15 3.0 6.0
dOoto7

PDI, %" 97.9 98.0 98.0 98.5 96.3

Mod PDI, % 97.4 97.7 97.7 08.3 95.6
d7to21

PDI, % 95.9 96.0 96.4 94.2 96.9

Mod PDI, % 93.4 94.2 94.6 915 94.8

! Pellet durability index (ASAE 1991).
2Modified by adding 5 hexagonal nuts (0.5-in. diameter) to the tumbling box.
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Table 4. Ideal concentration of Morinda citrifolia (noni) in diets for weanling pigs (Exp. 1)*

Noni, % P value
Item 0 0.75 15 3.0 6.0 SE Lin Quad Cubic Quartic
dOto7
ADG, Ib 043 049 044 050 039 003 013 003 --2 0.07
ADFI, Ib 0.42 0.42 0.38 0.44 0.38 002 --- --- 014 0.14
FIG 098 08 08 088 097 005 --- 010 ---
d0to21
ADG, Ib 072 073 068 075 065 003 011 --
ADFI, Ib 0.81 0.79 0.76 0.82 0.74 0.03 --- --- 0.10 ---
FIG 1.13 1.08 1.12 1.09 1.14 001 015 004 --- 0.03
d0to 35

ADG, Ib 095 09 093 097 092 003 -- --- --- ---
ADFl,Ib 117 113 112 116 110 0.04 --- --- --- ---
FIG 123 119 120 120 120 0.02 --- --- --- ---

1 A total of 210 weanling pigs (7 pigs per pen and 6 pens per treatment) with an initial weight of
13.41b.
2Dashesindicate P > 0.15,

Table 5. Effects of Morinda citrifolia (noni) on pellet quality in simple and complex diets
(Exp. 2)

Simple Complex

Item Without noni  With noni Without noni With noni
dOto7

PDI, %* 96.85 96.71 96.47 97.94

Mod PDI, %2 95.91 95.70 95.24 97.35
d7to21

PDI, % 91.21 90.99 94.12 94.33

Mod PDI, % 86.13 86.39 91.62 91.04
d21to35

PDI, % 72.87 85.69 -3

Mod PDI, % 61.22 81.37 - ---

Net electrical energy, kwWh/t 2.3 2.4

! Pellet durability index (ASAE).
>Modified by adding 5 hexagonal nuts (0.5-in. diameter) to the tumbling box.
3For d 21 to 35, the simple formulation was used either without or with noni for all pigs.
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Table 6. Effects of Morinda citrifolia (noni) in simple and complex diets for weanling pigs*

Simple Complex P value
Without With Without With Diet Noni
Item noni noni noni noni SE effect effect DxN
dOto7
ADG, |Ib 0.37 0.28 0.39 0.38 0.03 0.06 014 ---2
ADFI, Ib 0.39 0.32 0.39 0.39 0.02 0.15 0.14
FIG 1.05 1.14 1.00 1.03 013 ---
Cvd7,%3 7.9 6.5 6.8 6.0 0.9
dOto21
ADG, |Ib 0.59 0.53 0.61 0.62 0.02 0.02 0.13
ADFI, Ib 0.69 0.66 0.73 0.72 0.03 0.06
FIG 1.17 1.25 1.20 1.16 0.02 --- 0.02
Ccvd2,% 103 11.0 94 9.8 13
d0to35
ADG, |Ib 0.87 0.80 0.85 0.85 0.02 --- 0.05 0.02
ADFI, Ib 1.08 1.01 1.06 1.06 0.03 --- 0.11 0.15
FIG 1.24 1.26 1.25 1.25 0.01 --- 0.09
Cvd35% 111 14.5 9.8 8.1 14 0.02 0.10

! A total of 168 weanling pigs (6 pigs per pen and 7 pens per treatment) with an initial weight of 13.9 Ib.
?Dashesindicate P > 0.15.

The pigs were sorted by weight to begin the experiment, and the initial CV was 2.1 to 2.2% for all
treatments.
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EFFECTS OF 200 PPB ADDED CHROMIUM FROM CHROMIUM PROPIONATE
ON THE GROWTH PERFORMANCE AND CARCASS CHARACTERISTICS
OF FINISHING PIGS*?

J. R. Bergstrom, M. D. Tokach, S. S. Dritz?, J. L. Nelssen,
J. M. DeRouchey, and R. D. Goodband

Summary

A total of 1,207 pigs (PIC 337 x 1050)
were used in a 103-d experiment in a
commercial research barn to evauate the
growth performance and carcass
characteristics of finishing pigs fed 200 ppb
chromium propionate. There were 22 replicate
pens per treatment with 25 to 28 pigs per pen
for the evauation of chromium propionate
from d O to 84 and 11 replicates per treatment
for evaluating chromium propionate (0 and
200 ppb) and Paylean (0 and 9 g/ton) in a
split-plot arrangement from d 84 to 103. Pigs
were weighed (avg. 67.7 |b) and randomly
alotted to 2 corn-soybean meal-based dietary
treatments, a control diet and the control diet
with 200 ppb chromium from chromium
propionate. The treatments were fed through
three 4-wk dietary phases (d 0 to 28, d 28 to
56, and d 56 to 84). On d 84, pigs fed the
control or chromium treatment were allotted
to afourth dietary phase containing either O or
9 g/ton Paylean, resulting in a split-plot
design. For the overall period (d O to 84),
growth performance of pigs fed the control or
200 ppb chromium propionate was not
different. From d 84 to 103 and overall (d 0 to

103), pigs fed diets containing Paylean had
increased (P < 0.01) ADG and final weight.
However, a chromium propionate x Paylean
interaction (P < 0.04) was observed for ADFI
and F/G from d 84 to 103 and overal (d O to
103) F/G. The reason for the interaction was
that the magnitude of response to Paylean was
dlightly greater in pigs fed the control than in
pigs fed chromium. Regardless, the F/G of
pigs fed Paylean was considerably better (P <
0.01) from d 84 to 103 (2.43 vs. 2.89) and
overal (d O to 103, 2.50 vs. 2.56) than that of
those not fed Paylean. Carcass data from 500
of the pigs were available for comparison of
carcass characteristics. Pigs fed Paylean had
greater (P < 0.05) plant live weight than pigs
not fed Paylean. Chromium propionate did not
influence any of the carcass characteristics
measured. This experiment provides further
evidence that Paylean improves late-finishing
growth performance. In thistrial, growing and
finishing pigs did not respond to the dietary
inclusion of chromium from chromium
propionate.

Key words: chromium, lysine, ractopamine
HCI

! Appreciation is expressed to Kemin AgriFoods North America for providing the KemTrace chromium

propionate and funding of the trial.

2 Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg,
Scott Heidebrink, and Marty Heintz for technical assistance.
3Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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Introduction

Chromium isamicromineral that enhances
insulin sensitivity and glucose uptake by cells.
Some research with growing and finishing
pigs has demonstrated that organic chromium
may increase muscling and decrease fatness of
pigs. Much of the early research utilized
chromium picolinate as the chromium source.
Chromium propionate aso has been
demonstrated to be a bioavailable source of
chromium and was approved by the FDA for
usein pigs.

Few studies, however, have evaluated
chromium supplementation with chromium
propionate in growing and finishing pigs.
Therefore, our objective was to evaluate the
effects of 200 ppb supplemental chromium
from chromium propionate on the growth
performance and carcass characteristics of
growing and finishing pigs reared in
commercia conditions. Additionally, we were
interested in determining whether chromium
supplementation would provide further
performance and carcass benefits for pigs fed
Paylean (Elanco Animal Health, Indianapolis,
IN) for 19 d preslaughter.

Procedures

Procedures used in the experiment were
approved by the Kansas State University
Institutional Animal Care and Use Committee.
The experiment was conducted in
commercial research finishing facility in
southwest Minnesota. The facility was double
curtain sided with pit fans for minimum
ventilation and completely datted flooring
over a deep pit for manure storage. Individual
pens were 18 ft x 10 ft. Each pen contained 1
self-feeder and 1 cup waterer.

A total of 1,207 pigs were weighed and
alotted to 1 of 2 dietary treatments. There
were 22 replicate pens per treatment. Each pen
contained 25 to 28 pigs, average pig number
per pen and weight were balanced across
dietary treatment. The 2 dietary treatments

a
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consisted of a corn-soybean meal-based
control diet and the control diet with 200 ppb
chromium from chromium propionate (Table
1). Diets were fed through three 4-wk dietary
phases (d 0 to 28, d 28 to 56, and d 56 to 84).
On d 84, pigs fed the control or chromium
treatment were alotted to a fourth dietary
phase containing either 0 or 9 g/ton Paylean,
resulting in a split-plot design. Pigs were
weighed and feeder measurements were taken
ond 0, 14, 28, 42, 56, 70, 84, 98, and 103 to
determine ADG, ADFI, and F/G. On d 103,
pigs were individually tattooed by pen number
and transported to Swift and Co.
(Worthington, MN) for the collection of
carcass data on the following day.

Data were anayzed as a split-plot
completely randomized design by using the
PROC MIXED procedure of SAS with
chromium treatment as the whole plot and
Paylean treatment as the subplot.

Results

For the period from d O to 84, growth
performance of pigs fed the control or 200 ppb
chromium propionate was not different (P >
0.85; Tables 2 and 3).

From d 84 to 103 and overall (d O to 103),
pigs fed diets containing Paylean had
improved (P < 0.01) ADG and fina weight.
However, a chromium propionate x Paylean
interaction (P < 0.04) was observed for ADFI
and F/G from d 84 to 103 and overal (d O to
103) F/G. This occurred because pigs fed
chromium propionate in the absence of
Paylean had numerically lower ADFI and F/G
than pigs fed the control diet, whereas pigs fed
chromium propionate in the presence of
Paylean had numerically greater ADFI and
F/G than pigs fed Paylean only. Regardless,
F/G of pigs fed Paylean was considerably
better (P < 0.01) from d 84 to 103 (2.43 vs.
2.89) and overal (d 0 to 103, 2.50 vs. 2.56)
than that of those not fed Paylean.



Carcass data from 500 of the pigs were
available for comparison of carcass
characteristics. Pigs fed Paylean had greater
(P < 0.05) plant live weight than those not fed
Paylean. Chromium propionate did not
influence any of the carcass characteristics
measured.

Table 1. Diet composition™?

In conclusion, this experiment provides
further evidence that Paylean improves late-
finishing pig growth performance. However,
growing and finishing pigs did not respond to
the dietary incluson of chromium from
chromium propionate.

Dietary Phase
1 2 3 4
Ingredient, % (dOto28) (d28to56) (d56to84) (d84to103)
Corn 65.84 73.87 79.02 69.57
Soybean meal (46.5% CP) 29.00 21.05 15.90 25.45
Choice white grease 3.00 3.00 3.00 3.00
Monocalcium P (21% P) 0.63 0.50 0.55 0.45
Limestone 0.90 0.90 0.90 0.90
Salt 0.35 0.35 0.35 0.35
L-lysine HCI 0.10 0.15 0.15 0.15
Vitamin premix with phytase 0.08 0.08 0.05 0.05
Trace mineral premix 0.10 0.10 0.08 0.08
Tota 100.00 100.00 100.00 100.00
Calculated analysis
Standardized ileal digestible (SID) amino acids

Lysine, % 1.00 0.84 0.72 0.95

Isoleucine:lysine ratio, % 72 70 70 69

Leucinellysineratio, % 154 162 173 154

Methionine:lysine ratio, % 28 29 31 28

Met & Cyslysineratio, % 57 59 63 57

Threonine:lysineratio, % 62 61 62 60

Tryptophan:lysine ratio, % 20 19 19 19

Vainelysineratio, % 80 80 82 78
Protein, % 19.2 16.2 144 17.9
Tota lysine, % 1.13 0.95 0.81 1.07
ME, kcal/lb 1,576 1,580 1,581 1,580
SIDlysine:ME ratio, g/Mcal 2.88 241 2.07 2.73
Ca % 0.58 0.53 0.52 0.53
P, % 0.52 0.46 0.45 0.46
Available P, % 0.26 0.23 0.21 0.20

! Experimental control diets fed from d 0 to 103 before slaughter.

2 Chromium propionate was added at the expense of corn in the control diets to achieve the 200
ppb chromium from chromium propionate treatment.

3 Paylean (9 g/ton) was added at the expense of corn in the phase 4 (d 84 to 103) control diet to

achieve the Paylean treatments during this phase.
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Table 2. Effects of 200 ppb chromium from chromium propionate on growth performance and carcass characteristics with or without
Paylean for 19-d preslaughter—interactive means®

Probability, P <
0 ppb chromium 200 ppb chromium
0 g/ton 9 g/ton 0 g/ton 9 g/ton SE Chromium
Item Paylean Paylean Paylean Paylean Mean x Paylean Chromium Paylean
Growth performance
dOto 84
DOwt, b 67.5 67.7 0.66
ADG, |b 2.02 2.02 0.01
ADFI, Ib 5.06 5.07 0.04
FIG 251 251 0.01
d 84 to 103
D 84 wt, Ib 2375 238.6 238.2 239.6 181
ADG, |Ib 213 2.49 214 2.55 0.04 0.01
ADFI, Ib 6.24 5.98 6.05 6.27 0.09 0.02 -
FIG 2.94 2.40 2.83 247 0.04 0.04 0.01
d0to 103
ADG, |Ib 2.03 2.10 2.05 2.10 0.02 0.01
ADFI, Ib 5.24 5.21 5.21 5.28 0.06 ---
FIG 2.58 2.48 2.55 2.52 0.01 0.02 0.01
Final wt, Ib 274.0 282.7 273.9 283.3 243 0.01
Carcass characteristics®
Plant live wt, Ib 2715 278.7 268.7 279.6 347 0.05
HCW, Ib 206.1 211.7 204.8 211.0 343
Yield, % 75.8 76.0 76.3 755 0.01
Backfat — 10" rib, in. 0.69 0.67 0.70 0.70 0.02
Loin depth, in. 2.46 2.50 2.38 2.55 0.06
Percent lean 55.6 55.2 55.2 55.8 0.62
Fat free lean index,% 50.3 50.6 50.1 50.4 0.24

LA total of 1,207 pigs (PIC 337 x 1050), with 25 to 28 pigs per pen and 22 pens per treatment, were used in a 103-d experiment to evaluate the
growth performance of pigs fed 200 ppb chromium from chromium propionate; 11 pens per treatment from d 84 to 103 were used to evaluate
feeding chromium propionate with or without Paylean (9 g/ton).

2 Carcass data from 500 of the pigs were available for comparison of carcass characteristics.
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Table 3. Effects of 200 ppb chromium from chromium propionate on growth performance and carcass characteristics with or without
Paylean for 19-d preslaughter—main effects®

Probahility, P <
Chromium, ppb Paylean, g/ton SE Chromium
Item 0 200 0 9 Mean x Paylean Chromium Paylean
Growth Performance
d0to 84
DOwt,lb 67.5 67.7 - - 0.66
ADG, |Ib 2.02 2.02 - - 0.01
ADFI, Ib 5.06 5.07 - - 0.04
FIG 2.51 251 - - 0.01
d 84 t0 103
D 84 wt, Ib 238.0 238.9 237.8 239.1 181
ADG, |Ib 231 2.34 2.13 2.52 0.04 0.01
ADFI, Ib 6.11 6.16 6.15 6.12 0.09 0.02 --- ---
FIG 2.67 2.65 2.89 243 0.04 0.04 0.01
d0to 103
ADG, |Ib 2.06 2.07 2.04 2.10 0.02 0.01
ADFI, Ib 5.23 5.24 5.22 5.25 0.06
FIG 2.53 2.53 2.56 2.50 0.01 0.02 0.01
Final wt, Ib 278.3 278.6 273.9 283.0 243 0.01
Carcass characteristics®
Plant live wt, Ib 275.1 274.1 270.1 279.1 347 0.05
HCW, Ib 208.9 207.9 205.5 211.3 343
Yield, % 75.9 75.9 76.0 75.8 0.01
Backfat — 10" rib, in. 0.68 0.70 0.70 0.68 0.02
Loin depth, in. 2.48 247 242 2.52 0.06
Percent lean 55.4 55.5 55.4 55.5 0.62
Fat free lean index, % 50.4 50.2 50.2 50.5 0.24

1A total of 1,207 pigs (PIC 337 x 1050), with 25 to 28 pigs per pen and 22 pens per treatment, were used in a 103-d experiment to evaluate the
growth performance of pigs fed 200 ppb chromium from chromium propionate; 11 pens per treatment from d 84 to 103 were used to evaluate
feeding chromium propionate with or without Paylean (9 g/ton).

2 Carcass data from 500 of the pigs were available for comparison of carcass characteristics.
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EFFECTS OF RACTOPAMINE HCL (PAYLEAN) AND a-LIPOIC ACID
ON THE GROWTH PERFORMANCE AND CARCASS CHARACTERISTICS
OF FINISHING PIGS

J. R. Bergstrom, J. L. Nelssen, T. Houser, M. D. Tokach, J. A. Gunderson,
A. N. Gipe, J. Jacela' J. M. Benz, R. C. Sulabo, J. M. DeRouchey,
R. D. Goodband, and S. S. Dritz

Summary

A total of 48 gilts (initially 211 Ib) were
used to evaluate the effects of ractopamine
HCl and a-lipoic acid on finishing pig per-
formance and carcass characteristics. Pigs
were blocked by weight and randomly allotted
to 1 of 4 dietary treatments in a 22-d experi-
ment. Pigs were fed corn-soybean meal-based
diets. Treatments were arranged asa 2 x 2 fac-
torial with main effects of ractopamine HCI (0
or 9 g/ton) and a-lipoic acid (0 or 300 ppm).
For overall growth performance (d O to 22),
ADG tended (P < 0.09) to be greater for pigs
fed ractopamine HCI. Although F/G improved
(P < 0.01) for pigs fed ractopamine HCI, there
was a trend (P < 0.07) for an interaction be-
tween ractopamine HCI and a-lipoic acid. For
pigs fed diets without ractopamine HCI, added
a-lipoic acid numerically improved F/G, whe-
reas in pigs fed ractopamine HCI, added a-
lipoic acid numerically worsened F/G. Aver-
age final weight tended (P < 0.06) to be great-
er for pigs fed ractopamine HCI. No other dif-
ferences in growth performance were ob-
served. For the comparison of carcass charac-
teristics, average live weight, HCW, vyield,
loin eye area at the 10th rib, and standardized
fat-free lean were increased (P < 0.04) for pigs
fed ractopamine HCI. Average backfat thick-
ness tended (P < 0.06) to decrease for pigs fed

ractopamine HCI. Tenth-rib backfat increased
(P < 0.05) for pigs fed a-lipoic acid, and the
percent fat-free lean of pigs fed a-lipoic acid
tended (P < 0.10) to decrease as a result. In
conclusion, the growth performance and car-
cass characteristics of pigs fed ractopamine
HCl were improved. Feeding 300 ppm of a-
lipoic acid did not affect growth performance
but did tend to increase carcass fat content.

Key words. carcass characteristics, finishing
pigs, ractopamine HCI

Introduction

Ractopamine HCl (Paylean, Elanco Ani-
mal Health, Indianapolis, IN) is commonly fed
to late-finishing pigs to improve growth rate,
feed efficiency, and carcass lean. A vast
amount of research and field data supports the
appropriate use of this compound in feeding
programs.

Alphalipoic acid is an antioxidant com-
pound that has been demonstrated to reduce
carcass fat in male mice and increase muscle
pH values 20 min and 24 h postmortem. Simi-
lar improvements in postmortem muscle pH
have been reported for pigs. This probably
occurs because o-lipoic acid enhances the ac-
tion of insulin, which increases the intramus-

! Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
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cular uptake of glucose that can be stored as
glycogen. Thus, recent studies in pigs have
demonstrated the potential of a-lipoic acid to
enhance pork quality. Supplemental o-lipoic
acid could potentialy enhance amino acid de-
position in muscle as well, resulting in im-
provements in the proportion and quality of
lean in pork. Studies to evaluate the potential
effects of supplemental a-lipoic acid on the
growth performance and carcass characteris-
tics of pigs are lacking.

Therefore, our objective was to evaluate
the effects of feeding a-lipoic acid to finishing
pigs for 22 d prior to slaughter on growth per-
formance and carcass characteristics. Addi-
tionally, we hoped to determine whether an
independent response to a-lipoic acid would
result in an additive or synergistic benefit to
ractopamine HCI.

Procedures

Procedures used in this experiment were
approved by the Kansas State University
(KSU) Ingtitutional Animal Care and Use
Committee. The project was conducted at the
KSU Swine Teaching and Research Farm.
Pigs were housed in an environmentally regu-
lated finishing building with pens over a to-
tally datted floor that provided approximately
8 ft* per pig. Each pen was equipped with a
dry self-feeder and 1 nipple waterer, providing
ad libitum access to feed and water. The facil-
ity was a mechanically ventilated room with a
pull-plug manure storage pit.

Forty-eight gilts (PIC TR4 x C22) averag-
ing 211 |b were used in this study. Pigs were
blocked by weight and randomly alotted to 1
of 4 dietary treatments. There were 2 pigs per
pen and 6 pens per treatment. Experimental
diets were fed in meal form with 9 g/ton rac-
topamine HCI, 300 ppm a-lipoic acid, or both
added to a control diet at the expense of corn
starch to achieve the dietary treatments (Table
1). This provided a 2 x 2 factorial arrange-
ment of treatments. Pigs and feeders were
weighed on d 0, 7, 14, and 22 to determine the
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growth performance criteria of ADG, ADFI,
and F/G.

Table 1. Diet composition*?

Ingredient %
Corn 72.17
Soybean meal (46.5% CP) 25.22
Monocalcium P (21% P) 0.45
Limestone 0.85
Salt 0.35
L-lysine HCI 0.15
Vitamin premix 0.08
Trace mineral premix 0.08
Corn starch 0.65
Total 100.00
Calculated analysis
Standardized ileal digestible amino acids
Lysine, % 0.95
Isoleucinelysineratio, % 70
Leucinelysineratio, % 156
Methionine:lysine ratio, % 28
Met & Cyslysineratio, % 57
Threoninelysineratio, % 61
Tryptophan:lysine ratio, % 19
Vainelysineratio, % 79
LysineME ratio, g/Mcal 2.84
CP, % 18.0
Totd lysine, % 107
ME, kcal/lb 1,519
Ca % 0.51
P, % 0.47
Available P, % 0.16

! Experimental diets fed for 22 d before slaughter.
20.05% Paylean (ractopamine HCL), 0.60% of a5% a-
lipoic acid premix containing wheat-midds, or their
combination replaced corn starch in the control diet to
achieve the dietary treatments.

On d 23, 1 pig per pen was transported to
the KSU meats lab for humane slaughter and
collection of carcass data. Hot carcass weights
were collected immediately after evisceration.
First-rib, tenth-rib, last-rib, and last-lumbar
backfat depth as well as loin eye area at the
10th rib were collected from the right half of
each carcass 24 h postmortem.

Data were analyzed as a randomized com-
plete block design by using the PROC
MIXED procedure of SAS with pen as the ex-



perimental unit. Least squares means were
used to determine the differences and possible
interactions among treatments.

Results and Discussion

For overal growth performance (d O to
22), ADG tended (P < 0.09) to be greater for
pigs fed ractopamine HCI (Tables 2 and 3).
Although F/G improved (P < 0.01) for pigs
fed ractopamine HCI, there was a trend (P <
0.07) for an interaction between ractopamine
HCI and o-lipoic acid. Pigs fed the a-lipoic
acid diet without ractopamine HCI had nu-
merically better F/G than pigs fed the control,
but pigs fed a-lipoic acid with ractopamine
HCI had numerically poorer F/G than pigs fed
ractopamine HCl only. Average final weight
tended (P < 0.06) to be greater for pigs fed
ractopamine HCIl. No other differences in
growth performance were observed.
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For the comparison of carcass characteris-
tics, average live weight, HCW, yield, loin eye
area at the 10th rib, and standardized fat-free
lean were increased (P < 0.04) for pigs fed
ractopamine HCI. Average backfat depth
tended (P < 0.06) to decrease for pigs fed rac-
topamine HCI. Tenth-rib backfat increased (P
< 0.05) for pigs fed a-lipoic acid, and the per-
cent fat-free lean of pigs fed a-lipoic acid
tended (P < 0.10) to decrease as aresullt.

In conclusion, the improved performance
and carcass characteristics observed for pigs
fed ractopamine HCI agree with previous re-
search. Feeding 300 ppm of a-lipoic acid did
not affect growth performance but did tend to
increase carcass fat content.



Table 2. Growth performance and carcass characteristics of pigs fed ractopamine HCI (Paylean) and a-lipoic acid—interactive means*

0 g/ton Paylean 9 g/ton Paylean Probahility, P <
0 ppm 300 ppm 0 ppm 300 ppm Paylean x
Item a-lipoic acid  a-lipoic acid a-lipoic acid a-lipoicacid SE Mean a-Lipoicacid Paylean «-Lipoic acid
Growth performance, d 0 to 22
Initial wt, Ib 211 211 211 211 3.00
ADG, |Ib 1.99 2.22 2.48 2.35 0.16 0.09
ADFI, Ib 5.61 6.08 5.89 5.81 0.31
FIG 2.84 2.70 2.33 2.52 0.10 0.07 0.01
Final wt, Ib 256 261 269 264 4.46 0.06
Carcass characteristics
Livewt, Ib 255 260 265 266 3.99 0.04
HCW, Ib 179 184 190 194 2.94 0.01
Yield, % 70.4 70.8 717 72.9 0.64 0.02
Average backfat thickness, in. 0.86 0.89 0.72 0.83 0.05 0.06
10th rib fat depth, in. 0.57 0.73 0.50 0.61 0.06 0.05
Loin eye area, in. 7.58 7.28 8.32 8.30 0.35 0.03
Standardized fat-free lean, |b 102 100 111 110 1.96 0.01
Fat-free lean index, % 57.1 54.4 58.5 57.0 1.15 - - 0.10

LA total of 48 gilts (PIC TR4 x C22), with 2 pigs per pen and 2 pens per treatment, were used for comparing growth performance. Carcass data were
obtained from 1 pig per pen for the determination of carcass characteristics.
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Table 3. Growth performance and carcass characteristics of pigs fed ractopamine HCI (Paylean) and a-lipoic acid—main effects®

Paylean, g/ton a-lipoic acid, ppm Probahility P <
Paylean x
Item 0 9 0 300 SE Mean a-Lipoic acid Paylean a-Lipoic acid
Growth performance, d 0 to 22
Initial wt, Ib 211 211 211 211 3.00
ADG, Ib 211 242 2.24 2.29 0.16 0.09
ADFI, Ib 5.85 5.85 5.75 5.95 0.31
FIG 2.77 243 2.59 2.61 0.10 0.07 0.01
Final wt, Ib 259 267 263 263 4.46 0.06
Carcass characteristics
Livewt, Ib 258 266 260 263 3.99 0.04
HCW, Ib 182 192 185 189 294 0.01
Yield, % 70.6 72.3 711 719 0.64 0.02
Average backfat thickness, in. 0.88 0.78 0.79 0.86 0.05 0.06
10th rib fat depth, in. 0.65 0.56 0.54 0.67 0.06 0.05
Loin eyeareg, in.? 7.43 8.31 7.95 7.79 0.35 0.03
Standardized fat-freelean, Ib 101 111 107 105 1.96 0.01
Fat-free lean index, % 55.8 57.8 57.8 55.7 1.15 0.10

LA total of 48 gilts (PIC TR4 x C22), with 2 pigs per pen and 2 pens per treatment, were used for comparing growth performance. Carcass data were
obtained from 1 pig per pen for the determination of carcass characteristics.
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EFFECTS OF GLYCEROL AND RACTOPAMINE HCL (PAYLEAN) ON GROWTH
PERFORMANCE, CARCASS CHARACTERISTICS, AND LOIN QUALITY OF
FINISHING PIGS'?

A. W. Duttlinger, J. M. DeRouchey, M. D. Tokach, S. S. Dritz, J. L. Nelssen,
R. D. Goodband, T. A. Houser, and K. J. Prusa’

Summary

A total of 1,054 barrows and gilts (PIC,
initially 207.8 Ib) were used in a 28-d study to
determine the influence of glycerol and
ractopamine HCl (Paylean) on growing-
finishing pig performance, carcass
characteristics, and loin quality. The
experiment was conducted in a commercial
swine research facility in  southwest
Minnesota. Pigs were blocked by weight and
randomly allotted to 1 of 4 dietary treatments
with 10 replications per treatment. Pigs were
fed corn-soybean meal-based diets. Dietary
treatments were arranged in a 2 x 2 factorial
with main effects of glycerol (0O or 5%) and
ractopamine HCI (0 or 6.75 g/ton). Overall (d
0 to 28), there were no glycerol x ractopamine
HCl interactions (P > 0.10) observed for
growth performance. Pigs fed dietary glycerol
had improved (P < 0.04) F/G, but ADG and
ADFI (P > 0.40) were not affected. Pigs fed
diets with added ractopamine HCl had
improved (P < 0.01) ADG and F/G with a
tendency (P > 0.08) for lower ADFI than pigs
fed diets with no ractopamine HCI. For
carcass characteristics, there were glycerol x
ractopamine HCI interactions observed (P <
0.05) for percent yield and fat free lean index

(FFL1). Adding either ractopamine HCl or
glycerol to the control diet increased yield and
FFLI; however, there were no additive effects
when the combination of glycerol and
ractopamine HCI was fed. FPigs fed
ractopamine HCI had increased (P < 0.04)
HCW, yield, loin depth, and FFLI. There was
aglyceral x ractopamine HCI interaction (P <
0.01) observed for loin chop drip loss. Loin
chop drip loss was numerically improved
when glycerol and ractopamine HCl were
added separately to the control diet; however,
loin chop drip loss numerically decreased
when the combination of glycerol and
ractopamine HCl was fed. Glycerol did not
affect (P > 0.22) loin characteristics.
Ractopamine HCl tended to improve (P <
0.08) sirloin chop a* (redness) color. Neither
ractopamine HCI nor glycerol influenced
iodine value of belly fat, jowl fat, or backfat.
In conclusion, pigs fed 5% glycerol had
improved F/G, whereas pigs fed ractopamine
HCl had improved growth and carcass
characteristics and a tendency for improved
loin a* color.

Key words:
ractopamine HCl

finishing pigs, glyceral,

! Appreciation is expressed to Elanco Animal Health, Indianapolis IN, for partial funding of thistrial.

2 Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg,
Scott Heidebrink, and Marty Heintz for technical assistance.

®Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
4 Department of Animal Science, lowa State University, Ames.
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Introduction

According to the National Biodiesel
Board, in October 2007, there were 105
biodiesel production facilities operating and
77 facilities in the planning or construction
stage in the United States. If all these facilities
were operational, the estimated U.S. biodiesel
production capacity would exceed 2.5 billon
ga. This level of production would produce
nearly 1.3 million tons of glycerol, the
primary coproduct of biodiesel production.
There has been much interest in utilizing
crude glycerol as afeed ingredient in livestock
diets. However, little is known about
glycerol’s nutritional value and its effect on
carcass characteristics. Previous research from
Europe has shown that water holding capacity
is increased and the unsaturation index of
carcass fat can be reduced when pigs are fed
glycerol.

Ractopamine HCl (marketed as Paylean,
Elanco Animal Hedth, Indianapolis, IN) is
often fed to finishing pigs just before
marketing to improve growth rate, F/G, yield,
loin depth, and fat free lean index (FFLI).
These improvements in growth and carcass
traits are supported by a large number of
studies evaluating the use of ractopamine HCI
in finisher diets. The increased use of glycerol
in swine diets coupled with the common
practice of feeding ractopamine HCl to
finishing pigs warrants evaluation of these
ingredients together. Therefore, the objective
of this trial was to evaluate the effect of
dietary glycerol and ractopamine HCl on
finishing pig performance, carcass
characteristics, loin quality, and iodine value
of belly fat, jowl fat, and backfat.

Procedures

Procedures used in these experiments were
approved by the Kansas State University
Institutional Animal Care and Use Commiittee.
The experiment was conducted a a
commercial research facility in southwest
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Minnesota. The facility had a totally dlatted
floor, and each pen was equipped with a 4-
hole dry self-feeder and 1 cup waterer. The
facility was a double-curtain-sided deep-pit
barn. The experiment was conducted in the
winter of 2008.

A total of 1,054 barrows and gilts (PIC
337 x 1050, initially 207.8 |b) were used in
the 28-d study. Pigs were randomly allotted
and blocked to 1 of 4 dietary treatments with 7
pens per treatment. Each pen contained 25 to
27 barrows and gilts.

Pigs were fed corn-soybean meal-based
experimental diets (Table 1) in mea form.
Dietary treatments were arranged in a 2 x 2
factorial with main effects of glycerol (O or
5%) and ractopamine HCI (0 or 6.75 g/ton).
Glycerol from a soybean biodiesel production
facility (Minnesota Soybean Processors,
Brewster, MN) was used in the tria. All
experimental diets were formulated to
maintain a constant standardized ileal
digestible (SID) lysineME ratio within those
treatments that included or did not include
ractopamine HCI. For glycerol, the NRC
(1998) ME vaue of corn (1,551 kcal/lb) was
used in diet formulation

Pigs and feeders were weighed on d O, 7,
14, 21, and 28 to determine the response
criteria of ADG, ADFI, and F/G. The pigsin
this study were marketed in 2 different groups.
First, on d 14, the barn was “topped” similar
to norma marketing procedures in most
commercial production operations. The 4
heaviest pigs from all pens were visualy
selected, removed, and marketed. The re-
maining pigs in the barn were marketed at the
conclusion of the study (d 28).

At the end of the experiment, pigs from
each pen were individually tattooed with pen
number and shipped to JBS Swift & Company
processing plant (Worthington, MN), where
standard carcass criteria of carcass weight,
loin and backfat depth, HCW, lean percentage,



and yield were collected. Fat-free lean index
was aso measured by using the equation
50.767 + (0.035 x HCW) — (8.979 x backfat).

Whole loins, jowl, backfat, and belly
samples were collected on 1 barrow and 1 gilt
randomly chosen from each pen from the d 28
marketing group for loin quality evaluation
and fatty acid analysis. Jowl, backfat, and
belly samples were collected and frozen until
further processing and analysis.

After slaughter and for chilling 24 h, the
loins were transported and stored at the
Kansas State University Meat Laboratory at
32 to 38°F. Purge loss was measured 10 d
postmortem by weighing the whole loin in the
packaging material, removing the loin and
blotting it dry, and reweighing the loin and
dried packaging material. Purge loss was then
calculated by subtracting the final loin weight
from the initial loin weight. The value was
then divided by the initial loin weight and
multiplied by 100 to determine the percentage
of purge loss. Loins were fabricated into 1-in.
chops and allowed to bloom for at least 1 h
prior to instrumenta and visual color
measurement. Color and pH measurements
were taken on the longissimus dorsi muscle at
3 sections of the loin: the second chop anterior
to the blade end, the center loin immediately
posterior to the end of the spinalis dorsi
muscle, and the second chop anterior to the
sirloin end. Instrumental color was measured
by using a Hunter Lab mini-scan colorimeter
(Hunter Associated Laboratories Inc., Reston,
VA.) and reported as L* (lightness), a*
(redness), and b* (yellowness). Visual color
and marbling were evaluated by using the
National Pork Producers Council’s color and
marbling standards (NPPC, 1998). Drip loss
was conducted by utilizing a single 1-in.
center cut chop from each loin. Each chop was
weighed and placed into a plastic bag
immediately following fabrication. This chop
was then placed into refrigerated storage (32
to 38°F) for 24 h then reweighed to determine
the amount of purge loss accumulation for the
preceding 24-hour period. Loin pH was
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measured by utilizing an Accumet Basic pH
Meter (Fisher Scientific, Waltham, MA, with
a Pinnacle Series Gel Spear Point Electrode
from Nova Anaytics Corporation, Waoburn,
MA).

Fat samples were dissected from the jowl,
loin, and backfat to analyze fatty acid
composition. lodine value was calculated from
the following equation according to AOCS
(1998) procedures:

C16:1(0.95)+C18:1(0.86)+C18:2(1.732)+C18:
3(2.616)+C20:1(0.785)+C22:1(0.723).

The fatty acids results are represented as a
percentage of the total fatty acids in the
sample.

Data were anadyzed as a randomized
complete block design by using the PROC
MIXED procedure of SAS with pen as the
experimental  unit. Main effects and
interactions between pigs fed glycerol and
ractopamine HC| were tested.

Results and Discussion

Overall (d 0 to 28), there were no glycerol
x ractopamine HCI interactions (P > 0.10)
observed for growth performance (Table 2).
Pigs fed dietary glycerol had improved (P <
0.04) FI/G, but there was no effect on (P >
0.14) ADG or ADFI. Pigs fed diets with added
ractopamine HCl had improved (P < 0.01)
ADG and F/G and tended (P > 0.08) to have
lower ADFI than pigs fed diets with no
ractopamine HCI. For carcass characteristics,
there were glycerol x ractopamine HCI
interactions (P < 0.05) observed for percent
yield and FFLI. Percent yield and FFLI were
numerically improved when glycerol and
ractopamine HCI were added separately to the
control diet; however, no additive effects were
found when the combination of glycerol and
ractopamine HCl was fed. Feeding dietary
glycerol did not influence (P > 0.27) any other
carcass characteristics. Pigs fed ractopamine
HCl had increased (P < 0.04) HCW, yield,



loin depth, and FFLI than pigs not fed
ractopamine HCl.

For loin quality characteristics, there was a
glycerol x ractopamine HCI interaction (P <
0.01) observed for loin chop drip loss (Table
3). Loin chop drip loss was numerically
improved when glycerol and ractopamine HCI
were added separately to the control diet;
however, when the combination of glycerol
and ractopamine HCI was fed, loin chop drip
loss numerically decreased. Glycerol did not
affect (P > 0.22) other loin quality
characteristics. Ractopamine HCI tended to
improve (P < 0.08) sirloin chop a* color,
indicating the loin had more redness when
ractopamine HCI was included in the diet.

For carcass fat quality, there tended to be a
glycerol x ractopamine HCI interaction (P <
0.07) for total monounsaturated fatty acids at
the jowl location (Table 4). Feeding dietary
glycerol and ractopamine HCl did not
influence (P > 0.17) jowl fat, belly fat, or
backfat iodine value (Tables 5 and 6). Pigs fed
diets with added ractopamine HCl tended to
have increased (P < 0.07) total trans fatty
acids at the jowl and backfat locations.
Feeding dietary glycerol or ractopamine HCI
did not influence (P > 0.14) saturated fatty
acids, total polyunsaturated fatty acids,
unsaturated fatty acid:saturated fatty acid, and
polyunsaturated fatty acid:saturated fatty acid
at the locations measured.
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Because glycerol has been reported to
have ME content similar to that of corn, we
did not expect that adding up to 5% glycerol
to the diet would influence growth
performance. Thus, the improvement in F/G
when glycerol was added to the diet was
unexpected. The improvement in F/G was
primarily due to the response to adding
glycerol to the diet containing ractopamine
HCI. We speculate that perhaps glycerol is a
more available energy source than corn,
resulting in more efficient tissue deposition
than diets not containing added glyceral.

There is considerable data reporting the
benefits of adding ractopamine HCI to late-
finishing pig diets. These benefits include
increased ADG and final BW and improved
F/G in addition to increased percent yield, loin
depth, and FFLI. Thus, the ractopamine HCI
response in this study is consistent with
previous research.

Feeding glycerol and ractopamine HCI in
conjunction did improve loin chop drip loss
more than feeding each ingredient separately.
This finding warrants further research.

In conclusion, feeding pigs 5% glycerol
improved F/G in pigs fed ractopamine HCI.
As expected, pigs fed ractopamine HCI had
improved growth and carcass characteristics
and a tendency for improved sirloin chop a*
color. Neither ractopamine HCI nor glycerol
influenced iodine value at the locations
measured.



Table 1. Diet composition (as-fed basis)*

Ractopamine HCI, g/ton

0 6.75

Ingredient, % 0% glycerol 5% glycerol 0% glycerol 5% glycerol
Corn 82.77 77.36 74.81 69.41
Soybean meal (46.5% CP) 15.24 15.64 23.19 23.59
Glycerol 5.00 5.00
Ractopamine HCI (9 g/Ib) 0.04 0.04
Monocalcium P (21% P) 0.48 0.48 0.43 0.45
Limestone 0.90 0.90 0.88 0.85
Salt 0.35 0.35 0.35 0.35
Vitamin premix 0.04 0.04 0.04 0.04
Trace mineral premix 0.05 0.05 0.05 0.05
Optiphos 2000 0.03 0.03 0.03 0.03
L-Lysine HCI 0.15 0.15 0.15 0.15
DL -methionine --- - 0.02 0.02
L-threonine 0.01 0.01 0.03 0.03
Total 100.00 100.00 100.00 100.00
Calculated analysis
SID® amino acids, %

Lysine 0.70 0.70 0.90 0.90

Methionine:lysine 31.37 30.54 30.36 29.71

Met & Cyslysine 64.71 62.99 60.53 59.20

Threonine:lysine 64.23 63.67 64.27 63.84

Tryptophan:lysine 18.70 18.64 19.27 19.22
SID lysine:calorie ratio, g/Mcal of ME 2.09 2.09 2.69 2.69
ME, kcal/lb 1,521 1,521 1,520 1,520
Total lysine, % 0.79 0.79 101 101
CP, % 14.27 14.00 17.32 17.05
Ca, % 0.51 0.51 0.51 0.51
P, % 0.44 0.42 0.46 0.45
Available P, %" 0.22 0.22 0.22 0.22

! Fed from 208 to 259 Ib.

ZProvided per pound of diet: 227 phytase units of phytase.

3 Standardized ilesl digestible.

*Includes expected P release of .07% from added phytase.
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Table 2. Influence of crude glycerol and ractopamine HCI on finishing pig performance and carcass characteristics*

Ractopamine HCI, g/ton

0 6.75 Probability, P <
0% 5% 0% 5% Ractopamine HCl x  Ractopamine
Item glycerol  glycerol glycerol  glyceral SE Glyceral HCI Glycerol
d0to 28
ADG, |Ib 1.93 1.93 2.15 2.22 0.05 0.38 0.01 0.40
ADFI, Ib 6.50 6.46 6.35 6.27 0.12 0.82 0.08 0.51
FIG 3.37 3.35 2.96 2.82 0.05 0.10 0.01 0.04
Final wt, Ib 256.4 256.2 261.7 263.7 2.63 0.68 0.02 0.72
HCW, Ib? 189.3 192.0 199.5 199.2 1.95 0.46 0.01 0.53
Yield, % 74.63 75.85 76.26 75.91 0.37 0.05 0.04 0.27
Backfat depth, in. 0.71 0.70 0.67 0.70 0.01 0.06 0.17 0.34
Loin depth, in. 2.27 231 241 242 0.04 0.68 0.01 0.56
FFLI, % 49.47 49.67 50.25 49.87 0.14 0.05 0.01 0.53
Lean, % 54.59 54.62 54.99 55.05 0.42 0.96 0.33 0.93

LA total of 1,054 pigs (initially BW, 207.8 Ib) were used in a 28-d experiment with 25 to 27 pigs per pen with 10 pens per treatment.

2 total of 854 pigs were marketed on d 28 with 19 to 23 pigs per pen.

3 Fat-free lean index.
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Table 3. Influence of glycerol and ractopamine HCI on loin characteristics®

Ractopamine HCI, g/ton

0 6.75 Probability, P <
0% 5% 0% 5% Ractopamine HCI x  Ractopamine
Item glyceral glycerol glycerol  glycerol SE Glycerol HCI Glyceral
Loin purge loss, % 0.13 0.15 0.16 0.15 0.02 0.65 0.46 0.77
Loin chop drip loss, % 1.89 2.61 247 2.03 0.18 0.01 0.99 0.45
NPPC marbling standard score®  1.50 1.70 1.45 142 0.12 0.33 0.17 0.48
NPPC color standard score® 3.10 3.13 3.15 3.36 0.09 0.34 0.14 0.22
Loin chop pH
Blade 5.89 5.92 5.89 5.85 0.05 041 041 0.90
Middle 5.70 5.67 5.66 5.67 0.03 0.52 0.60 0.65
Sirloin 5.70 571 5.69 5.68 0.02 0.76 0.40 0.93
Center cut chop color
L** 5545 56.03 55.54 54.54 0.62 0.15 0.20 0.70
a® 9.54 9.73 10.20 9.66 0.34 0.28 0.37 0.60
b*® 1441 1456 14.72 14.16 0.39 0.38 0.90 0.62
Sirloin chop color
L* 58.78 59.51 59.29 58.10 0.56 0.10 0.43 0.68
ar 9.32 9.04 9.78 9.71 0.31 0.74 0.08 0.59
b* 1459 14.69 14.84 14.44 0.38 0.51 0.99 0.69

! A total of 80 loins were used in the experiment with 2 loins per pen and 10 pens per treatment.

21 = pale pinkish grapy to white, 2 = grayish pink, 3 = reddish pink, 4 = dark reddish pink, 5 = purplish red, 6 = dark purplish red (NPPC, 1999).
3Visual scale, which approximates the percentage of intramuscular fat content (NPPC, 1999).

*L*, 0 = black and 100 = perfect white.

® Positive a* indicates increasing redness.

® Positive b* indicates increasing yellowness.
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Table 4. Influence of glycerol and ractopamine HCI on finishing pig jowl fat quality™?
Ractopamine HCI, g/ton

0 6.75 Probability, P <
0% 5% 0% 5% RactopamineHCI x  Ractopamine
Item glycerol  glycerol glycerol  glyceral SE Glyceroal HCl Glycerol
Myristic acid (14:0), % 1.35 1.38 1.39 1.34 0.03 0.18 0.82 0.76
Palmitic acid (16:0), % 21.90 22.00 21.89 21.52 0.25 0.36 0.33 0.58
Palmitoleic acid (16:1), % 2.73 2.76 2.87 2.72 0.08 0.26 0.57 0.49
Margaric acid (17:0), % 0.48 0.51 0.48 0.49 0.02 0.65 0.62 0.24
Stearic acid (18:0), % 9.24 9.48 9.08 9.08 0.22 0.57 0.22 0.59
Oleic acid (18:1c9), % 41.98 41.96 41.86 41.89 0.30 0.94 0.75 0.99
Vaccenic acid (18:1n7), % 3.64 3.74 3.79 3.63 0.12 0.11 0.78 0.68
Linoleic acid (18:2n6), % 14.38 13.97 14.37 15.03 0.40 0.19 0.20 0.75
a-linolenic acid (18:3n3), % 0.62 0.60 0.62 0.64 0.02 0.28 0.15 0.93
y-linolenic acid (18:3n6), % 0.62 0.60 0.62 0.64 0.02 0.28 0.15 0.93
Arachidic acid (20:0), % 0.20 0.20 0.20 0.18 0.01 0.29 0.15 0.66
Eicosadienoic acid (20:2), % 0.85 0.83 0.86 0.88 0.02 0.47 0.20 0.89
Arachidonic acid (20:4n6), % 0.11 0.10 0.11 0.11 0.01 1.00 0.29 0.35
Other fatty acids, % 2.45 2.39 2.40 243 0.05 0.32 0.97 0.74
Total SFA, %° 33.57 33.99 33.44 33.03 0.43 0.34 0.21 1.00
Total MUFA, %* 50.03 50.11 50.16 49.87 0.35 0.61 0.88 0.76
Total PUFA, %° 16.39 15.91 16.40 17.10 0.44 0.18 0.18 0.80
Total trans fatty acids, %° 41.03 40.95 42.16 42.81 0.80 0.65 0.07 0.73
UFA:SFA ratio’ 1.98 1.95 1.99 2.03 0.04 0.33 0.21 0.98
PUFA:SFA ratic® 0.49 0.47 0.49 0.52 0.02 0.21 0.18 0.81
lodine value, g/100 ¢° 69.6 68.9 69.7 70.7 0.7 0.22 0.17 0.87

LA total of 1,054 pigs (initially BW, 207.8 Ib) were used in a 28-d experiment with 25 to 27 pigs per pen and 10 pens per treatment.

2 A total of 854 pigs were marketed on d 28 with 19 to 23 pigs per pen and 10 pens per treatment. Values are the mean of 1 gilt and 1 barrow per pen (10 barrows
and 10 gilts per treatment).

3Total saturated fatty acids (SFA) = {[C8:0] + [C10:0] + [C12:0] + [C14:0] + [C16:0] + [C17:0] + [C18:0] + [C20:0] + [C22:0] + [C24:0]}, where the brackets
indicate concentration.

*Total monounsaturated fatty acids (MUFA) = {[C14:1] + [C16:1] + [C18:1c9] + [C18:1n7] + [C20:1] + [C24:1]}, where the brackets indicate concentration.
®Total polyunsaturated fatty acids (PUFA) = {[C18:2n6] + [C18:3n3] + [C18:3n6] + [C20:2] + [C20:4n6]}, where the brackets indicate concentration.

®Total trans fatty acids = {[C18:1t] + [C18:2t] + [C18:3t]}, where the brackets indicate concentration.

"Unsaturated fatty acids (UFA):SFA ratio = [Total MUFA + Total PUFA] / Total SFA.

8 PUFA:SFA ratio = Total PUFA / Total SFA.

® Calculated as IV = [C16:1] x 0.95 + [C18:1] x 0.86 + [C18:2] x 1.732 +[C18:3] x 2.616 + [C20:1] x 0.785+[C22:1] x 0.723, where the brackets indicate
concentration (AOCS, 1998).
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Table 5. Influence of glycerol and ractopamine HCI on finishing pig belly fat quality™?
Ractopamine HCI, g/ton

0 6.75 Probability, P <
0% 5% 0% 5% RactopamineHCI x  Ractopamine
Item glycerol  glycerol glycerol  glycerol SE Glyceral HCl Glyceroal
Myristic acid (14:0), % 1.29 1.30 1.32 1.30 0.04 0.65 0.82 0.89
Palmitic acid (16:0), % 22.73 22.16 22.53 22.26 0.50 0.72 0.90 0.33
Palmitoleic acid (16:1), % 1.99 2.27 2.30 2.24 0.11 0.07 0.14 0.22
Margaric acid (17:0), % 0.61 0.55 0.46 0.58 0.04 0.03 0.10 0.35
Stearic acid (18:0), % 11.45 10.43 10.47 10.74 0.58 0.20 0.49 0.45
Oleic acid (18:1c9), % 38.63 39.63 39.60 39.24 0.65 0.22 0.58 0.55
Vaccenic acid (18:1n7), % 2.70 311 3.18 3.04 0.14 0.01 0.02 0.11
Linoleic acid (18:2n6), % 16.29 16.27 15.99 16.35 0.80 0.78 0.88 0.80
a-linolenic acid (18:3n3), % 0.67 0.68 0.66 0.66 0.03 0.91 0.65 0.95
y-linolenic acid (18:3n6), % 0.67 0.68 0.66 0.66 0.03 0.91 0.65 0.95
Arachidic acid (20:0), % 0.26 0.23 0.23 0.22 0.02 0.70 0.19 0.22
Eicosadienoic acid (20:2), % 0.88 0.89 0.87 0.90 0.04 0.87 0.98 0.61
Arachidonic acid (20:4n6), % 0.10 0.09 0.11 0.11 0.02 0.80 0.33 0.63
Other fatty acids, % 2.29 231 2.29 231 0.06 0.90 0.96 0.58
Total SFA, %° 36.72 35.11 35.40 35.49 1.05 0.34 0.60 0.40
Total MUFA, %* 44.85 46.56 46.59 46.06 0.77 0.07 0.29 0.32
Total PUFA, %° 18.34 18.34 18.00 18.45 0.86 0.76 0.88 0.76
Total trans fatty acids, %° 44.56 45.13 48.01 44.94 1.67 0.21 0.26 0.38
UFA:SFA ratio’ 1.73 1.85 1.83 1.83 0.08 0.37 0.60 0.39
PUFA:SFA ratio® 0.50 0.53 0.51 0.52 0.04 0.84 0.97 0.57
lodine value, g/100 ¢° 68.6 70.0 69.6 69.7 1.49 0.62 0.80 0.54

LA total of 1,054 pigs (initially BW, 207.8 Ib) were used in a 28-d experiment with 25 to 27 pigs per pen and 10 pens per treatment.

2 A total of 854 pigs were marketed on d 28 with 19 to 23 pigs per pen and 10 pens per treatment. Values are the mean of 1 gilt and 1 barrow per pen (10 barrows
and 10 gilts per treatment).

3Total saturated fatty acids (SFA) = {[C8:0] + [C10:0] + [C12:0] + [C14:0] + [C16:0] + [C17:0] + [C18:0] + [C20:0] + [C22:0] + [C24:0]}, where the brackets
indicate concentration.

“Total monounsaturated fatty acids (MUFA)= {[C14:1] + [C16:1] + [C18:1c9] + [C18:1n7] + [C20:1] + [C24:1]}, where the brackets indicate concentration.
®Total polyunsaturated fatty acids (PUFA) = {[C18:2n6] + [C18:3n3] + [C18:3n6] + [C20:2] + [C20:4n6]}, where the brackets indicate concentration.

®Total trans fatty acids = {[C18:1t] + [C18:2t] + [C18:3]}, where the brackets indicate concentration.

"Unsaturated fatty acids (UFA):SFA ratio = [Total MUFA + Total PUFA] / Total SFA.

8 PUFA:SFA ratio = Total PUFA / Total SFA.

® Calculated as IV = [C16:1] x 0.95 + [C18:1] x 0.86 + [C18:2] x 1.732 +[C18:3] x 2.616 + [C20:1] x 0.785+[C22:1] x 0.723, where the brackets indicate
concentration (AOCS, 1998).

244



Table 6. Influence of glycerol and ractopamine HCI on finishing pig backfat quality™?
Ractopamine HCI, g/ton

0 g/ton 6.75 g/ton Probability, P <
0% 5% 0% 5% RactopamineHCI x  Ractopamine
Item glycerol glycerol glycerol  glyceral SE Glycerol HCl Glycerol
Myristic acid (14:0), % 1.30 1.37 135 131 0.03 0.09 0.83 0.67
Pamitic acid (16:0), % 22.83 2321 23.31 23.08 0.28 0.28 0.52 0.79
Pamitoleic acid (16:1), % 2.08 222 2.25 211 0.10 0.12 0.75 0.94
Margaric acid (17:0), % 0.60 0.59 0.56 0.58 0.03 0.57 0.30 0.92
Stearic acid (18:0), % 11.36 11.56 11.44 1171 0.27 0.91 0.68 0.40
Oleic acid (18:1c9), % 38.05 38.05 38.24 38.04 0.33 0.77 0.79 0.76
Vaccenic acid (18:1n7), % 2.85 2.95 2.99 2.86 0.13 0.17 0.79 0.83
Linoleic acid (18:2n6), % 16.73 15.97 15.85 16.37 0.43 0.14 0.58 0.79
a-linolenic acid (18:3n3), % 0.68 0.66 0.64 0.66 0.02 0.35 0.35 0.85
y-linolenic acid (18:3n6), % 0.68 0.66 0.64 0.66 0.02 0.35 0.35 0.85
Arachidic acid (20:0), % 0.24 0.26 0.24 0.22 0.01 0.09 0.11 0.83
Eicosadienoic acid (20:2), % 0.84 0.79 0.81 0.80 0.02 0.51 0.68 0.13
Arachidonic acid (20:4n6), % 0.11 0.09 0.10 0.09 0.01 0.51 0.29 0.12
Other fatty acids, % 2.26 2.20 2.16 211 0.04 0.89 0.02 0.16
Tota SFA, %° 36.75 37.45 37.30 37.27 0.48 0.45 0.69 0.48
Total MUFA, %" 44.49 44.64 44.94 4441 0.42 0.43 0.80 0.67
Total PUFA, %° 18.76 17.91 17.77 18.32 0.46 0.14 0.53 0.74
Total trans fatty acids, %° 42.45 41.90 44.43 42.59 0.69 0.36 0.06 0.10
UFA:SFA ratio’ 173 167 1.68 1.69 0.03 0.41 0.70 0.48
PUFA:SFA ratio® 0.51 0.48 0.48 0.49 0.02 0.17 0.54 0.66
lodine value, g/100 ¢° 69.0 67.8 67.8 68.3 0.70 0.23 0.61 0.64

! A total of 1,054 pigs (initially BW, 207.8 Ib) were used in a 28-d experiment with 25 to 27 pigs per pen and 10 pens per treatment.

2 total of 854 pigs were marketed on d 28 with 19 to 23 pigs per pen and 10 pens per treatment. Values are the mean of 1 gilt and 1 barrow per pen (10
barrows and 10 gilts per treatment).

3Total saturated fatty acids (SFA) = {[C8:0] + [C10:0] + [C12:0] + [C14:0] + [C16:0] + [C17:0] + [C18:0] + [C20:0] + [C22:0] + [C24:0]}, where the
brackets indicate concentration.

“ Total monounsaturated fatty acids (MUFA) = {[C14:1] + [C16:1] + [C18:1c9] + [C18:1n7] + [C20:1] + [C24:1]}, where the brackets indicate
concentration.

®Total polyunsaturated fatty acids (PUFA) = {[C18:2n6] + [C18:3n3] + [C18:3n6] + [C20:2] + [C20:4n6]}, where the brackets indicate concentration.
®Total trans fatty acids = {[C18:1t] + [C18:2t] + [C18:3t]}, where the brackets indicate concentration.

"Unsaturated fatty acids (UFA):SFA ratio = [Total MUFA + Total PUFA] / Total SFA.

8 PUFA:SFA ratio = Total PUFA / Total SFA.

% Calculated as IV= [C16:1] x 0.95 + [C18:1] x 0.86 + [C18:2] x 1.732 +[C18:3] x 2.616 + [C20:1] x 0.785+[C22:1] x 0.723, where the brackets
indicate concentration (AOCS, 1998).
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