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Abstract Abstract 
A total of 21 litters (early or late maturing Duroc × DNA 241) and 247 pigs were used in 170-d trial to 
determine the effect of sire line growth pattern (early vs. late maturing) and creep feeding on the stress 
response, intestinal permeability, and growth performance of nursery and finishing pigs.Treatments were 
arranged in a 2 × 2 factorial with main effect of Duroc sire line (early or late maturing) and lactation creep 
feeding (with or without). Immediately after weaning (initially 14.0 lb), blood cortisol levels were increased 
(P < 0.01) in late maturing pigs compared to early maturing pigs, indicating an increased stress response. 
A greater percentage (P < 0.001) of late maturing pigs lost weight from d 0 to 3 post-weaning compared 
to early maturing pigs. Likewise, early maturing pigs had improved ADG (P < 0.001) and ADFI (P < 0.001) 
during the first 3 d in the nursery. A similar response was observed in daily feed intake with early maturing 
pigs having increased daily feed intake (P < 0.001) for the first 14 d in the nursery. However, no 
differences were observed in intestinal permeability between treatments. For overall nursery growth 
performance, a significant interaction was observed for ADG (P = 0.007) and ADFI (P < 0.001). Early 
maturing pigs that did or did not receive creep feed had increased ADG and ADFI compared to late 
maturing pigs that did not receive creep feed, with late maturing pigs that received creep feed 
intermediate. For overall nursery feed efficiency, early maturing pigs had poorer F/G (P < 0.001) than late 
maturing pigs. For overall finishing growth performance, a significant interaction was observed for ADG (P 
= 0.007), with late maturing pigs that received creep feed prior to weaning having increased ADG 
compared to the other 3 treatment combinations. A significant interaction was also observed for ADFI (P 
< 0.007), with late maturing pigs that received creep feed or early maturing pigs having increased ADFI 
compared to late maturing pigs that did not receive creep feed. This resulted in a significant interaction 
for final BW (P = 0.005), with late maturing pigs that did not receive creep feed having decreased weights 
at market. In summary, early maturing pigs had improved ADG and ADFI until approximately 220 lb, at 
which point late maturing pigs began to exhibit improved ADG. Late maturing pigs also had improved feed 
efficiency throughout much of the experiment. Interestingly, creep feeding the late maturing pigs resulted 
in improved growth performance compared to providing no creep feed, whereas creep feed did not impact 
the early maturing pigs. 
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Effect of Early vs. Late Maturing Sire Lines 
and Creep Feeding on the Stress Response, 
Intestinal Permeability, and Growth 
Performance of Nursery and Finishing Pigs1

Madie R. Wensley, Jason C. Woodworth, Mike D. Tokach, 
Robert D. Goodband, Joel M. DeRouchey, and Jordan T. Gebhardt2

Summary
A total of 21 litters (early or late maturing Duroc × DNA 241) and 247 pigs were 
used in 170-d trial to determine the effect of sire line growth pattern (early vs. late 
maturing) and creep feeding on the stress response, intestinal permeability, and growth 
performance of nursery and finishing pigs. Treatments were arranged in a 2 × 2 facto-
rial with main effect of Duroc sire line (early or late maturing) and lactation creep 
feeding (with or without). Immediately after weaning (initially 14.0 lb), blood cortisol 
levels were increased (P < 0.01) in late maturing pigs compared to early maturing 
pigs, indicating an increased stress response. A greater percentage (P < 0.001) of late 
maturing pigs lost weight from d 0 to 3 post-weaning compared to early maturing pigs. 
Likewise, early maturing pigs had improved ADG (P < 0.001) and ADFI (P < 0.001) 
during the first 3 d in the nursery. A similar response was observed in daily feed intake 
with early maturing pigs having increased daily feed intake (P < 0.001) for the first 
14 d in the nursery. However, no differences were observed in intestinal permeability 
between treatments. For overall nursery growth performance, a significant interac-
tion was observed for ADG (P = 0.007) and ADFI (P < 0.001). Early maturing pigs 
that did or did not receive creep feed had increased ADG and ADFI compared to late 
maturing pigs that did not receive creep feed, with late maturing pigs that received 
creep feed intermediate. For overall nursery feed efficiency, early maturing pigs had 
poorer F/G (P < 0.001) than late maturing pigs. For overall finishing growth perfor-
mance, a significant interaction was observed for ADG (P = 0.007), with late maturing 
pigs that received creep feed prior to weaning having increased ADG compared to the 
other 3 treatment combinations. A significant interaction was also observed for ADFI 
(P < 0.007), with late maturing pigs that received creep feed or early maturing pigs 
having increased ADFI compared to late maturing pigs that did not receive creep feed. 
This resulted in a significant interaction for final BW (P = 0.005), with late maturing 
pigs that did not receive creep feed having decreased weights at market. In summary, 
early maturing pigs had improved ADG and ADFI until approximately 220 lb, at which 

1  Appreciation is expressed to Dr. Ryan Dilger and Laura Bauer (University of Illinois, Urbana-Cham-
paign, IL) for their technical support in this trial.
2  Department of Diagnostic Medicine/Pathobiology, College of Veterinary Medicine, Kansas State 
University.
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point late maturing pigs began to exhibit improved ADG. Late maturing pigs also had 
improved feed efficiency throughout much of the experiment. Interestingly, creep 
feeding the late maturing pigs resulted in improved growth performance compared to 
providing no creep feed, whereas creep feed did not impact the early maturing pigs.

Introduction
Providing creep feed during lactation acclimates pigs to solid feed prior to weaning. 
While creep feed consumption often has little effect on weaning body weight, the true 
value of creep feed is found in getting pigs started on feed in the nursery. Research 
consistently shows that pigs identified as eaters of creep feed during lactation have 
improved feed intake and body weight gain after weaning. However, as genetic compa-
nies have selected for increased finishing pig performance, getting pigs started on feed 
after weaning has become more challenging. This suggests that genetics may influence 
the pig’s stress response and subsequent post-weaning performance. While it is well 
known that different sire lines will influence their progenies’ growth performance, 
limited data are available on the effect of weaning on the stress response and intestinal 
permeability of early versus late maturing Duroc sire lines. Hence, the primary objective 
of this study was to determine the effect of sire line growth pattern and creep feeding on 
the time it takes pigs to begin consuming feed post-weaning, the percentage of pigs that 
lose weight immediately post-weaning, and the feed intake and growth performance of 
pigs from weaning to market. The secondary objective of this study was to determine if 
sire line maturity influenced the stress response and subsequent intestinal barrier integ-
rity of pigs after weaning.

Procedures
The Kansas State University Institutional Animal Care and Use Committee approved 
the protocol used in this experiment. 

Breeding
A total of 30 sows (DNA 241) from the Kansas State University Swine Teaching 
and Research Center were used to supply the pigs for this experiment. At breeding, 
sows were blocked by parity (parity 1 and 2+) and every other sow was bred to 1 of 2 
sources of semen selected from Duroc sires with the highest index of early growth in 
the nursery, or finishing growth (early or late maturing, respectively). Sows were housed 
in individual stalls until confirmed pregnant and then were moved to group housing. 
Throughout gestation, a common gestation diet was fed in meal form, and feed allow-
ance was adjusted based on sow body condition. On approximately d 111 of gestation, 
sows were moved into the farrowing facility.

Pre-weaning
A total of 21 litters (early or late maturing Duroc × DNA 241) were selected and used 
for the remainder of the experiment. Pigs within each litter were individually weighed 
24 h after birth and 14 d prior to weaning for creep feed treatment allotment. Litters of 
pigs were assigned to 1 of 2 creep feeding treatments (with or without creep feed) in a 
randomized complete block design based on sow parity, sire maturity, and average piglet 
body weight. For litters of pigs assigned to the creep feed treatment, a phase 1 nursery 
diet was fed. The creep diet was pelleted (3/16 × 1/2 in.) and fed using a commercial 
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rotary creep feeder starting 14 d prior to weaning. A common lactation diet was fed to 
sows throughout lactation in meal form.

Post-weaning
At weaning (approximately 21 d of age), a total of 247 pigs (initially 14.0 lb) were 
weighed and assigned to 51 pens in a completely randomized design based on Duroc 
sire line (early or late maturing) and creep feeding treatment (with or without). There 
were 4 or 5 pigs per pen and 12 or 13 replications per treatment combination. Each pen 
(4 × 4 ft) contained a 4-hole, dry self-feeder, and nipple waterer for ad libitum access to 
feed and water. Pigs were individually weighed on d 3 and 10 post-weaning to deter-
mine initial changes in body weight. Feeders were also weighed daily for the first 14 d 
post-weaning to determine initial feed intake and daily feed disappearance over time. 
After 14 d, pigs were weighed and feed disappearance measured weekly to determine 
ADG, ADFI, and F/G. Common diets were fed throughout the nursery based on a 
4-phase feeding program, with phases fed from d 21 to 31, 31 to 46, 46 to 67, and 67 to 
76 of age, respectively. Phases 1, 2, and 4 diets were provided in pellet form, and phase 3 
diets were in meal form. 

At the end of the nursery period, 241 pigs were transported to the finisher facility 
and gate cut into 32 pens based on Duroc sire line (early or late maturing) and creep 
feeding treatment (with or without). There were 7 or 8 pigs per pen and 7 or 8 replica-
tions per treatment combination. Each pen was equipped with a 2-hole, single-sided, 
dry self-feeder (Farmweld, Teutopolis, IL) and a cup waterer. Pens were located over 
a completely slatted concrete floor with a 4-ft pit underneath for manure storage. A 
robotic feeding system (FeedPro; Feedlogic Corp., Wahpeton, ND) was used to deliver 
and record daily feed additions to each pen. Pens of pigs were weighed every other 
week and feed disappearance was measured to determine growth criteria until market. 
Common corn-soybean meal-based diets were fed over a 3-phase feeding program 
throughout the finisher in meal form. At the end of the experiment, 36 barrows (1 or 2 
pigs per pen) of average BW were selected and sent to the Kansas State University Meat 
Lab for muscle metabolism analysis (data not reported). The remaining 200 pigs were 
tattooed and tagged before being shipped to Triumph Foods in Saint Joseph, MO, for 
carcass measurements. 

Blood cortisol and intestinal permeability 
Cortisol concentrations in blood serum were used to determine if sire line maturity 
influenced the short-term stress response of pigs immediately after weaning. The day 
prior to weaning, 1 or 2 gilts per litter (28 gilts total) were randomly selected to deter-
mine baseline cortisol levels. The following day, 30 minutes post-weaning, the same 
gilts were bled to determine changes in blood cortisol due to weaning stress. One blood 
sample of approximately 6 mL was collected on each collection day. Serum was then 
separated by centrifugation (20 min at 10,000 × g) and stored at -4°F until analysis 
using a commercial ELISA kit (R&D Systems, Minneapolis, MN). 

The same subset of gilts used for cortisol concentrations were used to measure intes-
tinal permeability to a disaccharide and monosaccharide via blood concentrations of 
lactulose and mannitol. Gilts used for intestinal permeability analysis were weighed and 
moved to empty pens with access to ad libitum water, but no feed. After a 2-h fast, each 
gilt was administered a solution of lactulose (500 mg/kg body weight; Fisher Scientific, 
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Pittsburgh, PA) and mannitol (50 mg/kg body weight; Sigma-Aldrich, St. Louis, MO), 
dissolved in distilled water via oral gavage. Sixty minutes following sugar administra-
tion, a blood sample of approximately 6 mL was collected from each gilt. Following 
collection, serum was separated by centrifugation (20 min at 10,000 × g) and stored at 
-4°F until samples were sent to the University of Illinois for high performance liquid 
chromatography analysis of lactulose and mannitol concentrations. The lactulose:man-
nitol ratio (L:M) was calculated by converting lactulose and mannitol concentrations to 
umol/L using the molecular weight of each sugar, and then calculating their ratio.

Data analysis
Nursery and finishing pig growth performance data were analyzed as a 2 × 2 factorial to 
test the interactive and main effects of Duroc sire line (early or late maturing) and creep 
feeding (with or without) using the GLIMMIX procedure of SAS v. 9.4 (SAS Insti-
tute, Inc., Cary, NC). Pen was considered the experimental unit. A growth curve from 
birth to market was then developed by fitting cumulative BW to a nonlinear Gompertz 
growth model. Average daily gain was modeled from cumulative BW by taking the 
first-order derivative of the Gompertz equation with respect to age. A similar approach 
was taken for cumulative feed intake and ADFI using a cubic model and its first-order 
derivative. Feed efficiency was modeled by fitting a cubic function to the LS-means. A 
binomial model was used to determine the percentage of pigs that did not gain weight 
from d 0 to 3 and d 0 to 10 post-weaning. Daily feed intakes were analyzed in a first-
order ante-dependence matrix for repeated measures using a 3-way interaction with 
main effect of Duroc sire line (early or late maturing), creep feeding (with or without), 
and day post-weaning. 

Blood cortisol levels were analyzed in an unstructured matrix for repeated measures 
using a 3-way interaction with main effect of Duroc sire line (early or late maturing), 
creep feeding (with or without), and day post-weaning. A random intercept of ELISA 
plate was used. Intestinal permeability was analyzed as a 2 × 2 factorial with main effect 
of Duroc sire line (early or late maturing) and creep feeding (with or without) with pig 
considered the experimental unit. All results were considered significant at P ≤ 0.05 
and marginally significant at P ≤ 0.10. 

Results and Discussion
No differences were observed in piglet birth weight (24 h); however, at weaning, early 
maturing pigs had increased BW (P < 0.001) compared to late maturing pigs (Table 1). 
Likewise, pigs that received creep feed had increased BW (P < 0.001) compared to 
pigs that did not receive creep feed. Early maturing or creep fed pigs continued to have 
heavier BW (P < 0.05) throughout the nursery stage. At 76 d of age, a significant inter-
action was also observed (P = 0.006), with late maturing pigs that did not receive creep 
feed exhibiting decreased BW compared to early maturing pigs, with late maturing 
pigs that received creep feed intermediate. For overall nursery growth performance, a 
significant interaction was observed for ADG (P = 0.007) and ADFI (P < 0.001). Early 
maturing pigs that did or did not receive creep feed had increased ADG and ADFI 
compared to late maturing pigs that did not receive creep feed, with late maturing pigs 
that received creep feed intermediate. For overall feed efficiency, no 2-way interaction 
or main effect of creep feeding was observed; however, early maturing pigs had poorer 
F/G (P < 0.001) than late maturing pigs. 
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For BW loss after weaning, no differences were observed for the 2-way interaction or 
main effect of creep feed. However, a greater percentage (P < 0.001) of late maturing 
pigs lost weight during the first 3 d in the nursery (21 to 24 d of age) compared to early 
maturing pigs. Likewise, early maturing pigs had improved ADG (P < 0.001), ADFI 
(P < 0.001), and feed efficiency (P = 0.001) during the first 3 d in the nursery. Interest-
ingly, creep feeding had no effect on growth performance until after the first 3 d in the 
nursery. For daily feed intake, early maturing pigs had increased daily feed intake (sire 
maturity × day, P < 0.001) for the first 14 d in the nursery compared to late maturing 
pigs (Figure 1), which could explain the initial improvement in growth performance 
and decreased percentage of pigs that lost weight after weaning.

During the grow-finish period, early maturing pigs continued to have increased ADG 
(P = 0.002) compared to late maturing pigs until d 94. Similar growth was observed 
from d 94 to 136, or approximately 220 lb, at which point the late maturing pigs began 
to exhibit increased ADG (P ≤ 0.001). Late maturing pigs also had improved F/G 
throughout most of the finishing period (P < 0.001). Overall, a significant interaction 
was observed for ADG (P = 0.007), with late maturing pigs that received creep feed 
prior to weaning having increased ADG compared to the other 3 treatment combi-
nations. A significant interaction was also observed for ADFI (P < 0.007), with late 
maturing pigs that received creep feed or early maturing pigs that received creep feed 
or not having increased ADFI compared to late maturing pigs that did not receive 
creep feed. This resulted in a significant interaction for final BW (P = 0.005), with 
late maturing pigs that did not receive creep feed having decreased weights at market 
compared to the other 3 treatment combinations. To visually summarize the data, 
growth, cumulative feed intake, and modeled ADG, ADFI, and F/G curves can be 
found in Figures 2 through 6.

For carcass characteristics, no differences in hot carcass weight or backfat were observed. 
Increased yield (P = 0.049) was observed for pigs that received creep feed prior to 
weaning compared to pigs that did not receive creep feed. A 2-way interaction was also 
observed for loin depth (P = 0.011), with pigs from the early maturing sires that did 
not receive creep feed having decreased loin depth compared to the other 3 treatment 
combinations. For the main effect of sire line, late maturing pigs had increased percent 
lean (P = 0.032) and loin depth (P = 0.010) compared to early maturing pigs.

For blood cortisol, no 3-way or 2-way interaction between creep feed and collection 
day, or the main effect of creep feed were observed. However, a significant sire line 
maturity and collection day interaction was observed (P = 0.004; Figure 7). Baseline 
(pre-wean) cortisol levels were approximately 30 ng/mL for both sire lines (P = 0.590), 
but 30 minutes after weaning a greater increase in blood cortisol was observed in late 
maturing pigs compared to early maturing pigs (P < 0.01). For intestinal permeability, 
no 2-way interactions or main effects were observed for lactulose, mannitol, or the 
L:M ratio (Table 3). However, numeric differences did exist. Late maturing pigs that 
were not provided creep feed prior to weaning had the highest L:M ratio. An increased 
L:M ratio indicates increased intestinal permeability and may be related to the poorer 
growth performance observed in late maturing pigs that were not provided creep feed. 
More research and a greater sample size is needed to better understand this potential 
effect. 
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In summary, early maturing pigs exhibited decreased stress and improved growth 
performance immediately after weaning. Improved BW gain and feed intake persisted 
until approximately 220 lb or 136 d of age, at which point late maturing pigs began to 
exhibit greater ADG. Late maturing pigs also had improved feed efficiency throughout 
much of the experiment. Interestingly, it appears that creep feeding the late maturing 
pigs resulted in improved growth performance compared to providing no creep feed, 
whereas creep feed had little impact on early maturing pigs.

Brand names appearing in this publication are for product identification purposes only. 
No endorsement is intended, nor is criticism implied of similar products not mentioned. 
Persons using such products assume responsibility for their use in accordance with current 
label directions of the manufacturer.

Table 1. Interactive effect of early or late maturing sire lines and creep feed on nursery pig growth 
performance1

Sire line maturity: Early Late

SEM

P =

Item      Creep feed: No Yes No Yes
Sire 

maturity
Creep 
feed Interaction

Litter, n 6 6 4 5 --- --- --- ---
Nursery pens, n 13 13 12 13 --- --- --- ---
Body weight, lb

24 h2 3.6 3.5 3.3 3.1 0.47 0.244 0.758 0.845
d 42,3 5.3 5.3 4.8 4.8 0.67 0.265 0.975 0.975
d 21 (weaning)4 14.1 14.8 13.4 13.6 0.15 < 0.001 < 0.001 0.083
d 24 14.9 15.8 13.6 13.8 0.18 < 0.001 0.005 0.070
d 31 18.2 19.5 15.4 16.1 0.31 < 0.001 0.002 0.429
d 46 34.5 36.1 26.7 29.9 0.67 < 0.001 < 0.001 0.198
d 67 67.0a 67.3a 54.4c 59.8b 1.13 < 0.001 0.012 0.024
d 76 87.7a 87.0a 72.7c 79.7b 1.36 < 0.001 0.022 0.006

BW loss after weaning, %5

d 24 7.7b 3.1b 40.4a 38.5a 6.80 < 0.001 0.270 0.350
d 31 0.0 0.0 9.6 9.4 4.09 0.967 0.999 0.999

continued
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Table 1. Interactive effect of early or late maturing sire lines and creep feed on nursery pig growth 
performance1

Sire line maturity: Early Late

SEM

P =

Item      Creep feed: No Yes No Yes
Sire 

maturity
Creep 
feed Interaction

Phase 1 (d 21 to 24)
ADG, lb 0.28 0.31 0.09 0.06 0.035 < 0.001 0.957 0.452
ADFI, lb 0.27 0.29 0.16 0.17 0.017 < 0.001 0.340 0.815
G:F 1.00 1.04 0.10 0.02 0.289 0.001 0.936 0.832

Phase 1 (d 24 to 31)
ADG, lb 0.41 0.46 0.20 0.25 0.025 < 0.001 0.036 0.820
ADFI, lb 0.52 0.58 0.33 0.36 0.023 < 0.001 0.067 0.585
G:F 0.78 0.80 0.58 0.66 0.032 < 0.001 0.131 0.408
F/G6 1.28 1.25 1.72 1.52 --- --- --- ---

Phase 2 (d 31 to 46)
ADG, lb 1.09a 1.11a 0.75c 0.92b 0.033 < 0.001 0.005 0.030
ADFI, lb 1.44a 1.44a 1.01c 1.18b 0.036 < 0.001 0.026 0.018
G:F 0.75 0.77 0.74 0.78 0.013 0.923 0.028 0.491
F/G6 1.33 1.30 1.35 1.28 --- --- --- ---

Phase 3 (d 46 to 67)
ADG, lb 1.55a 1.49ab 1.32c 1.42b 0.031 < 0.001 0.488 0.010
ADFI, lb 2.48a 2.36a 1.89c 2.14b 0.045 < 0.001 0.122 < 0.001
G:F 0.62c 0.63c 0.70a 0.66b 0.009 < 0.001 0.063 0.015
F/G6 1.61c 1.59c 1.43a 1.52b --- --- --- ---

Phase 4 (d 67 to 76)
ADG, lb 2.26a 2.18a 2.04b 2.20a 0.045 0.027 0.286 0.009
ADFI, lb 3.95a 3.79a 3.27c 3.52b 0.070 < 0.001 0.514 0.004
G:F 0.57 0.58 0.62 0.63 0.009 < 0.001 0.662 0.751
F/G6 1.75 1.72 1.61 1.59 --- --- --- ---

Overall (d 21 to 76)
ADG, lb 1.33a 1.31a 1.08c 1.19b 0.024 < 0.001 0.036 0.007
ADFI, lb 2.08a 2.02a 1.59c 1.77b 0.035 < 0.001 0.073 < 0.001
G:F 0.64 0.65 0.68 0.67 0.006 < 0.001 0.727 0.186
F/G6 1.56 1.54 1.47 1.49 --- --- --- ---

1 A total of 247 mixed sex pigs (early or late maturing Duroc × DNA 241) were used in a 55-d nursery experiment with 4 or 5 pigs per 
pen and 12 or 13 replications per treatment. Treatments were arranged in a 2 × 2 factorial with main effect of Duroc sire line (early vs. 
late maturing) and creep feeding (with or without).
2 Analyzed using litter as the experimental unit.
3 All pigs were weighed 14 d prior to weaning to allot litters to creep feed. Therefore, d of age ranged from 4 to 7.
4 Weaning ranged from 18 to 21 d of age.
5 Percentage of pigs that gained ≤ 0 lb from d 0 to 3 or 0 to 10 post-weaning.
6 Feed-to-gain = 1 ÷ G:F.



8

Swine Day 2022

Kansas State University Agricultural Experiment Station and Cooperative Extension Service

Table 2. Interactive effect of early or late maturing sire lines and creep feed on finishing pig growth 
performance and carcass characteristics1

Sire line maturity: Early Late

SEM

P =

Item      Creep feed: No Yes No Yes
Sire 

maturity
Creep 
feed Interaction

Pens, n 8 9 7 8 --- --- --- ---
Body weight, lb

d 76 87.8a 87.1a 72.5c 79.7b 1.72 < 0.001 0.052 0.022
d 94 125.9a 125.1a 106.9c 116.3 b 2.13 < 0.001 0.042 0.017
d 108 159.1a 157.0a 139.4c 148.8 b 2.65 < 0.001 0.156 0.029
d 122 194.7 193.2 175.0 184.5 3.02 < 0.001 0.167 0.062
d 136 230.7 229.2 210.0 221.1 3.46 < 0.001 0.149 0.063
d 154 276.6a 274.2a 256.5b 270.1a 3.51 0.001 0.099 0.022
d 170 315.2a 311.7a 297.0b 313.1a 3.43 0.015 0.059 0.005

d 76 to 94
ADG, lb 2.12 2.11 1.93 2.03 0.041 0.002 0.239 0.148
ADFI, lb 4.46a 4.42a 3.75c 4.06b 0.071 < 0.001 0.046 0.014
G:F 0.48 0.48 0.51 0.50 0.007 < 0.001 0.364 0.267
F/G2 2.08 2.08 1.96 2.00 --- --- --- ---

d 94 to 108
ADG, lb 2.37 2.28 2.32 2.32 0.053 0.868 0.364 0.392
ADFI, lb 5.63 5.57 5.01 5.23 0.126 < 0.001 0.493 0.250
G:F 0.42 0.41 0.46 0.44 0.006 < 0.001 0.006 0.431
F/G2 2.38 2.44 2.17 2.27 --- --- --- ---

d 108 to 122
ADG, lb 2.54 2.59 2.54 2.55 0.044 0.645 0.510 0.705
ADFI, lb 6.73 6.75 6.20 6.52 0.121 0.003 0.155 0.194
G:F 0.38b 0.38b 0.41a 0.39b 0.005 < 0.001 0.230 0.025
F/G2 2.63 2.63 2.44 2.56 --- --- --- ---

d 122 to 136
ADG, lb 2.57 2.57 2.56 2.61 0.074 0.829 0.700 0.729
ADFI, lb 7.19 7.27 6.95 7.21 0.131 0.229 0.184 0.477
G:F 0.36 0.35 0.37 0.36 0.009 0.274 0.587 0.946
F/G2 2.78 2.86 2.70 2.78 --- --- --- ---

d 136 to 154
ADG, lb 2.55 2.50 2.62 2.72 0.043 0.001 0.481 0.067
ADFI, lb 8.11a 7.83a 7.48b 7.95a 0.109 0.017 0.361 0.001
G:F 0.31 0.32 0.35 0.34 0.005 < 0.001 0.835 0.236
F/G2 3.23 3.13 2.86 2.94 --- --- --- ---

continued
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Table 2. Interactive effect of early or late maturing sire lines and creep feed on finishing pig growth 
performance and carcass characteristics1

Sire line maturity: Early Late

SEM

P =

Item      Creep feed: No Yes No Yes
Sire 

maturity
Creep 
feed Interaction

d 154 to 170
ADG, lb 2.38 2.35 2.60 2.75 0.064 < 0.001 0.315 0.176
ADFI, lb 8.17ab 7.96bc 7.84c 8.36a 0.106 0.717 0.124 0.001
G:F 0.29 0.30 0.33 0.33 0.007 < 0.001 0.938 0.591
F/G2 3.45 3.33 3.03 3.03 --- --- --- ---

Overall (d 76 to 170)
ADG, lb 2.41b 2.39b 2.41b 2.50a 0.024 0.042 0.209 0.037
ADFI, lb 6.68a 6.61a 6.14b 6.53a 0.086 < 0.001 0.054 0.007
G:F 0.36 0.36 0.39 0.38 0.004 < 0.001 0.130 0.093
F/G2 2.78 2.78 2.56 2.63 --- --- --- ---

Carcass characteristics
HCW, lb 225.7 226.3 213.6 225.4 3.72 0.057 0.067 0.100
Yield, % 72.1 72.9 72.4 72.6 0.28 0.945 0.049 0.280
Backfat, in. 0.65 0.64 0.62 0.63 0.490 0.181 0.818 0.573
Loin depth, in. 2.41b 2.51a 2.59a 2.52a 0.970 0.010 0.586 0.011
Lean, % 53.5 54.0 54.5 54.1 0.27 0.032 0.684 0.066

1 A total of 241 mixed sex pigs (early or late maturing Duroc × DNA 241) were used in a 94-d finishing experiment with 7 or 8 pigs per 
pen and 7 or 8 replications per treatment. Treatments were arranged in a 2 × 2 factorial with main effect of Duroc sire line (early vs. late 
maturing) and creep feeding (with or without).
2 Feed-to-gain = 1 ÷ G:F.

Table 3. Interactive effect of early or late maturing sire lines and creep feed on the intestinal permea-
bility of nursery pigs1

Sire maturity: Early Late

SEM

P =

Item      Creep feed: No Yes No Yes
Sire 

maturity
Creep 
feed Interaction

Pigs, n 6 6 7 7 --- --- ---
Lactulose, umol/L 5.3 8.2 7.3 8.6 3.70 0.740 0.565 0.815
Mannitol, umol/L 31.4 32.7 14.1 44.8 9.38 0.775 0.092 0.119
L:M2 0.18 0.37 0.50 0.36 0.170 0.400 0.892 0.362

1 A total of 26 gilts (early or late maturing Duroc × DNA 241) were used to assess intestinal permeability 7 d post-weaning. Treat-
ments were arranged in a 2 × 2 factorial with main effect of sire line (early vs. late maturing) and creep feeding (with or without). After 
a 2-h fast, each gilt was administered a solution of lactulose (500 mg/kg body weight; Fisher Scientific, Pittsburgh, PA) and mannitol 
(50 mg/kg body weight; Sigma-Aldrich, St. Louis, MO), dissolved in distilled water via oral gavage. Sixty minutes following sugar 
administration, a blood sample of approximately 6 mL was collected from each gilt. Serum was separated by centrifugation (20 min 
at 10,000 × g) and stored at -4°F until samples were sent to the University of Illinois for high performance liquid chromatography 
analysis of lactulose and mannitol concentrations. 
2 L:M was calculated by converting lactulose and mannitol concentrations to umol/L using the molecular weight of each sugar, and 
then calculating their ratio.
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Figure 1. Interactive effect of sire line (early or late maturing Duroc sire) and day on daily 
feed intake for the first 14 d in the nursery.
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Figure 2. Effect of sire line (early or late maturing Duroc sire) on the cumulative growth 
curve (Gompertz model) of pigs from birth to market.
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Figure 3. Effect of sire line (early or late maturing Duroc sire) on the cumulative feed 
intake curve (cubic model) of nursery and finishing pigs.
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Figure 4. Effect of sire line (early or late maturing Duroc sire) on the modeled average 
daily gain (derivative of cumulative body weight from Gompertz model) of pigs from birth 
to market.
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Figure 5. Effect of sire line (early or late maturing Duroc sire) on the modeled average 
daily feed intake (derivative of cumulative feed intake from cubic model) of nursery and 
finishing pigs.
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Figure 6. Effect of sire line (early or late maturing Duroc sire) on the feed efficiency (using 
LS-means) of nursery and finishing pigs.
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Figure 7. Interactive effect of sire line (early or late maturing Duroc sire) and collection 
time on the cortisol level of pigs around weaning. Pre-weaning cortisol was collected the 
day prior to weaning and post-weaning cortisol was collected 30 minutes after weaning.
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