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1949 (W379) Effect of porcine digestive peptides
as sweet milk whey replacer for piglets diets:
preferences, acceptance and performance during
the nursery period. J. E. Figueroa1,2, D. Solà-Oriol3,
R. Davin*4, E. Borda5, S. A. Guzmán-Pino4 and
J. F. Pérez4, 1SNiBA, Departament de Ciència Animal
i dels Aliments, Universitat Autònoma de Barcelona,
Bellaterra, Spain, 2Universidad de Chile, Santiago,
Chile, 3Animal Nutrition and Welfare Service,
Department of Animal and Food Sciences, Universitat
Autònoma de Barcelona, Bellaterra, Spain, 4Animal
Nutrition and Welfare Service, Department of
Animal and Food Sciences, Universitat Autònoma
de Barcelona, Bellaterra, Spain, 5Bioiberica,
Barcelona, Spain
The aim of the present work was to study the productive performance of nursery pigs when sweet milk whey (SMW) is
replaced by porcine digestive peptides (PDP; 620 g/kg of CP,
Bioibérica SA, Palafolls, Barcelona, Spain). A total of 240
pigs were randomly distributed after weaning into 2 groups
(12 pens/group) depending on the presence of SMW or PDP
on their diets. The SMW group was fed a pre-starter (0- 14 d)
and starter (15- 33 d) diet with 142 g/kg and 49 g/kg SMW
respectively; the PDP group was offered an iso-caloric and
iso-proteic diet with 20 g/kg of PDP and 300 g/kg of wheat
replacing dairy products. Feed intake and body weight were
measured weekly to calculate average daily feed intake
(ADFI), average daily gain (ADG) and gain: feed ratio (GFR).
A choice test and one-feeder test of 30 min each were performed in another group of animals 3 wk after weaning (36
pen pairs) to evaluate the preference and acceptance for both
diets, respectively. Feed intake was recorded by measuring
the initial and final weight of the feeders. SMW and PDP diet
positions were balance across pig’s pairs. Data were analyzed
with ANOVA using the GLM procedure (performance values)
or the MIXED procedure (preference and acceptance values)
of the statistical package SAS. Despite clear differences on
feed preference (211 vs. 77 g; P = 0.039) and acceptance (287
vs. 192 g; P = 0.001) between diets with or without whey
respectively, no effects were observed on performance at the
end of the nursery period (20.92 vs. 21.13 kg for BW, 0.62 vs.
0.63 kg/d for ADFI and 0.52 vs. 0.53 kg/d for ADG). Despite
the reduced preferences and acceptance observed, the use of
dairy products appears to be unnecessary if a high valuable
protein source is offered during nursery.
Key Words: familiarity, preferences, lactose
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1950 (W380) High nutrient intake alters muscular
growth and metabolic status of neonatal intrauterine growth-retarded pigs. F. Han*, L. Chen,
L. Che, B. Yu, X. Ding, Y. Luo, S. Bai, D. Chen,
Y. Xuan and K. Zhang, Institute of Animal Nutrition,
Sichuan Agricultural University, Chengdu, China
Intra-uterine growth-retarded (IUGR) neonates have shown
an impairment of postnatal skeletal muscle morphology
and function. We hypothesized that the growth and development of skeletal muscle of IUGR neonates might be affected by increased nutrient intake during the suckling period. Therefore, we investigated the effects of high nutrient
intake (HNI) on the muscular growth and metabolic status
of IUGR and normal-birth weight (NBW) piglets. Piglets
with a birth weight near the mean litter birth weight (within
0.5 SD) were identified as NBW, whereas those at least
1.5 SD lower birth weight were defined as IUGR. A total
of twelve pairs of IUGR and NBW piglets (7 d old) were
randomly assigned to two different nutrient-level formula
milk groups. After 21 d of rearing, muscle weight and morphology, activities of energy metabolism-related enzymes
and muscle protein deposition-related genes involved in
the insulin-like growth factor 1/Ak thymoma/mammalian
target of rapamycin pathway were determined. The results
indicated that semitendinosus and psoas major muscle
weights were lighter (-31.7%~37.3%, P < 0.001) in IUGR
piglets, whereas HNI significantly increased psoas major
muscle weight (+31.3%, P < 0.001) and length (+17.6%,
P = 0.006). Likewise, IUGR decreased the cross-sectional
areas (-26.4%~40.0%, P = 0.002) and myofiber numbers
(-20.8%~23.8%, P = 0.004) of semitendinosus and psoas
major muscle. Furthermore, IUGR piglets with HNI exhibited more myofibers (+25.7%, P < 0.001) than those counterpart IUGR piglets, and these alterations in the muscle
growth traits of IUGR piglets receiving HNI were accompanied by increasing muscular gene expressions of insulin-like growth factor 1 (+49.0%, P = 0.003), insulin-like
growth factor 1 receptor (+56.9%, P < 0.001), Ak thymoma
(+60.8%, P = 0.002), mammalian target of rapamycin
(+55.4%, P < 0.001), ribosomal protein s6 (+78.6%, P =
0.003), eukaryotic translation initiation factor 4E (+75.0%,
P = 0.002) that are related to muscle protein deposition.
Otherwise, IUGR decreased lactate dehydrogenase activity
(-13.1%, P = 0.015) and activity ratios (-23.0%~26.9%, P
< 0.001) of lactate dehydrogenase: citrate synthase and lactate dehydrogenase: β-hydroxy-acyl-CoA dehydrogenase,
but increased β-hydroxy-acyl-CoA dehydrogenase activity
(+16.2%, P = 0.023) in longissimus dorsi muscle. Inversely,
HNI increased lactate dehydrogenase activity (+14.1%, P =
0.021) and activity ratios (+21.8%~39.1%, P = 0.004) of
lactate dehydrogenase: citrate synthase and lactate dehydrogenase: β-hydroxy-acyl-CoA dehydrogenase, but decreased
β-hydroxy-acyl-CoA dehydrogenase activity (-17.1%, P =
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0.006). In conclusion, the present findings suggest that increased nutrient intake during the suckling period altered
muscular metabolic status and improved skeletal muscle
growth possibly via regulation of insulin-like growth factor
1/Ak thymoma/mammalian target of rapamycin signaling
pathway.
Key Words: intra-uterine growth-retarded pigs, nutrient
intake, skeletal muscle

(ANOVA) procedure of SPSS 20.0 (Chicago, IL, USA) and
are reported as means ± SEM. The results showed that piglets fed YP diet had markedly higher overall ADG (470 ±
18 vs. 412 ± 12 g, P = 0.034) and G:F (0.72 ± 0.02 vs.
0.67 ± 0.01, P = 0.001). Serum concentration of urea was
significantly decreased (166.58 ± 9.57 vs. 306.34 ± 26.89
mmol/L, P = 0.003) in piglets fed YP diet relative to piglets
fed control diet. Moreover, serum activity of glutathione
peroxidase (GPX) was markedly increased (303.31 ± 7.22
vs. 255.54 ± 8.53 umol/L, P = 0.003) in piglets fed YP diet
relative to piglets fed control diet. In addition, feeding YP
diet significantly increased the DNA copy numbers (log10
Cfu/g of digesta) of lactobacilli (8.27 ± 0.13 vs. 7.20 ± 0.17,
P = 0.021) and total bacteria (10.44 ± 0.06 vs. 10.26 ± 0.04,
P = 0.044) in the colonic digesta of piglets. Furthermore,
mRNA expression of the innate immunity-related genes
(TLR4, NF-κB1 and IL-6) tended to increase (1.33 ± 0.11
vs. 1.00 ± 0.07, P = 0.057; 1.92 ± 0.15 vs. 1.00 ± 0.21, P =
0.024; 1.45 ± 0.10 vs. 1.00 ± 0.15, P = 0.041, respectively)
in the ileum of piglets fed YP diet relative to piglets fed
control diet. In conclusion, the diet with inclusion of YP improved growth performance, anti-oxidative capability and
intestinal health of weaned piglets.
Key Words: growth, piglet, yeast

1951 (W381) The inclusion of yeast-derived protein
in weanling diet improves growth performance,
anti-oxidative capability and intestinal health
of piglets. L. Hu, L. Che*, G. Su, Y. Xuan, G. Luo,
F. Han, Z. Fang, Y. Lin, S. Xu and D. Wu, Institute
of Animal Nutrition, Sichuan Agricultural University,
Chengdu, China
This study aimed to investigate the effects of yeast-derived
protein (YP) on growth performance, intestinal health and
oxidative status of weaned piglets. A total of 80 weaned
piglets (PIC 327 × 1050, 26 ± 2 d-old) were randomly allocated into 2 groups, 5 pens each group and 8 piglets each
pen, receiving control diet and diet with inclusion of 4%
YP at the expense of fish meal (YP diet) for a period of 28
d. Piglets had free access to pelleted feed and water. Feed
intake was recorded daily and piglets were weighed weekly
for calculating ADG, ADFI and G:F. At d 28, blood samples were collected from the cervical vein and centrifuged
(3000 ×g, 4°C, 15 min) to separate serum for biochemical
assays. Then these piglets were anaesthetized with intravenous injection of pentobarbital sodium (15 mg/kg body
weight) and slaughtered. Approximately 2 cm of ileal tissue was collected each piglet and stored at -80°C for real-time RT-PCR. Moreover, the chyme of ileum and colon
were removed and stored at -80°C for microbial analysis.
Data were analyzed using one-way analysis of variance

1952 (W382) Effects of added zinc during the grower
and/or finisher phase on growth performance and
carcass characteristics of finishing pigs fed diets
with or without ractopamine HCl. C. B. Paulk*,
M. D. Tokach, S. S. Dritz, J. M. DeRouchey and R. D.
Goodband, Kansas State University, Manhattan
A total of 1197 pigs (PIC 337 × 1050) were used in a 72-d
study to determine the effects of added Zn from ZnO fed
during the grower (d 0–45; initially 58.8 kg) and finisher
(d 45–72; initially 99.0 kg) in diets with or without racto-

Table 1952. Effects of added zinc during the grower and/or finisher phase on growth performance and carcass characteristics of finishing pigs fed
diets with or without ractopamine HCl
Added Zn d 0–45:
Added Zn d 45–72:
Added RAC d 45–72:
d 0 to 72
ADG, kg
ADFI, kg
G:F
Final BW, kg
Carcass Characteristics
HCW, kg
Yield,1%
Backfat thickness,2 mm
Loin depth,2 mm
FFLI,2%
1
2

-

+
-

+

+
+

+
-

+
+
-

+
+

+
+
+

SEM

0.89
2.65
0.34
118.7

0.88
2.60
0.34
118.0

0.95
2.60
0.37
122.9

0.95
2.63
0.36
123.6

0.89
2.69
0.33
119.4

0.88
2.68
0.33
118.0

0.97
2.71
0.36
124.0

0.96
2.72
0.35
124.2

0.01
0.05
0.00
2.7

86.0
74.09
16.75
62.64
53.13

86.0
74.12
15.69
61.71
53.70

88.2
74.64
13.81
64.59
55.13

90.0
75.35
14.86
63.12
55.13

85.4
73.09
16.29
61.99
53.52

87.1
75.52
16.28
61.58
53.33

88.7
73.98
14.13
65.52
55.01

89.5
74.08
13.67
66.06
55.94

2.2
1.35
0.63
1.13
0.57

Calculated by dividing HCW by live weight obtained at the packing plant.
Adjusted using HCW as a covariate.
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pamine HCl (RAC; Elanco Animal Health, Greenfield, IN)
on growth performance and carcass characteristics. There
were 25 pigs per pen and 6 pens per treatment. Pens were
randomly assigned to a 2 × 2×2 factorial arrangement in a
split-plot design. The whole plot consisted of diets with or
without 75 ppm added Zn from d 0 to 45 and the subplots
were diets with or without 75 ppm added Zn and with or
without 10 ppm RAC from d 45 to72. All diets contained 50
ppm Zn supplied from the premix. No interactions were observed. Addition of 75 ppm Zn during either period or both
did not influence pig growth performance or carcass characteristics. Pigs fed RAC had improved (P < 0.03) ADG, G:F,
final BW, HCW, loin depth, and fat-free lean index compared with pigs fed the control diet. In conclusion, feeding
RAC improved the performance of grow-finish pigs; however, additional Zn did not.
Key Words: growing-finishing pigs,
ractopamine HCl, zinc
1953 (W383) Postnatal nutrition restriction affects
growth and immune response of intrauterine
growth restricted piglets. L. Hu, L. Che*, Y. Liu,
Y. Xuan, F. Han, Z. Fang, Y. Lin, S. Xu and D. Wu,
Institute of Animal Nutrition, Sichuan Agricultural
University, Chengdu, China
Epidemiological studies and experimental models show
that intrauterine growth restriction (IUGR) followed by
accelerated postnatal growth is associated with increased
susceptibility to diseases in later life. We hypothesized that
postnatal nutrition restriction may improve intestinal development and immunity of IUGR neonates. Piglets with a
birth weight near the mean litter birth weight (SD 0.5) were
identified as NBW, whereas those with at least 1.5 SD lower
birth weight were defined as IUGR. Twelve pairs of normalbirth weight (NBW) and IUGR piglets at 7 d of age were
randomly assigned to adequate (ANI) or restricted nutrition
intake (RNI) for a period of 21 d, which produced 4 experimental groups (birth weight/nutrition intake) as NBW-ANI,
IUGR-ANI, NBW-RNI and IUGR-RNI (n = 6 per group).
The NBW-ANI and IUGR-ANI piglets had free access to
formula milk, while the NBW-RNI piglets had same intake
of formula milk as IUGR-ANI piglets. To achieve the same
degree of nutrition restriction as NBW piglets, the formula
milk intake of IUGR-RNI piglets was based on the calculation that the formula milk intake of IUGR-ANI piglets multiplied by the formula milk intake of NBW-RNI piglets and
divided by the formula intake of NBW-ANI piglets. At d
28, blood and intestinal samples were collected at necropsy
and analyzed for cellular immune response and expression
of innate immunity and DNA methylation-related genes.
Data were analyzed by SPSS software using the MIXED
procedure. The results indicated that both IUGR and postnatal nutrition restriction decreased (-26%, P = 0.002) ADG
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during the experimental period, but there was comparable
ADG between IUGR-ANI and NBW-RNI piglets. The relative weight of intestine, heart or brain to body weight was
higher (+9%, P = 0.091; +23%, P = 0.025 and +41%, P =
0.001; respectively) in IUGR than that in NBW piglets. Irrespective of body weight, number of peripheral leucocytes,
lymphocytes and monocytes were significantly decreased
(-25%, P = 0.006; -37%, P = 0.001 and -82%, P = 0.009;
respectively) by RNI, whereas the ratio of CD4+ to CD8+
in blood was significantly increased (+27%, P = 0.034) by
RNI, however, it did not markedly differ between NBWANI and IUGR-RNI piglets. Likewise, ileal mRNA expression of innate immunity and DNA methylation-related
genes (TLR-9 and DNMT1) were up-regulated in piglets
with RNI (+31%, P = 0.004 and +57%, P = 0.001; respectively), particularly increased in IUGR-RNI relative to IUGR-ANI piglets. In conclusion, the present study indicated
that postnatal nutrition restriction may affect systematic and
intestinal immune response of IUGR piglets.
Key Words: pigs, intestine, innate immunity
1954 (W384) Effects of dietary omega-3 polyunsaturated
fatty acids on growth and immune response of
weanling pigs. Q. Li, J. H. Brendemuhl, K. Jeong and
L. Badinga*, University of Florida, Gainesville
The recognition that omega-3 polyunsaturated fatty acids
(n-3 PUFA) possess potent anti-inflammatory properties in
human models has prompted studies investigating their efficacy for animal growth and immunity. The objective of this
study was to examine the effect of feeding an n-3 PUFA-enriched diet on growth and immune response of weanling piglets. Newly weaned pigs (averaging 27 ± 2 d of age and 8.1
± 0.7 kg of BW) were assigned randomly to receive a control (3% vegetable oil, n = 20) or n-3 PUFA-supplemented
(Omega, n = 20) diet for 28 d after weaning. Diets were formulated to be isocaloric (3.3 Mcal/kg of diet) and isolysinic
(14 g Lys/kg of diet). A diet × gender × week interaction
was detected (P < 0.04) for body weight. Female pigs consuming the n-3 PUFA-enriched diet were lighter (P < 0.01)
at wk 4 post-weaning than their counterparts fed the vegetable oil-supplemented diet. Newly weaned pigs gained more
weight (P < 0.01), consumed more feed (P < 0.01) and had
better G: F (P < 0.01) between d 14 and 28 than between d
0 and 14 post-weaning. Peripheral IGF-1 concentration decreased (P < 0.01) between d 0 (87.2 ± 17.0 ng/mL) and 14
(68.3 ± 21.1 ng/mL) after weaning and then increased again
by d 28 (155.2 ± 20.9 ng/mL) post-weaning. In piglets consuming the vegetable oil-enriched diet, plasma TNF- α concentration increased (P < 0.04) from 37.6 ± 14.5 to 102.9 ±
16.6 pg/mL between d 0 and 14 post-weaning and remained
high through d 28 (99.0 ± 17.2 pg/mL) post-weaning. The
TNF-α increase detected in the piglets fed vegetable oil was
not observed in the piglets fed n-3 PUFA (d 0 = 33.0 ± 17.2
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pg/mL; d 14 = 29.1 ± 21.7 pg/mL; d 28 = 36.7 ± 21.4 pg/
mL). With the exception of blood platelets and eosinophil
cells, dietary n-3 PUFA had minimal effects on hematological characteristics. Fecal consistency scores improved (P <
0.01) with increasing weeks after weaning, but were similar
between the two dietary treatments. Results indicate that
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weaning induces considerable immune stress on piglets and
that this stress can be mitigated by dietary supplementation
of n-3 PUFA.
Key Words: n-3-PUFA, growth, immunity, pig
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