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Summary

Objective: To quantify the influence of the commercial finishing

environment on growth and to evaluate potential biomarkers of

growth performance.

Methods: Forty–eight barrows were selected at 11 weeks of age

from a commercial nursery and randomly assigned either to the

environments of the adjoining commercial grower and finisher

buildings (n=24) (COMM group) or an unrestricting research en-

vironment (n=24) (UNRES group). Pigs were weighed at biweekly

intervals from placement at 30 kg (65 lb) liveweight until slaugh-

ter. Backfat thickness and loin eye area were measured by B-

mode ultrasound every 28 days until the mean liveweight of the

group was 91 kg (200 lb) and then biweekly to 120 kg (265 lb),

when the entire group went to slaughter. Fat-free carcass lean

and total carcass fat were predicted using equations including

liveweight, ultrasonic backfat depth, and ultrasonic loin eye mea-

surements. Serum collected at 11, 13, 15, 19, and 23 weeks of age

were evaluated for α-1-acid glycoprotein (AGP), insulin-like

growth factor-1 (IGF-1), and haptoglobin. Whole blood was col-

lected at 11 and 23 weeks of age for lymphocyte phenotyping

(CD4, CD8).
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Results: UNRES group pigs had higher (P < .001) average daily

liveweight gain, fat-free lean gain, and fat gain compared to pigs

raised in the commercial environment. The liveweight gain and

lean growth advantage of UNRES group pigs compared to

COMM group pigs were immediate and consistent at each mea-

surement. Lean gain increased from 30 to 52 kg (66 to 115 lb)

bodyweight and then declined in both environments. UNRES

group pigs had lower AGP (P < .02) and higher IGF-1 (P < .10)

compared to COMM group pigs from 13–23 weeks of age. CD4

values were also significantly (P < .05) lower for the UNRES group

pigs at 23 weeks of age.

Implications: The commercial grow-finish environment reduced

liveweight, lean, and fat growth to 70% of that achieved under

less limiting research conditions. Differences in AGP and CD4 val-

ues were detected between environments, suggesting that they

may be useful as biomarkers in the finisher stage of commercial

production.
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he commercial swine industry in the United States is character-
ized by fierce competition to improve production efficiencies
while maintaining or expanding capacity.1 The majority of

costs in production are accrued during the finishing phase; thus,
growth performance during finishing is critical to the financial success
of a swine operation. There are three main factors that influence
growth performance:

• biological potential (genetics, gender);
• nutrient intake; and
• the growing environment.

Schinckel2 has estimated that the United States commercial swine in-
dustry is achieving only 65%–75% of its genetic potential for growth
due to limitations associated with the growing environment. Potential

factors limiting growth include physical (thermal, stocking density,
feed and water access), social (pigs per pen, movement), and micro-
bial (sanitation, segregation) conditions that may contribute to physi-
ological and immunological stress. However, the impact of the com-
mercial environment on growth performance and composition has not
been well documented or quantified.

The possibility of monitoring a pig’s response to its environment with
physiological markers, or biomarkers, is intriguing. Biomarkers could
potentially affect the commercial industry by quantifying the pig’s re-
sponse to its environment and by providing estimates of lean gain. Ex-
pected differences in biomarker values due to environment must be of
sufficient magnitude and duration to be accurately detected.

Acute-phase proteins are a class of proteins produced by the liver in
response to cytokines associated with inflammation, infection, tissue
injury, or neoplastic disease. Acute-phase proteins function to restore
biologic homeostasis when it is disrupted by injury or infection. Acute-
phase proteins are thought to be sensitive but nonspecific physiologic
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markers of stress and have been proposed as indicators of pig perfor-
mance3 and the impact of specific production practices.4 In a Japanese
study evaluating commercial pigs, α-1-acid glycoprotein (AGP) and
haptoglobin were elevated, although only AGP was significantly differ-
ent from specific-pathogen-free (SPF) pigs.5 Insulin-like growth fac-
tor-1 (IGF-1) is a protein that mediates many of the effects of growth
hormone on protein and lipid metabolism. IGF-1 is mitogenic and has
been evaluated as a biomarker for protein accretion. A significant cor-
relation between IGF-1 and protein deposition was found in barrows at
30, 60, and 90 kg (66.2, 132.3, and 198.5 lb).6 Cluster-of-determina-
tion (CD) antigens are membrane-associated molecules on lympho-
cytes; CD4 antigens are found on T-lymphocytes, which recognize
class-II major histocompatibility molecules associated with bacterial
infections and have been classified as T-helper cells, while CD8 anti-
gens recognize class-I major histocompatibility molecules associated
with viral infections and have been classified as cytotoxic T-cells.

In this study, we monitored growth performance parameters
(liveweight, ultrasonic backfat depth, ultrasonic loin eye area) and
four potential biomarkers of growth (AGP, IGF-1, haptoglobin, CD4/
CD8) to investigate the possible limitations of a typical commercial en-
vironment on the growth performance of pigs.

Materials and methods

Animal selection
A commercial, three-stage, one-site, farrow-to-finish swine operation
in northeast Missouri was selected for this study. The sow herd was se-
rologically positive for porcine reproductive and respiratory syndrome
virus (PRRSV), swine influenza virus (SIV), Actinobacillus
pleuropneumoniae serotype 7, and Mycoplasma hyopneumoniae.
Forty-eight crossbred (PIC, Camborough-15 dams × Line 326 sires)
barrows were selected at the completion of the all-in–all-out (AIAO)
nursery stage. The pigs were approximately 11 weeks of age and
weighed an average of 30 kg (65 lb), with a range of 23–37 kg (50–82
lb), when the study began.

Treatment (environment)
The pigs were blocked by weight and randomly allotted to either re-
main in the commercial facility (COMM group)(n=24) or to be trans-
ported to a research facility and reared in an unrestricted environment
(UNRES group) (n=24). All pigs were individually identified by eartag.

COMM group pigs were moved as a group to one pen in the onsite
grower building on day 1 of the study. The power-ventilated, total slat/
pull-plug grower building contained 16 pens and was operated on a
continuous-flow basis with two different age groups (4 weeks apart)
housed at any one time. Trial pens in the grower measured 3.7 m × 4.0
m (12 ft × 13 ft), providing approximately 0.6 m2 (6.5 sq ft) per head
and contained one eight-hole feeder and two nipple waterers. The
room temperature in the grower ranged from 18–30°C (64–86°F)
during the 8 weeks in which the pigs were in the room. The pigs
reared in the commercial facility were moved as a group to a pen in
the on-site finisher at 19 weeks of age, as was consistent with the usual

pig flow of the commercial operation. The naturally ventilated, double-
curtain-sided, partially slatted finisher building was operated AIAO by
room. The trial pen in the finisher measured 2.4 m × 7.0 m (8 ft × 23
ft), providing approximately 0.74 m2 (8 sq ft) per head and contained
one 0.8-m (2.5-ft) diameter round feeder and two nipple waterers.

UNRES group pigs were transported 5 hours the morning after allot-
ment (day 1) to a research facility at Iowa State University. The facility
contained eight pens with solid concrete floors with solid steel gating
between pens. Floors were washed daily. The positively ventilated room
was separate from other swine. Each pen measured 2.4 m × 2.7 m (8
ft × 9 ft) and provided approximately 2.23 m2 (24 sq ft) per head with
one two-hole feeder and one nipple waterer. The room temperature in
the research facility varied between 16–21°C (61–70°F) during the
trial period. The pigs were assigned to one of eight pens by weight in
order to equalize mean weights for each pen and they remained in
their assigned pens for the entire study.

Growth and composition
All pigs were weighed the day of allotment and every 2 weeks thereafter
for the duration of the study. Backfat thickness and loin eye area were
measured by real-time ultrasound (Pie Medical 2000, Maastricht, the
Netherlands) on the day of allotment and every 4 weeks thereafter until
the group mean weight was approximately 91 kg (200 lb) and every 2
weeks thereafter until the end of the trial. All animals were evaluated
until the mean weight of the group was approximately 120 kg (265 lb),
at which time the entire treatment group was sent to slaughter. Indi-
vidual carcass data (backfat depth and loin depth) using linear ultra-
sound (Fat-O-Meter, SFK technologies, Copenhagen, Denmark) were
collected at slaughter to estimate the fat-free lean index (FFLI).

Feed
Pigs in both groups were offered feed ad libitum. Both groups were fed
identical total amounts of diets one, two, and three (Table 1). The
fourth diet was fed until the group achieved the targeted market weight
of 120 kg (265 lb). Feed was mixed at both sites and samples were
collected for confirmation of nutrient levels by proximate analysis.

Health monitoring

Eight pigs from each group (one from each pen in the UNRES group)
were randomly selected at allotment for blood sampling at 11 (allot-
ment), 13, 15, 19, and 23 weeks of age to monitor serostatus to
PRRSV, SIV, A. pleuropneumoniae, and M. hyopneumoniae. Sero-
logic testing was conducted by Oxford Laboratories, Inc., Worthington,
Minnesota. Lung lesions (percent pneumonia, PigMON7) and turbinate
atrophy (mm ventral space) were evaluated at slaughter.

Biomarkers
Aliquots of serum collected at 11,13,15, 19, and 23 weeks of age were
evaluated for:

• AGP by radial immunodiffusion (Saikin Kagaku Institute Co. Ltd.,
Sendai, Japan);

• IGF-1 by radial immunodiffusion as described by Buonomo8 and
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Dahl9 using recombinant human IGF-1
(Austral Biological, San Romon, Califor-
nia); and

• rabbit anti-IGF-1 (UB3–189; National Hor-
mone and Pituitary Program, Rockville,
Maryland), and haptoglobin by an
immunoturbidometric method (Purina
Mills, St. Louis, Missouri).

Whole blood was collected at 11 and 23
weeks of age for lymphocyte phenotyping us-
ing fluorescence activated cell sorter (FACS,
Iowa State University, Ames, Iowa).

Statistical analysis
The individual pig was considered the experi-
mental unit for data analysis. Upon selection,
pigs were ranked by weight and randomly as-
signed to treatment within blocks of two ani-
mals (24 blocks). The replication by pen in
the unrestricted group (three pigs per pen)
and lack of replication in the COMM group
(all 24 pigs in one pen) was intentional to es-
tablish a nonlimiting environment and a rep-
resentative commercial environment respec-
tively. Feed consumption and efficiencies
were calculated but not statistically analyzed
due to the lack of replication in the COMM
group. Fat-free carcass lean and total carcass
fat were predicted using regression equations
utilizing liveweight, ultrasound backfat depth,
and loin eye area measurements.10 A
coefficient of determination (r2 >.75) was calculated using a linear as-
sumption for bodyweight, backfat depth, loin eye area, total fat, and
fat-free lean versus day and weight for each individual animal. Slopes
for individual animals were compared by ANOVA (Proc GLM, SAS
1990). Repeated-measures analysis (SAS 1990) was used to analyze
AGP, haptoglobin, and IGF for samples collected post allotment (13,
15, 19, and 23 weeks of age). Lymphocyte phenotypes (%CD4, %CD8)
were compared by ANOVA at both 11 and 23 weeks of age (SAS 1990).

The data for each environment were also statistically analyzed with a
series of nonlinear equations. Live weight gain on test was fit to a three
parameter function where:

WTG= MW 1− e−mt a( )
where:

• WTG is live weight on test (kg),
• MW is a prediction of mature weight,
• t is days on test, and
• m and a are growth parameters (e.g., ADG, backfat, etc.).11

Weighted least-squares analysis of the liveweight data was accom-
plished by standardizing the variation in liveweight at each weigh date

before using conventional least-squares nonlinear solution methods
(Proc NLIN, SAS, 1990). Predicted fat-free lean and carcass-fat mass
data were fit to augmented allometric equations:12

Y = aXb c − X( )d

where:

• Y is component mass (kg),
• X is live weight (kg), and
• a, b, c, and d are parameters (e.g., growth, seroprevalence,

biomarker concentrations).

The augmented allometric equations were linearized via log-to-log
transformation:

log Y = log a + b log X + d Log (c-X)

Daily carcass fat-free lean and fat growth rates (g per day) were pre-
dicted as the product of the derivatives of live weight mass (LWT) with
respect to time and component mass (c) on live weight:12,13

∂c

∂t
=

∂LWT

∂t







 ×

∂c

∂LWT
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live weight:

FI= eb 0 +b 1⋅LWT+b 2⋅LWT 2

The function was solved by the linear regression:

 LNY = b0 + b1 ⋅LWT + b2 ⋅LWT2

(Proc GLM, SAS, 1990).

Results

Growth: linear analysis
Dramatic differences (P < .0001) in bodyweight gain were observed
between pigs raised in the two different environments. Mean ADG from
30–120 kg (65–265 lb) bodyweight was significantly higher in the
UNRES pigs compared to COMM pigs (Figure 1). UNRES pigs had
significantly higher mean liveweight by 2 weeks after allotment com-
pared to COMM pigs and those differences in bodyweights were
magnified during the growout period.

UNRES pigs achieved market weight 32 days sooner than COMM pigs.
The increased body weights consisted of both fat and lean gain with
(P < .001) backfat depth (cm) and loin eye area (cm2) per day differ-
ing significantly between groups (Figure 1). Calculated total carcass fat
and fat-free carcass lean on a per-day basis differed significantly
(P < .001) between groups.

Growth: Nonlinear analysis
Average daily gain increased slightly in both groups as liveweight in-
creased, reached a maximum, and then decreased slightly until slaugh-
ter (Figure 2). COMM group pigs achieved a maximum ADG of 780 g
(1.72 lb) at 59.0 kg (130 lb) liveweight, while UNRES pigs achieved a
maximum of 1070 g (2.36 lb) ADG at 42 kg (93 lb) liveweight. UNRES
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pigs immediately grew faster than COMM group pigs. The advantage in
liveweight growth at each weighing was consistent throughout the
finishing period.

Daily fat-free lean growth rates reached a peak at 52 kg (115 lb)
liveweight in both environments and then declined (Figure 3). The rate
of decline from 50 kg to 120 kg (110 lb to 265 lb) liveweight was
greater for COMM group pigs (311–162 g [0.69–0.36 lb] per day)
than for UNRES pigs (391–282 g [0.86–0.62 lb] per day). At 120 kg
(265 lb) liveweight, the COMM pigs had achieved 52% of their maxi-
mum daily lean growth whereas the UNRES pigs had achieved 72% of
their lean growth. The daily fat-free lean growth rates of the UNRES
pigs were substantially greater than those of the COMM pigs up to 110
days of age (day 35 of the study). The daily lean growth of the UNRES
pigs declined more rapidly with respect to age, because they achieved
heavier liveweights at younger ages than the COMM pigs. Daily fat
growth rates increased as liveweight increased for pigs reared in either
environment (Figure 4). Daily fat growth was consistently 50–60 g
(0.11–0.13 lb) per day higher for UNRES pigs than for COMM pigs.

Feed disappearance
Average daily feed disappearance was higher for the UNRES group pigs
(3.0 kg [6.6 lb] per head per day) compared to the COMM group pigs
(2.46 kg [5.4 lb] per head per day). Although fed the same diets,
UNRES group pigs averaged 25 g (0.055 lb) lysine and 10.0 Mcal ME
intake per head per day compared to 20 g (0.044 lb) lysine and 8.2
Mcal ME per head per day intake for COMM pigs. Feed disappearance
differed significantly within the first 4 weeks of the study, with UNRES
group pigs consuming 2.36 kg (5.2 lb) per head per day versus 1.84
kg (4.1 lb) consumed by the COMM pigs (Figure 5). Feed disappear-
ance increased almost linearly for the UNRES group pigs with a feed
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disappearance of 3.74 kg (8.2 lb) per head per day recorded during
the final 2 weeks before slaughter. The feed disappearance for the
COMM group pigs was quite variable, especially in the naturally venti-
lated finishing building. Calculated efficiencies were 2.85 (UNRES) ver-
sus 3.29 (COMM) for feed:weight gain and 9.17 (UNRES) versus 10.44
(COMM) for feed:lean gain. These data were not statistically analyzed
due to the lack of replication in the commercial environment group.

Nonlinear daily fat-free lean gain Nonlinear daily fat gain

Nonlinear daily feed disappearance
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Health
All pigs in the unrestricted environment appeared healthy throughout
the trial and no treatments were administered. Four COMM group pigs
received individual therapy during the course of the trial, two for pneu-
monia and two for arthritis. One pig was removed from the COMM
group 4 weeks after allotment due to a severely swollen tarsal joint. All
16 pigs sampled at allotment were serologically negative for PRRSV,
SIV, and A. pleuropneumoniae (Figure 6). One COMM group pig be-
gan the trial with a positive titer to M. hyopneumoniae, but was nega-
tive thereafter. COMM group pigs seroconverted to PRRSV by 13 weeks
of age (seven of eight) and remained seropositive for PRRSV at subse-
quent bleedings. Limited seroconversion to SIV, M. hyopneumoniae,
and A. pleuropneumoniae (serotype 7) was also observed in COMM
group pigs. Seroconversion to SIV was also observed in the UNRES
group pigs at 19 and 23 weeks of age, although no clinical disease was
observed.

Differences (P < .01) in percentage of lung consolidation were ob-
served at slaughter between the two groups, with mean lung lesion

scores of 6.83% for COMM group pigs and
0.04% for the UNRES group pigs (Figure 7).
Percent lung lesions ranged from 0%–61%
for COMM group pigs while only one UNRES
group pig had any lung lesions (1%). Ventral
nasal turbinate space was also significantly
larger (P < .01) for COMM group pigs (8.86
mm) than for UNRES group pigs (5.94 mm).

Biomarkers
Differences (P < .05) in AGP levels were de-
tected between groups following allotment
(Figure 8). While values for both groups
tended to decrease over time, the values for
COMM group pigs were consistently higher
than those for UNRES group pigs. Haptoglobin
values were not different between groups
when evaluated by repeated measures after
allotment (Figure 9). Haptoglobin values for
the COMM pigs tended to be higher than
those in UNRES pigs, except at allotment. IGF-
1 values tended to be different (P = .09) be-
tween groups after allotment, with the largest
differences between groups observed 2 and
12 weeks after allotment (Figure 10). The
CD4 values were different (P < .05) between
groups at 23 weeks of age, with higher values
recorded for COMM group pigs (Figure 11).
No difference was seen between groups com-
paring CD8 values at 23 weeks of age.

Discussion

The unrestricted environment was designed
to provide nonlimiting physical (thermal,

stocking density, feed and water access), social (pigs per pen, move-
ment), and microbial (sanitation, segregation) conditions to minimize
physiological and immunological stress. Growth performance of pigs
raised in the UNRES environment provided an estimate of genetic po-
tential in the grow-finish stage of production for this genotype. The
significant differences in growth rates we observed between UNRES
and COMM pigs are consistent with many studies in which perfor-
mance differences of this magnitude were observed using segregated-
early-weaning (SEW) techniques;14,15,16 it is important to note, how-
ever, that pigs were not segregated until 11 weeks of age in the present
study.

Health
Two previous studies also documented similar differences in pig health
associated with finishing environments. Straw17 conducted a study in a
herd with a high prevalence and severity of pneumonia. Pigs raised in
the commercial grower/finisher (20–100 kg [44–220 lb]) had
significantly reduced bodyweight gain compared to pigs raised in an
improved environment (765 versus 639 g [1.7 versus 1.4 lb] per day).
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In contrast to our study, pneumonia lesions evaluated at slaughter did
not differ between treatment groups, although the growth of pigs with
severe pneumonia was significantly reduced in both environments.

Growth
Black and Carr18 have presented data that quantifies reduced growth
performance in pigs raised in commercial environments. Pigs raised
from 20–87.5 kg (44–193 lb) in commercial units attained 79% of the
liveweight growth realized by cohort pigs that were raised in a boar test
station with greater floor area, more air space, and fewer pigs per pen.
Performance was not improved when environmental conditions of the
boar test-station pens were duplicated within the commercial building.
They concluded that the depression in performance was associated
with the conditions of the building, such as air quality, disease, social
environment, and possibly interactions among these factors.

The reduction in lean or protein accretion we observed in the COMM
group pigs may be associated with reduced capacity for lean deposi-
tion rather than limited intake. Chapple19 observed the following per-

formance differences among pigs from 20–100 kg (44–220 lb)
bodyweight at different housing densities:

• in pigs housed alone, liveweight growth was 0.89 kg (2.0 lb) per day,
predicted daily protein accretion rates were 132 g (0.29 lb) per day,
backfat depth was 18.7 mm (0.74 in), and predicted fat deposition
rates were 251 g (0.55 lb) per day;

• in pigs housed in groups of three, liveweight growth declined to 0.87 kg
(1.9 lb) per day, and predicted daily protein accretion rates also de-
clined to 125 g (0.28 lb) per day. P2 backfat depth, however, increased
to 20.1 mm (0.79 in), while predicted fat deposition rates remained
constant at 252 g (0.56 lb) per day; and

• in pigs housed in groups of five there was a continued decline in
liveweight growth (0.84 kg [1.9 lb] per day) and predicted daily protein
accretion rates (119 g [0.26 lb] per day), with a noticeable increase in P2

backfat depth to 21.7 mm (0.85 in). Predicted fat deposition rates again
remained relatively unchanged at 251 g (0.55 lb) per day.

Brumm and Miller20 concluded that the reduced gain associated with
limited space was independent of lysine and energy intakes. In a series
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of three experiments, they observed no inter-
action between space and diet density on
ADG, feed efficiency (FE), or lean growth
rate.

Differences in lean accretion rates observed
in our study were also consistent with work by
Williams, et al.,16 in which pigs raised via age
segregation had significantly higher rates of
lean gain (0. 33 kg [0.73 lb] per day) com-
pared to pigs raised in a conventional rearing
system (0.24 kg [0.53 lb] per day). In con-
trast, the carcass fat content was similar be-
tween pigs from the two environments in our
study while the conventional pigs were fatter
in the Williams study. The discrepancy be-
tween the two studies may be explained by the
timing of selection for slaughter (by group
versus as individuals attained market weight), energy density of the di-
ets, feed intakes, and genotypes used in the trials.

Our data clearly demonstrated that the COMM pigs did not achieve
their lean gain potential. This could be associated with lower feed in-
takes although it is unlikely that intakes of 20 g (0.044 lb) lysine and
8.2 Mcal ME were limiting lean gain performance. Instead, it appears
that the growth potential of the COMM group pigs was established im-
mediately, as demonstrated by lower lean accretion compared to the
UNRES group pigs. In addition, the UNRES group pigs overconsumed
energy as they matured, resulting in higher fat accretion. As a conse-
quence, the UNRES group pigs had a slightly higher fat:lean gain ratio
(1.05) compared to the COMM group pigs (1.00), which resulted in a
fatter carcass at slaughter. Further work evaluating a treatment group
consisting of pigs reared in an unrestricted environment that are limit-
fed to the intake levels measured in pigs reared in commercial envi-
ronments would provide additional data to confirm lean potential and
distinguish maintenance requirement differences between the two
environments.

Biomarkers
Our observation that AGP concentrations in pigs from both environ-
ments tended to decrease over time, with significantly lower concen-
trations detected in the UNRES group pigs compared to the COMM
group pigs, is consistent with the work of Itoh,5 who found high AGP
concentrations at birth that decreased with age. Itoh observed that AGP
concentrations established mature baselines by 16–20 weeks of age.

Haptoglobin, which tended to be higher in the COMM pigs in our study,
has been shown to be a predictor of subsequent weight gain3 and an
antemortem predictor of subclinical disease in swine.21 There was
considerable variation in haptoglobin concentrations within each
group during our trial and significant difference between groups at
allotment.

IGF-1 is a protein hormone that mediates many of the anabolic effects
of growth hormone, but may be regulated independently of growth

hormone. Our observation that IGF-1 concen-
trations tended to be elevated in the UNRES
group pigs is consistent with previous
work.6,22,23 It is important to note, however,
that mean values from pigs in both environ-
ments were similar during two of the four pe-
riods tested post allotment. Further work with
limit-fed pigs in an unrestricted environment
could distinguish environmental and nutrient
intake influences.

Also consistent with previous work15 was our
observation that CD4 concentrations were el-
evated at 23 weeks of age in the COMM group
pigs compared to the UNRES group pigs,
while CD8 concentrations were not different.
Walker, et al, detected differences in CD4 con-
centration between high and low immune

stimulation groups of pigs from wean to market. Other recent work did
not detect differences due to environment in percentages of T-lympho-
cytes up to 46 days postweaning, although differences were observed
in CD4 and CD8 concentrations associated with age.24

Implications

• Liveweight, lean, and fat growth in pigs raised in a conventional
commercial environment was reduced to 70% of that achieved un-
der less limiting research conditions. This reduction was likely as-
sociated with reduced capacity for growth rather than limited nutri-
ent intake.

• The unrestricted environment resulted in fatter carcasses at slaugh-
ter; therefore, energy intake must be monitored closely in high-
health herds to minimize excess fat accretion.

• Differences in AGP and CD4 concentrations between environments
were detected, suggesting their potential use as biomarkers. There
was also a trend toward differences in IGF-1 between environments.

• This model could be used to estimate the impact of the commercial
environment on growth performance in swine production systems,
specific to genotype and environment.

• The results of this trial suggest that additional research is needed to
understand the environmental factors limiting pig growth and evalu-
ate cost effective methods of intervention.
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