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ABSTRACT: To benefit from feeding low net en-
ergy (NE) diets, growing-finishing pigs must be 
able to increase feed intake to compensate for 
lower caloric density, but this might be difficult in 
pens with a high stocking density. Access to the 
feeder, trough space, and(or) floor area may limit 
voluntary feed intake. The objective of this study 
was to clarify the relationships among dietary 
NE level, feeder space, group size, sex, and inter-
actions in growing-finishing pigs. In a 2 × 2 × 2 × 
2 factorial design, 1,920 pigs (33 kg) housed in 96 
fully slatted floor pens (6.1 × 2.4 m) with 2 or 3 
feeder spaces, and 18 or 22 barrows or gilts per 
pen, were fed either low (9.2 MJ/kg) or high (9.85 
MJ/kg) NE diets over 5 growth phases (Grower 
1: day [d] 0 to 20, Grower 2: d 21 to 41, Grower 
3: d 42 to 62, Finisher 1: d 63 to 80, Finisher 2: 
d 81 to slaughter). Pen body weight (BW) and 
average daily feed disappearance (ADFD) were 
measured for each growth phase, biweekly from 
the start of shipping and at slaughter. Warm car-
casses were weighed and graded (Destron). For 
the entire trial, pigs fed low versus (vs.) high NE 
diets had 0.119 kg/d greater (P < 0.001) ADFD, 
but 0.556 MJ/d lower (P < 0.050) average daily 

caloric disappearance (ADCD), and 0.017 kg/kg 
lower (P < 0.001) gain-to-feed (G:F). Pens with 
18 vs. 22 pigs had 0.062 kg/d greater (P < 0.001) 
ADFD, 0.730 MJ/d greater (P < 0.010) ADCD, 
and 0.029 kg/d greater (P < 0.001) average daily 
weight gain (ADWG). Pigs in pens with 3 vs. 2 
feeding spaces had 0.051 kg/d greater (P < 0.010) 
ADFD, 0.511 MJ/d greater (P  =  0.050) ADCD 
but 0.004 kg/kg lower (P < 0.050) G:F. Pigs fed 
low vs. high NE diets had 0.6 kg lower (P < 0.050) 
carcass weight and 0.9 mm lower (P < 0.050) loin 
depth. Pens with 18 vs. 22 pigs took 2.8 days less 
(P < 0.001) to reach 130 kg slaughter BW. Pens 
with 18 vs. 22 pigs had a 0.4 %-point decrease (P 
< 0.050) in dressing percentage. Feeding low vs. 
high NE diets reduced (P  <  0.001) feed cost by 
Can$21.87/tonne, $3.34/pig, $0.03/kg gain, and 
increased (P < 0.05) gross income subtracting feed 
cost by $1.82/pig. Housing 18 vs. 22 pigs per pen 
increased (P < 0.010) ISFC by $1.98 per pig. Lack 
of interactions between NE level, feeder space, 
and group size for ADFD indicate that low NE 
diets can be fed to pigs even if  they have lower 
than recommended floor area allowance during 
part of the finishing phase.
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INTRODUCTION

Considering that feed is the largest cost of pro-
duction and energy-yielding feedstuffs account for 
85% to 90% of feed cost (Patience, 2013), previous 
research has evaluated decreasing dietary energy 
density to reduce feed cost. Our research indicated 
that feeding reduced net energy (NE) diets (≤9.6 
MJ NE/kg) to growing-finishing pigs resulted in 
greater profit (revenue after subtracting feed cost) 
per pig than feeding traditional NE levels (≥10 MJ 
NE/kg; Smit et al., 2017, 2018), but pigs must have 
the ability to increase feed intake to make up for 
lower caloric density. In pens with high stocking 
density, where floor area allowance (Gonyou and 
Stricklin, 1998) may dip below the recommended 
value as pigs grow, there may be reduced access to 
the feeder, insufficient trough space, or both, that 
can limit feed intake and defeat the advantages of 
feeding low NE diets. Previous research has shown 
that pigs eat more and grow faster when pigs have 
more effective pen space (Brumm and Miller, 1996; 
Gonyou and Stricklin, 1998; Brumm et  al., 2001, 
2004; Potter et al., 2010), but it is not clear if  this is 
due to a decrease in the number of pigs per feeder 
space, or because it is easier for pigs to access the 
feeder in less densely populated pens where pigs 
have more floor area. To clarify the relationships 
among dietary NE level, feeder space, group size, 
and sex, we studied the effects of these parameters 
and their interactions in growing-finishing pigs.

The objective of this study was to compare the 
growth performance, dressing percentage, and car-
cass characteristics of growing-finishing barrows 
and gilts fed low (9.2 MJ/kg) or high (9.85 MJ/kg) 
dietary NE levels, with 2 or 3 feeder spaces per pen, 
and housed in two group sizes (18 versus [vs.] 22 
pigs).

MATERIAL AND METHODS

Study procedures were reviewed, and the 
number of animals involved in this experiment 
was approved (AUP0000122) by the University 
of Alberta Animal Care and Use Committee for 
Livestock and followed principles established by 
the Canadian Council on Animal Care in Science 
(CCAC, 2009). The study was conducted at a com-
mercial pig farm that had a grower-finisher barn set 
up as a test facility (Lougheed, Alberta, Canada).

Animals and Housing

The experiment involved a total of 1,920 pigs 
over two barn turns. Per barn turn, 960 pigs (480 

barrows and 480 gilts; PIC380 [PIC Canada, 
Winnipeg, MB, Canada] × Large White/Landrace 
[Line 277; Fast Genetics, Saskatoon, SK, Canada]) 
were randomly placed into 48 pens by sex, either 18 
or 22 pigs per pen, with initial body weight (BW) 
of 33 ± 2.3 kg. The flooring of each pen (6.1 × 2.4 
m) was fully slatted concrete, the siding was con-
crete panels with open slotting, and the front gate 
was made of polyvinyl chloride planking hinged at 
both ends. Each pen was equipped with one wet-dry 
feeder (0.38 × 0.56 m; model F1-115, Crystal Spring 
Hog Equipment, St. Agathe, Manitoba, Canada) 
with two opposing feeding places located halfway 
along a dividing wall between pens. An additional 
water bowl drinker was located toward the back of 
the pen. In half  of the pens, an additional feeder 
(0.38 × 0.35 m; model F3-115, Crystal Spring Hog 
Equipment, St. Agathe, MB, Canada) with one 
feeding place was installed on the opposing side-
wall with an extra nipple drinker nearby. In the first 
barn turn, the extra feeder did not have a water line 
installed making the extra feeder a dry feeder. In the 
second barn turn, the water line was installed pro-
viding a wet-dry feeder. For both consecutive barn 
turns (Winter [November to March]; Spring [April 
to July]), the room was ventilated using negative 
pressure and temperature was maintained within 
the thermo-neutral zone for pigs. Artificial light 
was provided for 14-h (0600 to 2000 h) followed by 
10-h of darkness in the windowless barn.

Experimental Design and Diets

For the experiment, pens were blocked by area 
of the rectangular growout room. The trial was set 
up as a 2 × 2 × 2 × 2 factorial design with dietary 
NE level (9.2 or 9.85 MJ/kg), feeding spaces (2 or 3 
feeder spaces), group size (18 or 22 pigs/pen), and 
sex (barrows or gilts) as factors. Each combination 
of factors occurred in 6 replicate pens. The test diets 
were fed to slaughter weight over five growth phases 
(Grower 1: day [d] 0 to 20, Grower 2: d 21 to 41, 
Grower 3: d 42 to 62, Finisher 1: d 63 to 80, Finisher 
2: d 81 to slaughter). Low NE diets were based on 
barley grain whereas high NE diets were based on 
wheat grain and field pea or faba bean with added 
canola oil (Tables 1–3). Feedstuff NE levels were 
calculated using EvaPig based on chemical analysis 
of samples for that year’s crop; standardized ileal 
digestibility (SID) of amino acids (AA) were taken 
from AminoDat. Diets were formulated to provide 
1.10, 0.92, 0.78, 0.69, and 0.65 g SID lysine (Lys)/
MJ NE per growth phase, respectively. Other AA 
ratios to Lys were set as per the ideal protein concept 
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(NRC, 2012). Premixes were added to exceed vita-
mins and trace mineral requirements (NRC, 2012) 
per growth phase. Pigs had free access to water and 
the assigned phase test diet in mash form.

Measurements and Calculations

A robotic feeding system (Feed Logic, Feed 
Logic Co., Willmar, MN, USA) delivered and elec-
tronically recorded the amount of assigned test 
diet fed to each pen. Pigs were group-weighed at 
the initiation of feeding the experimental diets (d 
0)  and on d 20, 41, 62, 80, 88, and 98, and indi-
vidually at target slaughter BW (130  kg). Feed 
remaining in the pen feeder on weigh days was de-
termined by leveling the feed, measuring to the top 
of the feeder hopper, and estimating the leftover 
feed weight using an equation that accounted for 
measured diet bulk density (maximum weight error 
0.1%; Seneviratne et al., 2010). Collected data were 
used to calculate pen average daily feed disappear-
ance (ADFD), average daily weight gain (ADWG), 
and feed efficiency expressed as ADWG/ADFD 
(gain-to-feed ratio [G:F]). Average daily caloric dis-
appearance (ADCD) was calculated multiplying 
ADFD by calculated diet NE level and dividing by 
number of days in each growth phase corrected for 
removals and mortality.

Pigs were fed the assigned test regimen until 
the attainment of target slaughter BW (130  kg). 
As pigs grew near target market BW, several pigs 
from each pen were individually weighed and used 
as reference size pigs to select other pigs to be sent 
for slaughter that week. Pigs were shipped for 
slaughter over 6 weeks starting on day 82. Pigs were 
slaughtered at a commercial abattoir (Maple Leaf, 

Brandon, MB, Canada) following typical com-
mercial procedures. Warm carcasses were weighed 
including head, kidneys, omental fat, and feet, and 
were graded for backfat and loin depth using a 
light-reflectance probe (Destron PG-100, Destron 
Technologies, Markham, ON, Canada) inserted be-
tween the third and fourth last ribs, 7  cm off the 
midline (Pomar and Marcoux, 2003). Lean yield 
was estimated using an established equation (lean, 
% = 68.1863 − 0.7833 × backfat + 0.0689 × loin + 
0.0008 × backfat × backfat − 0.0002 × loin × loin 
+ 0.0006 × backfat × loin, [backfat and loin depth 
measurements in mm]; AAFC et al., 1994). Carcass 
index was determined using the packer’s grid that 
interpolated warm carcass weight and estimated 
lean yield. Carcass dressing percentage was calcu-
lated as carcass weight divided by farm live BW at 
the time of shipping.

Chemical Analyses

Samples of the diets and main feedstuffs were 
ground through a 1 mm screen in a centrifugal mill 
(Retsch GmbH, Haan, Germany) prior to chem-
ical analysis. Diets and ingredients were analyzed 
for moisture (method 934.01), crude protein (CP; 
method 990.03), crude fat (method 920.39 [A]), 
ash (method 942.05), crude fiber (method 978.10), 
acid detergent fiber (ADF; method 973.18 [A-D]), 
neutral detergent fiber (NDF; Holst, 1973), starch 
(assay kit STA-20; Sigma, St. Louis, MO, USA) 
and AA (method 982.30 E [a, b, c]) content using 
the Association of Official Analytical Chemists 
(AOAC, 2006) methods at the Agricultural 
Experiment Station Chemical Laboratories 
(University of Missouri, Columbia, MO, USA).

Table 3. Analyzed nutrient content of feedstuffs fed in the trial (as-is basis)

Wheat Barley Wheat DDGS1 Field pea Faba bean
First turn Second turn First turn Second turn First turn Second turn First turn Second turn First turn Second turn

Nutrient, %

  Moisture 12.77 11.61 12.52 11.52 9.18 10.12 11.99 9.87 11.80 11.09

  Starch 55.74 51.44 49.44 53.39 3.14 0.98 36.67 44.08 36.03 40.02

  Crude protein 12.01 12.87 11.46 11.26 35.57 36.51 20.43 21.37 23.97 27.17

  NDF 9.68 9.35 12.87 13.36 20.65 23.63 9.51 9.99 12.95 9.38

  ADF 3.04 3.18 4.73 5.17 17.27 18.12 6.66 5.78 9.83 7.61

  Crude fibre 2.10 2.47 3.81 4.05 6.58 6.17 4.67 4.59 9.10 6.26

  Ash 1.34 1.52 2.19 2.06 4.77 4.93 4.00 3.15 3.37 2.99

  Crude fat 0.85 1.00 1.48 0.95 5.89 5.83 0.63 0.63 0.31 0.58

  Lysine 0.35 0.36 0.43 0.41 0.76 0.84 1.58 1.62 1.61 1.68

  Threonine 0.33 0.36 0.37 0.36 1.07 1.13 0.77 0.79 0.85 0.93

  Methionine 0.19 0.20 0.19 0.18 0.52 0.57 0.19 0.20 0.18 0.18

  Cysteine 0.29 0.29 0.26 0.25 0.73 0.79 0.31 0.29 0.32 0.35

1Distillers dried grain and solubles.
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Statistical Analyses

Growth performance and carcass data were 
analyzed using the MIXED procedure of SAS 
Ver. 9.3. Pen was the experimental unit for all vari-
ables. Models included the fixed effects of dietary 
NE level, feeder space, group size, sex, and inter-
actions. Area block and barn turn were random 
terms in the model. Initial BW was tested as covar-
iate for ADFD, ADCD, ADWG, and G:F, and 
was included if  it improved the fit of the model. 
Overall ADFD, ADCD, ADWG, and G:F were 
analyzed using barn turn ending (closeout) data. 
Body weight, ADFD, ADWG, G:F, and ADCD 
were also analyzed as repeated measures including 
growth phase as repeated term. An appropriate co-
variance structure was selected by comparing the 
goodness-of-fit measures of different structures. 
The Kenward-Roger correction was used for the de-
nominator degrees of freedom. The proportion of 
pigs remaining in pens upon shipping for slaughter 
(starting on d 82) was analyzed with a generalized 
linear model (GLIMMIX procedure) using the bi-
nomial distribution and the logit link function. 
The proportion of total feed eaten from the extra 
feeder was analyzed with GLIMMIX using a beta 
distribution and the logit link function. Growth 
performance data are reported until day 88. To test 
the hypotheses, P < 0.05 was considered significant, 
and P < 0.10 was a trend.

RESULTS

Dietary Nutrients

Comparing diets [5 phases × 2 barn turns = 10 
diets of each; (Tables 1 and 2)], low NE diets had 
2 %-points greater NDF (P < 0.010) and tended 
to have 0.6 %-points greater crude fibre content 

(P = 0.075). Starch, CP, ADF, ash, and crude fat 
content were not different between low and high 
NE diets.

Growth Performance

For the entire trial (Table 4), pigs fed low NE 
diets had 0.119 kg/d greater (P < 0.001) ADFD, but 
0.556 MJ/d lower (P < 0.050) ADCD, and 0.017 kg/
kg lower (P < 0.001) G:F than pigs fed high NE 
diets. There was an interaction between dietary NE 
level and sex for ADCD; barrows fed low NE diets 
had lower ADCD than barrows fed high NE diets, 
whereas dietary NE level had no effect on ADCD 
of gilts. ADWG was not different between pigs fed 
low or high NE diets. For the entire trial, pigs in 
pens with 3 feeder spaces had 0.051 kg/d greater (P 
< 0.010) ADFD, 0.511 MJ/d greater (P  =  0.050) 
ADCD, and 0.004  kg/kg lower (P < 0.050) G:F 
than pigs in pens with 2 feeder spaces. ADWG was 
not different between pigs in pens with 2 or 3 feeder 
spaces. For the entire trial, pens with 18 pigs had 
0.062 kg/d greater (P < 0.001) ADFD, 0.730 MJ/d 
greater (P < 0.010) ADCD, and 0.029 kg/d greater 
(P < 0.001) ADWG than pens with 22 pigs. Gain-
to-feed was not affected by group size. For the en-
tire trial, barrows had 0.314 kg greater (P < 0.001) 
ADFD, 4.219 MJ greater ADCD, 0.074 kg greater 
ADWG, but 0.015 kg/kg lower G:F than gilts.

There was a four-way interaction among 
dietary NE level, feeder space, group size, and sex 
for ADWG. Because ADWG was greater in bar-
rows than gilts, the dataset was split by sex to inter-
pret the interaction further. For both barrows and 
gilts, there was no effect of NE level on ADWG. In 
barrows, ADWG was greater for pens with 18 vs. 22 
pigs, whereas feeder space had no effect on ADWG. 
In gilts, there was an interaction between feeder 

Table 4. Effect of dietary net energy (NE) level (9.21 MJ/kg [low] vs. 9.84 MJ/kg [high]), feeder spaces (2 
vs. 3), and group size (18 vs. 22 pigs/pen) on overall (d 0 to 88) average daily feed disappearance (ADFD), 
average daily caloric (NE) disappearance (ADCD), average daily weight gain (ADWG), and feed efficiency 
(ADWG/ADFD, G:F) of growing-finishing barrows and gilts

Dietary NE 
level Feeder space Group size Sex SEM P-value

Low High 2 3 18 22 Barrows Gilts  NE level Feeder space Group size Sex

ADFD1, kg/d 2.829 2.710 2.744 2.795 2.801 2.739 2.927 2.613 0.045 <0.001 <0.010 <0.001 <0.001

ADCD1,2, MJ/d 28.865 29.421 28.888 29.399 29.508 28.778 31.253 27.034 0.496 <0.050 0.050 <0.010 <0.001

ADWG3, kg 0.992 0.994 1.000 0.996 1.008 0.979 1.030 0.956 0.004 0.611 0.157 <0.001 <0.001

G:F1 0.351 0.368 0.361 0.357 0.361 0.358 0.352 0.367 0.002 <0.001 <0.050 0.126 <0.001

1Body weight on d 0 included as a covariate in the model.
2Interaction (P < 0.050) between dietary NE level and sex.
3Four-way interaction (P < 0.050) between NE level, group size, feeder space, and sex.
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space and group size for ADWG; an extra feeder 
space only increased ADWG in pens with 18 pigs, 
not in pens with 22 pigs. Moreover, housing 18 vs. 
22 pigs increased ADWG only in pens with 3 feeder 
spaces, not in pens with 2 feeder spaces.

Throughout the trial, there was no effect of 
dietary NE level or feeder space on BW (Table 5). 
On d 0, 20, and 41, BW was not different between 
pens with 18 vs. 22 pigs. BW tended to be greater 
(P = 0.079) on d 62 and was significantly greater (P 
< 0.050) on d 80 and 88 for pens with 18 vs. 22 pigs. 
As of d 41 and overall, barrows were heavier than 
gilts (P < 0.001). Throughout the trial, ADFD was 
greater (P < 0.050) for pigs fed low vs. high NE diets, 
although for d 0 to 20, d 42 to 62, and d 81 to 88 
there was only a trend (P < 0.100). ADCD was lower 
for pigs fed low vs. high NE diets for d 0 to 20 and 
d 42 to 62, whereas dietary NE level did not affect 
ADCD for d 21 to 41, d 63 to 80 and d 81 to 88. Both 
ADFD and ADCD were consistently greater (P < 
0.050) for pens with 3 vs. 2 feeding spaces, for pens 
with 18 vs. 22 pigs, and barrows vs. gilts. ADWG 
was not different for pigs fed low vs. high NE diets, 
except for d 42 to 62 when ADWG was lower (P < 
0.001) for pigs fed low vs. high NE diets. Throughout 
the trial, feeder space did not affect ADWG, whereas 
pens with 18 pigs had consistently greater (P < 0.001) 
ADWG than pens with 22 pigs and so did barrows 
vs. gilts. Gain-to-feed was consistently lower (P < 
0.050) for pigs fed low vs. high NE diets, for pens 
with 3 vs. 2 feeder spaces, and for barrows vs. gilts. 
Group size did not affect G:F for any growth phase.

The additional feeder space was used more (P < 
0.001) in the second vs. the first barn turn (Table 6). 
In both barn turns, pigs fed low NE diets ate propor-
tionally more feed from the extra feeder than pigs 
fed high NE diets. In the first barn turn, there was 
no effect of group size on the use of the extra feeder 
space, whereas in the second barn turn pens with 22 
pigs ate proportionally more from the extra feeder 
space than pens with 18 pigs. In the second barn 
turn, there was an interaction between NE level and 
sex; barrows fed high NE diets used the extra feeder 
spaceless (P < 0.050) than both gilts and barrows 
fed low NE diets. In the second barn turn, there was 
also an interaction between group size and sex; pens 
with 18 barrows used the extra feeder spaceless (P < 
0.050) than pens with 22 barrows, whereas there was 
no effect of group size in pens with gilts.

Shipping for Slaughter and Carcass Characteristics

The proportion of  pigs shipped on d 88 was 
not affected by dietary NE level, feeder space, 

or group size (Table 7). On d 98, a greater (P < 
0.010) proportion of  pigs had been shipped from 
pens with 18 vs. 22 pigs, whereas there was no 
effect of  dietary NE level. On d 98, pens with 3 
feeder spaces tended (P  =  0.066) to have more 
pigs shipped than pens with 2 feeder spaces. 
Overall, the total proportion of  pigs shipped to 
slaughter was not different among dietary NE 
levels, feeder spaces, and group sizes, but barrows 
shipped sooner (P < 0.001) than gilts.

As the number of days to shipping for slaughter 
(calculated from the start of the Finisher 2 phase 
[d 80 of the trial]) was confounded with the effects 
of dietary NE level and group size on ship weight 
(Table 8), the estimated number of days to reach 
130  kg live BW was calculated. Pigs fed low NE 
diets tended (P = 0.074) to take 1.3 days longer to 
reach 130 kg BW than those fed high NE diets. Pens 
with 22 pigs took 2.8  days longer (P < 0.001) to 
reach 130 kg BW than pens with 18 pigs, whereas 
there was no difference between pens with 2 or 3 
feeder spaces. There was a three-way interaction 
among dietary NE level, feeder space, and sex for 
the estimated number of days to reach 130 kg live 
BW; in gilts, there was no effect of NE level or 
feeder space, whereas barrows fed low NE diets in 
pens with 2 feeder spaces took longer (P < 0.050) 
to reach 130  kg BW than barrows fed high NE 
diets in pens with 3 feeder spaces. There was also 
an interaction between feeder space and group size 
for estimated number of days to reach 130 kg live 
BW; an extra feeder space only decreased days to 
130 kg in pens with 18 pigs, not in pens with 22 pigs. 
Moreover, pens with 18 pigs only had decreased 
days to 130 kg in pens with 3 feeder spaces, not in 
pens with 2 feeder spaces.

Pigs fed low NE diets had 0.6  kg lower (P < 
0.050) carcass weight and 0.9 mm lower (P < 0.050) 
loin depth than pigs fed high NE diets (Table 8). 
There was an interaction between dietary NE level 
and feeder space for carcass weight; carcass weight 
was lower (P < 0.050) for pigs fed low NE diets 
housed in pens with 3 feeder spaces compared with 
all other combinations (low NE, 2 feeders; high 
NE, 2 feeders; high NE, 3 feeders). Dietary NE 
level did not affect dressing percentage, backfat, 
lean yield, and index. Group size did not affect car-
cass traits, except for a 0.4 %-point decrease (P < 
0.050) in dressing percentage for pens with 18 vs. 
22 pigs. Number of feeder spaces did not affect any 
carcass traits. There was an interaction between 
dietary NE level and feeder space for carcass index; 
for pigs fed high NE diets, index was lower (P < 
0.050) with 2 feeder spaces compared with 3 feeder 
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spaces, whereas in pens fed low NE diets there was 
no effect of feeder space. There was also an inter-
action between group size and sex for index; for 
gilts, index was lower (P < 0.050) for pens with 22 
pigs vs. 18 pigs, whereas for barrows, there was no 
difference in index between 18 and 22 pigs/pen.

Cost vs. Benefit

Feeding low vs. high NE diets reduced 
(P < 0.001) overall feed cost by Can$21.87/tonne, 
$3.34/pig, $0.03/kg gain, and increased (P < 0.05) 
gross income subtracting feed cost (ISFC) by 
$1.82/pig (Table 9). Other than the extra cost of 
the feeder, installing it, and hooking up the water 
line, providing pigs 3 vs. 2 feeder spaces had no ef-
fect on cost vs. benefit. Housing 18 vs. 22 pigs per 
pen increased (P < 0.010) ISFC by $1.98 per pig. 
Barrows had greater feed cost per pig ($3.60), and 
per kg gain ($0.03) but lower ISFC ($2.35) than 
gilts (P < 0.010; Table 9).

DISCUSSION

Dietary Energy Level

In our trial, calculated dietary NE levels based 
on chemical analyses of the diets were generally 
greater than formulated NE levels. Nonetheless, 
low NE diets had consistently lower NE values 
than high NE diets, meaning that effects of NE lev-
els could be interpreted. The low NE diets had a 
greater inclusion of barley and lower inclusions of 

wheat grain, field pea or faba bean, and canola oil 
than the high NE diets. Similar to our previous tri-
als (Smit et al., 2017, 2018), changes in feedstuffs led 
to greater NDF and crude fiber content in low vs. 
high NE diets. Crude fat content was not different 
between low and high NE diets, which contrasts 
with many other studies that increased dietary NE 
level by adding fat to the diet (Smith et al., 1999; 
Schinckel et al., 2012; Lee et al., 2015).

Pigs in our facility have consistently responded 
to lower NE diets by increasing feed intake, but not 
enough to keep caloric intake up. Lower caloric 
intake when fed a lower NE diet happened in the 
Grower phases more so than the Finisher phases, 
which is consistent with gut capacity being limiting 
in growing but not finishing pigs (Whittmore et al., 
2001). Nonetheless, weight gain was not affected 
by dietary NE level, thus leading to a lower gain-
to-feed ratio but greater caloric efficiency feeding 
low vs. high NE diets (Smit et al., 2017, 2018, and 
this study). Similar caloric intake in the Finisher 
phases resulted in no difference in backfat depth 
for pigs fed low or high NE diets. The decrease in 
loin depth for pigs fed low NE diets compared with 
those fed high NE diets was not expected. We for-
mulated low and high NE diets to equal SID Lys/
MJ ratio, suggesting that pigs on the low NE diet 
should have had the same potential for lean growth. 
Indeed, lean yield was not affected by dietary NE 
level. Feed cost per tonne, per pig, and per kg BW 
gain was lower for pigs fed low vs. high NE diets, 
resulting in Can$1.82 greater ISFC. Reducing NE 
level had a greater impact on cost vs. benefit than 

Table 6. Effect of dietary net energy (NE) level (9.21 MJ/kg [low] vs. 9.84 MJ/kg [high]), group size (18 vs. 
22 pigs/pen), and sex (barrows vs. gilts) on the use of the extra feeder space (as % of total pen feed dis-
appearance) in the first and second barn turn

Dietary NE level Group size Sex SEM P-value
Low High 18 22 Barrows Gilts  NE level Group size Sex

First barn turn 9.3 5.8 7.1 7.7 7.2 7.6 0.9 <0.001 0.408 0.550

Second barn turn1,2 22.5 15.9 16.4 21.9 14.8 24.1 1.2 <0.001 <0.010 <0.001

1Interaction (P < 0.001) between dietary NE level and sex.
2Interaction (P < 0.050) between group size and sex.

Table 7. Effect of dietary net energy (NE) level (9.21 MJ/kg [low] vs. 9.84 MJ/kg [high]), feeder spaces (2 
vs. 3), and group size (18 vs. 22 pigs/pen) on the proportion (%) of barrows and gilts shipped per period (d 
82 to 129)

Dietary NE 
level

Feeder 
space Group size Sex SEM P-value

Low High 2 3 18 22 Barrows Gilts  NE level Feeder space Group size Sex

Shipped by day 88, % 8.1 8.7 7.9 8.9 9.5 7.4 20.5 3.2 1.2 0.709 0.554 0.189 <0.001

Shipped by day 98, % 41.9 45.6 41.5 45.9 47.3 40.2 56.6 31.6 1.6 0.126 0.066 <0.010 <0.001

Shipped total, % 96.1 95.8 96.0 95.9 96.5 95.3 94.8 96.9 0.7 0.759 0.932 0.200 <0.050
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group size. These findings agree with our previous 
observations (Beltranena and Smit, 2015).

Considering that a high stocking density (pigs 
growing larger in the same amount of floor area) 
and a low number of feeder spaces might interfere 
with the pig’s ability to increase feed intake when 
fed low NE diets, we expected to see interactions 
between these parameters. Surprisingly, no inter-
actions were found for feed disappearance at all, 
suggesting that the increase in feed intake when 
feeding low NE diets was similar for pens with both 
18 and 22 pigs, and pens with 2 or 3 feeding spaces. 
This finding agrees with results from Brumm and 
Miller (1996) and Rozeboom (2014), who also did 
not report an interaction for feed intake between 
dietary energy level and space allocation. In our pre-
vious trials (Smit et al., 2017, 2018), when 21 pigs 
were kept in pens with 2 feeder spaces, pigs were 
able to increase feed intake to maintain growth per-
formance. The one extra pig per pen in the current 
study was not enough of an increase in group size to 
make a difference in that regard. Moreover, the in-
crease in feed intake when feeding low NE diets was 
not greater when an extra feeder space was added, 
likely because even with 2 feeding spaces, pigs were 
able to maintain the growth rate. This finding indi-
cates that older pigs eat to meet their requirements 
for growth, rather than pigs growing because of 
their drive to eat as suggested by Whittemore et al. 
(2001).

Group Size

Adjustments to floor space allocation for pigs 
can be achieved in two ways: either by changing 
the size of the pen (floor area) or by changing the 
number of pigs per pen. These different strategies 
could potentially lead to different outcomes as-
suming that it is harder to establish a social hier-
archy, leading to increased aggression in larger 
groups (Ewbank, 1976). However, several trials 
have shown that group size had no effect on aggres-
sion, welfare, injuries, or growth performance when 
adequate pen floor area was provided (Randolph 
et  al., 1981; Wolter et  al., 2001; Schmolke et  al., 
2003, 2004). Changing the number of pigs per pen 
is easier to implement on commercial farms where 
pen size is often fixed. Therefore, we chose to keep 
the pen floor area constant and to change group 
size instead. The regular group size on this com-
mercial farm was 21 pigs/pen. We chose 22 pigs/
pen for the high group size, and we decreased this 
to 18 pigs/pen to provide more pen floor area per 
pig. The floor area available to pigs (pen area minus T
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feeder area) was 14.43 m2/pen. Following floor area 
allowance recommendations (k ≥ 0.0335 for slatted 
floors; NFACC, 2014), pens with 18 pigs were not 
restricted in the floor area as by day 82 (>110 kg) 
the first pig(s) were sent for slaughter, whereas pens 
with 22 pigs were restricted in floor area from the 
end of the Grower 3 phase (~d 57 or ~85 kg) and 
throughout the Finisher 1 phase but improved 
weight gain upon shipping the heaviest pig(s) in 
each pen. This finding matches previous trials we 
have conducted in this barn where we have seen an 
effect of floor area allowance after but not before 
day 60 with pigs starting at similar BW (Seneviratne 
et al., 2010; Smit et al., 2017, 2018). Pigs often react 
to lower floor area allowance by decreasing their 
feed intake and consequently weight gain (Gonyou 
and Stricklin, 1998; Gonyou et al., 2006). Indeed, 
for pens with 22 pigs, weight gain was lower in 
Finisher 1 vs. either Grower 3 or Finisher 2 phases. 
However, this reduction also occurred in pens with 
18 pigs that had more pen floor area, suggesting 
that group size was not the only factor decreasing 
weight gain in Finisher 1 phase. Nonetheless, BW 
tended to be lower for 22 vs. 18 pigs/pen at the end 
of the Grower 3 phase and was significantly lower 
from the Finisher 1 phase onward, indicating that 
pen floor area allowance did affect weight gain in 
these phases.

Although some studies have not found an effect 
of pen floor area allowance on feed intake (Hyun 
et al., 1998; Street and Gonyou, 2008; Kim et al., 
2017), in most other studies a decrease in floor area 
allowance resulted in reduced feed intake, and a 
subsequent reduction in growth rate (Brumm and 
Miller, 1996; Edmonds and Baker, 2003; Brumm 
et  al., 2004; Johnston et  al., 2017; Thomas et  al., 
2017). Our results also showed both lower feed dis-
appearance and weight gain in pens with 22 vs. 18 
pigs. The effect of floor area allowance on feed effi-
ciency has been variable, with some studies showing 
an increase in gain-to-feed with decreasing floor 

area (Edmonds et  al., 1998; Street and Gonyou, 
2008; Kim et al., 2017) and others including ours, 
showing no effect of floor area allowance on gain-
to-feed (Brumm et al., 2001; Edmonds and Baker, 
2003; Johnston et  al., 2017). Because of lower 
weight gain, pigs from pens with 22 vs. 18 pigs took 
almost three more days to reach slaughter weight. 
Filling pens to near capacity (e.g., 15% under k) 
followed by scheduled (end of each growth phase) 
removal of underperforming pigs (e.g., 15% over 
k) may not only maximize weight gain but would 
also increase barn throughput. A constraint to this 
strategy is what to do with underperforming pigs 
removed (Beltranena and Smit, 2015). Why group 
size affected carcass dressing percentage may relate 
to the greater feed disappearance of pigs in pens of 
18 vs. 22 pigs, thus slightly more feed was retained 
in the gut at slaughter despite similar transit and 
lairage times for both stocking densities.

Feeder Space

Assuming pigs have no preference for one 
feeder over another, the proportion of  total feed 
disappearance for any one of  the three feeders 
would be roughly 33%. However, feed disappear-
ance from the additional feeder was much lower 
than that. In the first barn turn, when the add-
itional feeder was a dry feeder, on average only 
7.7% of  total feed disappearance could be attrib-
uted to the additional feeder. In the second barn 
turn, when the water line was installed effectively 
turning the feeder into a wet-dry feeder, the pro-
portion of  feed disappearance attributed to the 
additional feeder increased to 20.1%. These re-
sults confirm that growing-finishing pigs prefer 
wet-dry over dry feeders, which has been previ-
ously reported (Brumm and Dahlquist, 1997; 
Magowan et al., 2008; Myers et al., 2013). Because 
the water nipple is in the feeder trough more feed 
is consumed in the same or less time (Gonyou and 

Table 9. Effect of net energy (NE) level (9.21 MJ/kg [low] vs. 9.84 MJ/kg [high]), group size (18 vs. 22 pigs/
pen), and feeder spaces (2 vs. 3) on feed cost1 (Can$) and income subtracting feed cost (Can$; ISFC)

Dietary NE 
level Feeder space Group size Sex SEM P-value

Low High 2 3 18 22 Barrows Gilts  NE level Feeder space Group size Sex

Feed cost/tonne 211.14 233.01 222.09 222.06 222.15 222.00 222.38 221.77 6.06 <0.001 0.951 0.754 0.203

Feed cost/pig 64.74 68.08 66.11 66.71 66.34 66.48 68.21 64.61 5.35 <0.001 0.148 0.742 <0.001

Feed cost/kg gain 0.63 0.66 0.64 0.65 0.64 0.65 0.66 0.63 0.01 <0.001 0.202 0.052 <0.001

ISFC 71.88 70.06 71.44 70.51 71.96 69.98 69.80 72.15 24.31 <0.050 0.206 <0.010 <0.010

1Cost (Can$/1,000 kg) wheat 171.5, barley 145, wheat distillers dried grain and solubles 172.5, field pea 230, zero-tannin faba bean 212, limestone 
108, mono-/di-calcium phosphate 857, salt 84, L-lysine HCl 2,100, DL-methionine 4,500, L-threonine 2,700, L-tryptophan 12,000, CuSO4 • 5 H2O 
2,920, Ronozyme P-(M) 200 2,910, vitamin/trace mineral premix 6,100.
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Lou, 2000). Even when the additional feeder was 
turned into a wet-dry feeder like the existing pen 
feeder, usage still did not approach 33% of  total 
pen feed disappearance. One of  the reasons was 
likely the location of  the extra feeder. The ex-
isting two-place feeder had two feeding spaces 
on opposing sides of  the feeder. The feeder was 
located parallel to the side wall, and pigs eating 
from this feeder were sheltered by the pen wall on 
one side, resulting in less disturbance while eat-
ing from other pigs. The additional feeder, on the 
other hand, was located on the opposing side wall 
but with the feeder space facing the middle of 
the pen. A pig eating from this feeder would not 
only block the pathway for other pigs transiting 
through but could also be more easily disturbed 
while eating by other nearby pigs on both sides. 
This feeder positioning likely resulted in the add-
itional feeder being less popular than the existing 
feeder despite increased access with the trough fa-
cing to the middle of  the pen.

It was interesting to see that the extra feeder was 
used more in pens that were fed low vs. high NE 
diets and in pens with 22 vs. 18 pigs. In both cases, 
pigs would have to wait longer for feeder space to 
become available, either because of the increased 
time to eat in the case of low NE diets or because 
of the increased number of pigs queuing for the 
feeders. Walker (1991) showed that pigs have a di-
urnal pattern of feeding with two peaks of activity 
before and after midday. When the number of pigs 
per feeder was increased from 10 to 30, resulting in 
more pigs queuing for the feeders, the time when 
the feeder was occupied increased mostly due to in-
creased feeding activity during the night and in the 
middle of the day (Walker, 1991). The extra feeder 
in our study likely allowed pigs to follow their pre-
ferred diurnal feeding pattern rather than having to 
eat at other times of the day as was needed for pigs 
in pens without an extra feeder.

Pigs in pens with only 2 feeder spaces were 
able to eat enough to satisfy their requirements 
as evidenced by weighing gain and BW that were 
not different from pigs from pens with 3 feeder 
spaces and by a lack of  an effect of  feeder space 
on carcass characteristics. There was a maximum 
of  11 pigs per feeder in our trial for the 22-pig 
pens with two feeder spaces, equivalent to a min-
imum of  3.4 cm linear trough width per pig vs. 2.9 
to 3.1 cm recommended for wet-dry feeders (PIC, 
2019). This finding agrees with existing literature 
suggesting that between 12 (Gonyou and Lou, 
2000) and 20 (Spoolder et al., 1999) pigs can feed 
on a feeder space without affecting productivity. 

The fact that an extra feeder space increased feed 
disappearance without affecting weight gain re-
sulting in a lower feed efficiency throughout the 
trial, suggests that some of  the feed disappear-
ance may have been due to feed waste rather than 
feed intake. The extra feeder allowed pigs to spend 
more time at the feeder and potentially to root 
more or play with and waste feed. Morrow and 
Walker (1994) found that the total time feeders 
were occupied and the number of  visits to feeders 
were both increased when an extra feeder was pro-
vided. They, too, noted increased feed disappear-
ance that did not result in changes in growth rate 
(Morrow and Walker, 1994). The lower feed effi-
ciency for pens with 3 vs. 2 feeder spaces resulted 
in a higher feed cost per kg gain and Can$1.98 
lower ISFC.

In conclusion, dietary energy level, feeder space, 
and group size independently affected pig growth 
performance and had no interactive effect on car-
cass traits either. Reducing group size from 22 to 18 
resulted in pigs growing faster. Decreasing dietary 
energy level increased feed disappearance without 
affecting weight gain. Even pigs in pens that had 
more reduced floor area allowance as they grew 
during part of the Finishing phase (0.66 m2/pig) 
and that had only 2 instead of 3 feeder spaces (11 
pigs/feeder space), were able to increase feed con-
sumption enough to sustain weight gain. As such, 
while decreasing group size from 22 to 18 pigs per 
pen and increasing feeder space from 2 to 3 per pen 
increased feed disappearance, these effects were in-
dependent of dietary energy level. A lack of inter-
actions between NE level, feeder space, and group 
size for feed disappearance indicates that a lower 
energy dietary regimen can be fed to pigs even when 
faced with temporary floor area reduction during 
part of the Finishing phase.

As the success of feeding low energy diets de-
pends on the ability of pigs to increase feed intake, 
it is not recommended to feed low NE diets during 
the warm summer months when feed intake may 
be reduced due to heat stress or when pigs are chal-
lenged by disease. Moreover, in situations where 
more than 11 pigs share a feeder, there is a potential 
that pigs may not have enough access to feeder space 
to eat to meet their growth requirements. More re-
search is warranted to study interactions between 
dietary energy level and feeder space availability 
when more pigs share a feeder space or pen floor 
area is reduced for longer periods. These variables 
not only affect growth performance, animal wel-
fare, and feed cost but also impact barn throughput 
and thus return on asset.
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