Growth performance of pigs fed diets with and
without tylosin phosphate supplementation and
reared in a biosecure all-in all-out housing system
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Abstract — Three hundred and eighty-four pigs, mean initial live weight of 20.8 kg, were
assigned randomly to groups of 24 (12 females, 12 castrated males). Each group was randomly assigned
to 1 of 2 dietary treatments consisting of the same commercial barley-based diet, with or without the
addition of tylosin phosphate. The barn where the animals were housed operates as an all-in all-out
facility, and all pigs arrived on the same day as part of a group of 960 pigs. No new pigs were intro-
duced into the facility during the period of this trial and pigs were sent to market over a 4-week period
upon achieving a live weight of 110 kg. The pigs were weighed at the beginning of the trial and when
they left the facility for slaughter. Feed consumption and incidence of disease, mortality, or both were
recorded daily. At slaughter, carcass backfat depth over the last rib, 6.5 cm ventral to the dorsal mid-
line (P-2 site); loin depth; carcass weight; predicted lean yield; and grade index were recorded. The
sow herd supplying pigs to the unit was known to be free of the major swine diseases such as swine
influenza, mycoplasma pneumonia, porcine reproductive and respiratory syndrome (PRRS), necro-
proliferative enteritis, and ascarids. A strict biosecurity protocol was employed to minimize the risk
of introducing disease organisms into the unit. Prior to this study, no subtherapeutic antibiotics had
been used in this facility. Tylosin phosphate supplementation had no significant effect on final weight,
days on test, total gain, and daily gain. In both treatments, the pigs reached a mean market weight
of 110.2 kg within 94.1 days, resulting in daily gains of the order of 950 grams per day. Due to the
design of the trial, it was difficult to measure significant feed consumption effects. Feed consumption
and conversion appeared to be similar for pigs in both treatment groups. At slaughter, tylosin phos-
phate supplementation appeared to significantly increase lean muscle content of the carcass as mea-
sured by loin muscle depth (P = 0.04). Mortality rates and the number of underweight pigs sent to
market were low for this trial. Mortality was similar for both treatments; however, more of the con-
trol pigs than of the tylosin phosphate fed pigs were underweight when sent to market. From the results
of this study, it appears that pigs of fast growing genotypes fed adequate diets and housed in a biosecure
environment do not require dietary tylosin phosphate supplementation in order to maximize
growth. There is some indication that tylosin phosphate supplementation may improve lean content
of the carcass in pigs housed in such an environment.

Résumé — Performance de croissance chez des porcs soumis 2 un régime alimentaire
supplémenté ou non en phosphate de tylosine et élevés en unités de confinement de type tout
plein-tout vide. Trois cent quatre-vingt-quatre porcs, d’un poids vif initial de 20,8 kg, ont été assignés
au hasard en groupes de 24 (12 femelles, 12 males castrés). Chaque groupe a été assigné au hasard
a | des 2 traitements alimentaires constitués du méme régime commercial a base d’orge, avec ou sans
ajout de phosphate de tylosine. La porcherie abritant les animaux fonctionnait sur le principe du tout
plein-tout vide et les porcs faisant partie de I’expérience provenaient d’un groupe de 960 animaux,
tous arrivés le méme jour. Aucun nouveau porc n’a été introduit dans la porcherie au cours de cette
étude et les porcs ont été mis sur le marché au cours d’une période de 4 semaines, au moment ou ils
atteignaient un poids vif de 110 kg. Les porcs ont été pesés au début de I’étude et lors de leur départ
pour I’abattoir. La consommation\alimentaire, I’incidence de maladies et de mortalité ou les deux
ont été relevées quotidiennement. A 1’abattoir, 1’épaisseur du gras sur le dos de la carcasse au niveau
de la derniere cdte, 6,5 cm ventralement au plan médian du dos (site P-2), I’épaisseur de la longe,
le poids de la carcasse, le rendement prévu en viande maigre et I’indice de classification ont été enre-
gistrés. Le troupeau de truies fournissant les porcelets a 1’élevage était reconnu pour étre indemne
des principales maladies porcines telles I’influenza, la pneumonie a mycoplasme, le syndrome repro-
ducteur et respiratoire porcin (SRRP), I’entérite nécroproliférative et les ascarides. Un protocole strict
de biosécurité a été utilisé afin de minimiser le risque d’introduction d’organismes pathogenes dans
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la porcherie. Avant cette étude, aucun antibiotique a dose sub-thérapeutique n’avait été utilisé dans
cette installation. La supplémentation par le phosphate de tylosine n’a eu aucun effet significatif sur
le poids final, sur le nombre de jours de I’étude, sur le gain total de poids ainsi que sur le gain quo-
tidien. Dans les 2 traitements, les porcs ont atteint un poids moyen de marché de 110,2 kg en 94.1 jours,
ce qui correspond a des gains quotidiens de 1’ordre de 950 grammes. A cause du plan expérimental,
il était difficile de mesurer des effets significatifs sur la consommation des aliments. La consommation
alimentaire ainsi que la conversion étaient semblables chez les porcs des 2 groupes de traitement.
A D’abattoir, la supplémentation en phosphate de tylosine était associée 4 une augmentation signi-
ficative du contenu en muscle maigre des carcasses telle que mesurée par I’épaisseur de la longe
(P =0.04). Les taux de mortalité et le nombre de porcs de faibles poids mis sur le marché ont été
minimes. La mortalité était semblable dans les 2 groupes. Cependant, plus de porcs du groupe témoin
que du groupe tylosine présentaient un faible poids a la mise en marché. Des résultats de cette étude,
il appert que les porcs de génotype a croissance rapide nourris adéquatement et logés dans un envi-
ronnement biologiquement sécuritaire n’ont pas besoin d’un supplément alimentaire de phosphate
de tylosine pour maximiser leur croissance. Il y a quelque indication que la supplémentation au
phosphate de tylosine puisse accroitre la partie maigre de la carcasse des porcs gardés dans un tel

environnement.

Can Vet J 2003;44:571-576

Introduction

I n pork production, antibiotics are commonly included
in feed at subtherapeutic levels for 2 main economic
reasons: disease prevention and growth promotion.
According to Dewey et al (1,2), antibiotics are cur-
rently used in 90% of starter rations, 75% of grower
rations, and 50% of finisher rations for pigs. In the
past, it was recognized that subtherapeutic levels of
antibiotics had a positive effect on growth performance
and herd health (3). Feeding antibiotics to swine has been
shown to increase weight gain by 3.3% to 8.8% and to
improve feed utilization efficiency by as much as 7%.
The mechanisms involved are not completely understood;
however, there are several theories that have merit.
Since subtherapeutic levels of antibiotics have been
shown to reduce the incidence and severity of diseases,
such as swine dysentery, and because farms with poor
hygiene see relatively greater growth responses to
antibiotics, it appears that antibiotics reduce levels of
pathogens thus freeing up energy for growth, which
might otherwise be used to fight off infection (4-9).
Similarly, it has been suggested that antibiotics alter the
normal pathogenic and nonpathogenic flora of the gut and
that these changes have a beneficial effect on utilization
of nutrients (10). Work with antibiotics, such as chlorte-
tracycline and penicillin, has shown that treated pigs have
high levels of insulin-like growth factor 1, suggesting that
antibiotics play a role in metabolic functions in the pig
(11,12). Other than having effects on the metabolism of
the pig, it appears reasonable that antibiotics may have
less of a growth promoting effect under conditions
where pathogenic organisms are not present, or present
at very low levels.

The positive growth effects of antibiotics have led the
pork industry to the point where the greatest use of
antibiotics in pigs is at subtherapeutic levels as growth
promoters and disease prophylactics (13).

Following the publication of the Swann Report (14),
attention has been focussed on the risk of bacterial
resistance to specific antibiotics and the effects that

(Traduit par Docteur André Blouin)

these may have on animal and human health. For exam-
ple, Threlfall et al (15) indicated that strong evidence
existed that the prophylactic use of antibiotics in calf
herds contributed to the multiresistant Salmonella
Typhimurium DT204/193/20c outbreak in the United
Kingdom in the early 1980s. Such strains were resistant
to almost all of the commonly used antibiotics and
were, therefore, untreatable (16). In recent years, the use
of in-feed subtherapeutic antibiotics for growth pro-
motion by the pork industry has come under increased
scrutiny because of this potential risk (17,18). This has
led to the banning of the use of some subtherapeutic
antibiotics for swine in Sweden and Denmark, followed
by the banning of 6 major subtherapeutic antibiotics
(tylosin phosphate, virginianmycin, spiromycin, zinc bac-
itracin, carbodox, olaquinalox) by the European Union
(EU) as a whole in 1999 (19). The active components of
some of these antibiotics are similar to, or the same
as, some antibiotics used in human medicine (tylosin
phosphate used as a growth promoter in pigs and ery-
thromycin used in human medicine) (19).

Despite the current interest in the reduction or elim-
ination of subtherapeutic antibiotic use in livestock
production, there may be a risk that such a reduction or
elimination would have negative effects on animal
welfare, nutrient utilization, manure production, and
economic sustainability. Cromwell (3), for example,
calculated that the subtherapeutic use of antibiotics
resulted in a saving of $2.92 per pig in feed and housing
costs. Close (13) suggested that in-feed antibiotics for
pigs provide a 5- to 10-fold payback in terms of increased
production efficiency. Hardy (19) summarized 7 earlier
reports showing that dietary antimicrobial agents
improved digestibility of energy, nitrogen, and phos-
phorus in pigs by 5.1%, 1.8%, and 3.4%, respectively.

Much of the evidence in favor of the use of sub-
therapeutic antibiotics was derived a number of years
ago. Cromwell (3) summarized the results of a number
of experiments conducted from 1950 to 1985 that
showed positive effects from the use of antibiotics at
subtherapeutic levels. Since 1985, genetic selection
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Table 1. Diet specifications

Starter Starter/Grower Grower Finisher
Pig weight range (kg) 20-40 40-55 55-75 75-110
Dry matter (%) 88.7 88.6 88.6 88.7
Digestible energy (MJ? kg!) 14.4 14.2 14 13.8
Crude fiber (%) 3.6 3.7 4.1 4.5
Lipid (%) 4.1 3.8 3.7 3.8
Crude protein (%) 18.5 16.5 15.5 15
Methionine (%) 0.29 0.27 0.26 0.27
Methionine and cysteine (%) 0.57 0.52 0.52 0.52
Lysine (%) 1.09 0.95 0.88 0.72
Tryptophan (%) 0.23 0.21 0.19 0.18
Threonine (%) 0.67 0.58 0.55 0.55
Calcium (%) 0.79 0.8 0.71 0.73
Total phosphorous (%) 0.61 0.6 0.57 0.57
Available phosphorous (%) 0.36 0.34 0.28 0.26
Sodium (%) 0.21 0.21 0.21 0.2
Copper (mg/kg) 121.2 121.2 120.7 120.8
Zinc (mg/kg) 137.3 138.8 139.5 141.2
Selenium (mg/kg) 0.44 0.45 0.49 0.52
Choline (mg/kg) 1263.6 1189.3 1176.7 1184.1
Vitamin A (IU/kg) 10990.1 10998.9 8795.6 8793.8
Vitamin D (IU/kg) 1298.8 1300 1039.5 1039.3
Vitamin E (IU/kg) 50 50 40 40
Tylosin phosphate® (g tonne™!) 44 22 22 11

“Mega joules

YAdded to diets for pigs on tylosin phosphate treatment only

and improved understanding of the nutrient require-
ments of pigs has resulted in large improvements in
growth rate and carcass composition (20). The devel-
opment of all-in all-out pig flow has altered the way that
many pigs are managed in modern facilities. It has also
been suggested that the best alternative to the use of sub-
therapeutic antibiotics may be to manage pork produc-
tion in such a way as to minimize exposure to disease-
causing infectious agents (21). According to Hardy
(19), biosecurity and hygiene practices are critical to
minimizing disease challenges.

A trial was conducted in an all-in all-out, minimal dis-
ease, growing-finishing unit. A strict biosecurity protocol
was used to evaluate the performance of pigs fed high
quality commercial diets, with and without the addition
of tylosin phosphate as a subtherapeutic growth
promoting antibiotic.

Material and methods

Three hundred and eighty-four pigs (192 females, 192 cas-
trated males), mean initial live weight 20.8 kg, were
obtained from a minimal disease sow herd in which
batch farrowing was used as a means of producing
large numbers of pigs of a similar age and weight. The
pigs were assigned randomly to 2 dietary treatments con-
sisting of the same commercial, barley-based diet, with
or without the addition of tylosin phosphate. Table 1 lists
the minimum nutrient content of the commercial diets
used.

All pigs were housed in groups of 24 (12 females,
12 castrated males), and feed and water were provided
ad libitum via wet/dry feeders that supplied 2 adjacent
pens each. Each pen was 2.7 X 6.7 m in size and had a
solid concrete floor bedded with 60 cm of mixed straw
and sawdust. The barn where the animals were housed

operates as an all-in all-out facility, and all pigs arrived
on the same day as part of a group of 960 pigs. No
new pigs were introduced into the facility during the
period of this trial. As the pigs approached market
weight, they were weighed individually and sent to
market over a 4-week period upon achieving individual
target weights of 110 kg. Any pig not reaching 110 kg by
the end of the 4-week period was shipped anyway and
designated as being shipped “under weight.” In this
study, all-in all-out is defined as all pigs arriving on the
same day and all pigs being removed from the facility by
a given date before new pigs arrive. The barn has been
described previously in detail (22).

The pigs were weighed at the beginning of the trial;
their mean weight when they left the facility for slaugh-
ter was 110.2 kg. Feed was allocated daily and con-
sumption was determined at the end of the study by
weighing the feed remaining in the feeder. Occurrence
of disease, mortality, or both was recorded daily. At
slaughter, carcass backfat depth, loin depth, carcass
weight, predicted lean yield, and grade index (1999
PEI Hog Settlement Table) were recorded.

The facility used in this trial has been in operation
since 1998. From veterinary inspection, necropsy, and
slaughter checks via the Animal Productivity and Health
Information Network (APHIN), the sow herd supplying
pigs to the unit was known to be free of major swine dis-
eases such as swine influenza, mycoplasma pneumonia,
porcine reproductive and respiratory syndrome (PRRS),
necroproliferative enteritis, and ascarids. The strict
biosecurity protocol employed to minimize the risk of
introducing disease organisms into the unit was as fol-
lows: Prior to the arrival of the pigs, all pens (including
floors, partitions, feeders, walls, and ceilings) and alley-
ways were pressure washed, disinfected, and allowed to
sit empty for 7 d. No cleaning of pens occurred during
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Table 2. Growth performance of pigs fed diets with or without
(control) added tylosin phosphate

Start weight ~ End weight Days on Total gain  Gain/day
(kg) (kg) test (kg) (g/d)
Control 20.9 110.2 94.1 89.4 954
Tylosin phosphate 20.6 110.2 94.3 89.5 957
S and (significant 0.35 0.47 0.68 0.48 10.3
level of effects) (0.44) NS (0.89) NS (0.84) NS (0.91) NS  (0.86) NS
g/d — Grams per day
S, — Standard error of the mean
NS — Non significant
the course of the trial. Any equipment, such as bedding 120 1- T 1
carts and weigh scales, used in the facility was either pur- |
chased new and used only in the facility or washed and 110 4 |
disinfected before being brought into the facility. T T
Prior to this study, no subtherapeutic antibiotics had
. - . o 104 4
been used in the facility. Any pigs remaining in the
facility on day 110 after arrival were sent to market E
regardless of live weight to permit cleaning and dis- 50 4
infection of the facility prior to the scheduled arrival of
a new batch of pigs. a0
The facility was located 800 m away from a public - -
road and 1.2 km away from the nearest hog operation. -
This facility, since construction, has been supplied "':' x :
GControl Tiyhasin phosphabe

exclusively with pigs from a single sow herd. From
previous trials in this facility, the genotype of the sup-
plying herd has been shown to be fast growing with
growth rates of the order of 900 to 1000 g/d and feed
conversion efficiencies of the order of 2.7 kg feed per kg
gain, without the use of subtherapeutic antibiotics.
Entrance from the public road was limited to employees
of the facility. Entry into the building was via an air-
locked entry way. Footwear was removed at that point,
after which anyone exposed to pigs in the past 48 h
was required to shower and wear clothing and footwear
provided by the facility, while those not exposed to
pigs in the past 48 h were required to wear clothing and
footwear provided by the facility. Those who had been
exposed to pigs in the past 24 h were refused entry.
Human traffic in the facility was limited to that required
in the building for maintenance, animal husbandry, or
supervision of experiments. Rodents were controlled
inside and along the perimeter of the building by using
traps and bait. All external vents and other openings were
covered with 1-cm nylon mesh to eliminate entry by birds
and other wildlife.

Bedding was added to the pens at the beginning of the
trial and further amounts to control dampness in the
pens were added as required. No bedding was removed
during the course of the study.

An automatic curtain natural ventilation system was
employed to maintain good air quality (low levels of dust
and ammonia as observed by the barn manager) and an
ambient temperature of 16°C.

Growth data (weight at start and end of the trial)
was collected from individual animals resulting in
24 observations per pen and 8 pens per treatment.
Because each feeder supplied feed to 2 pens, there were
4 feed consumption observations per treatment.

The data was analyzed by ANOVA or, where appro-
priate, by analysis of covariance with initial pig weight

Figure 1. Days to market of pigs fed diets with or without
tylosin phosphate added.

Table 3. Feed consumption of pigs fed diets with or
without (control) added tylosin phosphate

Feed per pig per Feed per gain
day (kg/d) (g/g)
Control 2.6 2.7
Tylosin phosphate 2.5 2.7
S and (significant 0.04 0.04
level of effects) (0.21) NS (0.31) NS

g/g — Grams per gram
S — Standard error of the mean
NS — Non significant

as the covariate, according to a completely random-
ized design for 2 treatments randomly assigned to 8 pens
each. These analyses compared the effect of tylosin
phosphate on the basis of pen means, and were computed
by using the ANOVA directive in Genstat 5 (23). The
variability of the pigs in the tylosin phosphate pens
was visually compared with that of the pigs in the with-
out tylosin phosphate pens with box plots.

This trial was conducted in accordance with
the guidelines set out by the Canadian Council on
Animal Care (24). Local approval for this study was
given by the Atlantic Veterinary College Animal Care
Committee.

Results

Final weight, days on test, total gain, and daily gain were
not affected by tylosin phosphate supplementation
(Table 2). In both treatments, the pigs reached a
mean market weight of 110.2 kg within 94.1 d, resulting
in daily gains of the order of 950 g per day. This is con-
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Table 4. Carcass measurements of pigs fed diets with or without

(control) added tylosin phosphate

Dressed  Leanyield  P-2%fat P-2 lean depth
weight (kg) (%) depth (mm) (mm) Grad
index
Control 85.4 60 19.9 60.3 109.7
Tylosin phosphate 85.1 60.4 18.9 61.5 110.4
S and (significant 0.33 0.17 0.39 0.35 0.24
level of effects) (0.58) NS  (0.10) NS  (0.11) NS (0.04) (0.10) NS

aSkin plus subcutaneous fat measurement over the last rib, 6.5 cm ventral to the dorsal midline

S, — Standard error of the mean
NS — Non significant

Table 5. Percent mortality and marketed underweight
of pigs fed diets with or without (control) added
tylosin phosphate

Marketed under
Mortality % weight? (%)
Control 1.5 3.1
Tylosin phosphate 1.5 1

aPigs that failed to reach market weight by day 110 of the study

sidered to be a high growth rate by commercial standards.
Figure 1 shows the distribution of pigs reaching market
weight on a weekly basis.

The design of the research facility limited the study to
4 replications per treatment for feed consumption para-
meters. Mean daily per-pig feed consumption and feed
conversion efficiency values for each treatment are
shown in Table 3. Feed consumption appeared to be sim-
ilar for the pigs on either dietary treatment.

Carcass measurements for the pigs on trial are pre-
sented in Table 4. Tylosin phosphate supplementation
appeared to increase lean muscle content of the car-
cass significantly as measured by loin muscle depth
(P =0.04) over the last rib, 6.5 cm ventral to the dorsal
m i d 1 i n e
(P-2 site). The difference in lean measurement was not
sufficient to significantly affect carcass value, as deter-
mined by grade index.

Mortality rates and the number of underweight
pigs sent to market are given in Table 5. Mortality rates
were similar for both treatments; however, more control
pigs were underweight when sent to market than were
tylosin phosphate fed pigs.

Discussion

The inclusion of tylosin phosphate at the level employed
in this study did not have a statistically significant
effect on economically important growth and carcass
quality parameters. This is contrary to some reports in the
literature: The Joint Expert Technical Advisory
Committee on Antibiotic Resistance (25) reported that
the average weight gain and the average feed conversion
efficiency were improved in young pigs by 6.8% and
4.6%, respectively, and in grower pigs, by 1.9% and
1.7%, respectively, when subtherapeutic in-feed antibi-
otics were provided. Cromwell (3) summarized data
from over 1000 experiments conducted in the United
States from 1950 to 1985. This summary clearly indicated
that growth rate and feed conversion efficiency were
improved in young pigs by 16.4% and 6.9%, respectively,

and in growing/finishing pigs by 4.2% and 2.2%, respec-
tively. It is interesting to note, however, that even with
these performance improvements, the mean growth rate
and feed conversions of the pigs provided with sub-
therapeutic levels of antibiotics in Cromwell’s sum-
mary were substantially lower than those obtained from
the pigs in this study. From 20 kg to 110 kg live weight,
the growth rate and feed conversion efficiency of the pigs
without antibiotics was 956 g d-! and 2.7 g g’!, respec-
tively, in our study, while the values from 24 kg to 89 kg
live weight for pigs fed antibiotics in Cromwell’s study
were 720 g d"! and 3.23 g g'!, respectively. Cromwell’s
data illustrate how growth performance of pigs has
been improved with the development of fast growing
genotypes and with increased understanding of the
nutrient and environmental requirements of pigs. Fast
growing genotypes, when fed diets containing an ade-
quate balance of amino acids and energy, have been
shown to have growth rates of 1000 g d-!' or more (20).

The lack of effect from dietary tylosin phosphate
supplementation in this study may have been due to
the minimal disease status of the pigs on test and the
biosecurity protocol employed in the facility where
they were housed. In some studies, the adverse effects of
challenge with infective organisms on growth perfor-
mance have been restored by feeding antibiotics at
growth promoting levels (26). This suggests that the ben-
efits of subtherapeutic antibiotics are greatest under
these conditions. Conversely, the benefits appear to be
reduced or eliminated in animals raised in pathogen-free
environments (27), suggesting that growth promoting
antibiotics may work by controlling or reducing the
proliferation of pathogens, thus freeing up nutrients
for growth that might otherwise be made unavailable by
an infection.

As in all animals, the immune system of the pig func-
tions to contain or eliminate pathogens that may harm it.
Upon exposure to an antigen, the immune system is
activated. Cytokines are released and dietary nutrients
are diverted away from fuelling the growth process in
order to support the immune system (28). These events
result in lower feed intake and reduced rates of protein
accretion (29). In the presence of pathogenic bacteria,
antibiotic growth promoters result in faster lean growth
and improved feed utilization efficiency by reducing or
eliminating the influence of antigens on the immune sys-
tem (30).

It must also be recognized that commercially available
diets were employed in this study, with the only modi-
fication being the removal of tylosin phosphate from the
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formulation. As can be seen in Table 1, the copper
levels in the diet were 120 mg/kg, well above the
minimum requirement of 4.51 mg/kg recommended
by the US National Research Council in 1998 (31),
and could be considered to be at growth promoting
levels. According to Cromwell (32), copper fed at levels
from 100 to 250 mg/kg stimulates growth in pigs and is
independent of growth promotion from antimicrobials.
It is possible that the copper content of the diets had
a growth promoting effect in this study. As the copper
levels were similar in both diets, and as such copper
levels are common in commercial diets where subther-
apeutic antibiotics are also supplemented, the dietary
comparisons made here remain valid.

Other explanations for the lack of treatment effect may
be associated with nutrition and genetics. The pigs on this
study were from a local genotype known for fast lean
growth and they were fed commercial diets designed to
meet the nutrient requirements of such genotypes. As
described earlier, recent reports suggest that the benefits
of growth promotants have become less marked with
improving feed formulation, hygiene, and genetics
(26,27).

Despite the lack of statistical difference in economi-
cally important parameters, the pigs fed the tylosin
phosphate supplemented diet appeared to have laid
down more lean, as indicated by the P-2 loin measure-
ment. This partitioning effect is similar to that reported
by Stahly et al (30), where growth promoting antibiotics
(carbadox) improved lean accretion rate in growing pigs.

From the results of this study, it appears that pigs of
fast growing genotypes fed adequate diets and housed in
a biosecure environment do not require dietary tylosin
phosphate supplementation in order to maximize growth.
There is some indication that tylosin phosphate sup-
plementation may improve lean gain in pigs housed in
such an environment; however, further work is required
to verify this hypothesis. cvr
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