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ABSTRACT: This study was designed to simulate productive and economic losses due to the
withdrawal of antibiotic growth promoters (AGP) from pig diets. Articles that compared diets
with AGP (AGP+) or without AGP (AGP-) for pigs were collected from electronic databases and
the performance results were entered in a database. A meta-analysis was performed following
the sequence: graphical analysis, correlation, and variance-covariance. The performance results
observed in the meta-analysis, feed cost, and AGP costs were used to build equations to
estimate the economic effect of withdrawing AGP. The database comprised 81 scientific articles
containing 103 experiments totalizing 42,923 pigs. Avilamycin (24.7 %) was the most frequent
AGP in the database, followed by Colistin (15.4 %), Tiamulin (11.7 %), Tylosin (8.0 %), Lincomycin
(9.4 %), and Bacitracin (5.4 %). Weight gain (p < 0.05) increased in AGP+ diets during post-
weaning (6.5 %). However, there was no effect of AGP on weight gain of growing-finishing pigs.
There was better (p < 0.05) feed conversion in pigs fed AGP+ diets in all rearing phases. Weight
gain and feed conversion improved (p < 0.05) with the addition of Avilamycin, Bacitracin, and
Tylosin. AGP withdrawal in the post-weaning phase increased feed costs by USS 0.86 per animal
and in growing-finishing phase the increase was USS 3.11. Thus, pigs fed AGP+ diets have a
better performance than pigs fed AGP- diets and the withdrawal of AGP increases feed costs.
Keywords: addditive, feed conversion, feed cost, productive cost, swine

Introduction

Antimicrobial additives have been used in animal
feed since the 1950s; however, changes in the use of
antibiotics and antibiotic growth promoters (AGP) in
several countries indicate a trend to reduce the use of
these substances. Sweden banned AGP use in animal
production in 1986, while the European Union banned
AGP use in 2006. Brazil banned the use of Colistin
in 2016 as well as the use of Tylosin, Tiamulin, and
Lincomycin in 2020 (Davies and Walsh, 2018; MAPA,
2020) In Mar 2019, the Food and Drugs Administration
(USA) published a revised guidance on the use of
antibiotics and AGP for the industry in the United States
(FDA, 2019). Several other countries have announced
strategies to restrict and/or ban the use of AGP in
animal production, namely Vietnam, India, Bangladesh,
Bhutan, and Indonesia (Kahn, 2016; Goutard et al.,
2017; USDA, 2016). The pressure to reduce and/or ban
the use of antibiotics and AGP in animal production is
linked to the selection of antibiotic-resistant bacteria,
which results in environmental and economic problems
worldwide (Tang et al., 2017; WHO, 2018).

Challenges to the health and welfare of pigs
presented by modern production practices justify the
use of AGP (Verstegen and Williams, 2002; Fairbrother
et al., 2005). However, there is considerable effect on the
weight gain and feed conversion responses to AGP. Many
studies have reported no differences in the performance
of animals fed an AGP diet in the absence of health
problems (Li et al., 2012; Yang et al., 2012; Perina et al.,
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2014; Long et al., 2018). Conversely, other studies have
reported positive effects of AGP on pig weight gain and
feed conversion (Valchev et al., 2009; Yoon et al., 2014,
Li et al., 2017; Silva et al., 2016).

It is evident that the process of restricting and
banning the use of AGP is increasing worldwide and
this process is irreversible. It is extremely necessary to
analyze the consequences of withdrawing this additive
from pig production, especially in terms of performance
responses of the animals and the economic impact
on feed costs. Therefore, this study investigated the
impact on performance and productive costs due to the
withdrawal of AGP from pig diets.

Materials and Methods

This study is part of a larger project that used the
same methodology in two studies. Both used meta-
analysis to obtain performance responses and, based
on performance data and data from industry, equations
were generated to estimate the economic impact. In
the first study, analyses were performed to obtain the
results of performance and economic effects on broiler
production (Cardinal et al., 2019).

Search, data filtering and coding

Articles presenting experimental results of pig
performance due to the use of AGP in diets were
searched on Google Scholar, ScienceDirect, Scopus,
Scielo, and PubMed, using the keywords: “antibiotic
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growth promoter” and “performance” in addition to
the terms “"swine” or "pig". As a strategy, "AND", "OR"
and "*" were used to aid in the search, aiming to find
as many studies as possible. The terms were tested in
three languages: English, Spanish, and Portuguese. The
references cited in the selected articles were analyzed
to find additional articles, which were not in the search
results. The search in different online databases and
additional searches aimed to avoid publication bias.
Following identification, all articles were evaluated by
two reviewers, and the agreement of both reviewers
was necessary to exclude a record. The articles were
evaluated according to their relevance and quality to
expose performance results of pigs that received diets
with or without AGP, without the presence of a health
challenge thus meeting the meta-analysis objectives.
The following factors in a checklist were considered for
the exclusion of pre-selected manuscripts: presence of
health challenge (such as Escherichia Coli, or Salmonella
Typhimurium), slow-growing breeds, absence of control
treatment, inconsistent methodological data, error of
statistical design (such as factorial design analyzed as a
simple difference in means), and gross errors in result
data. The criteria for publication selection were: (1) in
vivo experimental evaluation of diets with AGP (AGP +)
or without AGP (AGP-), no other growth-promoting
additive could be present in the AGP- diet; (2) antibiotics
were used in subtherapeutic doses, as recommended
for growth promoters (Sindiragdes, 2009); (3) the AGP
used was allowed in the Brazilian standard legislation
of 2016; (4) the experimental pigs were in post-weaning,
growing, or finishing phases; (5) the rates of feed intake,
weight gain, and feed conversion or feed efficiency were
stated; (6) year of publication was between 1990 and
2018.

The methodology described by Sauvant et al.,
2005 and Lovatto et al., 2007 was used for the database
construction and data encoding. Results of body
weight, feed intake, weight gain, and feed conversion
were entered an electronic spreadsheet, in addition
to other variables, such as genetic strain, age, sex,
dietary nutritional composition, and duration of the
experimental period, wich were included to perform
a descriptive analysis of the studies. Some codes were
inserted into the database to create specific groups and
to insert grouping criteria into the statistical model, such
as presence (AGP +) or absence (AGP-) of AGP and each
antibiotic (e.g.: "C" for Colistin and "T" for Tylosin).
Other codes were inserted into the statistical model to
evaluate the effect of the study and the trial, allowing to
assess the variability of the compiled studies.

Composition of the database
Eighty-one articles, 103 experiments, were inserted in
the database. The articles published between 1998 and

2018 were in greater number, representing 97 % (Figure
1), and studies were conducted in China (20 %), Brazil
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Figure 1 - Percentage variation calculated for each treatment
containing antibiotic growth promoter (AGP+) in relation to the
opposite treatment without antibiotic growth promoters (AGP-).
Data collected from the studies included in the database,
according to the year of publication.

(16 %), the United States of America (16 %), Canada
(9 %), and other countries (31 %), such as Greece, Spain,
Poland, and Korea. The sum of pigs used in all trials
was 42,932, with 8.1 and 15.7 kg as the average of the
initial and final body weights of post-weaning and 42.0
and 89.1 kg of growing/finishing pigs, respectively. In
the total of selected articles, the most studied phase
was post-weaning (70 % of the studies; average age
at weaning: 23 days, minimum: 14 days, maximum:
35 days), and the performance of pigs in the growing-
finishing phase was evaluated in 20 % of the articles.
The authors did not describe which rearing phase was
studied in 10 % of the selected articles. The average
duration of the trials analyzing post-weaning phase was
21 days (minimum: 7 days; maximum: 50 days), and the
average duration of the trials analyzing growth-finishing
phase was 57 days (minimum: 14 days; maximum: 134
days). The periods evaluated in the meta-analysis always
considered the use of AGP. The area provided per pig
varied from 0.2 to 1.5 m? for post-weaning and from
0.6 to 3.0 m? for growing-finishing pigs. Avilamycin was
the antibiotic most cited in the selected articles (24.7 %
of AGP+ treatments), followed by Colistin (15.4 %),
Tiamulin (11.7 %), Tylosin (8.0 %), Lincomycin (9.4 %),
and Bacitracin (5.4 %). Mixed-sex groups were used in
47 % of the reviewed studies and treatments with male-
only or female-only groups represented 7 % and 2 %
of the total, respectively. The sex of the pigs was not
described in 44 % of the articles.

Statistical analysis

Series of graphical analyses were used to assess the
data distribution and obtain a general view of their
consistency and variance heterogeneity. Based on these
analyses, correlation hypotheses were formulated
to define the statistical models (Lovatto et al., 2007).
During this step, data distribution per year, country, and
for the presence or absence of AGP were evaluated. The
performance data of AGP- treatments were relativized
according to their respective AGP+ to estimate the
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impact (percentage variation) of AGP withdrawal.
Additionally, the relationships between and within
studies were evaluated.

The variance-covariance analyses were conducted
using the GLM procedure in the Minitab 18 statistical
package, the effects of sex of the animals, area of pen
space provided per pig (m? pig'!), and year of publication
were tested. However, the factors were not significant (p
> 0.05) and thus all three factors were removed from
the model. A mixed model was applied, considering
treatments as a fixed effect, while the inter-study was a
random effect, and body weight was used as a co-factor
(p < 0.05). The variables analyzed were feed intake,
weight gain, and feed conversion. The analyses were
grouped by rearing phase (post-weaning and growth-
to-finishing) when the information about the phase
of rearing was provided in the original publication.
Individual analyses were performed for the main AGP
in the database. Overall performance was evaluated for
each AGP molecule. In these analyses, we considered
the studies with both rearing phases and the studies
without phase identification (information not provided
in the publication). The result of the analysis for residual
distribution was normal.

Impact on feed costs

The results obtained in the meta-analysis were used to
develop an equation to simulate the economic impact
of AGP withdrawal from pig diets, particularly on feed
costs in a Brazilian scenario. Brazil was chosen for this
simulation as it is a large pork producer and exporter.
In this analysis, the authors generated an overview of
AGP withdrawal, using values that do not take into
account the specificity of each AGP in the performance
results. However, the equation described can be used to
conduct a specific simulation for an AGP. The simulation
(Equation 1 to 4 and Table 1) considered the target
weight gain and feed conversion for each phase (in
AGP + diets), the variation in feed conversion (obtained
from the meta-analysis), as well as feed (cost was based
on the price of ingredients plus operating costs) and AGP
costs. Information on feed and AGP costs was provided
by a Brazilian feed mill.

Feed cost of per animal = « x( B j (Eq. 1)
1000

Table 1 - Inputs to estimate the economic impact caused by the
withdrawal of antibiotic growth promoters (AGP) from pig diets.

Inputs Post-weaning Growing-Finishing
Weight gain, kg 20 90

Feed conversion target (AGP+), kg kg™! 1.64 2.56

Feed conversion change!, % 3.59 591

Feed cost, USS kg™ 0.74 0.25

AGP cost, USS kg! of inclusion 45.3 45.3

IFeed conversion change: the difference between diets with and without
antibiotic growth promoters obtained by the meta-analysis.
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where: a: feed intake of the phase (kg d*!) and B: cost of
feed (US$ t).

Feed intake of the phase = t© x FCR (Eq. 2

where: 1 : weight gain of the phase (kg) and FCR: feed
conversion (kg kg™).

Feed cost: p + Y (Eq. 3)
where: y: feed price (US$ t'!) and y: AGP price (US$ t7).

The sensitivity analysis is used to predict the
result generated by changes in variables or activities in a
process to measure the sensitiveness of the process when
a change occurs (Saltelli et al., 2000). The sensitivity
analysis was performed using the key variables "feed
conversion” and "AGP price". The equations developed
to calculate the impact on feed costs were used to
perform the sensitivity analysis. Feed conversion data
were simulated to obtain 0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 %
of difference between AGP +/AGP-. The AGP price was
reduced by half or increased by 1.0, 2.0, 3.0, 4.0, and
5.0 times compared to the current price. When the
value of the impact on feed costs was greater than zero
(representing an increase in the pig production cost), the
AGP withdrawal was considered an economically sound
strategy, and when the impact value was below zero, the
AGP use was considered a better economic decision to
avoid financial loss. The analysis was performed using
Microsoft Excel 2016.

Only the results of feed cost and changes in
performance were considered in this study. Other
factors, such as veterinary cost, health costs, and time of
use of the facilities were not included in the model for
economic impact.

Results
Performance

The withdrawal of AGP decreased the performance of
pigs. A negative variation in weight gain was observed in
83 % of comparisons between the treatments AGP + and
AGPv (Figure 1). Pig feed conversion was better in AGP +
treatment in 77 % of comparisons between treatments.

In the meta-analysis, no difference was observed
(p > 0.05) in feed intake between the AGP + and AGP-
treatments in all the examined production phases. Weight
gain was better in post-weaning phase (p < 0.05; Table
2) when the AGP + diet was used; however, no changes
were detected during the growing-finishing phase (p >
0.05). The AGP + diet resulted in 6.5 % weight gain in
the post-weaning phase. The effect on feed conversion
was improved (p < 0.05) in pigs fed AGP + diet, in all
rearing phases. The greater effect of feed conversion
was 5.5 % in the growing-finishing phase, followed by
the post-weaning phase with 3.5 %.
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Feed intake was not influenced by AGP + and
AGP- treatments (p > 0.05; Table 3), regardless of
the AGP molecule analyzed. The addition of Colistin,
Tiamulin, and Lincomycin did not influence weight gain
between AGP+ and AGP- diets (p > 0.05), while the
addition of Avilamycin, Bacitracin, and Tylosin showed
a positive effect on weight gain and feed conversion (p
< 0.05).

Antibiotic growth promoters withdrawal

Impact on feed costs

The AGP withdrawal in the post-weaning phase increased
the feed cost by US$ 0.86 per animal. In the growing-
finishing phase, the increase was more pronounced,
with a rate of US$ 3.11 per animal (Table 4).

In the sensitivity analysis (Figure 2), "NO”
indicates a scenario where the AGP withdrawal has no

Table 2 - Performance (obtained by meta-analysis*) of pigs fed with diets containing antibiotic growth promoters (AGP+) or without antibiotic

growth promoters (AGP-).

Variable G Treatments T p RSE R? %
Post-weaning
Feed intake, kg d 0.609 (n:197) 0.592 (n:190) 0.508 0.251 58.33 2.79
Weight gain, kg d! 0.365 (n:202) 0.341 (n:195) 0.039 0.115 56.85 6.57
Feed conversion, kg kg™! 1.642 (n:194) 1.701 (n:187) 0.008 0.213 62.24 3.59
Growing/ finishing
Feed intake, kg d 2.095 (n:69) 2.080 (n:46) 0.855 0.317 65.79 0.71
Weight gain, kg d! 0.805 (n:70) 0.769 (n:47) 0.078 0.101 68.65 4.47
Feed conversion, kg kg! 2.565 (n:69) 2.704 (n:46) 0.038 0.232 54.49 5.51

*The model considered the effect of the study (p < 0.001) and the body weight of animals (p < 0.001); p = Probability of treatment effect. The models included the
study effect (p < 0.001); RSE = Residual standard error; R? = Coefficient of determination of the model. % = Percentage of difference between AGP+ and AGP—; n

= Number of observations in each means.

Table 3 - Overall performance™ (obtained by meta-analysis) of pigs fed with diets containing specific antibiotic growth promoters (AGP+) or

without antibiotic growth promoters (AGP-).

Variable o Treatments o p RSE R %
Colistin

Feed intake, kg d! 0.690 (n:42) 0.674 (n:42) 0.526 0.117 96.98 2.32

Weight gain, kg d! 0.388 (n:45) 0.374 (n:45) 0.439 0.083 87.96 3.61

Feed conversion, kg kg™ 1.645 (n:42) 1.641 (n:42) 0.917 0.160 79.67 0.24
Avilamycin

Feed intake, kg d! 0.759 (n:60) 0.755 (n:57) 0.838 0.123 95.86 0.53

Weight gain, kg d! 0.403 (n:61) 0.371 (n:58) 0.039 0.091 81.04 7.94

Feed conversion, kg kg™ 1.714 (n:60) 1.806 (n:57) 0.008 0.183 87.27 5.37
Bacitracin

Feed intake, kg d! 0.675 (n:10) 0.750 (n:10) 0.253 0.132 97.14 11.1

Weight gain, kg d! 0.289 (n:12) 0.221 (n:12) 0.049 0.108 59.11 235

Feed conversion, kg kg™ 1.802 (n:10) 1.915 (n:10) 0.048 0.126 96.49 6.27
Tylosin

Feed intake, kg d! 1.497 (n:22) 1.490 (n:22) 0.898 0.192 95.90 0.47

Weight gain, kg d! 0.607 (n:22) 0.541 (n:22) 0.036 0.119 86.54 10.8

Feed conversion, kg kg™ 2.005 (n:22) 2.172 (n:22) 0.045 0.195 86.08 8.33
Tiamulin

Feed intake, kg d! 0.647 (n:13) 0.689 (n:13) 0.177 0.075 98.18 6.49

Weight gain, kg d! 0.334 (n:13) 0.322 (n:13) 0.391 0.036 94.10 3.59

Feed conversion, kg kg™ 1.554 (n:13) 1.675 (n:13) 0.080 0.165 89.02 7.79
Lincomycin

Feed intake, kg d! 0.468 (n:13) 0.479 (n:13) 0.678 0.065 97.06 2.35

Weight gain, kg d! 0.210 (n:13) 0.195 (n:13) 0.514 0.055 91.03 7.14

Feed conversion, kg kg™ 1.673 (n:13) 1.7818 (n:13) 0.098 0.157 60.75 6.50

*Overall performance = The analysis considered the entire database. The model considered the effect of the study (p < 0.001) and the mean weight of animals as an
adjusted variable (p < 0.001); p = Probability of treatment effect. The models included the study effect (p < 0.001); RSE = Residual standard error; R? = Coefficient
of determination of the model; % = Percentage of difference between AGP+ and AGP—; n = Number of observations in each mean.
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Figure 2 - The sensitivity analysis for antibiotic growth promoter
(AGP) withdrawal from pig diets according to the change in the
additive price and the change between feed conversion rates with
and without AGP; 'X = current price of antibiotic growth promoter;
2NO = the scenario of rearing pigs without AGP has no impact on
feed costs; 3YES = the scenario where the use of AGP is expected
to have no impact on feed costs.

Table 4 - Simulation of the economic impact of removing antibiotic
growth promoters (AGP).

Treatments

T AGP+ AP Cramee
%
Post-Weaning
Feed cost, USS per animal 24.50 25.37 3.42
Growing-Finishing
Feed cost, USS per animal 58.47 61.58 5.05

Data on pig diets containing antibiotic growth promoters (AGP+) or without
antibiotic growth promoters (AGP-).

negative impact on feed costs, while "YES" indicates
where the AGP use is necessary to avoid economic
losses. The model measures changes within each
variable (by defining them as ranges) to enable AGP
withdrawal without incurring an economic feed loss.
For example, if the difference in feed conversion
between the AGP+ and AGP- diets do not exceed
0.5 % and AGP price increases five-fold over the current
price, AGP can be eliminated with no impact on feed
costs. However, considering the current AGP price and
the difference in feed conversion ratio between the two
diets (5.5 % in the growing-finishing phase and 3.5 %
in the post-weaning phase), an impact on feed costs is
expected. If AGP price is halved, with zero variation
in feed conversion, AGP withdrawal has no negative
impact on feed costs.

Discussion

The results of this study showed an evident link between
the use of AGP and the performance results in the
rearing phase of pigs. In addition, there is no relationship
between feed intake and the AGP use. Laxminarayan et
al. (2015) reported that AGP might reduce efficiency
over the years, possibly due to different factors in the
production system, such as optimization of conditions
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and increasing level of bacterial resistance to AGP. In
the present study, there was no difference for the "year
of publication” factor when the statistical model was
created, which demonstrates no great variation in the
weight of the animals during the years of publication
of the studies. This may be associated to the fact that
the articles that contained a health challenge were not
used in the meta-analysis. Without the health challenge,
the presence of pathogenic bacteria is significantly
reduced, and the performance of animals undergoes less
variation.

Different mechanisms of action have been
theorized over time; however, it is still unclear how AGP
works in the body of pigs. Knarreborg et al. (2004) and
Smith et al. (2014) associated the AGP effect on growth
with a decrease in the activity of bile salt hydrolase (BSH).
Conjugated bile acids are essential for lipid solubilization
and micelle formation, as bile acids are the main BSH
substrates. Energy production is reduced when BSH de-
conjugates bile acids because this action compromises
lipid metabolism (Smith et al.,, 2014). Dibner and
Richards (2005), Rettedal et al. (2009}, and Castillo et al.
(2007) reported that the effect of AGP on performance is
linked to the intestinal microbiota modulation, reducing
the number of pathogenic bacteria, and allowing an
increase in the population of bacteria considered
beneficial to animal growth. The intestinal microbiome
influences a variety of processes within the body,
such as immunological, physiological, and nutritional
changes, and it also helps protect the gastrointestinal
tract (Dibner and Richards, 2005). Therefore, the
microbial polulation affects the general health and
performance of pigs. Although the composition of gut
microbiota varies among pigs, when a diet containing
AGP was provided to the animals, there was a reduction
in Lactobacillus johnsonii, Clostridiales, and Turicibacter
and the increase of Lactobacillus amylovorus in the ileum
(Rettedal et al., 2009). Another hypothesis created is that
AGP could significantly change the intestinal physiology.
In addition to nutrient absorption, the intestine has
an important immune function (Round et al., 2010).
There is a state of constant intestinal inflammation
caused by direct contact of the intestinal wall with the
microbiota (Biancone et al., 2002), which could cause
greater permeability of the intestine and absorption of
macromolecules (MacDonald and Monteleone, 2005).
AGP has the capacity to accumulate within inflammatory
cells and, as a consequence, it inhibits the release of
cytokines, reducing the innate inflammatory response
of the animal (Labro, 1998; Labro, 2000). Furthermore,
the use of AGP reduces the expression of nuclear factor
kappa B (NFxB) in some organs, such as mesenteric
lymph nodes, liver, ileum, and colon, suggesting a
decrease in the inflammatory response of these tissues
by avilamycin (Kroismayr et al., 2008). Therefore, more
energy resources are allocated to anabolic processes,
because catabolic costs are reduced in response to the
use of AGP (Niewold, 2007).
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Stress factors, such as social, psychological,
environmental and nutritional conditions make the
post-weaning phase a critical and stressful period for
pigs (Lallés et al., 2004; Heo et al., 2015). During this
period, piglets experience withdrawal from the milk of
the sow and must adapt to a new and less digestible diet
with some anti-nutritional properties. The hypothesis of
a reduced intestinal inflammatory response (Kroismayr
et al., 2008; Niewold, 2007) may be an explanation of the
positive correlation between AGP and piglet weight gain
in post-weaning. Conversely, pigs in the finishing phases
suffer less with stressors, due to their increased ability to
synthesize immunoglobulins (Cromwell, 2001), limiting
the response to dietary AGP in this phase.

When AGP was analyzed individually, a greater
difference in performance was observed in animals that
received peptides (Bacitracin), macrolides (Tylosin), and
orthoscinicin (Avilamycin), and the smallest differences in
performance were observed in the macrolides Tiamulin
and Lincomycin, and polymyxins ( Colistin). Even some
AGP belonging to the same general classification had
different effects, and this behavior could be reflected in
the roles that AGP plays in different action mechanisms
in the organism, which result in rearing-phase-specific
action. AGP molecules can be divided into different groups
based on the accumulation within inflammatory cells, for
example: non-cumulative, cumulative without inhibition
of cell function and cumulative with inhibition of cell
function (Niewold, 2007). It has been reported that cyclins,
macrolides, and peptides can accumulate in phagocytes and
inhibit cytokine release (Labro, 2000). Another method of
action proposed for AGP is the inhibition of BSH activity.
Tetracyclines were considered to be consistently potent
BSH inhibitors. Roxarsone and oxytetracycline inhibit the
BSH activity by more than 95 %. f-lactams and lincosamide
were considered to have relatively minor inhibitory effects.
Macrolides and peptides were considered weak to reduce
the BSH activity (Smith et al., 2014). AGP have an impact
on the intestinal microbiota, but there are still questions
about their mode of action. The use of tylosin (macrolide)
inhibits the growth of gram-positive and some gram-
negative bacteria. A reduction in Clostridium perfringens was
observed in chickens (Collier et al., 2003). Another study
reported that tylosin accelerated the change in intestinal
microbiota that normally occurs throughout the life of
the host, then the eubiosis stage could be reached earlier
(Kim et al., 2016). Another macrolide, tiamulin, increases
the population size of Firmicutes (Lactobacillus amylovorus)
in the ileum of weaned piglets (Brousseau et al., 2015).
The increase in Firmicute population brings the benefit
of metabolizing lactic acid to butyric acid, which develops
anti-inflammatory effects. As can be seen throughout the
discussion, there are several mechanisms of action for
AGP and they vary according to the AGP used. Thus, it
is not possible to attribute the effects on the performance
of animals to a single mode of action. We hypothesize that
the effect on performance is a sum of different modes of
action.
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Several studies have estimated the economic
impact caused by the withdrawal of AGP from the
pig industry. In our study, the impact on feed costs
is US$ 0.86 per animal in post-weaned and US$ 3.11
per pig in the growing-finishing phase. Miller et al.
(2005) and Brorsen (2002) suggest US$ 1.37 and US$
2.33 per pig, respectively. The large differences in
the results may be linked to the factors considered
to generate the economic models. Some costs within
the production system are difficult to calculate and
are not included in the models of economic impact
(Kjeldsen and Callesen, 2006), such as the cost of
inserting biosecurity measures on farms, potential
veterinary cost, or the cost to improve the rearing
facilities, as the level of technification of farms is
quite variable. Factors such as farm size, size of the
pig herd, types of contract, and productive practices
are variable within the pig industry. These factors
affect the simulation of economic impact and,
therefore, the effect is different for each producer,
depending on the reality of the farm (McBride et
al., 2008; MacDonald and Wang, 2011). The model
built in this study was based on pig feeding and
changes in performance, and this model can be part
of a more complete analysis, considering aspects
of health challenge, cost of production structure,
costs of investment in biosecurity, period of use of
the facilities, among others. The future composition
of a more complex model may also consider social
factors in relation to bacterial resistance. The model
created in this study is simple, nevertheless, it
provides important and direct information to the
swine industry, assisting in the decision-making
process. In this study, the simulation of economic
impact was performed using data provided by
Brazilian companies, such as the feed cost, and the
performance data was obtained by the meta-analysis
of several studies. However, the equations are easy
to understand and production data from different
countries could be inserted into the equation to
perform a new simulation. The sensitivity analysis
could be performed with other variables within the
equation of economic impact simulation, such as
weight gain and feed price, as well as the various
levels used could be modified according to the reality
of the situation to be simulated.

The main performance variables that compose
the equations are weight gain and feed conversion. To
better understand our findings regarding the impact
on feed costs, it is safe to consider that increased feed
costs are due to AGP use, which conversely reduces
feed cost by increasing the feed conversion ratio. The
higher feed cost found in this study is directly linked to
a reduction in pig performance (meta-analysis result).
Considering the current AGP price and better result
of feed conversion with AGP use, the results of post-
weaning highlighted an increase of 3.4 % in feed costs
per pig when AGP is withdrawn from the feed. However,
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if the difference in feed conversion between AGP + and
AGP- diets is equal to zero, there is no increase in feed
costs and AGP could be withdrawn from the pig diet, as
suggested by the results of the sensitivity analysis. To
obtain a smaller difference between the feed conversion
of pigs that receive or not AGP, efficient management
strategies are necessary to reduce pathogens on farms
and increase significantly the biosafety level (Laanen
et al., 2014; Silva et al., 2019, McKenzie and Carter,
2019), as well as the conduction of effective vaccination
programs to ensure health and minimize the risk of
secondary diseases in the herd (Holyoake et al., 2009).
It is necessary to improve the ambience, focusing on
climate and structural conditions of the facilities for
better performance rates, allowing to reduce the use of
AGP. Besides, it is necessary to take animal welfare into
account as a fundamental point, since the performance
and reduction of diseases are closely linked to this
factor (Van Dixhoorn et al., 2016; Dawkins, 2019).

Withdrawing AGP from the pig diet without
increasing costs requires the implementation of new
nutritional strategies. Several feed additives, such
as enzymes, organic acids, essential oils, probiotics
and prebiotics, have been studied to understand their
mechanisms of action and become possible substitutes
for AGP (Tracker, 2013; Vieira et al., 2020). Probiotics
improved gut health (Tracker, 2013; Badia et al., 2012)
and demonstrated an capacity to affect the presence of
pro-inflammatory cytokines and chemokines in vitro or
in the gut microbiota of pigs (Upadrasta et al., 2013). It
is possible to reduce the difference in feed conversion
between pigs fed AGP + and AGP diets; however,
producers in the same country are in different production
conditions and there are also major differences in
production systems between countries. There is a long
way for all producers to be able to remove AGP from
the pig diet without compromising performance and
production costs. It is necessary to evaluate different
strategies and indetify the best strategy within the
reality of each producer to improve yield without the
use of AGP. It is also essential to analyze all factors that
directly interfere in production costs.

The use of AGP improves weight gain and
feed conversion in post-weaning piglets. Higher feed
conversion ratios were also shown in the growth-
finishing pigs fed AGP + diets. The generated equation
allowed a simulation of the economic impact on
feed costs and demonstrated that the reduction in
performance caused by the withdrawal of AGP results
in economic losses. However, the sensitivity analysis
showed situations in which there is a possibility to
raise pigs without the use of AGP.
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