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The inclusion criteria were: randomised and controlled experiments using pigs without
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Keywords: were included to assess probiotic effects on ADG and FE, respectively. LAB supplementa-
E;gg'co‘:lcci d bacteria tion increased ADG (difference in mean (DM)=29.930 g/day, 95% confidence interval (CI)
Swine 17.617-42.261) and improve feed efficiency (DM =—0.096 kg feed/kg body weight, 95%CI
Meta-analysis —0.120-0.071), considering the source of heterogeneity. There were no evidence of publi-
Growth performance cation biases. The meta-analysis showed that application of probiotics during the first stage
of pig grown and in the finishing period resulted in greater ADG and FE. The effect was not
related to the use of mono-strain or multi-strain probiotics, although it may depend on the
strain used. The breeds (especially F1 and three-breed-rotational crossbreeding) and the
characteristic of these breeds (maternal breeds) included in the experiments had an impact
on the outcomes. These results might be used to define the guidelines to standardize the
experimental designs of future trials and to include the impact of each covariate on the
differences in the estimated effect sizes.
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1. Introduction

Intestinal ecosystem management is one of the common strategies used to prevent diarrhea, improve health status, and
enhance growth performance in intensive pig farming (Wang et al., 2012; Modesto et al., 2009; Taras et al., 2007). Antimi-
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crobials have been used in feed additives as growth promoters and to preserve health of pigs by reducing the pathogenic
bacteria and modifying the microbiota in the gut of animals (Alexopoulos et al., 2004). However, this practice has been
associated with the emergence of pathogenic strain resistance with its consequences on public health (Gaggia et al., 2010).

Therefore, the use of novel additives not only to improve performance and preserve health in animals but also to ensure
food safety to protect consumer health has been of growing interest. Probiotics (defined as live microorganisms that, when
administered in adequate amounts, confer a health benefit on the host) appear to be an alternative, safe, and effective feed
additive in animal farming (Hill et al., 2014).

Most of the probiotic-addition assays on animal diets show an improvement in the productive performance and health
status of different animal species (Signorini et al., 2012; Meng et al., 2010; Mountzouris et al., 2007; Krehbiel et al., 2003).
However these positive probioticsi effects were not observed in all the experiments conducted in pigs (Speiser et al., 2015;
Veizaj-Delia et al., 2010; Modesto et al., 2009; Harper et al., 1983).

Such disputes and increasing information published on the subject needs to be reviewed and treated with statistical
techniques that allow a quantitative assessment of results obtained to date. Therefore, it is of great importance to carry out
a meta-analysis. Such reviews can reduce multiple biases inherent in traditional checks and must clearly state the criteria
used in the selection and evaluation of scientific papers selected the topic under review.

The objective of this meta-analysis was to assess the effect of probiotic addition on average dairy gain (ADG) and feed
efficiency (FE) in intensive pig farming.

2. Materials and methods
2.1. Criteria for study selection

The studies included in the meta-analysis were selected based on the following criteria: randomised and controlled trials
and published in peer-reviewed journals, between 1980 and 2015. Probiotics may have been administrated via drinking
water or through the feed. Animals must be free of diseases. Studies must have reported ADG and FE with measures of
variance. Assorted reviews, duplicate reports, experiments which used non-viable probiotics, and studies which evaluated
animals with diseases were excluded. The term “study” refers to a scientific article which can involve one or more experiments
(each experiment being a controlled one to compare a particular combination of probiotic-treated and control groups of
swines).

2.2. Outcomes and definitions

Supplementation with probiotics was analysed as a tool which may improve ADG and FE in pigs. Average Daily Gain
is defined as the rate of weight gain per day over a specified period of time. Feed Efficiency is defined as the amount of
feed consumed per unit of weight gain. Data concerning body weight and FE correspond to the whole trial. When the study
included more than one probiotic group or different doses of the same probiotic, each probiotic group was compared with
the control group separately.

2.3. Data sources

Scopus, PubMed, and ScienceDirect databases were searched for articles unrestricted by language published from 1980
to 2015. Search terms included probiotic* and swine*. The abstracts were assessed and the articles that met the a priori
inclusion criteria were selected.

2.4. Data extraction

Information on the study design, methods (diets), treatments (probiotic strains, treatment dose, and duration), number
of animals, breed, and outcomes, were extracted from each article. For each study, the methodology used to achieve the
results were evaluated. However, no scores were used to exclude studies (Lean et al., 2009).

2.5. Statistical analysis

Statistical analysis was performed used Comprehensive Meta-Analysis version 2.2 (2011). Due to continuous variables
being analysed, the effect measure used to present the results was the difference in means (DM) between the probiotic
treatment and controls with 95% confidence intervals (CIs) using a random effects model. In this model the true effect could
vary from experiment to experiment and between experiment variability (true heterogeneity) as well as sampling error
are included (Borenstein et al., 2009). A meta-regression analysis was performed to explore the sources of heterogeneity
in the treatment effects. Meta-regression allows assessing the relationship between years of publication, number of pigs
included in the experiments, and duration of the studies as covariates, and ADG and FE as outcomes. Furthermore the impact
of the number of pigs included in each study was evaluated categorizing them in studies with adequate or inadequate n.
The threshold value is established from the formula for calculating the number of experimental units for testing the mean
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difference from the mean difference and its standard deviation obtained in the meta-analysis with a confidence of 95% and
a power of 80%. Additionally, a cumulative meta-analysis was performed to display how the outcomes shift as a function of
the year of publication. A priori subgroup analyses were planned depending on factors that could potentially influence the
treatment magnitude: (1) Type of probiotic administration (feed vs. water), (2) Type of inocula (mono-strain vs. multi-strain),
(3) Probiotic species strain used as mono-strain inocula (with Lactobacillus spp.; with Saccharomyces spp.; with Enterococcus
spp.; with Bacillus spp.; Bifidobacterium spp., and with Pediococcus spp., (4) Study duration considering the typical period of
pigs rearing, (5) Different breeds and crossing breeds, (6) Litter form (stainless steel, mesh, plastic, concrete), (7) Temperature
(22-25°C,25-31°C),(8) Animal density (0.1-0.7 or >0.7 animals/m?2), and (9) Feed composition (primary and secondary feed
ingredients).

Heterogeneity among studies was assessed using the DerSimonian and the Laird test (Qstatistic). The degree of het-
erogeneity was quantified with the inconsistency index (I2-statistic; Higgins and Thompson, 2002). A sensitivity analysis
was completed to assess the robustness of the meta-analysis results. Sensitivity analyses have also been used to examine
effects of studies identified as being aberrant or highly influential on the analysis outcome (Lean et al., 2009). This consists
of completing the same analysis, but dropping one study in each iteration.

The presence of publication bias was investigated using funnel plots. An adjusted rank correlation test using the Egger
method (Egger et al., 1997) and the Begg’s test (Begg and Mazumdar, 1994) was used to assess publication bias. Bias was
considered to be present if at least one of the statistical methods was significant (P<0.10). If there was any evidence of
publication bias, from either the statistical tests or the funnel plot, the “trim-and-fill” method (Duval and Tweedie, 2000)
was used to estimate the quantity and magnitude of missing studies and resultant unbiased effect size.

349 papers potentially relevant studies identified from the
search strategy

@ excluded on the basic of publica@

type

With 10 Communications, notes and book chapters

With 23 Reviews

With 45 studies to assess impacts of certain diseases
With 50 studies about immunity

With 53 ex-vivo and in-vitro studies

With 9 studies over food

With 31 experiments adding other additives

Q\ 28studies using probiotics for other purposes /

61 potentially relevant studies retrieved for more
detailed assessment

29 excluded (ADG) 32 excluded (FE)

With 19 lack of statistical information
studies

With 16 lack of statistical information
studies

With 5 studies data not shown With 5 studies data not shov/n

Whit 8 studies using other additives With 8 studies using other additives
N\ 7
32 articles satisfied inclusion criteria 29 articles satisfied inclusion criteria
for Average daily gain for Feed efficiency
/L

Fig. 1. Study selection flow chart.
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3. Results
3.1. Excluded studies

The literature yielded 349 scientific papers using the terms Probiotic* and Swine*. Reviews, articles, experiments con-
ducted to assess impacts of probiotics and prebiotics, or experiments to isolate and select strains with potential probiotic
activity without any in vivo test to study effects on performance of pigs were excluded (Fig. 1).

3.2. Overview of included studies

Thirty-two of the 349 screened articles met all inclusion criteria to assess the probiotic effect on ADG, while twenty-nine
articles were included in the evaluation of the probiotic effect on FE.

Of the studies which assessed the probiotic effect on ADG, fourteen were conducted before 2010 (only two studies were
conducted before 2000) and the remaining 18 after 2010. The number of pigs included in the studies was variable: 20 studies
included less than 100 animals and 12 studies included more than 100 animals. A total of 11 studies were conducted using
multi- strain probiotics and 21 used mono-strain probiotics. Probiotics were given to pigs either added to the feed (28), in
water with a syringe (3) or with milk replacer (1). Studies were conducted for <90d (30) or>90d (2).

On the other hand, a total of 29 studies were included to assess impacts of probiotics on FE, with ten studies conducted
before 2010 (two studies conducted before 2000) and 19 after 2010. The number of pigs included in each study was variable,
with 19 occasions <100 and 10 occasions >100. Nineteen studies used mono-strain probiotics, whereas 10 were conducted
using multi-strain probiotics. In most of the experiments the probiotic was administered by the diet (26), two studies
provided the probiotic in water with a syringe and one included in milk replacer. Studies were conducted for <90 (27)
or>90d (2).

3.3. Average daily gain

Ofthe 32 studies that met the inclusion criteria, 67 experiments (4122 animals) that combined pigs fed with probiotics and
control groups were identified. In the pooled estimate, probiotics increased ADG compared to controls (DM =29.939 g/day,
95% CI 17.617-42.261 g/day; P<0.001)) in the pooled DM random effect model. Significant heterogeneity was observed
across the 67 experiments (Q- statistic: P<0.0001; I2-statistic = 98.58%, Fig. 2).

Year of publication, number of pigs included in the experiments, the age of pigs, duration of experiment, and duration of
the probiotic treatment were associated with the ADG (P<0.001) in the meta-regression analysis. Number of pigs included
in the experiments, year of publication and age of pigs explained 26.1%, 21.1%, and 16.02% of the heterogeneity, respectively.
However, treatment and experiment duration explained less than 3% of the heterogeneity (Table 1).

Thirty-eight experiments conducted before 2010 were identified, and probiotics increased ADG (DM = 30.706 g/day, 95%
ClI 12.131-49.280 g/day; Q- statistic: P<0.0001; I2-statistic = 99.17%). The 29 experiments conducted after 2010 also found
a beneficial effect in ADG (DM =30.646 g/day, 95% CI 18.395-42.897 g/day; Q- statistic: P<0.0001; I2- statistic=85.89%).
However, there were no difference between both groups of studies (P=0.996).

Table 1
Summary of random weighted meta-regression analysis for independent variables that influenced the effects between probiotic supplementation versus
no probiotic supplementation in swines.

Co-variable ADG FE

Year of publication Intercept 11555.34 18.84
P <0.001 0.005
Slope —-5.739 —0.009
P 0.001 0.004

Number of swines included in the experiment Intercept 81.279 —0.063
P <0.001 <0.001
Slope -0.111 —0.0003
P <0.001 <0.001

Age of the swines Intercept -81.96 -0.0733
P <0.001 <0.001
Slope 4958 —0.00008
P <0.001 0.544

Duration of the experiments Intercept 46.67 —0.052
P <0.001 <0.001
Slope -0.1662 —0.0004
P <0.001 <0.001

Duration of the treatment Intercept 52.18 —0.0441
P <0.001 <0.001
Slope -0.363 —0.0007

P <0.001 <0.001
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Fig. 2. Forest plot of 67 randomised, controlled trials to study the effect of supplementation with probiotics on average dairy gain (ADG) in swines (Harper
et al., 1983; Kyriakis et al., 1999; Chang et al., 2001; Alexopoulos et al., 2004; Taras et al., 2005; Shim et al., 2005; Strompfova et al., 2006; Li et al., 2006;
Guo et al.,, 2006; Bontempo et al., 2006; Modesto et al., 2009; Wang et al., 2009; Veizaj-Delia et al., 2010; Mallo et al., 2010; Wang et al., 2011; Giang et al.,
2012; Suo et al.,, 2012; Wang et al., 2012; Herfel et al., 2013; Cui et al., 2013; Ji et al., 2013; Deng et al., 2014; Gan et al., 2014; Liu et al., 2014; Zhang et al.,
2014; Davis et al., 2008; Lihteinen et al., 2014; Prieto et al., 2014; Choi et al., 2011; Kim et al., 2014; Meng et al, 2010; Speiser et al., 2015).
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Fig. 3. Subgroup analysis comparing the effect of probiotic supplementation on average dairy gain (ADG) of swines.

The ADG of pigs treated with probiotics and control were 432.89 g/day (SD=204.75) and 404.27 g/day (SD=202.32),
respectively. Experiments should include at least 85 pigs in each group to identify statistical differences between groups.
Experiments which used <85 pigs showed the same ADG than experiments with >85 pigs (P=0.252). The meta-analysis
showed that animals fed with probiotics enhanced ADG in experiments with>85 (n=17; DM =20.822 g/day, 95% CI
10.448-31.196 g/day; Q- statistic: P<0.0001; [2-statistic=90.23%), and also the probiotic effect was observed in exper-
iments which used less than 85 pigs (n=50; DM=33.401g/day, 95% CI 14.551-52.252 g/day; Q-statistic: P<0.0001;
12-statistic = 98.17%, Fig. 3).

Probiotic supplementation improved ADG in experiments which used mono-strain (n=41; DM =31.285 g/day, 95% CI
11.050-51.920 g/day; Q-statistic: P<0.0001; I2-statistic = 99.07%) and multi-strain probiotics (n =26; DM =27.562 g/day, 95%
Cl 15.748-39.375 g/day; Q-statistic: P<0.0001; I2-statistic=91.92%) (P=0.745).

Considering the probiotic species included in the products the probiotic effect remained in those experiments which
used Bacillus spp. (n=39; DM =23.720 g/day, 95% CI 2.697-44.743 g|/day), Enterococcus spp. (n=14; DM =33.323 g/day, 95%
CI 16.263-50.382 g/day), Lactobacillus spp. (n=25; DM =34.020 g/day, 95% CI 8.645-59.395 g/day), and Sacharomyces spp.
(n=11; DM =35.426 g/day, 95% CI 21.288-49.565 g/day). The effect of probiotic supplementation on ADG was higher when
Pediococcus spp. were included in the formulation (n=4; DM =58.018 g/day, 95% CI 40.687-75.348 g/day) than when this
species was not included (n=63; DM =28.756 g/day, 95% CI 15.167-42.386 g/day) (P=0.009). However, since the number
of experiments that used this microorganism was relatively small, the effect has to be interpreted with caution (Fig. 3).
The inclusion of Bifidobacterium spp. was not able to induce a positive effect on ADG (n=8; DM=5.063 g/day, 95% CI
—10.882-21.007 g/day).

Considering the method of administration, the beneficial impact remained in those experiments in which probi-
otics were included in the drinking water (n=6; DM =33.027 g/day, 95% CI 20.239-45.816) or added to the feed (n=58;
DM =30.818 g/day, 95% Cl 16.742-44.895 g/day). The addition of probiotic on milk substitute was not shown a positive
impact on ADG (n=2; DM=-1.500g/day, 95% CI —32.180-29.180 g/day, Fig. 3).
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Table 2
Definition of breeds and crosses used.

Example

Yorkshire Male x Landrace Female
Duroc Male x Hampshire Female
Large White Male x Big White Female

F1: It is the result of crossing a purebred male with a female of other purebred.
The progeny can be used for sale or to replace.

Triple crosses: It is the result of crossing a pure male with a female F1 consists
of two different from the male races. The offspring are used only for sale.

(Duroc x Landrace) x Yorkshire
(Yorkshire x Landrace) x Duroc
(Yorkshire x Duroc) x Landrace

Backcross: It is the result of crossing a F1 with one of the parental breeds F1 (Landrace x Yorkshire) x Landrace

F1 (Duroc x Landrace) x Duroc

Crossbreed: Animal originated by crossing different breeds without applying
any selection criteria or hybridization.

The probiotic effect on ADG was observed when the experiments were conducted from weaning to 18 kg Body Weight
(BW) (n=43; DM =35.640 g/day, 95% CI 17.066-54.214 g/day) and finishing (>50 kgBW) (n=12; DM =19.650 g/day, 95% CI
13.746-25.554 g/day). However, this positive effect on ADG was not observed when the experiments were conducted during
the grown period (18 kgBW to <50 kgBW) (n=8; DM =24.111 g/day, 95% CI —2.210-50.433 g/day) and during the lactation
period (n=4; DM=11.097 g/day, 95% CI —2.145-24.339 g/day).

Regarding the breeds and crossed animals used in the experiments (The different crosses and breeds used were
divided into different categories, whose definitions are in Table 2), the probiotic effect on ADG was observed when were
used F1 pigs (n=39; DM =37.522 g/day, 95% Cl 16.776-58.268 g/day) and three-breed-rotational crossbreeding (n=16;
DM =21.530g/day, 95% CI 17.923-25.137 g/day). When crossbreeds, pure breeds, and back-crossing were used in the exper-
iments the probiotic effect on ADG could not be observed (Fig. 3). Considering the production characteristics of different
breeds or crosses of pigs, the probiotic effect on ADG could only be observed when there were included in experiments
maternal breeds (e.g. Chester White, Landrace, Yorkshire) (n=33; DM =35.269 g/day, 95% CI 12.443-58.095 g/day) and cross-
breeding of prolific and rapid growth breeds (e.g. Berkshire, Duroc) (n=23; DM =30.986 g/day, 95% CI 17.996-43.976 g/day).
Conversely, it was not possible to observe positive effects on ADG when crossbreeds or with grown characteristics were
included in the experiments (Fig. 3).

The beneficial effect of probiotic on ADG was observed in all the litters: stainless steel (n=5; DM =25.783 g/day, 95%
CI 6.406-45.160 g/day), concrete (n=16; DM =38.546 g/day, 95% CI 23.066-54.026 g/day), mesh (n=6; DM =40.923 g/day,
95% CI 25.219-56.628 g/day), and plastic (n=18; DM =25.638 g/day, 95% CI 11.032-40.245 g/day). However, this positive
effect on ADG was not observed when the experiments did not specify the litter form (n=22; DM =21.989 g/day, 95% CI
—10.332-54.311 g/day) (Fig. 3).

The probiotic effect on ADG was observed when the experiments were conducted in pens with controlled temper-
ature at 22-25°C (n=5; DM =20.815g/day, 95% CI 15.446-26.184 g/day) or 25-31°C (n=22; DM =27.714 g/day, 95% CI
16.353-39.075 g/day) (Fig. 3).

The probiotic effect on ADG was observed when the animal density was 0.1-0.7 pigs/m?2 (n=11; DM =41.995 g/day, 95%
(C124.866-59.124 g/day) or >0.7 pigs/m?2 (n=16; DM =39.670 g/day, 95% CI 29.781-49.560 g/day) (Fig. 3).

The beneficial effect of probiotic on ADG was observed only when the experiments used maize (n=45; DM =28.556 g/day,
95% Cl 21.471-35.640g/day) as the principal feed ingredient. However, when barley (n=9; DM=9.40g/day, 95% CI
—6.653-25.453 g/day) or wheat (n=1; DM =28.000 g/day, 95% CI —32.910-88.910 g/day) were used, this positive effect on
ADG was not observed (Fig. 3). However, since the number of experiments that used these ingredients was relatively small,
the effect has to be interpreted with caution. Additionally, the beneficial effect of probiotic on ADG was observed when the
experiments used soybean (n=32; DM =23.973 g/day, 95% CI 14.640-33.307 g/day) and rice (n=12; DM =38.949 g/day, 95%
Cl 23.264-54.365 g/day) as secondary feed ingredient (Fig. 3).

No publication bias was observed for these 67 experiments, as confirmed by Begg’s test (P=0.075) and Egger’s test
(P=0.363). Applying the Duval and Tweedie’s trim-and-fill methods none studies were identified trimmed (Fig. 4).

3.4. Feed efficiency

Ofthe 29 studies that met the inclusion criteria, 60 experiments (4011 animals) that combined pigs fed with probiotics and
control groups were identified. In the pooled estimate, probiotics improved FE compared to controls (DM = —0.096 kg feed/kg
BW, 95% CI —0.120 to —0.071 kg feed/kg BW; P<0.001) in the pooled DM random effect model. Significant heterogeneity
was observed across the 60 experiments (Q- statistic: P<0.0001; I2-statistic = 93.34%, Fig. 5).

Year of publication, number of pigs included in the experiments, duration of the experiment, and duration of the probiotic
treatment were associated with the FE (P<0.001) in the meta-regression analysis. However, these covariates explained only
1.80%, 2.41%, 4.30, and 1.76%, respectively, of the heterogeneity. Age of the pigs was not associated with FE (P=0.544) in the
meta- regression (Table 1).
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Fig. 4. Funnel plot obtained with the Duval and Tweedie’s “Trim-and-Fill” linear random effect model for ADG as an outcome.

Twenty-six experiments conducted before 2010 were identified, and probiotics improved FE (DM =—0.095 kg feed/kg
BW, 95% CI —0.132 to —0.058 kg feed/kg BW; Q- statistic: P<0.0001; I2-statistic=97.28%). The 34 experiments conducted
after 2010 also found a beneficial effect in FE (DM =-0.091 kg feed/kg BW, 95% CI —0.119 to —0.063 kg feed/kg BW; Q-
statistic: P<0.0001; I2- statistic = 72.16%). However, there were no difference between both groups of studies (P=0.857).

The FE of pigs treated with probiotics and control were 1.98 kg feed/kgBW (SD =0.56 kg feed/kg BW) and 2.11 kg feed/kg
BW (SD =0.60 kg feed/kg BW), respectively. The minimum number of pigs required in an experiment was estimated, consid-
ering a 95% Cl and a power of 80%. This indicated that experiments should include at least 68 pigs in each group to identify
statistical differences between groups. Experiments which used <68 pigs showed the same FE than experiments with >68
pigs (P=0.375). The metaanalysis showed that animals fed with probiotics enhanced FE in experiments with >68 animals
(n=20; DM=-0.084 kg feed/kg BW, 95% CI —0.112 to —0.056 kg feed/kg BW; Q-statistic: P<0.0001; I2-statistic=73.19%),
and also the probiotic effect was observed in experiments which used less than 68 pigs (n=40; DM = —0.104 kg feed/kg BW,
95% CI —0.137 to —0.071 kg feed/kg BW; Q-statistic: P<0.0001; I2-statistic = 95.93%, Fig. 6).

Probiotic supplementation improved FE in experiments which used mono-strain (n=35; DM =-0.088 kg feed/kg BW,
95% CI —0.119 to —0.056 kg feed/kg BW; Q-statistic: P<0.0001; I2-statistic=96.29%) and multi-strain probiotics (n=25;
DM =—0.114 kg feed/kg BW, 95% CI —0.147 to —0.080 kg feed/kg BW; Q-statistic: P<0.0001; I2-statistic = 74.55%) (P=0.265).

Considering the probiotic species included in the products the probiotic effect remained in those experiments which
used Enterococcus spp. (n=14; DM =-0.151 kg feed/kg BW, 95% CI —0.220 to —0.082 kg feed/kg BW), Pediococcus spp. (n=5;
DM = -0.147 kg feed/kgBW, 95% CI —0.230 to —0.063 kg feed/kg BW), Lactobacillus spp. (n=23; DM = —0.092 kg feed/kg BW,
95% CI —0.130 to —0.055 kg feed/kg BW), and Saccharomyces spp. (n=10; DM =-0.057 kg feed/kg BW, 95% CI —0.102 to
—0.013 kg feed/kg BW). However, in all these cases the absence of these microorganisms also produce a beneficial effect
on FE in the probiotic treated groups and there were not significant differences (P=0.082, P=0.202, P=0.875, and P=0.079,
respectively). The effect of probiotic supplementation on FE was higher when Bacillus spp. were included in the formulation
(n=26; DM =—-0.134 kg feed/kg BW, 95% CI —0.184 to —0.085 kg feed/kg BW) than when this species was notincluded (n=34;
DM = —0.048 kg feed/kg BW, 95% CI —0.073 to —0.024 kg feed/kg BW) (P=0.002). The inclusion of Bifidobacterium spp. was
not able to induce a positive effect on FE (n=2; DM =0.000 kg feed/kg BW, 95% CI —0.039 to 0.039 kg feed/kg BW). However,
since the number of experiments that used this microorganism was small, the effect has to be interpreted with caution
(Fig. 6).

The probiotic effect on FE was observed when the experiments were conducted during the first stage of the pig grown
(from weaning to 18 kg BW) (n=38; DM =-0.101 kg feed/kg BW, 95% CI —0.138 to —0.068 kg feed/kg BW), during the grown
period (18 kgBW to 50 kg BW) (n=8; DM =-0.116 kg feed/kg BW, 95% CI —0.221 to —0.011 kg feed/kg BW), and finishing
(>50 kgBW) (n=12; DM =-0.095 kg feed/kg BW, 95% CI —0.131 to —0.060 kg feed/kg BW). However, this positive effect on
FE was not observed when the experiments were conducted during the lactation period (n=2; DM =0.000 kg feed/kg BW,
95% CI —0.039 to 0.039 kg feed/kg BW).

Regarding the breeds and crossed animals used in the experiments, the probiotic effect on FE was observed when were
used F1 pigs (n=30; DM =-0.149 kg feed/kg BW, 95% CI —0.216 to —0.081 kg feed/kg BW) and three-breed-rotational cross-
breeding system (n=15; DM = —0.095 kg feed/kg BW, 95% CI —0.126 to —0.063 kg feed/kg BW). When crossbreeds and pure
breeds were used in the experiments the probiotic effect on FE could not be observed (Fig. 6). Considering the production
characteristics of different breeds or crosses of pigs, the probiotic effect on FE could only be observed when there were
included in experiments maternal breeds (n=23; DM =-0.109 kg feed/kg BW, 95% CI —0.139 to —0.079 kg feed/kg BW) and
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Study name Sample size Difference in means and 95% CI

Probiotic Control Total

A. F. Harper1 152 152 304
A. F. Harper2 34 34 68
A. F. Harper3 57 57 114
S. C. Kyriakis1 16 16 32
S. C. Kyriakis2 16 16 32
S. C. Kyriakis3 16 16 32
C. Alexopoulos1 54 54 108
C. Alexopoulos2 54 54 108
C. Alexopoulos3 54 54 108
Taras David 84 77 161
Jieyun Li1 18 18 36
Jieyun Li2 18 18 36
Jieyun Li3 18 18 36
Jieyun Li4 18 18 36
Xiaohua Guo1 18 18 36
Xiaohua Guo2 18 18 36
Xiaohua Guo3 18 18 36
V. Bontempo 176 176 352
Nelson Perez Guerra1l 10 10 20
Nelson Perez Guerra2 10 10 20
Nelson Perez Guerra3 10 10 20
Nelson Perez Guerraé 10 10 20
Paula Fajardo Bernardez 40 40 80
Y. Wang1 16 16 32
Y. Wang2 16 16 32
Y. Wang3 16 16 32
Etleva Veizaj-Delia1 6 6 12
Etleva Veizaj-Delia2 6 6 12
Etleva Veizaj-Delia3 6 6 12
Etleva Veizaj-Deliad 6 6 12
Etleva Veizaj-DeliaS 6 6 12
Etleva Veizaj-Delia6 6 6 12
J.J. Mallo 56 56 112
Jing Wang1 16 16 32
Jing Wang2 16 16 32
Jing Wang3 16 16 32
Hoang Huong Giang1 32 32 64
Hoang Huong Giang2 32 32 64
Hoang Huong Giang3 32 32 64
Cheng Suo 30 30 60
J.Q. Wang1 90 90 180
J.Q. Wang2 90 90 180
CuiC. 12 12 24
Tina M. Herfell 10 10 20
Tina M. Herfel2 10 10 20
Fang Gan 12 12 24
H. Deng 10 10 20
Xutong Liu 36 36 72
Z.F.Zhang1 35 35 70
Z.F.Zhang2 35 35 70
14. E. Davis1 48 48 96
I4. E. Davis2 48 48 96
I4. E. Davis3 72 72 144
Idaria Luz Prieto 16 16 32
J. Y. Choil 72 72 144
J. Y. Choi2 72 72 144
K.H. Kim S0 50 100
Q. W. ldeng 24 24 48
Q. W. lleng2 24 24 48 ——
S. Speiser 10 10 20
2009 2002 4011
-1.50 -0.75 0.00 0.75 1.50
Favours probiotics Favours control

Fig. 5. Forest plot of 60 randomised, controlled trials to study the effect of supplementation with probiotics on feed efficiency (FE) in swines (Harper
et al., 1983; Kyriakis et al., 1999; Alexopoulos et al., 2004; Taras et al., 2005; Li et al., 2006; Guo et al., 2006; Bontempo et al., 2006; Guerra et al., 2007;
Fajardo-Bernardez et al., 2008; Wang et al., 2009; Veizaj-Delia et al., 2010; Mallo et al., 2010; Wang et al., 2011; Giang et al., 2012; Suo et al., 2012; Wang
etal, 2012; Cui et al.,, 2013; Herfel et al., 2013; Gan et al.,, 2014; Deng et al., 2014; Liu et al., 2014; Zhang et al., 2014; Davis et al., 2008; Prieto et al., 2014;
Choi et al., 2011; Kim et al., 2014; Meng et al, 2010; Speiser et al., 2015).
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Fig. 6. Subgroup analysis comparing the effect of probiotic supplementation on feed efficiency (FE) of swines.

crosses of maternal breeds and terminal sirebreeds (n=22; DM =-0.130 kg feed/kg BW, 95% CI —0.209 to —0.050 kg feed/kg
BW). Conversely, it was not possible to observe positive effects on FE when crossbreeds or with grown characteristics were
included in the experiments (Fig. 6).

The beneficial effect of probiotic on ADG was observed when the litters were from concrete (n=16; DM=-0.155 kg
feed/kg BW, 95% CI —0.226 to —0.083 kg feed/kg BW), mesh (n=6; DM =—0.111 kg feed/kg BW, 95% CI —0.143 to —0.079 kg
feed/kg BW), and plastic (n=17; DM =-0.079 kg feed/kg BW, 95% CI —0.133 to —0.034 kg feed/kg BW). Conversely, it was
not possible to observe positive effects on FE when litters were from stainless stell (Fig. 6).

The probiotic effect on FE was observed when the experiments were conducted in pens with controlled temperature at
22-25°C(n=5; DM =-0.134 kg feed/kg BW, 95% CI —0.154 to —0.114 kg feed/kg BW) or 25-31°C (n=26; DM =-0.064, 95%
CI —0.092 to —0.036 kg feed/kg BW) (Fig. 6).

The probiotic effect on FE was observed when the animal density was 0.1-0.7 pigs/m? (n=12; DM =—-0.165kg feed/kg
BW, 95% CI —0.280 to —0.050 kg feed/kg BW) or >0.7 pigs/m? (n = 14; DM = —0.064 kg feed/kg BW, 95% CI —0.102 to —0.026 kg
feed/kg BW) (Fig. 6).

The beneficial effect of probiotic on FE was observed when the experiments used maize (n=45; DM = —0.091 kg feed/kg
BW, 95% CI -0.115 to —0.066 kg feed/kg BW) or barley (n=7; DM = —0.049 kg feed/kg BW, 95% CI —0.088 to —0.011 kg feed/kg
BW) as the principal feed ingredients. However, when or wheat (n=1; DM = —-0.060 kg feed/kg BW, 95% CI —0.150 to 0.03 kg
feed/kg BW) were used, this positive effect on FE was not observed (Fig. 6). However, since the number of experiments that
used these ingredients was relatively small, the effect has to be interpreted with caution. Additionally, the beneficial effect of
probiotic on FE was observed when the experiments used soybean (n=32; DM =-0.074, 95% CI —0.101 to —0.046 kg feed/kg
BW), wheat (n=9; DM =-0.047 kg feed/kg BW, 95% CI —0.080 to —0.014 kg feed/kg BW), and rice (n=6; DM =-0.151kg
feed/kg BW, 95% CI —0.236 to —0.067 kg feed/kg BW) as secondary feed ingredient (Fig. 6).

There was no significant publication bias for these 60 experiments, as confirmed by Begg’s test (P=0.379) and Egger’s
test (P<0.136). None studies were identified applying the Duval and Tweedie’s trim-and-fill methods (Fig. 7).
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Fig. 7. Funnel plot obtained with the Duval and Tweedie’s “Trim-and-Fill” linear random effect model for ADG as an outcome.

4. Discussion

The meta-analysis of data from several randomised controlled experiments showed that probiotics supplementation
increased ADG and FE in pigs.

Farm animals raised under intensive methods of management, are extremely susceptible to suffering enteric bacteria
imbalance resulting in low digestion and absorption of nutrients and delayed animal growth (Nousiainen and Setdld, 1998).
Use of probiotics aims to prevent illnesses and increase productivity (Fuller, 1992).

According with our meta-analysis, the probiotic supplementation had a beneficial effect on ADG (29.939 g) and on FE
(-96 g less feed consumed/kg of weight gain). These effects were not modified after the bias adjustment.

Several factors in combination determine the growth performance of the pig between birth and weaning. These factors
can be divided into factors related to the herd/sow, the pen, the litter, and the piglet. Piglets are especially susceptible during
the first days of life and low piglet weight at weaning implies a loss of income for the farmer (Johanses et al., 2004).

The positive effect of probiotics is achieved through different mechanisms including competition for nutrients, the pro-
duction of antimicrobial substances (e.g., organic acids, hydrogen peroxide, bacteriocins), hostimmunomodulation, intestinal
adhesion, and competitive exclusion of pathogenic bacteria (Fuller, 1989; Blum et al., 1999; Steer et al., 2000). The results of
this Meta - analysis confirm the positive effect of the use of probiotics in piglets according to ADG and FE. However, there
is an important heterogeneity between trials, therefore studies should be conducted to identify those factors that could
contribute to show positive effect of probiotics addition to the pigs diet.

The number of pigs is a limiting factor in many experiments and this factor may impact directly on the results variability.
The number of animals included in a study, affect the probability of finding significant differences when there really is an
impact by probiotic supplementation. In this meta-analysis, the probiotic effect on ADG was evident with more or less than
85 pigs. In the case of FE, the probiotic effect was evident with more or less than 65 pigs.

The utilization of mono-strain or multi-strain is another important determinant. The activity of probiotic microorganisms
may vary since the functionality of a multi- strain probiotic inoculum could be more effective and consistent than a mono-
strain (Timmerman et al., 2005). One of the advantages of a multi-strain inoculum is the possibility of complementary effects
of their probiotic properties. Probiotic complex comprising a mixture of lactic acid bacteria was found to be effective in the
improving the performance of weaned pigs (Giang et al., 2012). Sanders and Huisin’'t Veld (1999) suggested that the health
effects of probiotics to be genera, species, and strain specific and they further proposed that multistrain and multispecies
probiotics to be more effective than monostrain probiotics. However, pigs involved in this meta-analysis that received
mono-strain or multi-strain probiotic performed similarly.

In both cases, ADG and FE, the probiotic effect remained in those experiments that included Lactobacillus spp., Enterococcus
spp., and Saccharomyces spp. Also, Bacillus spp. and Pediococcus spp. showed a probiotic effect on ADG and FE, respectively.
The inclusion of Bifidobacterium spp. was not able to induce a positive effect neither on ADG nor FE.

The effect of probiotic supplementation on ADG was higher when Pediococcus spp. were included in the formulation.
However, since the number of experiments that used this microorganism was relatively small, the effect has to be interpreted
with caution. The inclusion of Bacillus spp. shows a higher probiotic effect on the FE. In the gut of the animals, is known,
that Bacillus spp. enhances the growth and (or) viability of Lactobacillus spp., possibly through the production of catalase
and subtilisin (Hosoi et al., 2000). Furthermore, Bacillus spp. spores resist acid and oxygen, many live spores administered
orally may reach the intestine and then affect the microbial community of the feces (Hosoi et al., 1999) (Deng et al., 2013).
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With respect to Pediococcus spp., it has the potential to exert antagonism against enteric pathogens, primarily through the
competition for adhesion sites on the intestinal wall, the stimulation of specific and non-specific immune responses, the
suppression of pathogens by competitive exclusion, and the production of lactic acid and secretion of bacteriocins known
as pediocins (Daeschel and Klaenhammer, 1985).

Differences in the method of administration of probiotic may be a factor affecting growth performance. Probiotic have
enhanced ADG via feed and drinking water, nevertheless the addition on milk replacer was not shown to have a positive
impact. The role of colostrum is to provide the piglet with energy and passive immunity during the first days after birth (Le
Dividich et al., 2005). This could explain the lack of positive effect in the milk replacer treatment. Regarding to administration
of probiotics in drinking water, is generally reported to result in a smaller increase in average daily gain compared with
administering them via feed (Jin et al., 2000; Kalavethy et al., 2003). However, the studies included regarding to milk replacer
and water treatments were few and these results should be taken with caution.

The probiotic effect was evident during the first stage of rearing and finishing in the daily gain. With regard of the feed
efficiency the probiotic effect was observed from first stage to finishing, including the growth period. The positive effect was
not observed neither in daily gain nor in feed efficiency during lactation period, however, the number of experiments with
this results was small, the effect has to be interpreted with caution. Varying results have been reported regarding the effect
of probiotics in the different stages of growth. Huang et al. (2004) showed that dietary lactobacilli complex supplementation
improved average daily feed intake of piglets from d 0-14. Zhao and Kim (2015) instead not found significant effect on
growth performance during the same period. Positive effects on growth performance were observed in the early period
after weaning by the addition of lactobacilli complex, but there were no positive effects in later period after weaning (Zhao
and Kim, 2015). The efficiency of probiotics should be expected to be higher when the animals are confronted with stress
during the early days after weaning. (Zhao and Kim, 2015). Regarding to growing and finishing pigs, the administration
of probiotics in high energy and protein density diets is more effective than in low density (Meng et al., 2010; Yan and
Kim, 2013). A possible explanation for the benefit after the administration of the probiotic during the growing stage and a
short-time at the beginning of the finishing period could be that microbial balance in the gut of these animals is optimized
- as is the case in weaners - and a better utilization of nutrients is taking place, thereby leading to faster metabolism and
transformation of feed into body mass (ADG, FCR) and transformation into lean meat. However, such an explanation is just
a hypothesis, as there is no data available (Alexopoulos et al., 2004)

The utilization of F1 and three-breed-rotational crossbreeding shown beneficial probiotic effect. When crossbreeds and
pure breeds were used in the experiments the probiotic effect on ADG and FE could not be observed.

Considering the production characteristics of different breeds or crosses of pigs, the probiotic effect on ADG could only be
observed when there were included in experiments maternal breeds and crossbreeding of prolific and rapid growth breeds.
On FE, could only be observed when there were included in experiments maternal breeds and crosses of maternal breeds
and terminal sirebreeds. It was not possible to observe positive effects when crossbreeds or with grown characteristics were
included in the experiments. In the literature review were not found related works to the influence of genetic selection and
crossbreeding with the supplementation with probiotics. Robison et al. (2000) found that rates of weight gain was signifi-
cantly influenced by genetic type, diet, sex, genetic type x diet interaction, and diet x sex interaction. The use of probiotics
could help the highest expression of hybrid vigor obtained from crossing different breeds. Studies should be conducted to
compare the probiotic effect in piglets obtained from different crosses.

The date on which the experiments were carried did not influence on the outcome variables.

References

Alexopoulos, C., Georgoulakis, LE., Tzivara, A., Kyriakis, C.S., Govaris, A., Kyriakis, S.C., 2004. Field evaluation of the effect of a probiotic-containing Bacillus
licheniformis and Bacillus subtilis spores on the health status, performance, and carcass quality of grower and finisher pigs. J. Vet. Med. A Physiol.
Pathol. Clin. Med. 51, 306-312.

Begg, C.B., Mazumdar, M., 1994. Operating characteristics of a rank correlation test for publication bias. Biometrics 50, 1088-1101,
http://dx.doi.org/10.2307/2533446.

Blum, S., Alvarez, S., Haller, D., Pérez, P., Schiffrin, J., 1999. Intestinal microbiota and the interaction with immunocompetent cells. Antonie Van
Leeuwenhoek 76, 199-205.

Bontempo, V., Di Giancamillo, A., Savoini, G., Dell'Orto, V., Domeneghini, C., 2006. Live yeast dietary supplementation abocts upon intestinal
morpho-functional aspects and growth in weanling piglets. Anim. Feed Sci. Technol. 129, 224-236, http://dx.doi.org/10.1016/j.anifeedsci.2005.12.015.

Borenstein, M., Hedges, L.V., Higgins, J.P.T., Rothstein, H.R., 2009. Introduction to Meta-Analysis. John Wiley & Sons, Ltd, The Atrium, Southern Gate,
Chichester, West Sussex, United Kingdom.

Chang, Y.H., Kim, ].K,, Kim, H.J., Kim, W.Y., Kim, Y.B., Park, Y.H., 2001. Selection of potential probiotic Lactobacillus strain and subsequent in vivo studies.
Antonie Van Leeuwenhoek Int. J. Gen. 80, 193-199, http://dx.doi.org/10.1023/A:1012213728917.

Choi, J.Y., Kim, ].S., Ingale, S.L., Kim, K.H., Shinde, P.L., Kwon, LK., Chae, B.J., 2011. Effect of potential multimicrobe probiotic product processed by high
drying temperature and antibiotic on performance of weanling pigs. J. Anim. Sci. 89 (6), 1795-1804, http://dx.doi.org/10.2527/jas.2009-2794.

Cui, C,, Shen, CJ., Jia, G., Wang, K.N., 2013. Effect of dietary Bacillus subtilis on proportion of Bacteroidetes and Firmicutes in swine intestine and lipid
metabolism. Genet. Mol. Res. 12 (2), 1766-1776, http://dx.doi.org/10.4238/2013.May.23.1.

Daeschel, M.A,, Klaenhammer, T.R., 1985. Association of a 13,6 megadalton plasmid in Pediococcus pentosaceus with bacteriocin activity. Appl. Environ.
Microbiol. 50, 1538-1541.

Davis, M.E., Parrott, T., Brown, D.C., De Rodas, B.Z., Johnson, Z.B., Maxwell, C.V., Rehberger, T., 2008. Effect of a Bacillus-based direct-fed microbial feed
supplement on growth performance and pen cleaning characteristics of growing-finishing pigs. J. Anim. Sci. 86 (6), 1459-1467,
http://dx.doi.org/10.2527/jas.2007-0603.

Deng, J., Li, Y., Zhang, ]., Yang, Q., 2013. Co-administration of Bacillus subtilis RJGP16 and Lactobacillus salivarius B1 strongly enhances the intestinal
mucosal immunity of piglets. Res. Vet. Sci. 94 (1), 62-68, http://dx.doi.org/10.1016/j.rvsc.2012.07.025.


http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0005
dx.doi.org/10.2307/2533446
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0015
dx.doi.org/10.1016/j.anifeedsci.2005.12.015
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0025
dx.doi.org/10.1023/A:1012213728917
dx.doi.org/10.2527/jas.2009-2794
dx.doi.org/10.4238/2013.May.23.1
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0045
dx.doi.org/10.2527/jas.2007-0603
dx.doi.org/10.1016/j.rvsc.2012.07.025

292 JA. Zimmermann et al. / Animal Feed Science and Technology 219 (2016) 280-293

Deng, H., Xu, L., Tang, Z.R,, Lai, X., Xiao, D.H,, Shi, B.S., Zhang, X.L., Sun, Z.H., Zhang, Z., Sun, W.Z., 2014. Effects of orally administered Escherichia coli Nissle
1917 on growth performance and jejunal mucosal membrane integrity, morphology, immune parameters and antioxidant capacity in early weaned
piglets. Anim. Feed Sci. Technol. 198, 286-294, http://dx.doi.org/10.1016/j.anifeedsci.2014.10.011.

Duval, S., Tweedie, R., 2000. Trim and fill: a simple funnelplot-based method of testing and adjusting for publication bias in meta- analysis. Biometrics 56,
455-463, http://dx.doi.org/10.1111/j.0006-341X.2000.00455.X.

Egger, M., Davey Smith, G., Schneider, M., Minder, C., 1997. Bias in meta-analysis detected by a simple, graphical test BMJ. Clin. Res. Ed. 315, 629-634,
http://dx.doi.org/10.1136/bmj.315.7109.629.

Fajardo-Bernardez, P., Fucinos-Gonzalez, C., Mendez-Batan, J., Pastrana-Castro, L., Perez-Guerra, N., 2008. Performance and intestinal coliform counts in
weaned piglets fed a probiotic culture (Lactobacillus casei subsp. casei CECT 4043) or an antibiotic. J. Food Prot. 71, 1797-1805.

Fuller, R., 1989. Probiotics in man and animals. ]. Appl. Bacteriol. 66, 365-378.

Fuller, R., 1992. History and development of probiotics. In: Fuller, R. (Ed.), Probiotics, The Scientific Basis. Chapman and Hall, London, UK, pp. 1-8.

Gaggia, F., Mattarelli, P., Biavati, B., 2010. Probiotics and prebiotics in animal feeding for safe food production. Int. J. Food Microbiol. 141, 15-28,
http://dx.doi.org/10.1016/].ijfoodmicro.2010.02.031.

Gan, F,, Chen, X,, Liao, S.F, Lv, C,, Ren, F,, Ye, G., Pan, C., Huang, D., Shi, J., Shi, X., Zhou, H., Huang, K., 2014. Selenium-enriched probiotics improve
antioxidant status, immune function, and selenoprotein gene expression of piglets raised under high ambient temperature. J. Agric. Food Chem. 62
(20), 4502-4508, http://dx.doi.org/10.1021/jf501065d.

Giang, H.H., Viet, T.Q., Ogle, B., Lindberg, J.E., 2012. Growth performance, digestibility, gut environment and health status in weaned piglets fed a diet
supplemented with a complex of lactic acid bacteria alone or in combination with Bacillus subtilis and Saccharomyces boulardii. Livest. Sci. 143 (2-3),
132-141, http://dx.doi.org/10.1016/j.1ivsci.2011.09.003.

Guerra, N.P., Bernardez, P.F., Méndez, ]., Cachaldora, P., Pastrana Castro, L., 2007. Production of four potentially probiotic lactic acid bacteria and their
evaluation as feed additives for weaned piglets. Anim. Feed Sci. Technol. 134, 89-107, http://dx.doi.org/10.1016/j.anifeedsci.2006.05.010.

Guo, X,, Li, D., Lu, W,, Piao, X., Chen, X., 2006. Screening of Bacillus strains as potential probiotics and subsequent confirmation of the in vivo effectiveness
of Bacillus subtilis MA139 in pigs. Antonie Van Leeuwenhoek 90 (2), 139-146, http://dx.doi.org/10.1007/s10482-006-9067-9.

Harper, AF,, Kornegay, E.T., Bryant, K.L,, Thomas, H.R., 1983. Efficacy of virginiamycin and a commercially-available Lactobacillus probiotic in swine diets.
Anim. Feed Sci. Technol. 8 (1), 69-76, http://dx.doi.org/10.1016/0377-8401(83)90044-5.

Herfel, T.M., Jacobi, S.K., Lin, X, Jouni, Z.E., Chichlowski, M., Stahl, C.H., Odle, ]., 2013. Dietary supplementation of Bifidobacterium longum strain AH1206
increases its cecal abundance and elevates intestinal interleukin-10 expression in the neonatal piglet. Food Chem. Toxicol. 60, 116-122,
http://dx.doi.org/10.1016/j.fct.2013.07.020.

Higgins, J.P.T., Thompson, S.G., 2002. Quantifying heterogeneity in a meta-analysis. Stat. Med. 21, 1539-1558, http://dx.doi.org/10.1002/sim.1186.

Hill, C., Guarner, F., Reid, G., Gibson, G.R., Merenstein, D.J., Pot, B., Morelli, L., Canani, R.B., Flint, H.J., Salminen, S., Calder, P.C., Sanders, M.E., 2014. Expert
consensus document: the International Scientific Association for Probiotics and Prebiotics consensus statement on the scope and appropriate use of
the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 11, 506-514.

Hosoi, T., Ametani, A., Kiuchi, K., Kaminogawa, S., 1999. Changes in fecal microflora induced by intubation of mice with Bacillus subtilis (natto) spores are
dependent upon dietary components. Can. J. Microbiol. 45 (1), 59-66.

Hosoi, T., Ametani, A., Kiuchi, K., Kaminogawa, S., 2000. Improved growth and viability of Lactobacilli in the presence of Bacillus subtilis (natto), catalase,
or subtilisin. Can. J. Microbiol. 46 (10), 892-897.

Huang, C., Qiao, S., Lifa, D., Piao, X., Ren, J., 2004. Effects of lactobacilli on the performance, diarrhea incidence, VFA concentration and gastrointestinal
microbial flora of weaning pigs. Asian-Australas. J. Anim. Sci. 17, 401-409.

Ji,J., Hy, S,, Zheng, M., Du, W.,, Shang, Q., Li, W., 2013. Bacillus amyloliquefaciens SC06 inhibits ETEC-induced pro-inflammatory responses by suppression
of MAPK signaling pathways in IPEC-1 cells and diarrhea in weaned piglets. Livest. Sci. 158 (1-3), 206-214,
http://dx.doi.org/10.1016/j.livsci.2013.09.017.

Jin, L.Z., Ho, Y.W.,, Abdullah, N., Jalaludin, S., 2000. Digestive and bacterial enzyme activities in broiler fed diets supplemented with Lactobacillus cultures.
Poult. Sci. 79, 866-891.

Johanses, M., Alban, L., Kjersgard, H.D., Bekbo, P., 2004. Factors associated with suckling piglet average daily gain. Prev. Vet. Med. 63, 91-102.

Kalavethy, R., Abdullah, N., Jalaludin, S., Ho, Y.W., 2003. Effects of Lactobacillus cultures on growth performance, abdominal fat deposition, serum lipids
and weight of organs of broiler chickens. Br. Poult. Sci. 44, 139-144.

Kim, K.H., Ingale, S.L., Kim, J.S., Lee, S.H., Lee, J.H., Kwon, LK., Chae, B.J., 2014. Bacteriophage and probiotics both enhance the performance of growing pigs
but bacteriophage are more effective. Anim. Feed Sci. Technol. 196, 88-95, http://dx.doi.org/10.1016/j.anifeedsci.2014.06.012.

Krehbiel, C.R., Rust, S.R., Zhang, G., Gilliland, S.E., 2003. Bacterial direct-fed microbials in ruminant diets: performance response and mode of action. J.
Anim. Sci. 81 (14), 120-132, Suppl. 2, \2003.8114_suppl_2E120x.

Kyriakis, S.C., Tsiloyiannis, V.K., Vlemmas, J., Sarris, K., Tsinas, a C., Alexopoulos, C., Jansegers, L., 1999. The effect of probiotic LSP 122 on the control of
post-weaning diarrhoea syndrome of piglets. Res. Vet. Sci. 67, 223-228, http://dx.doi.org/10.1053/rvsc.1999.0308.

Ldhteinen, T., Lindholm, A., Rinttild, T., Junnikkala, S., Kant, R., Pietild, T.E., Levonen, K., von Ossowski, 1., Solano-Aguilar, G., Jakava-Viljanen, M., Palva, A.,
2014. Effect of Lactobacillus brevis ATCC 8287 as a feeding supplement on the performance and immune function of piglets. Vet. Immunol.
Immunopathol. 158, 14-25.

Le Dividich, J., Rooke, ].A., Herpin, P., 2005. Review: nutritional and immunological importance of colostrum for the newborn pig. J. Agric. Sci. 143,
469-485, http://dx.doi.org/10.1017/S0021859605005642.

Lean, L], Rabiee, A.R,, Duffield, T.F., Dohoo, L.R., 2009. Invited review: use of meta-analysis in animal health and reproduction: methods and applications. J.
Dairy Sci. 92 (8), 3545-3565, http://dx.doi.org/10.3168/jds.2009-2140.

Li,J., Li, D., Gong, L., Ma, Y., He, Y., Zhai, H., 2006. Effects of live yeast on the performance, nutrient digestibility, gastrointestinal microbiota and
concentration of volatile fatty acids in weanling pigs. Arch. Anim. Nutr. 60 (4), 277-288, http://dx.doi.org/10.1080/17450390600785343.

Liu, X., Wang, Y., Wang, H., Lu, W., 2014. Effect of a liquid culture of Enterococcus faecalis CGMCC1.101 cultivated by a high density process on the
performance of weaned piglets. Livest. Sci. 170, 100-107, http://dx.doi.org/10.1016/j.livsci.2014.08.011.

Mallo, ].J., Rioperez, J., Honrubia, P., 2010. The addition of Enterococcus faecium to diet improves intestinal microbiota and performance in piglets. Livest.
Sci. 133 (1-3), 176-178, http://dx.doi.org/10.1016/].1ivsci.2010.06.057.

Meng, Q.W., Yan, L., Ao, X., Zhou, T.X., Wang, J.P., Lee, ].H., Kim, .H., 2010. Influence of probiotics in different energy and nutrient density diets on growth
performance, nutrient digestibility, meat quality, and blood characteristics in growing —finishing pigs. J. Anim. Sci. 88, 3320-3326.

Modesto, M., D’Aimmo, M.R., Stefanini, L., Trevisi, P., De Filippi, S., Casini, L., Mazzoni, M., Bosi, P., Biavati, B., 2009. A novel strategy to select
Bifidobacterium strains and prebiotics as natural growth promoters in newly weaned pigs. Livest. Sci. 122 (2-3), 248-258,
http://dx.doi.org/10.1016/j.livsci.2008.08.017.

Mountzouris, K.C., Tsirtsikos, P., Kalamara, E., Nitsch, S., Schatzmayr, G., Fegeros, K., 2007. Evaluation of the efficacy of a probiotic containing lactobacillus,
bifidobacterium, enterococcus, and pediococcus strains in promoting broiler performance and modulating cecal microflora composition and
metabolic activities. Poult. Sci. 86 (2), 309-317, http://dx.doi.org/10.1093/ps/86.2.309.

Nousiainen, J., Setdld, J., et al., 1998. Lactic acid bacteria as animal probiotics. In: Salminen, S. (Ed.), Lactic Acid Bacteria. Microbiology and Functional
Aspects. Marcel Dekker, Inc., New York.

Prieto, M.L., O’sullivan, L., Tan, S.P., McLoughlin, P., Hughes, H., O'Donovan, O., Kent, R.M., Cassidy, ].P., Lawlor, P.G., Gardiner, G.E., 2014. Evaluation of the
efficacy and safety of a marine-derived Bacillus strain for use as an in-feed probiotic for newly weaned pigs. PLoS One 9 (2), e88599,
http://dx.doi.org/10.1371/journal.pone.0088599.


dx.doi.org/10.1016/j.anifeedsci.2014.10.011
dx.doi.org/10.1111/j.0006-341X.2000.00455.x
dx.doi.org/10.1136/bmj.315.7109.629
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0080
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0085
dx.doi.org/10.1016/j.ijfoodmicro.2010.02.031
dx.doi.org/10.1021/jf501065d
dx.doi.org/10.1016/j.livsci.2011.09.003
dx.doi.org/10.1016/j.anifeedsci.2006.05.010
dx.doi.org/10.1007/s10482-006-9067-9
dx.doi.org/10.1016/0377-8401(83)90044-5
dx.doi.org/10.1016/j.fct.2013.07.020
dx.doi.org/10.1002/sim.1186
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0130
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0135
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0140
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0145
dx.doi.org/10.1016/j.livsci.2013.09.017
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0155
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0160
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0165
dx.doi.org/10.1016/j.anifeedsci.2014.06.012
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0175
dx.doi.org/10.1053/rvsc.1999.0308
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0185
dx.doi.org/10.1017/S0021859605005642
dx.doi.org/10.3168/jds.2009-2140
dx.doi.org/10.1080/17450390600785343
dx.doi.org/10.1016/j.livsci.2014.08.011
dx.doi.org/10.1016/j.livsci.2010.06.057
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0215
dx.doi.org/10.1016/j.livsci.2008.08.017
dx.doi.org/10.1093/ps/86.2.309
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0230
dx.doi.org/10.1371/journal.pone.0088599

JA. Zimmermann et al. / Animal Feed Science and Technology 219 (2016) 280-293 293

Robison, O.W., Christian, L.L., Goodwin, R., Johnson, R.K., Mabry, JW., Miller, R K., Tokach, M.D., 2000. Effects of genetic type and protein levels on growth
of swine. J. Anim. Sci. 77, 1-9, http://dx.doi.org/10.2134/jas2000.77E-Suppl1j.

Sanders, M.E., Huisin’t Veld, J.H.J., 1999. Bringing a probiotic containing functional food to the market: microbiological, product, regulatory and labeling
issues. Antonie Leeuwenhoek 76, 293-315.

Shim, S.B., Verstegen, M.W., Kim, L.H., Kwon, O.S., Verdonk, ].M., 2005. Effects of feeding antibiotic-free creep feed supplemented with oligofructose,
probiotics or synbiotics to suckling piglets increases the preweaning weight gain and composition of intestinal microbiota. Arch. Anim. Nutr. 59 (6),
419-427, http://dx.doi.org/10.1080/17450390500353234.

Signorini, M.L., Soto, L.P., Zbrun, M.V., Sequeira, G.J., Rosmini, M.R,, Frizzo, L.S., 2012. Impact of probiotic administration on the health and fecal microbiota
of young calves: a meta-analysis of randomized controlled trials of lactic acid bacteria. Res. Vet. Sci. 93 (1), 250-258,
http://dx.doi.org/10.1016/j.rvsc.2011.05.001.

Speiser, S., Scharek-Tedin, L., Mader, A., Saalmdiller, A., Gerner, W., Mdnner, K., Stadler, J., Zentek, J., 2015. Immune response of piglets on a PRRSV
vaccination-altered by different feed additives? Livest. Sci. 174, 96-104, http://dx.doi.org/10.1016/j.livsci.2015.01.010.

Steer, T., Carpenter, H., Tuohy, K., Gibson, G.R., 2000. Perspectives on the role of the human gut microbiota and its modulation by pro- and prebiotics. Nutr.
Res. Rev. 13, 229-254.

Strompfova, V., Marcindkova, M., Simonova, M., Gancarcikova, S., Jonecova, Z., Scirankova, L., Kos¢ov4, J., Buleca, V., Cobanova, K., Laukova, A., 2006.
Enterococcus faecium EK13-an enterocin A-producing strain with probiotic character and its effect in piglets. Anaerobe 12, 242-248,
http://dx.doi.org/10.1016/j.anaerobe.2006.09.003.

Suo, C, Yin, Y., Wang, X., Lou, X,, Song, D., Wang, X., Gu, Q., 2012. Effects of Lactobacillus plantarum ZJ316 on pig growth and pork quality. BMC Vet. Res. 8,
89, http://dx.doi.org/10.1186/1746-6148-8-89.

Taras, D., Vahjen, W., Macha, M., Simon, O., 2005. Response of performance characteristics and fecal consistency to long-lasting dietary supplementation
with the probiotic strain Bacillus cereus var. toyoi to sows and piglets. Arch. Anim. Nutr. 59 (6), 405-417,
http://dx.doi.org/10.1080/17450390500353168.

Taras, D., Vahjen, W,, Simon, 0., 2007. Probiotics in pigs modulation of their intestinal distribution and of their impact on health and performance. Livest.
Sci. 108 (1-3), 229-231, http://dx.doi.org/10.1016/j.livsci.2007.01.075.

Timmerman, H.M., Mulder, L., Everts, H., Van Espen, D.C., Van Der Wal, E., Klaassen, G., Rouwers, S.M.G., Hartemink, R., Rombouts, F.M., Beynen, A.C., 2005.
Health and growth of veal calves fed milk replacers with or without probiotics. J. Dairy Sci. 88, 2154-2165.

Veizaj-Delia, E., Piu, T., Lekaj, P., Tafaj, M., 2010. Using combined probiotic to improve growth performance of weaned piglets on extensive farm
conditions. Livest. Sci. 134 (1-3), 249-251, http://dx.doi.org/10.1016/].livsci.2010.06.155.

Wang, Y., Cho, J.H., Chen, Y.J,, Yoo, ].S., Huang, Y., Kim, H.J., Kim, L.H., 2009. The effect of probiotic BioPlus 2B ® on growth performance, dry matter and
nitrogen digestibility and slurry noxious gas emission in growing pigs. Livest. Sci. 120 (1-2), 35-42, http://dx.doi.org/10.1016/j.livsci.2008.04.018.

Wang, J., Ji, H., Zhang, D., Liu, H., Wang, S., Shan, D., Wang, Y., 2011. Assessment of probiotic properties of Lactobacillus plantarum ZLP0O1 isolated from
gastrointestinal tract of weaning pigs. Afr. J. Biotechnol. 10 (54), 11303-11308.

Wang, J.Q., Yin, F.G., Zhu, C,, Yu, H., Niven, SJ., de Lange, C.F.M., Gong, J., 2012. Evaluation of probiotic bacteria for their effects on the growth performance
and intestinal microbiota of newly-weaned pigs fed fermented high-moisture maize. Livest. Sci. 145, 79-86,
http://dx.doi.org/10.1016/j.livsci.2011.12.024.

Yan, L., Kim, L.H., 2013. Effect of probiotics supplementation in diets with different nutrient densities on growth performance, nutrient digestibility, blood
characteristics, faecal microbial population and faecal noxious gas content in growing pigs. J. Appl. Anim. Res. 41, 23-28.

Zhang, Z.F., Lee, ].M., Kim, LH., 2014. Effects of Enterococcus faecium DSM 7134 on weanling pigs were influenced by dietary energy and crude protein
density. Livest. Sci. 169, 106-111, http://dx.doi.org/10.1016/j.livsci.2014.09.022.

Zhao, P.Y., Kim, LH., 2015. Effect of direct-fed microbial on growth performance, nutrient digestibility, fecal noxious gas emission, fecal microbial flora and
diarrhea score in weanling pigs. Anim. Feed Sci. Technol. 200, 86-92, http://dx.doi.org/10.1016/j.anifeedsci.2014.12.010.


dx.doi.org/10.2134/jas2000.77E-Suppl1j
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0245
dx.doi.org/10.1080/17450390500353234
dx.doi.org/10.1016/j.rvsc.2011.05.001
dx.doi.org/10.1016/j.livsci.2015.01.010
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0265
dx.doi.org/10.1016/j.anaerobe.2006.09.003
dx.doi.org/10.1186/1746-6148-8-89
dx.doi.org/10.1080/17450390500353168
dx.doi.org/10.1016/j.livsci.2007.01.075
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0290
dx.doi.org/10.1016/j.livsci.2010.06.155
dx.doi.org/10.1016/j.livsci.2008.04.018
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0305
dx.doi.org/10.1016/j.livsci.2011.12.024
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
http://refhub.elsevier.com/S0377-8401(16)30278-4/sbref0315
dx.doi.org/10.1016/j.livsci.2014.09.022
dx.doi.org/10.1016/j.anifeedsci.2014.12.010

	Effects of probiotics in swines growth performance: A meta-analysis of randomised controlled trials
	1 Introduction
	2 Materials and methods
	2.1 Criteria for study selection
	2.2 Outcomes and definitions
	2.3 Data sources
	2.4 Data extraction
	2.5 Statistical analysis

	3 Results
	3.1 Excluded studies
	3.2 Overview of included studies
	3.3 Average daily gain
	3.4 Feed efficiency

	4 Discussion
	References


