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Probiotics and broiler growth performance: a meta-analysis of randomised
controlled trials
J.E. BLAJMAN1, L.S. FRIZZO1,2, M.V. ZBRUN1,2, D.M. ASTESANA1, M.L. FUSARI2,
L.P. SOTO1,2, M.R. ROSMINI2 AND M.L. SIGNORINI2,3

1Laboratory of Food Analysis, Institute of Veterinary Science of the Litoral, National Council of Scientific and Technical
Research (ICIVET-CONICET/UNL), Esperanza, Santa Fe, Argentina, 2Department of Public Health, Faculty of
Veterinary Science, National University of the Litoral, Esperanza, Santa Fe, Argentina, and 3National Council of
Scientific and Technical Research (CONICET), National Institute of Agricultural Technology (INTA) EEA Rafaela,
Santa Fe, Argentina

Abstract 1. The aim of this meta-analysis was to investigate the effects of probiotics on the growth
performance of broilers. PubMed, Scopus and Scholar Google databases were searched in all languages
from 1980 to 2012. The studies in the meta-analysis were only selected if they were randomised and
controlled experiments using broilers without apparent disease and the results were published in peer-
reviewed journals.
2. A total of 48 and 46 studies were included to assess probiotic effects on body weight gain (BWG) and
feed efficiency (FE), respectively. Probiotics increased BWG compared to controls (SMD = 0.661, 95% CI
0.499 to 0.822) and improved FE (SMD = − 0.281, 95% CI −0.404 to −0.157) in the pooled standardised
mean difference random effect model, considering the source of heterogeneity and publication biases.
However, there are evidences of publication bias and heterogeneity, so the results of this meta-analysis
should be considered with caution. Applying the Duval and Tweedie’s trim-and-fill methods, the adjusted
value for BWG was 0.0594 (95% CI −0.122 to 0.242), and the adjusted value for FE did not show any
modifications.
3. The meta-analysis showed that application of probiotics via water resulted in greater BGW and FE than
administration through the feed. The effect was not related to the use of mono-strain or multi-strain
probiotics, although it may depend on the strain used. The number of broilers and the duration of the
experiments had an impact on the outcomes.
4. Additional studies should be conducted with the aim to identify the covariates which can explain the
differences in the estimated effect sizes.

INTRODUCTION

Broilers raised under intensive conditions are
exposed to various stressors. Increased stress will
manifest in many ways, most commonly in a
reduction of overall performance and in a high
susceptibility to disease (Rosales, 1994).

A common practice in poultry production has
been the addition of antibiotics to feeds used as
growth promoters (Bedford, 2000; Joerger, 2003).
However, the usefulness of antibiotics has been

questioned because of the emergence and spread
of antibiotic-resistant bacteria in meat (Patterson
and Burkholder, 2003; Huyghebaert et al., 2011).
Thus, there is a renewed interest in finding viable
alternatives to antibiotics.

Probiotics are live microorganisms which,
when administered in adequate amounts, may
confer a health benefit on the host (Food and
Agriculture Organization (FAO), 2001). Yet no
agreement has been reached as to whether pro-
biotics are effective in improving animals’ growth
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performance. Many authors reported that the pro-
biotic supplementation repairs the deficiencies in
the gut flora and inhibits disturbance of the intest-
inal microbiota, increasing resistance to infection
(Fuller, 1989; Blecha, 2000; Soderholm and
Perdue, 2001; Frizzo et al., 2010; Signorini et al.,
2012).

A systematic review of the literature constitu-
tes a scientific technique of reviewing the available
bibliography about the topic under study, and
then using explicit methods in order to identify,
select and critically evaluate the studies that are
relevant (Faria Filho et al., 2006).

The objective of this meta-analysis has been to
assess the effect of probiotic supplementation on
body weight gain (BWG) and feed efficiency (FE)
of broilers.

MATERIALS AND METHODS

Criteria for study selection

The studies in this meta-analysis were selected
only if they were randomised and controlled
experiments using broilers without apparent dis-
ease, and results were published in peer-reviewed
journals between 1980 and 2012. Probiotics may
have been administered via drinking water or
through the feed. All broiler flocks were managed
without antibiotics or growth promoters. Studies
must have reported BWG and FE with measures of
variance. Assorted reviews, duplicate reports,
experiments which used non-viable probiotics
and a number of 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 combina-
tion of probiotic-treated and control groups of
broilers).

Outcomes and definitions

Supplementation with probiotics was analysed as a
tool which may improve BWG and FE in broilers.
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 com-
pared with the control group separately.

Data sources

PubMed, Scopus and Scholar Google databases
from 1980 to 2012 were consulted for articles in
all languages. Keywords included broiler*, poul-
try*, weight gain* FE* and feed conversion ratio*.
Abstracts were assessed and articles that met the a
priori inclusion criteria were utilised.

Data extraction

Information on study design, treatments (strains
and type of probiotic administration), number
and duration of experiments and outcomes, were
extracted from each research report. Depending
on the outcomes of each study, the frequency and
methodology applied were analysed so as to eval-
uate the quality of the study. However, no scores
were used to exclude studies (Lean et al., 2009).

Statistical analysis

Statistical analysis used Comprehensive Meta-
Analysis version 2.2 (2011). Due to continuous
variables being analysed, results are presented as
standardised mean differences (SMD) 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 treat-
ment effects. Meta-regression allows assessing the
relationship between year of publication, number
of broilers included in the experiments, and dura-
tion of the studies as covariates, and BWG and FE
as outcomes. Additionally, a cumulative meta-ana-
lysis 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 influ-
ence the magnitude of the treatment: (1) Type of
probiotic administration (feed versus water), (2)
Type of inoculum (mono-strain versus multi-
strain), (3) Lactic acid bacteria (LAB) strain
used as mono-strain inocula (with Lactobacillus
spp.; with Streptococcus spp.; with Enterococcus spp.;
with Bacillus spp. and with Pediococcus spp.) and
(4) Study duration (rearing from 0 to 42 d
versus >42 d) considering the typical period of
broiler rearing.

Heterogeneity among studies was assessed
using the DerSimonian and the Laird test (Q-
statistic). The degree of heterogeneity was quanti-
fied with the inconsistency index (I2-statistic;
Higgins and Thompson, 2002). A sensitivity analy-
sis 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 (SMD), but drop-
ping one study in each iteration.

The presence of publication bias was investi-
gated using funnel plots. An adjusted rank corre-
lation test using the Egger method (Egger et al.,
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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.

RESULTS

Overview of included studies

The literature search yielded 268 scientific papers
on probiotics and broilers. Forty-eight of the 268
screened articles met all inclusion criteria to assess
the probiotic effect on BWG, while 46 articles
were included in the evaluation of the probiotic
effect on FE.

Of the studies which assessed the probiotic
effect on BWG, only 12 studies were conducted
before 2005 and the remaining 36 after 2005. The
number of broilers included in the studies was
variable: 17 studies included less than 140 animals
and 31 studies included more than 140 animals. A
total of 28 studies were conducted using multi-
strain probiotics, 15 used mono-strain probiotics
and the remaining 5 used mono-strain and multi-
strain probiotics in the same study. Probiotics
were given to broilers either in the drinking
water (4) or added to the feed (40) or incorpo-
rated in both of them (3). One study added the
probiotic not only in water but also in the feed in
the same experiment. Studies were conducted for
≤42 d (41) or >42 d (7).

A total of 46 studies were included to assess
impacts of probiotics on FE, with 17 studies con-
ducted before 2005 and 29 after 2005. The num-
ber of broilers included in each study was variable,
with 41 occasions≤600 and 5 occasions>600.
Seventeen studies used mono-strain probiotics,
whereas 24 were conducted using multi-strain pro-
biotics and the remaining 5 were carried out with
both mono-strain and multi-strain probiotics in
the same one. In most of the experiments the
probiotic was administered by the diet (39),
three studies provided the probiotic in the water
and three in both types. One study added the
probiotic not only in water but also in the feed
in the same experiment. Studies were conducted
for ≤42 (40) or >42 d (6).

Excluded studies

Of the 268 studies identified at the beginning of
the meta-analysis, 182 failed to meet one or more
inclusion criteria. Review articles (48), trials

involving other species of animals (99) or other
additives (19), studies using probiotics for other
purposes (3) or experiments conducted to assess
impacts of certain diseases (13) were disregarded.
A total of 9 (11 for FE) out of the 86 trials that met
the inclusion criteria were excluded due to lack of
statistical information to conduct a meta-analysis;
non-additional information was requested from
the authors. Nine experiments which passed
initial screening were excluded because broilers
were experimentally infected before probiotic
supplementation, whereas two studies were
rejected because broilers were subjected to mod-
ified environmental conditions. Studies that ana-
lysed the efficacy of prebiotics (3), symbiotics (6),
non-viable or transformed LAB (3) or yeasts
(6) were also excluded from the meta-analysis
(Figure 1).

Body weight gain

Of the 48 studies that met the inclusion criteria,
89 experiments (22 738 broilers) that combined
broilers fed with probiotics and control groups
were identified. In the pooled estimate, probio-
tics increased BWG compared to controls
(SMD = 0.661, 95% CI 0.499 to 0.822) in the
pooled SMD random effect model. Significant
heterogeneity was observed across the 89 experi-
ments (Q-statistic: P < 0.0001; I2-statistic = 96.99%,
95% CI 96.82% to 97.14%, Figure 2).

Year of publication and number of broilers
included in the experiments were associated with
the BWG (P = 0.00009 and P < 0.00001, respec-
tively) in the meta-regression analysis. However,
these covariates explained only 0.51% and 5.39%,
respectively, of the heterogeneity. Duration of
experiments were not associated with BWG
(P = 0.237) in the meta-regression (Table).

Thirty-four experiments conducted before
2005 were identified, and probiotics increased
BWG (SMD = 0.429, 95% CI 0.159 to 0.698; Q-
statistic: P < 0.0001; I2-statistic = 97.89%). The 55
experiments conducted after 2005 found a greater
beneficial effect in BWG (SMD = 0.799, 95%
CI 0.604 to 0.933; Q-statistic: P < 0.0001; I2-
statistic = 95.60%).

The average BWG of broilers treated with pro-
biotics and control (broilers without probiotic
supplementation) were 2079 g and 1995 g, respec-
tively, with an average standard deviation of
174.25 g. The minimum number of broilers
required in an experiment was estimated, consider-
ing a 95% CI and a power of 80%. This indicated
that experiments should include at least 140 broi-
lers (70 in each group) to identify statistical differ-
ences between groups. Experiments which used
<140 broilers showed higher BWG than experi-
ments with >140 broilers (P = 0.013). The meta-
analysis showed that animals fed with probiotics
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enhanced BWG in experiments with >140 broilers
(n = 28; SMD = 0.564, 95% CI 0.387 to 0.741; Q-
statistic: P < 0.0001; I2-statistic = 97.38%), and also
the probiotic effect was observed in experiments
which used less than 140 broilers (n = 61;
SMD = 1.211, 95% CI 0.730 to 1.691; Q-statistic:
P < 0.0001; I2-statistic = 95.73%, Figure 3).

Probiotic supplementation improved BWG in
experiments which used mono-strain (n = 35;
SMD = 0.513, 95% CI 0.276 to 0.750; Q-statistic:
P < 0.0001; I2-statistic = 97.16%) and multi-strain
probiotics (n = 51; SMD = 0.787, 95% CI 0.553 to
1.021; Q-statistic: P < 0.0001; I2-statistic = 96.54%)
(P = 0.217). Among the groups of mono-strain
inocula, the probiotic effect remained in those
experiments which used Pediococcus spp. (n = 5;
SMD = 2.051, 95% CI 1.187 to 2.915) and Bacillus
spp. (n = 25; SMD = 0.421, 95% CI 0.156 to 0.686)
as the probiotic strain. The effect of probiotic
supplementation on BWG remained unchanged
when Lactobacillus spp. (n = 3; SMD = 0.080, 95%
CI −0.173 to 0.334) or Enterococcus spp. (n = 1;
SMD = 0.126, 95% CI −0.343 to 0.595) was
added. With the addition of Streptococcus spp., broi-
lers lost weight (n = 1; SMD = −0.746, 95% CI

−0.911 to −0.580). However, since the number of
experiments that used a certain mono-strain
inocula was relatively small, with the exception of
Bacillus spp., the effects must be interpreted with
caution (Figure 3).

Taking into account the duration of the
experiments, the subgroup analysis indicated simi-
lar positive effects when they were ≤42 d (n = 73;
SMD = 0.692, 95% CI 0.513 to 0.870; Q-statistic:
P < 0.0001; I2-statistic = 96.92%) or >42 d (n = 16;
SMD = 0.525, 95% CI 0.127 to 0.923; Q-statistic:
P < 0.0001; I2-statistic = 97.43%) (Figure 3)
(P = 0.455).

Finally, considering the method of adminis-
tration, the beneficial impact remained in those
experiments in which probiotics were included in
the drinking water (n = 10) or added to the feed
(n = 78). Even so, application via water resulted
in a greater BGW improvement (SMD = 1.369,
95% CI 0.732 to 2.006; Q-statistic: P < 0.0001; I2-
statistic = 96.65%) than administration through
the feed (SMD = 0.617, 95% CI 0.445 to 0.788;
Q-statistic: P < 0.0001; I2-statistic = 97.09%)
(P < 0.001). BWG was found to be lower in broi-
lers receiving the probiotic both in water and in

Figure 1. Study selection flow chart.
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Figure 2. Forest plot of 89 randomised, controlled trials to study the effect of supplementation with probiotics on body weight gain (BWG)
in broilers.
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feed (SMD = −0.157, 95%Cl −0.288 to 0.174,
Figure 3).

A significant publication bias was observed for
these 89 experiments, as confirmed by Begg’s test
(P < 0.0001) and Egger’s test (P < 0.0001). Despite
subgroup analysis, in no case, was a reduction of

heterogeneity achieved. In this context, methods
to assess the publication bias are known to be
poor due to the unexplainable heterogeneity.
Applying the Duval and Tweedie’s trim-and-fill
methods identified 29 studies trimmed and the
adjusted value for BWG was 0.0594 (95% CI
−0.122 to 0.242, Figure 4).

Feed efficiency

From the 46 studies that met inclusion criteria we
singled out 90 experiments (25 910 broilers) that
evaluated effects of probiotics on FE. The meta-
analysis showed that broilers fed with probiotics
had improved FE in comparison with those with-
out probiotic supplementation (SMD = − 0.281,
95% CI −0.405 to −0.157) in the pooled SMD
random effect model. Heterogeneity occurred
among the 90 experiments (Q-statistic: P <
0.0001; I2-statistic: 95.67%, 95% CI 95.39% to
95.92%, Figure 5).

Year of publication was significantly asso-
ciated with FE (P < 0.000001) and explained
only 7.3% of the heterogeneity (Table).
Additionally, the cumulative forest plot sorted

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

broilers (standardised mean differences, SMD)

Co-variable BWG FE

Year of publication Intercept −26.421 76.833
P 0.00011 <0.00001
Slope 0.013 −0.038
P 0.00009 <0.00001

Number of broilers included
in the experiments

Intercept 0.481 −0.147
P <0.00001 <0.00001
Slope −0.00039 0.00001
P <0.00001 0.6943

Duration of the experiments Intercept 0.190 −0.1368
P 0.0067 0.0502
Slope 0.0019 −0.0001
P 0.2372 0.9513

BWG: Body weight gain. FE: Feed efficiency.

Figure 3. Subgroup analysis comparing the effect of probiotic supplementation on body weight gain (BWG) of broilers.
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chronologically showed a clear evidence of rela-
tionship between year of publication and FE.
Considering only the studies published before
2005, the FE SMD was not significant. A subgroup
analysis restricted to year of publication was con-
ducted. When the experiments were carried out
before 2005, probiotics did not impact FE (n = 35;
SMD = 0.088, 95% CI −0.097 to 0.272; Q-statistic:
P < 0.0001; I2-statistic = 96.80%). However, analys-
ing the experiments performed after 2005, a ben-
eficial effect was observed (n = 55; SMD = − 0.531,
95% CI −0.683 to −0.378; Q-statistic: P < 0.0001; I2-
statistic = 92.08%, Figure 6). Studies conducted
after 2005 showed a higher beneficial effect in
the probiotic-treated broilers (P < 0.001).

Number of broilers included in the experi-
ments was not associated with the FE (P = 0.694)
in the meta-regression analysis (Table). The aver-
age FE of broilers treated with probiotics and con-
trol (broilers without probiotic supplementation)
were 1.901 and 1.950, respectively, with an average
standard deviation of 0.207. Using these statistics,
the minimum number of broilers required in an
experiment was estimated, considering a 95% CI
and a power of 80%. Experiments should include
at least 600 broilers (300 in each group) to identify
statistical differences between groups. Considering
the number of animals included in the studies, a
probiotic effect was observed when they were >600
(n = 13; SMD = −0.05, 95% CI −0.086 to −0.014; Q-
statistic: P < 0.0001; I2-statistic = 97.68%). In the
same way, the probiotic effect remained in those
studies with ≤600 broilers (n = 77; SMD = − 0.226,
95% CI −0.260 to −0.191; Q-statistic: P < 0.0001;
I2-statistic = 94.89%, Figure 6). However, experi-
ments which include <600 broilers showed a higher
beneficial effect on the FE (P = 0.007).

The probiotic effect occurred in studies that
used both mono-strain (n = 39; SMD = − 0.229,
95% CI −0.421 to −0.037; Q-statistic: P < 0.0001; I2-
statistic = 96.94%) and multi-strain probiotics

(n = 51; SMD = − 0.321, 95% CI −0.483 to
−0.159; Q-statistic: P < 0.0001; I2-statistic = 93.84%)
(P = 0.473). In view of the LAB strain used, pro-
biotic treatment decreased FE in those experi-
ments which added Streptococcus spp. (n = 1;
SMD = 0.171, 95% CI 0.011 to 0.332) and those
which used Enterococcus spp. (n = 4; SMD = 0.068,
95% CI 0.003 to 0.134). When Lactobacillus (n = 3;
SMD = − 0.102, 95% CI −0.356 to 0.151) spp. or
Pediococcus spp. (n = 5; SMD = − 0.215, 95% CI
−0.691 to 0.262) were included, no effects were
reported on FE. In most situations, a beneficial
impact appeared in those which used Bacillus spp.
(n = 26; SMD = − 0.311, 95% CI −0.596 to −0.026).
Since the number of studies that used a certain
mono-strain inoculum was relatively small, with
the exception of Bacillus spp., the effects must be
interpreted with extreme care (Figure 6).

Studies that used feed supplemented with
probiotics found beneficial effects on FE (n = 81;
SMD = − 0.263, 95% CI −0.395 to −0.131; Q-statis-
tic: P < 0.0001; I2-statistic = 95.85%). Studies that
used drinking water application as a route of pro-
biotic administration also showed beneficial
effects on FE (n = 8; SMD = − 0.454, 95%
CI −0.882 to −0.026; Q-statistic: P < 0.0001; I2-
statistic = 93.88%, Figure 6) (P = 0.286).

Finally, duration of the experiments was not
associated with FE (P = 0.951) in the meta-regres-
sion analysis (Table). Experiments that evaluated
probiotic administration during ≤42 (n = 75) or
>42 d (n = 15) were identified; a positive effect was
observed only across the first subgroup analysis
(SMD = −0.256, 95% CI −0.370 to −0.142; Q-
statistic: P < 0.0001; I2-statistic = 93.87% and
SMD = −0.387, 95% CI −0.905 to 0.130; Q-statistic:
P < 0.0001; I2-statistic = 98.31%, respectively)
(Figure 6). There were no differences between
these groups (P = 0.628).

Publication bias occurred for these 90 experi-
ments as confirmed by Egger’s test (P = 0.04836)

Figure 4. Funnel plot obtained with the Duval and Tweedie’s “‘Trim-and-Fill” linear random effect model for body weight gain (BWG) as
an outcome.
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Figure 5. Forest plot of 90 randomised, controlled trials to study the effect of supplementation with probiotics on FE in broilers.
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and Begg’s test (P = 0.00603). Applying the Duval
and Tweedie’s trim-and-fill methods, none of the
studies trimmed were identified and thus the
adjusted value for FE did not show any modifica-
tions (Figure 7). As has been observed in the case
of BWG, any subgroup analysis showed a reduction
in the heterogeneity achieved. In this context,
methods to assess the publication bias are known
to be poor due to the unexplainable heterogeneity.

DISCUSSION

Probiotic effect

This quantitative meta-analysis of data from sev-
eral randomised controlled experiments reveal
that compared with the negative control, inclu-
sion of probiotics may improve BWG and FE in
broilers.

Figure 6. Subgroup analysis comparing the effect of probiotic supplementation on FE of broilers.

Figure 7. Funnel plot obtained with the Duval and Tweedie’s “Trim-and-Fill” linear random effect model for FE as an outcome.
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When there is a balance between beneficial
and non-beneficial intestinal bacteria, broilers
perform to their maximum efficiency. However,
there are many factors such as feed, environment
and stress that could compromise the microbiota
(Trachoo and Boudreaux, 2006).

Results of our meta-analysis show that probio-
tic supplementation had a beneficial effect on
BWG (661 g) and on FE (281 g less feed con-
sumed/kg of weight gain). However, the one
method of adjustment for bias considerably
reduced the effect on BWG. Nevertheless, the
effect on FE remained unchanged. Therefore,
results should be interpreted with caution.

Different mechanisms of action of probiotics
have been proposed: competition for nutrients
and production of antibacterial compounds (e.g.,
organic acids, hydrogen peroxide, bacteriocins),
interference with the ability of pathogens to colo-
nise and infect the mucosa and modulation of
local and systemic immune responses (Fuller,
1989; Gibson and Fuller, 2000; Rolfe, 2000;
Frizzo et al., 2011). Enhanced performance could
also be ascribed to the presence of amylase, pro-
tease and lipase in probiotic bacteria, which would
enhance the catalytic activities of the endogenous
enzymes to hydrolyse more energy from feed
nutrients (Rahman et al., 2009).

Year of publication

The results of this meta-analysis show a greater
benefit in BWG and FE due to probiotic supple-
mentation in studies conducted after 2005.
Moreover, adding probiotics has detrimental
effects on FE before 2005, but the stratified analy-
sis indicated a beneficial impact after 2005. There
are at present more specific tests to characterise
and select proper strains. More recent in vitro and
in vivo assays have enabled suitable probiotic
strains to be identified. Also, technological aspects
have been improved thus allowing for probiotics
to be manufactured under industrial conditions,
to survive and retain their functionality during
storage, and also in the food products into which
they are finally formulated (Saarela et al., 2000).

Number of broilers

Probiotic inclusion has significant effect on per-
formance only in experiments which used ≤140
and ≤600 broilers to BWG and FE experiments,
respectively. The tendency for probiotic treat-
ment to be less effective could be related to the
difficulty of exerting control over variables (pro-
biotic access, doses level, farm hygiene) that
is emphasised when the number of broilers
increases.

Type of inocula

Another determinant of probiotic efficacy may be
the utilisation of mono-strain versus multi-strain
inocula. Multi-strain probiotics have more chances
of successfully colonising the gut tract (Timmerman
et al., 2004). Furthermore, a combination of several
strains with different mechanisms of action and a
greater variety of antimicrobial capacities could per-
haps amplify and promote the protective range of
bio-therapeutic preparations (Filho-Lima et al.,
2000). However, broilers involved in this meta-ana-
lysis that received mono-strain or multi-strain pro-
biotic performed similarly.

Probiotic strain

FE did not change due to Lactobacillus spp. and
Pediococcus spp. and decreased with Streptococcus
spp. and Enterococcus spp. Similarly, there was no
difference in BWG for broilers supplemented with
Lactobacillus spp. or Enterococcus spp., while broilers
treated with Streptococcus spp. showed a lower value
of BWG. However, the addition of Pediococcus spp.
and Bacillus spp. brought about a positive effect.
Bacillus spp. may be a good candidate for probio-
tic use as it has the ability to form spores which are
more resistant to heat and facilitates the pelleting
process used in the mass production of probiotic
broiler feeds (Zhou et al., 2010). With respect to
Pediococcus spp., it has the potential to exert an-
tagonism against enteric pathogens, primarily
through the production of lactic acid and secre-
tion of bacteriocins known as pediocins (Daeschel
and Klaenhammer, 1985). Although the stratified
analysis identified differences among bacteria
strains used as probiotics, the number of studies
that used a certain strain was relatively small, with
the exception of Bacillus spp., and caution should
be taken when interpreting the findings. To
reach conclusive results, we recommend further
research in comparing specific microorganisms.

Duration of studies

In this meta-analysis, the duration of the experi-
ment was not a significant predictor of BWG.
However, FE was enhanced only in ≤42 d experi-
ments. It may be envisaged that probiotics exert a
better effect during early life, when a stable gut
microflora has not yet been established, and
therefore, broilers are more vulnerable to envir-
onmental pathogens (Gaggìa et al., 2010). Initial
colonisation is very relevant to the host because
the bacteria can modulate expression of genes in
epithelial cells, thus creating a favourable habitat
for themselves (Hooper et al., 2001). Therefore,
establishment of desirable microorganisms in
newly hatched broilers is relevant to the final
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composition of the permanent flora in full-grown
broilers (Timmerman et al., 2006).

Methods administration

Differences in the method of administration of
probiotic may be a factor affecting growth perfor-
mance of variables. Although probiotics have
enhanced BWG and FE both via the feed and
the drinking water, there was a trend towards
greater benefits with probiotic administration via
the drinking water. Eckert et al. (2010) deter-
mined that post-pelleting feed application may
not be as effective as drinking water application
as a route of probiotic supplementation. Drinking
water appears to be better than the more conven-
tional in-feed supplementation method due to the
fact that the LAB are destroyed partly or totally by
the current pelleting process (Ghadban, 2002).

Source of heterogeneity and publication biases

This meta-analysis included a large number of
experiments, which could allow us to conclude
that the use of probiotics improves the growth
performance of broilers. Probiotic administration
in drinking water increased BWG and FE in com-
parison with supplemented fed diets. Broilers that
received the probiotic for ≤42 d and in groups
with ≤140 or ≤600 animals showed higher values
of BWG and FE, respectively. The findings of this
meta-analysis suggest that the effect of probiotics
is not related to the use of mono-strain or multi-
strain probiotic, although the aforesaid effect may
depend on the strain used. In spite of the previous
statement, we are of the belief that further studies
are crucial in order to identify potential differ-
ences between the probiotics and standardise
future trial designs.

However, several publication biases and dif-
ferent sources of heterogeneity are to be consid-
ered in this meta-analysis. Restricted subgroup
analysis was not enough to completely identify
the causes of heterogeneity. Funnel plot asymme-
try and regression methods could help to detect
small study effects which may be due to publica-
tion bias. However, publication bias is only one
reason why a funnel plot may appear asymmetric;
there are many others covariates that could
explain this behaviour (Peters et al., 2010). The
effect of factors that are not always described such
as viability, storage conditions and safety of the
probiotics used, administration level, frequency
of application, overall diet, farm hygiene and broi-
ler health status need to be thoroughly assessed
because they may explain the differences between
the studies reviewed. For those reasons, it is
important to emphasise the presence of variation
that could not be explained (residual heterogene-
ity) by the covariates included in this meta-analysis

and that these results should be considered with
caution.
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