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Summary
Objectives: To analyze all known available
data to determine whether a mannan oli-
gosaccharide (Bio-Mos; Alltech, Inc,
Nicholasville, Kentucky), provided as a
feed additive, improves the growth perfor-
mance of nursery pigs, and what produc-
tion factors influence the existence or size
of that response.

Materials and methods: A combined
analysis (meta-analysis) was performed us-
ing all available, relevant data in a data set
based on published and unpublished data.
A total of 54 comparisons were made (pigs
fed Bio-Mos or no Bio-Mos). The response
to Bio-Mos throughout the experimental
period was examined with either one or

several independent variables in the model.
Independent variables included weaning
age, length of experiment, dietary Bio-Mos
inclusion level, publication status, growth
performance during the first nursery stage,
antimicrobials in the diet, site of the ex-
periment, and complexity of the first-stage
diet. Analysis of variance was used to detect
differences in the performance response to
Bio-Mos between levels of a variable.

Results: Overall, performance was better in
pigs fed Bio-Mos than in the controls. The
data indicate that pigs with a slow growth
rate during the first 1 to 2 weeks postwean-
ing have a more pronounced response to
Bio-Mos than do pigs with a normal or

accelerated growth rate. Dietary inclusion
of Bio-Mos appears to be most effective
immediately after weaning, but a smaller
response may persist for several weeks.

Implications: On the basis of this compre-
hensive analysis of all known available data,
we conclude that Bio-Mos has potential as
an acceptable growth promoter for nursery
pigs.
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Traditionally, antimicrobials have
been incorporated into the diets of
newly weaned pigs to promote

growth and alleviate health problems re-
lated to the stress of removal from the sow,
a new environment, and a different source
of nutrients. Although widely accepted in
the past, the use of antimicrobials in cur-
rent pig diets has created a growing public
concern regarding microbial resistance to
antimicrobials and the implication this re-
sistance may have on human food safety.1–3

Due to the imposition of tight restrictions
on the use of antimicrobial growth pro-
moters in Europe, producers have increased
their use of other feed ingredients and feed
additives that are claimed to enhance
health and growth performance. These in-
clude direct-fed microbials, prebiotics, or-
ganic acids, plant products such as essential
oils, and oligosaccharides.4,5

Bio-Mos, a mannan oligosaccharide prod-
uct manufactured by Alltech, Inc
(Nicholasville, Kentucky), is believed to
positively influence performance of nursery
pigs. This product, derived from the cell
wall of yeast (Saccharomyces cerevisiae), con-
sists of a mannan and a glucan component.
The structure of the mannan component
resembles that of the surface glycoproteins
containing mannose present on the mu-
cosal surface of the intestine. The mannans
act as high-affinity ligands for the man-
nose-specific type-1 fimbriae of pathogenic
bacteria such as Escherichia coli6 and salmo-
nellae.7 In theory, pathogenic, growth-in-
hibiting bacteria that normally adhere to
mannans on the mucosal surface of the
intestine may instead bind to the mannan
component of Bio-Mos.8 Because these
pathogens do not attach to the mucosal

surface of the intestine, they are flushed
from the intestinal tract. An in vitro agglu-
tination experiment demonstrated that five
of seven strains of E coli and seven of ten
strains of Salmonella serovar Typhimurium
and Salmonella serovar Enteritidis were
agglutinated by mannan oligosaccharide.7

Elimination of pathogens would presum-
ably enhance the health and growth of the
nursery pig.

Another possible mode of action of Bio-
Mos is an effect on the immune system.
Dietary inclusion of Bio-Mos increased
activity of phagocytic cells from mice9,10

and increased concentrations of plasma
IgG and bile IgA in turkeys.11 These ac-
tions may improve disease resistance by
warding off attack by pathogenic microbes.
In contrast, Bio-Mos may improve gain
and feed efficiency by enabling the animal
to maintain a low immune status.12 In a
study with nursery pigs, Bio-Mos had an
inhibitory effect on lymphocyte num-
bers,12 thus allowing nutrients to be uti-
lized for growth rather than for activation
of the immune system.13

Studies conducted in swine,14 broiler
chickens,15 and turkeys16,17 have shown
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Table 1: Studies included in a meta-analysis to evaluate the performance response of nursery pigs to a mannan
oligosaccharide feed additive, Bio-Mos*
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1 21 12 82 1.0 5 nietorpwoL 342.31 747.5 383.6-
2 21 12 82 1.0 5 nietorpetaredoM 358.81 575.21 083.4-
3 21 12 82 1.0 5 nietorphgiH 436.6 713.8 187.0
4 31 12 83 2.0 81 864.6 718.0 963.5-
5 41 71 82 2.0 5 cnizwoL 123.81 476.0 050.4-
6 41 71 82 3.0 5 cnizwoL 718.3 669.6 000.0
7 41 71 82 2.0 5 cnizhgiH 623.0- 942.41 973.1
8 41 71 82 3.0 5 cnizhgiH 294.7 541.4 096.0-
9 81 12 33 1.0 6 062.0- 151.4- 776.3-

01 81 12 33 2.0 6 972.1- 038.2- 602.2-
11 91 82 33 2.0 7 704.7 537.1 362.5-
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12 52 12 53 3.0 5 2pxE 342.11 755.6 831.4-
22 52 12 53 4.0 5 2pxE 959.2 954.2 973.1
32 52 12 33 2.0 6 3pxE 494.2 023.3 187.0
42 §52 12 33 ¶1.0;2.0;4.0 6 3pxE 879.8 224.7 365.1-
52 52 12 33 )d02(1.0;)d31(2.0 6 4pxE 678.2- 485.3 546.5
62 62 12 83 )d42(2.0;)d41(3.0 9 cnizwoL 781.4 859.1 127.2-
72 62 12 83 )d42(2.0;)d41(3.0 9 cnizhgiH 965.1- 344.2- 814.1-
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43 03 12-51 53 3.0 6 cnizhgiH 106.2 650.1- 956.3-
53 13 81 83 2.0 6 cnizwoL 609.2- 386.2 818.6
63 13 81 83 3.0 6 cnizwoL 484.0- 016.1 857.0
73 13 81 83 2.0 6 cnizhgiH 936.1 107.1 000.0
83 13 81 83 3.0 6 cnizhgiH 540.3 015.0 957.3-
93 23 AN 94 )d82(2.0;)d12(3.0 6 citoibitnaoN 492.6 278.0 727.3-
04 23 AN 94 )d82(2.0;)d12(3.0 6 ††citoibitnA 730.4- 247.3- 238.6-
14 33 81 24 )d83(2.0;)d4(3.0 6 )A(citoibitnaoN 947.7 512.6 140.2-
24 33 81 24 )d83(2.0;)d4(3.0 6 ‡‡)A(citoibitnA 766.6 106.6 000.0
34 33 81 24 )d83(2.0;)d4(3.0 4 )B(citoibitnaoN 532.3 878.4 577.1
44 33 81 24 )d83(2.0;)d4(3.0 4 ‡‡)B(citoibitnA 583.1- 461.0- 000.0
54 33 81 24 )d83(2.0;)d4(3.0 6 )C(citoibitnaoN 901.9 486.0- 650.01-
64 33 81 24 )d83(2.0;)d4(3.0 6 ‡‡)C(citoibitnA 455.0- 765.2- 928.1-
74 43 12 82 3.0 01 citoibitnaoN 149.2- 955.3- 848.0-

Table 1 continued on next page…
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enhanced performance when Bio-Mos was
incorporated into the diet. For swine, an
enhancement in performance over that of
the control animals was reported during
the 2-week period immediately following
weaning.14 This suggests that dietary inclu-
sion of Bio-Mos may be beneficial during
this difficult transition period.

The objective of this review was to analyze
all available data (meta-analysis) that have
been published or provided by other authors,
to determine whether dietary inclusion of
Bio-Mos enhances the growth performance
of nursery pigs [ADG, average daily feed
intake (ADFI), and feed:gain ratio (F:G)],
and what production factors (growth rate,
weaning age, length of dietary Bio-Mos
inclusion period, dietary Bio-Mos inclusion
level, antimicrobials in the diet, experimen-
tal site, and complexity of the diet) influence
the existence or size of that response.

Materials and methods
Selection of data set
This data set is based on both published
and unpublished data. A comprehensive
search for published data was conducted on
the internet through the utilization of the

PubMed search engine and through com-
munication with authors affiliated with
some of the studies. The published data
include both refereed and non-refereed
publications, including abstracts and the-
ses. For completeness, we also asked Alltech,
Inc to provide all other pertinent data of
which the company was aware. All data
collected were from studies conducted
prior to January 1, 2003.

The selection of data for this meta-analysis
was based on three criteria. First, each ex-
periment must have had more than one
replication of each treatment, regardless of
sample size. Second, there had to be a clear,
uncomplicated comparison of the perfor-
mance of pigs fed a diet containing Bio-
Mos to the performance of pigs fed a simi-
lar diet without Bio-Mos. For example, if the
experiment did not include an appropriate
negative control for Bio-Mos, it was ex-
cluded from the analysis. Third, the experi-
ment had to be concurrent, ie, both treat-
ments applied at the same time.

In a summary of findings across experiments,
it is important to assemble as complete a
data set as possible, for at least two reasons.

The first reason is to ensure that omissions
do not introduce biases. Therefore, we have
included all data we could identify that
met the three described objective criteria.
To prevent bias, we specifically avoided
exclusion of data for any other reason, in-
cluding publication status. The second rea-
son is to build a data set large enough that
it is insensitive to variation in values of in-
dividual experiments or to addition or
elimination of individual experiments.

Originally, we considered using the abso-
lute values of the performance data in the
analysis. However, a wide array of weaning
ages and study lengths across experiments
resulted in a broad range of performance
values that would have placed undue weight
on the experiments with higher values for
performance variables (ie, longer experi-
ments). Therefore, the analysis was based
on the percentage responses, ie, the differ-
ence between Bio-Mos and no-Bio-Mos
performance response values expressed as a
percentage of the no-Bio-Mos value.

A total of 54 comparisons of performance
were made in the data set between pigs fed
Bio-Mos in the diet and pigs fed no Bio-Mos
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45 73 82 82 4.0 8 §§2pxE,citoibitnA 723.61 645.4 655.01-

*    Bio-Mos (Alltech, Inc, Nicholasville, Kentucky) is a feed additive mannan oligosaccharide. Where experiments compared multiple dietary
inclusion levels of Bio-Mos, each level was considered a separate comparison. All experiments in the analysis included pigs fed diets
with Bio-Mos and, concurrently, control pigs fed diets without Bio-Mos, and the percent differences in daily gain (ADG), average daily
feed intake (ADFI), and feed:gain (F:G) were compared for these two groups. Difference for each comparison was  calculated as
[(mean Bio-Mos parameter value – mean control parameter value) ÷ mean control parameter value]  × 100.

†    Studies began on the day of weaning except in Comparisons 15 and 16, in which pigs were weaned at 25 days of age and
experiments began 5 days later.

‡    Inclusion level of Bio-Mos on an as-fed basis. For studies with multiple Bio-Mos inclusion levels, each inclusion level is followed by the
length of time that level of Bio-Mos was fed in the study in a step-down program.

§    Comparisons not included in the analysis of independent variables.
¶    Step-down program for Bio-Mos inclusion utilized in this experiment: 0.4% for Stage 1, 0.2% for Stage 2, and 0.1% for Stage 3.
**   NA = not available.
††  Days 0-7, carbadox (50 g/T of feed); Days 8-21, tiamulin (35 g/T of feed) and chlortetracycline (400 g/T of feed); Days 22-49, tylosin (40

g/T of feed).
‡‡  Tylosin (110 g/T of feed) and sulfamethazine (110 g/T of feed) for the whole nursery period. A, B, and C indicate different farms in the

same production system.
§§  Chlortetracycline (100 g/T of feed), sulfamethazine (110 g/T of feed), and penicillin (55 g/T of feed).

Table 1 continued…
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(Table 1).12–14, 18–37 These 54 comparisons
are taken from 29 separate experiments and
21 research teams. Where experiments
compared multiple dietary inclusion levels
of Bio-Mos, we have considered each level
as a separate comparison (Table 1). These
comparisons were given the same weight as
comparisons from studies that examined
only one inclusion level of Bio-Mos. Each
experiment started at weaning, with the
exception of one experiment23 that began 5
days postweaning. In addition, three20,27,32

of the 29 experiments expressed performance
data in pounds rather than kilograms. The
data were converted to kilograms by dividing
the measurements in pounds by 2.2. For
the experiments that included descriptions
of statistical analysis, the authors reported
that analysis of variance was used to obtain
the mean response for each performance
variable.

Data analysis
The data set was first analyzed to determine
the overall response to Bio-Mos. The ex-
perimental unit was the comparison of the
performance response of an individual Bio-
Mos treatment to its control within an ex-
periment. The following statistical model
was utilized: Yi = µ + ei where Yi represents
the dependent variable; µ is the overall mean;
and ei is the error term. A total of 54 com-
parisons were analyzed using this model.

Analysis of variance was used to detect ef-
fects of several factors (independent vari-
ables) on the response to Bio-Mos. The
independent variables included publication
status, performance level, weaning age,
length of experiment, dietary Bio-Mos in-
clusion level, antimicrobial inclusion or
exclusion, experimental site, and first-phase
dietary composition. The analysis was con-
ducted using the PROC MIXED procedure
of SAS (SAS Institute Inc, Cary, North
Carolina), and least squares means were
calculated. All independent variables were
included as fixed effect variables: no ran-
dom variables were used. The differences
among levels of an independent variable
were considered significant when P < .05.

Of the 54 total comparisons, six compari-
sons from four separate experiments were
removed from the analysis of the effects of
independent variables. One of the experi-
ments, representing a single comparison,
utilized pigs weaned at 10 days of age,25

which was much younger than in any of
the other experiments. The description of

one of the other experiments28 provided no
information on either weaning age or
length of the experiment, and the compari-
son in this experiment was removed from
the analysis. Another experiment with two
comparisons was removed because the ex-
periment began 5 days postweaning,23 in
contrast to the other experiments that
started at weaning. One comparison was
removed from each of two other experi-
ments25,36 because the dietary Bio-Mos
inclusion level utilized did not fit into one
of our defined use levels. These two com-
parisons employed step-down programs,
but at inclusion levels not utilized in the
other experiments (0.4%, 0.2%, and
0.1%;25 and 0.4% and 0.1%).36 Therefore,
each of the analyses of independent vari-
ables includes a maximum of 48 of the 54
comparisons. Further, for the models that
included control growth response during
the first nursery stage, there were only 37
comparisons for each of the corresponding
analyses, as 11 comparisons were elimi-
nated from experiments that provide no
data on performance during the first 2 weeks
postweaning.

In each of the independent variable analy-
ses, the following variables were included:
weaning age, length of experiment, and
dietary Bio-Mos inclusion level. These
three variables are of concern to swine pro-
ducers in terms of performance and eco-
nomics, and were judged likely to affect the
response to Bio-Mos. Producers need to
know whether pigs weaned at a young age
have a similar or larger performance re-
sponse to Bio-Mos compared to pigs weaned
at an older age. In terms of economics,
producers want to know how long to feed
the product and at what dietary inclusion
level Bio-Mos is most efficacious. It was
anticipated that these three variables would
be important, and they were thus included
in each of the independent variable analyses.

For this meta-analysis, the 48 comparisons
used in the independent variable analysis
were split into subgroups according to
weaning age, and similarly split into sub-
groups according to the length of experi-
ment and dietary Bio-Mos inclusion level.
Weaning age was separated into the follow-
ing three groups according to natural breaks
in the data set: 17 to 18 days, 20 to 21 days,
and 24 to 28 days. Subgroups of length of
experiment were ≤ 5 weeks and > 5 weeks.
Bio-Mos was used at dietary inclusion lev-
els ranging from 0.1% to 0.4% (on an as-

fed basis) and at dietary inclusion levels
that declined as the experiment progressed.
The comparisons were divided into four
groups on the basis of dietary inclusion
level: dietary inclusions of 0.1%, 0.2%,
0.3%, and 0.4%. The 0.2% group included
treatments that started at 0.2% and declined
to 0.1%, and the 0.3% group included
treatments that started at 0.3% and declined
to 0.2%.

We first determined whether the data pro-
vided by Alltech, Inc appear to be biased.
The data set was separated into papers that
were available in the public domain (pub-
lished) versus those that were provided by
Alltech, Inc (unpublished). This variable
was incorporated into the following statis-
tical model along with weaning age, length
of experiment, and dietary Bio-Mos inclu-
sion level: Yijklm = µ + Wi + Lj + Bk + Pl +
eijklm where Yijklm represents the dependent
variable; µ is the overall mean; Wi is the
fixed effect of weaning age group (i = 1, 2,
or 3); Lj is the fixed effect of experimental
length group (j = 1 or 2); Bk is the fixed
effect of dietary Bio-Mos inclusion level (k
= 0.1%, 0.2%, 0.3% or 0.4%); Pl is the
fixed effect of publication status (l = pub-
lished or unpublished); and eijklm is the
error term. A total of 48 comparisons were
analyzed with this model.

The studies were separated into three dis-
tinct categories of ADG (< 180 grams, 180
to 280 grams, and > 280 grams) according
to the growth rate of the control pigs dur-
ing the first nursery stage (7 to 15 days
postweaning). Some experiments defined
the first nursery stage as the first week
postweaning, while other experiments con-
sidered the first nursery stage to be the first
2 weeks postweaning, depending on the
day the pigs were weighed. The three ADG
categories were based on the natural break
points present in the data set. The effect of
growth rate during the first nursery stage
on the overall response to Bio-Mos was
incorporated into the model along with
weaning age, length of experiment, and di-
etary Bio-Mos inclusion level: Yijklm = µ +
Wi + Lj + Bk + Cl + eijklm where Yijklm rep-
resents the dependent variable; µ is the
overall mean; Wi is the fixed effect of wean-
ing age group (i = 1, 2, or 3); Lj is the fixed
effect of experimental length group (j = 1 or
2); Bk is the fixed effect of dietary Bio-Mos
inclusion level (k = 0.1%, 0.2%, 0.3%, or
0.4%); Cl is the fixed effect of control group
growth rate during the first nursery stage,
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ie, first 7 to 15 days postweaning, (l = < 180
grams per day, 180 to 280 grams per day,
or > 280 grams per day); and eijklm is the
error term. Of the 48 comparisons avail-
able for the individual analyses, only 37
provided performance data from the first 2
weeks of the experiment. This model was
used to evaluate the impact of performance
level on the response to Bio-Mos and also
to test the effects of the other independent
variables, with adjustment for the con-
founding effects of performance level.

A simpler basic model was used to evaluate
the effects of weaning age, experiment length,
and dietary Bio-Mos inclusion level using
all 48 of the comparisons: Yijkl = µ + Wi +
Lj + Bk + eijkl where Yijkl represents the de-
pendent variables; µ is the overall mean;
Wi is the fixed effect of weaning age group
(i = 1, 2, or 3); Lj is the fixed effect of ex-
perimental length group (j = 1 or 2); Bk is
the fixed effect of dietary Bio-Mos inclu-
sion level (k = 0.1%, 0.2%, 0.3%, or
0.4%); and eijkl is the error term.

We compared the response to Bio-Mos
during the initial stage of the experiment to
the response during the remainder of the
experiment. The analysis included only
studies that provided data regarding the
performance response to Bio-Mos for the
first stage of the experiment and from the
conclusion of this initial stage until the end
of the experiment. The following statistical
model was utilized: Yijk = µ + Ci + Sj + eijk
where Yijk represents the dependent variables;
µ is the overall mean; Ci is the fixed effect
of comparison; Sj is the fixed effect of stage
(j = 1 or 2); and eijk is the error term. Forty-
one comparisons were analyzed with this
model. Taking into account that the 41
comparisons were used for the first and
second halves of the experiments, there
were a total of 82 comparisons.

Antimicrobials such as chlortetracycline,
carbadox, and sulfa drugs were often in-
cluded in the experimental diets. The re-
sponse to Bio-Mos in the presence of anti-
microbials (where both the Bio-Mos and
control diets contained antimicrobials) was
compared to the response to Bio-Mos in
the absence of antimicrobials (where nei-
ther diet contained antimicrobials). The
following statistical model was utilized to
determine the effect of Bio-Mos on the
performance response either in the presence
or absence of antimicrobials: Yijklm = µ +
Wi + Lj + Bk + Al + eijklm where Yijklm rep-
resents the dependent variables; µ is the

overall mean; Wi is the fixed effect of wean-
ing age group (i = 1, 2, or 3); Lj is the fixed
effect of experimental length group (j = 1
or 2); Bk is the fixed effect of dietary Bio-
Mos inclusion level (k = 0.1%, 0.2%,
0.3%, or 0.4%); Al is the fixed effect of
antimicrobials (l = present or absent); and
eijklm is the error term. A total of 48 com-
parisons were analyzed with this model.

The experiments in the data set were con-
ducted either at large commercial swine
farms or at smaller university or private
research facilities. To determine whether
the performance response to Bio-Mos dif-
fered with experimental setting, the follow-
ing statistical model was utilized: Yijklm = µ
+ Wi + Lj + Bk + Sl + eijklm where Yijklm rep-
resents the dependent variables; µ is the
overall mean; Wi is the fixed effect of wean-
ing age group (i = 1, 2, or 3); Lj is the fixed
effect of experimental length group (j = 1
or 2); Bk is the fixed effect of dietary Bio-
Mos inclusion level (k = 0.1%, 0.2%, 0.3%,
or 0.4%); Sl is the fixed effect of experi-
mental site (l = commercial or research);
and eijklm is the error term. A total of 48
comparisons were analyzed with this model.

An analysis was conducted to determine if
superior performance in pigs fed diets con-
taining Bio-Mos depended on the quality
of the first-phase nursery diet. Three indi-
cators of diet quality were considered, con-
sisting of the inclusion levels of plasma
(spray-dried animal plasma), milk products
(dried skim milk, milk replacer, deproteinized
whey) and the total of all special nursery
diet ingredients (plasma, milk products,
fish meal, blood meal, and blood cells)
used in the first-phase nursery diet. These
ingredients are commonly added to improve
the quality of the diet and encourage growth
of the young pig. Data were separated into
one of two arbitrary categories for each of
the analyses, based on the percentage of
each ingredient that was included in the
first diet. The following statistical model
was utilized to determine the effect of di-
etary ingredients on the performance re-
sponse to Bio-Mos: Yijklm = µ + Wi + Lj +
Bk + Dl + eijklm where Yijklm represents the
dependent variables; µ is the overall mean;
Wi is the fixed effect of weaning age group
(i = 1, 2, or 3); Lj is the fixed effect of ex-
perimental length group (j = 1 or 2); Bk is
the fixed effect of dietary Bio-Mos inclu-
sion level (k = 0.1%, 0.2%, 0.3%, or
0.4%); Dl is the fixed effect of dietary in-
gredients (l = ≤ 5.5% plasma or > 5.5%

plasma; ≤ 20% milk products or > 20%
milk products; ≤ 30% special ingredients
or > 30% special ingredients); and eijklm is
the error term. Of the 48 comparisons, 33
provided information regarding the formu-
lation of the first-phase nursery diet and
were thus analyzed with this model.

The descriptions of the individual experi-
ments provided estimates of variance in
some cases, but not in all. We conducted
an analysis of the data with the value for
each experiment weighted by the inverse of
the standard error, and the results were
similar to those reported here. We chose to
use the unweighted analyses in order to use
the entire data set.

Results
The analysis was based on the percentage
responses, ie, the difference between Bio-Mos
and no-Bio-Mos performance response values
expressed as a percentage of the no-Bio-Mos
value. The mean percentage responses to
dietary Bio-Mos in growth rate, feed intake,
and feed efficiency are different from zero
for the overall data set (Table 2).

The data available in the public domain
demonstrated a more favorable response to
Bio-Mos than the data provided by Alltech
Inc (Table 3). The feed intake response to
Bio-Mos reported in the published studies
was greater than the response reported
from the unpublished data. All measures of
growth performance were enhanced by di-
etary inclusion of Bio-Mos in the pub-
lished data; feed efficiency was better in the
unpublished data (Table 3).

The growth rate of the control pigs during
the first stage (1 to 2 weeks) of the nursery
period, after which the pigs were switched
to the phase two or second postweaning
diet, was selected as an indicator of perfor-
mance level. Pigs that had a slow growth
rate during the first nursery stage had a
larger growth rate response to Bio-Mos than
did pigs that had a normal or an acceler-
ated growth rate during the initial nursery
stage, and the response of pigs with the
slow growth rate was significantly different
from zero (Table 4). In addition, the feed
efficiency response to Bio-Mos was numeri-
cally larger for pigs with a lower growth
rate compared to pigs with a normal or
accelerated growth rate.

The growth rate and feed efficiency responses
to dietary Bio-Mos were not different for
the three weaning age groups in either of
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Table 2: Growth rate (ADG), average daily feed intake (ADFI), and feed:gain
responses to Bio-Mos in nursery pigs in experiments comparing growth
parameters in nursery pigs fed Bio-Mos and control pigs*

retemaraP fo.oN
snosirapmoc

ecnereffiD
)ES±%naem(

P †eulav

)g(GDA 45 47.0±21.4 100.<
)gk(IFDA 45 76.0±11.2 300.
niag:deeF 45 95.0±92.2– 100.<

*    Data obtained from 29 separate experiments containing a total of 54 comparisons of
growth performance in nursery pigs fed either a diet including a mannan
oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the
same diet without Bio-Mos (controls). All weights were either provided in or
converted to metric units for analysis. Difference for each comparison was calculated
as [(mean Bio-Mos parameter value – mean control parameter value) ÷ mean control
parameter value] × 100. Statistical model: Yi = µ + ei, where Yi represents the
dependent variable; µ is the overall mean; and ei is the error term.

†    Determined by analysis of variance.

dehsilbuP fo.oN
snosirapmoc

ydutsfo.oN
syad

)ES±%naem(ecnereffiD
)g(GDA )gk(IFDA niag:deeF

seY 03 5.33 12.1±59.5 c 69.0±73.3 ca 10.1±75.2- c

oN 81 4.73 57.1±48.2 93.1±50.0- b 54.1±73.3- c

GDAlortnoC fo.oN
snosirapmoc

ydutsfo.oN
syad

)ES±%naem(ecnereffiD
)g(GDA )gk(IFDA niag:deeF

)g(081< 71 2.63 83.1±06.4 ca 02.1±16.1 34.1±19.2-
)g(082-081 61 5.33 84.1±08.1 b 92.1±32.0 45.1±40.2-

)g(082> 4 3.63 51.3±65.3- b 57.2±72.1 72.3±73.3

Table 3: Difference in growth rate (ADG), average daily feed intake (ADFI), and feed efficiency (feed:gain) in published and
unpublished reports* on experiments comparing growth parameters in nursery pigs fed Bio-Mos and control pigs†

*    Published: research data in the public domain; unpublished: research data from the files of Alltech, Inc (Nicholasville, Kentucky).
†    A total of 48 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan

oligosaccharide feed additive (Bio-Mos; Alltech, Inc), or the same diet without Bio-Mos (controls). All weights were either provided in
or converted to metric units for analysis. Difference for each comparison was calculated as [(mean Bio-Mos parameter value – mean
control parameter value) ÷ mean control parameter value] × 100. Statistical model: Yijklm = µ + Wi + Lj + Bk + Pl + eijklm , where Yijklm
represents the dependent variable; µ is the overall mean; Wi is the fixed effect of weaning age group (i = 1, 2, or 3); Lj is the fixed effect
of experimental length group (j = 1 or 2); Bk is the fixed effect of Bio-Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3%, or 0.4%); Pl is the
fixed effect of publication status (l = published or unpublished); and eijklm is the error term.

a,b  Values in the same column with no common superscript are significantly different (P < .05; analysis of variance).
c     Different from zero (P < .05; analysis of variance).

Table 4: Effect of performance level, represented by growth rate (ADG) of control pigs during the first nursery phase,* on
ADG, average daily feed intake (ADFI), and feed efficiency (feed:gain) responses to Bio-Mos in experiments comparing
growth parameters in nursery pigs fed Bio-Mos and control pigs†

*    First nursery stage: first 7 to 15 days postweaning (on first nursery diet).
†    A total of 37 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan

oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls). All weights
were either provided in or converted to metric units for analysis. Differences were calculated as [(mean Bio-Mos parameter value –
mean control parameter value) ÷ mean control parameter value] × 100. Statistical model: Yijklm = µ + Wi + Lj + Bk + Cl + eijklm, where
Yijklm represents the dependent variable; µ is the overall mean; Wi is the fixed effect of weaning age group (i = 1, 2, or 3); Lj is the fixed
effect of experimental length group (j = 1 or 2); Bk is the fixed effect of Bio-Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3% or 0.4%);
Cl is the fixed effect of control group growth rate during the first nursery stage, 7 to 15 days postweaning, (l = < 180 grams per day,
180 to 280 grams per day, or > 280 grams per day); and eijklm is the error term.

a,b  Values in the same column with no common superscript are significantly different (P < .05; analysis of variance).
c    Different from zero (P < .05; analysis of variance).

the models used (Table 5). In the analysis
of the overall data set, the feed intake re-
sponse to Bio-Mos was larger for pigs
weaned at 17 to 18 days of age than for
those weaned at 24 to 28 days of age.
These analyses failed to show a clear effect
of weaning age group on performance re-
sponse to Bio-Mos. Dietary inclusion of
Bio-Mos increased growth rate in all wean-
ing age groups and increased feed intake or
improved feed efficiency in some groups
when the early growth rate was not in the
statistical model (Table 5).

There was no difference in performance
response to Bio-Mos for pigs in experiments
of shorter duration compared to pigs in
experiments of longer duration (Table 6).
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†1ledoM

81-71 12 7.73 06.6 ± 57.1 c 53.5 ± 24.1 ca 09.0- ± 14.1

12-02 81 1.33 69.3 ± 06.1 c 76.1 ± 03.1 b 62.2- ± 92.1
82-42 9 6.23 97.4 ± 71.2 c 43.0 ± 67.1 b 12.5- ± 57.1 c

‡2ledoM
81-71 41 9.73 53.0 ± 63.2 36.2 ± 36.2 61.2 ± 54.2

12-02 51 1.43 05.0- ± 19.1 33.0 ± 66.1 72.0 ± 89.1

82-42 8 8.13 89.2 ± 70.2 61.0 ± 08.1 10.4- ± 41.2

Table 5: Effect of weaning age on the growth rate (ADG), average daily feed intake (ADFI), and feed efficiency (feed:gain)
responses of nursery pigs to Bio-Mos in experiments comparing growth parameters in nursery pigs fed Bio-Mos and
control pigs*

*    A total of 48 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan
oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls). Of these, 37
provided performance data for the first 7 to 15 days postweaning. All weights were either provided in or converted to metric units for
analysis. Differences were calculated as [( mean Bio-Mos parameter value – mean control parameter value) ÷ mean control parameter
value] × 100.

†    Statistical model 1: Yijkl = µ + Wi + Lj + Bk + eijkl where Yijkl represents the dependent variable; µ is the overall mean; Wi is the fixed
effect of weaning age group (i = 1, 2, or 3); Lj is the fixed effect of experimental length group (j = 1 or 2); Bk is the fixed effect of Bio-
Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3%, or 0.4%); and eijkl is the error term.

‡    Statistical model 2: Yijklm = µ + Wi + Lj + Bk + C1 + eijklm where Yijklm represents the dependent variable; µ is the overall mean; Wi is the
fixed effect of weaning age group (i = 1, 2, or 3); Lj is the fixed effect of experimental length group (j = 1 or 2); Bk is the fixed effect of
Bio-Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3%, or 0.4%); Cl is the fixed effect of control group growth rate during the first 7 to 15
days postweaning, (l = < 180 g per day, 180 to 280 g per day, or > 280 g per day); and eijklm is the error term.

a,b  Values in the same column with no common superscript are significantly different (P < .05; analysis of variance).
c     Different from zero (P < .05; analysis of variance).

Growth rate and feed efficiency were en-
hanced in pigs fed Bio-Mos in both dura-
tion categories, and feed intake was greater
in pigs fed Bio-Mos in the shorter experi-
ments, when early growth rate was not in
the statistical model (Table 6). The effect
of Bio-Mos during the first 1 to 2 weeks of
the nursery period was compared to the
remainder of the experiment. The growth
rate response to Bio-Mos during the initial
stage was larger than the response observed
during the remainder of the nursery period.
In pigs fed Bio-Mos compared to controls,
both growth rate and feed intake were sig-
nificantly greater during the initial stage of
the experiment, but not during the remain-
der of the experiment (Table 7).

There were no effects of dietary Bio-Mos
inclusion level on the performance re-
sponse of pigs to Bio-Mos (Table 8). The
overall analysis indicates that the low con-
centration of Bio-Mos (0.1%) produced
the numerically largest response in growth
rate. Statistical significance of the effect of
Bio-Mos at the various dietary inclusion
rates on growth rate and feed efficiency
depended on the statistical model (Table

8). However, neither model provides strong
guidance concerning the most appropriate
concentration or use level of Bio-Mos.

When both Bio-Mos and control treatment
diets contained an antimicrobial, the re-
sponse was not different than when neither
treatment diet contained an antimicrobial
(Table 9). Most measures of growth perfor-
mance were greater in pigs fed Bio-Mos in
either the presence or the absence of anti-
microbials (Table 9). This analysis indicates
that Bio-Mos elicits a positive performance
response even in the presence of antimicro-
bials. This statistical model did not include
early growth rate because it may have been
confounded with antimicrobial use. In the
experiments that tested both Bio-Mos and
antimicrobials (16 comparisons of each),
the mean growth rate response to Bio-Mos
(3.1%) was smaller (P = .05) than the
mean response to antimicrobials (7.1%).

There was no significant difference in per-
formance response to Bio-Mos when per-
formance of nursery pigs housed in com-
mercial farms was compared to that of pigs
housed in research settings (Table 10).
Most measures of growth performance

were better in pigs fed Bio-Mos in either
environment. Again, the statistical model
did not include early growth rate in order
to avoid confounding.

We found no consistent evidence that the
quality of the first diet after weaning alters
the response to Bio-Mos (Table 11). Pigs
fed diets containing > 5.5% plasma had a
better feed intake response to Bio-Mos
than did pigs fed diets containing ≤ 5.5%
plasma. The addition of low levels of milk
products compared to high levels did not
influence performance response to Bio-
Mos. There were no significant differences
in response to Bio-Mos in the performance
of pigs fed low levels of special ingredients
compared to high levels in the first stage
nursery diet. Some measures of growth per-
formance were better in pigs fed Bio-Mos
in every category of diet quality.

Discussion
For the overall data set, the inclusion of
Bio-Mos in the diet resulted in an enhance-
ment in growth rate, feed intake, and feed
efficiency compared to performance of the
control animals. However, on an individual
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†1ledoM
53-12 92 47.5 ± 61.1 a 86.3 ± 49.0 a 19.1- ± 39.0 a

15-83 91 94.4 ± 47.1 a 32.1 ± 14.1 66.3- ± 04.1 a

‡2ledoM
53-12 22 19.1 ± 24.1 57.1 ± 08.1 23.0- ± 74.1
15-83 51 20.0- ± 88.1 23.0 ± 42.1 37.0- ± 59.1

Table 6: Effect of experiment length (≤ 5 weeks or > 5 weeks) on the growth rate (ADG), average daily feed intake (ADFI),
and feed efficiency (feed:gain) responses of nursery pigs to Bio-Mos in experiments comparing growth parameters in
nursery pigs fed Bio-Mos and control pigs*

*    A total of 48 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan
oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls), for ≤ 5
weeks or > 5 weeks. Of these, 37 provided performance data for the first nursery stage, ie, 7 to 15 days postweaning. All weights were
either provided in or converted to metric units for analysis. Differences were calculated as [( mean Bio-Mos parameter value – mean
control parameter value) ÷ mean control parameter value] × 100.

†    Statistical model 1: Yijkl = µ + Wi + Lj + Bk + eijkl where Yijkl represents the dependent variable; µ is the overall mean; Wi is the fixed
effect of weaning age group (i = 1, 2, or 3); Lj is the fixed effect of experimental length group (j = 1 or 2); Bk is the fixed effect of Bio-
Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3%, or 0.4%); and eijkl is the error term.

‡    Statistical model 2: Yijklm = µ + Wi + Lj + Bk + Cl + eijklm where Yijklm represents the dependent variable; µ is the overall mean; Wi is the
fixed effect of weaning age group (i = 1, 2, or 3); Lj is the fixed effect of experimental length group (j = 1 or 2); Bk is the fixed effect of
Bio-Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3%, or 0.4%); Cl is the fixed effect of control group growth rate during the first
nursery stage (l = < 180 g per day, 180 to 280 g per day, or > 280 g per day); and eijklm is the error term.

a    Different from zero (P < .05; analysis of variance).

yresruN
egats

fo.oN
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1 14 74.8 ± 91.2 ca 45.3 ± 58.0 c 18.2- ± 06.1
2 14 21.2 ± 91.2 b 42.1 ± 58.0 97.0- ± 06.1

 Table 7: Growth rate (ADG), average daily feed intake (ADFI), and feed
efficiency (feed:gain) responses of nursery pigs to Bio-Mos during the first 7 to
15 days postweaning compared to the same measures during the remainder of
the study, in experiments comparing growth parameters in nursery pigs fed
Bio-Mos and control pigs*

*    A total of 82 direct comparisons of growth performance were made in nursery pigs
fed either a diet including a mannan oligosaccharide feed additive (Bio-Mos; Alltech,
Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls). Data was
provided for 41 comparisons during the first nursery stage (ie, first 7 to 15 days
postweaning, depending on the day pigs were weighed after weaning) and second
nursery stage. All weights were either provided in or converted to metric units for
analysis. Differences were calculated as [( mean Bio-Mos parameter value – mean
control parameter value) ÷ mean control parameter value] × 100. Statistical model:
Yijk = µ + Ci + Sj + eijk, where Yijk represents the dependent variable; µ is the overall
mean; Ci is the fixed effect of comparison; Sj is the fixed effect of stage (j = 1 or 2); and
eijk is the error term.

a,b  Values in the same column with no common superscript differ (P < .05; analysis of
variance).

c    Different from zero (P < .05; analysis of variance).

basis, not all studies found significantly
better performance in the pigs fed diets
including Bio-Mos. In fact, of the 54 com-
parisons analyzed, 11 reported significant
differences in growth rate, two in feed in-
take, and 10 in feed efficiency in response
to Bio-Mos. Many experiments have too
little experimental power to detect the
subtle effects of Bio-Mos and presumably
effects of other feed additives. The differ-
ence in results across experiments may be
attributed to the environment, health sta-
tus of the pigs, quality of dietary ingredi-
ents, length of experiment, dietary Bio-
Mos inclusion level, and number of pigs
utilized, as well as many other factors.

Before the individual factors could be ana-
lyzed, the sources of the data had to be
compared to determine whether the data
from Alltech, Inc were biased. Unpublished
data may introduce bias, as some studies
may be unavailable, and thus those that are
utilized in the analysis may be an unrepre-
sentative sample of unpublished studies.38

To ensure that the positive performance
response to Bio-Mos is valid, data available
in the public domain were compared to
data obtained from the files of Alltech, Inc.
The feed intake response to Bio-Mos re-
ported in the published data was greater

than the response reported in the unpub-
lished data. This indicates that Alltech, Inc
had not positively biased the data contrib-
uted from their files. The greater performance
response seen in the published data may be
attributed to the reluctance of researchers

to publish data that show nonsignificant
differences due to fear of rejection by the
journal to which they submit their findings.39

This may result in the published data being
positively biased.40 Nonetheless, the greater
response to Bio-Mos in the published data
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levelsoM-oiB fo.oN fo.oN %naem(ecnereffiD ± )ES
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†1ledoM
01.0 5 4.03 64.8 ± 59.2 a 41.4 ± 04.2 72.4- ± 73.2
02.0 61 8.43 26.4 ± 64.1 a 59.1 ± 91.1 31.3- ± 81.1
03.0 22 5.73 01.2 ± 34.1 24.0- ± 61.1 25.3- ± 51.1
04.0 5 4.92 82.5 ± 19.2 51.4 ± 73.2 32.0- ± 43.2

‡2ledoM
01.0 2 0.43 03.1- ± 94.3 67.1- ± 50.3 42.1- ± 36.3
02.0 21 3.43 30.2 ± 34.1 95.1 ± 52.1 34.1- ± 94.1 a

03.0 81 2.73 39.1 ± 42.1 14.0 ± 80.1 35.2- ± 92.1 a

04.0 5 4.92 41.1 ± 80.3 19.3 ± 96.2 01.3 ± 02.3

slaiborcimitnA fo.oN fo.oN %naem(ecnereffiD ± )ES
snosirapmoc syadyduts )g(GDA )gk(IFDA niag:deeF

tneserP 92 2.43 12.5 ± 43.1 a 47.2 ± 90.1 a 58.2- ± 80.1 a

tnesbA 91 2.63 69.4 ± 36.1 a 89.1 ± 23.1 96.2- ± 13.1 a

Table 8: Effect of Bio-Mos dietary inclusion level on growth rate (ADG), average daily feed intake (ADFI), and feed efficiency
(feed:gain) responses of nursery pigs in experiments comparing growth parameters in nursery pigs fed Bio-Mos and
control pigs*

*    A total of 48 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan
oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls). Inclusion
levels in the 48 comparisons were divided into four groups: 0.1% (1 kg/T); 0.2% (2 kg/T) declining to 0.1%; 0.3% (3 kg/T) declining to
0.2%; and 0.4% (4 kg/T). Data was provided for 37 comparisons during the first nursery stage (ie, first 7 to 15 days postweaning,
depending on day pigs were weighed after weaning). All weights were either provided in or converted to metric units for analysis.
Differences calculated as [(mean Bio-Mos parameter value – mean control parameter value) ÷ mean control parameter value] × 100.

†    Statistical model 1: Yijkl = µ + Wi + Lj + Bk + eijkl where Yijkl represents the dependent variable; µ is the overall mean; Wi is the fixed
effect of weaning age group (i = 1, 2, or 3); Lj is the fixed effect of experimental length group (j = 1 or 2); Bk is the fixed effect of Bio-
Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3%, or 0.4%); and eijkl is the error term.

‡    Statistical model 2: Yijklm = µ + Wi + Lj + Bk + Cl + eijklm where Yijklm represents the dependent variable; µ is the overall mean; Wi is the
fixed effect of weaning age group (i = 1, 2 or 3); Lj is the fixed effect of experimental length group (j = 1 or 2); Bk is the fixed effect of
Bio-Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3% or 0.4%); Cl is the fixed effect of control group growth rate during the first
nursery stage, first 7 to 15 days postweaning, (l = < 180 g per day, 180 to 280 g per day, or > 280 g per day); and eijklm is the error term

a    Different from zero (P < .05); analysis of variance).

Table 9: Effect of the presence or absence of in-feed antimicrobials in addition to Bio-Mos on growth rate (ADG), average
daily feed intake (ADFI), and feed efficiency (feed:gain) responses of nursery pigs in experiments comparing growth
parameters in nursery pigs fed Bio-Mos and control pigs*

*    A total of 48 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan
oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls). All weights
were either provided in or converted to metric units for analysis. Differences calculated as [(mean Bio-Mos parameter value – mean
control parameter value) ÷ mean control parameter value] × 100. Statistical model: Yijklm = µ + Wi + Lj + Bk + Al + eijklm, where Yijklm
represents the dependent variable; µ is the overall mean; Wi is the fixed effect of weaning age group (i = 1, 2, or 3); Lj is the fixed effect
of experimental length group (j = 1 or 2); Bk is the fixed effect of Bio-Mos dietary inclusion level (k = 0.1%, 0.2%, 0.3%, or 0.4%); Al is
the fixed effect of antimicrobials (l = present or absent); and eijklm is the error term. Antimicrobials in the experimental diets included
chlortetracycline, carbadox, tiamulin, tylosin, penicillin, and sulfamethazine.

a     Different from zero (P < .05; analysis of variance).

allowed us to continue our analyses with
the entire data set rather than including
only studies with results available in the
public domain.

The perceived mode of action of Bio-Mos
is a combination of modification of gut
microflora by blocking pathogen coloniza-

tion41 and inhibition of immune system
activation.12 When both mobilization of
nutrients toward immune system activation
and utilization of nutrients by pathogenic
microbes are prevented, more nutrients are
available to the young pig during the
difficult transition period at weaning. If

this is the mode of action of Bio-Mos, then
it should be more effective in animals that
have a slower growth rate. The growth rate
of control pigs during the first stage (1 to 2
weeks) of the nursery period was selected as
an indicator of overall growth performance.
We rejected growth rate over the entire
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laicremmoC 9 0.34 83.7 ± 52.2 a 32.4 ± 48.1 a 42.3- ± 48.1
hcraeseR 93 2.33 65.4 ± 22.1 a 20.2 ± 99.0 a 86.2- ± 00.1 a

Table 10: Effect of experimental site (commercial swine facility or research facility) on growth rate (ADG), average daily
feed intake (ADFI), and feed efficiency (feed:gain) responses of nursery pigs to Bio-Mos in experiments comparing growth
parameters in nursery pigs fed Bio-Mos and control pigs*

*     A total of 48 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan
oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls). All weights
were either provided in or converted to metric units for analysis. Differences were calculated as [(mean Bio-Mos parameter value –
mean control parameter value) ÷ mean control parameter value] × 100. Statistical model: Yijklm = µ + Wi + Lj + Bk + Sl + eijklm, where
Yijklm represents the dependent variable; µ is the overall mean; Wi is the fixed effect of weaning age group (i = 1, 2, or 3); Lj is the fixed
effect of experimental length group (j = 1 or 2); Bk is the fixed effect of dietary Bio-Mos use level (k = 0.1%, 0.2%, 0.3% or 0.4%); Al is
the fixed effect of experimental site (l = commercial or research); and eijklm is the error term. Commercial facilities were large
producer-operated swine farms; research facilities were small university or private research facilities.

a    Different from zero (P < .05; analysis of variance).
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)teidfo%(amsalP
≤ 5.5 22 5.53 24.3 ±±±±± 78.1 90.0- ±±±±± 54.1 a 97.4- ±±±±± 33.1 c

5.5> 11 9.63 47.6 ±±±±± 68.1 c 98.3 ±±±±± 44.1 cb 37.2- ±±±±± 23.1 c

)teidfo%(stcudorpkliM
≤ 02 91 8.33 58.3 ±±±±± 22.2 15.0- ±±±±± 07.1 05.4- ±±±±± 75.1 c

02> 41 0.93 77.5 ±±±±± 96.1 c 42.3 ±±±±± 03.1 c 53.3- ±±±±± 91.1 c

)teidfo%(stneidergnilaicepS
≤ 03 7 3.92 91.01 ±±±±± 98.2 c 31.4 ±±±±± 54.2 88.5- ±±±±± 31.2 c

03> 62 8.73 22.4 ±±±±± 04.1 c 45.1 ±±±±± 91.1 93.3- ±±±±± 40.1 c

Table 11: Effect of ingredient quality in the first stage nursery diet on growth rate (ADG), average daily feed intake (ADFI),
and feed efficiency (feed:gain) responses of nursery pigs to Bio-Mos in experiments comparing growth parameters in
nursery pigs fed Bio-Mos and control pigs*

*    A total of 33 direct comparisons of growth performance were made in nursery pigs fed either a diet including a mannan
oligosaccharide feed additive (Bio-Mos; Alltech, Inc, Nicholasville, Kentucky), or the same diet without Bio-Mos (controls). All weights
were either provided in or converted to metric units for analysis. Differences were calculated as [(mean Bio-Mos parameter value –
mean control parameter value) ÷ mean control parameter value] × 100. Statistical model: Yijklm = µ + Wi + Lj + Bk + Dl + eijklm, where
Yijklm represents the dependent variable; µ is the overall mean; Wi is the fixed effect of weaning age group (i = 1, 2, or 3); Lj is the fixed
effect of experimental length group (j = 1 or 2); Bk is the fixed effect of dietary Bio-Mos use level (k = 0.1%, 0.2%, 0.3%, or 0.4%); Dl is
the fixed effect of dietary ingredients (l = ≤ 5.5% plasma or > 5.5% plasma; ≤ 20% milk products or > 20% milk products; ≤ 30%
special ingredients or > 30% special ingredients); and eijklm is the error term. Plasma was spray-dried animal plasma; milk products
included dried skim milk, milk replacer, and deproteinized whey; special ingredients included plasma, milk products, fish meal, blood
meal, and blood cells.

a,b   Values in the same column with no common superscript are significantly different (P < .05; analysis of variance).
c     Different from zero (P < .05; analysis of variance).

experiment as an indicator of overall
growth performance because of consider-
able variation in duration of the experi-
ments, which would create artificial biases.
The duration of the initial phase is less
variable. The analysis indicated that pigs
that had a slow growth rate (< 180 grams
per day) during the first nursery stage (days
0 to 14 postweaning) had a larger growth
rate response to Bio-Mos than did pigs that
had a normal or an accelerated growth rate.

Although there were fewer comparisons at
both the low and high growth rate levels,
the analysis gave a clear indication that
when Bio-Mos is incorporated into the diet
of slower growing pigs, performance is en-
hanced. This response is similar to what is
observed when nursery pigs reared in
“dirty” environments respond more to anti-
microbial growth promotants and some
direct-fed microbials than do pigs reared in
“clean” environments.42

Growth response to Bio-Mos was not
significantly different for the three weaning
age groups. In the model that analyzed
overall performance response from 48 com-
parisons, the feed intake response to Bio-
Mos was larger for pigs weaned at an earlier
age (17 to 18 days) than at a later age (24
to 28 days). However, neither model gave a
clear indication of which weaning age
group had a larger response to Bio-Mos.
Failure to determine the impact of weaning
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age on performance response to Bio-Mos
may show a true lack of effect or may be
attributed to the lack of power of the
model as a result of separating this inde-
pendent variable into three separate groups,
resulting in low numbers in each group.

Two analyses were performed to address the
question of how long Bio-Mos should be
fed in the nursery diet. First, the performance
response to Bio-Mos for pigs in experiments
of shorter duration was not demonstrably
larger than for pigs in experiments of longer
duration. This lack of difference suggests
that the benefits of Bio-Mos persist beyond
5 weeks postweaning. However, growth
rate response to Bio-Mos during the first
nursery stage was larger (8.47% better than
control pigs) than the response observed
during the remainder of the nursery pe-
riod. During the remainder of the nursery
period, growth rate response to Bio-Mos
was smaller (2.12% better than control
pigs), suggesting that Bio-Mos may be
more effective during the immediate
postweaning period.

The analysis presented no significant effects
of Bio-Mos use level on performance re-
sponse of pigs. Response to Bio-Mos level
was not consistent across experiments. In
addition, direct comparison of varied levels
of Bio-Mos within experiments presented
conflicting results (data not shown). The
data involving direct comparisons indi-
cated that as the concentration of Bio-Mos
in the diet increased, there was either a nu-
merical increase or decrease in growth per-
formance in the pigs fed Bio-Mos compared
to the control pigs. The inconsistency may
be due to separation of the variable into
four categories, which may have reduced
the statistical power of both models.

It has been common practice to include
antimicrobials in nursery diets as growth
promoters. In the present data set, two-
thirds of the experiments included some
form of antimicrobial in the diet. There
were no significant differences in the re-
sponse to Bio-Mos in diets with or without
antimicrobials, suggesting that Bio-Mos
may have a positive influence on growth
performance in nursery pigs even when
antimicrobials are also included in the
diet.13,14,37 In fact, the similarity in size of
the response to Bio-Mos in the presence or
absence of antimicrobials suggests that the
responses are additive. The response to Bio-
Mos was smaller than the response to anti-
microbials when both were tested in the
same experiments.

The experiments were conducted in either
commercial or research settings. The condi-
tions or setting of the nursery may affect
performance of the pigs. Sanitary conditions,
feed quantity and quality, disease preva-
lence, and overall health may influence
growth performance.43 There was no
significant difference in the response to
Bio-Mos when performance of pigs in re-
search and commercial settings was com-
pared. In both settings, there was a positive
response in the performance of pigs fed
Bio-Mos compared to the performance
seen in pigs fed the control diet. Because
the practical application of Bio-Mos occurs
in a commercial setting, these results indi-
cate that Bio-Mos may be used as a growth
promoter.

Diet quality may have an impact on perfor-
mance of nursery pigs during the first 2
weeks postweaning. Often, pigs perform
better when the diet is supplemented with
high levels of quality ingredients.44 A meta-
analysis of the results of experiments evalu-
ating the effects of adding spray-dried plasma
to the diet of nursery pigs shows a 27%
average improvement in growth rate.45 Pigs
fed diets containing > 5.5% plasma had a
better feed intake response to Bio-Mos
than did pigs fed a diet containing ≤ 5.5%
plasma. The addition of low levels of milk
products compared to high levels did not
influence performance response to Bio-Mos.
There were no significant differences in
response to Bio-Mos in the performance of
pigs fed low levels of special ingredients
(plasma, milk products, fish meal, blood
meal, blood cells) compared to high levels
in the first-phase nursery diet. This demon-
strated that Bio-Mos enhances performance
in pigs even in the presence of high quality
dietary ingredients. Therefore, the analysis
suggests that Bio-Mos may be effective
whether the diet is of low or high quality
and whether or not antimicrobials are
present.

Overall, the analysis of all known available
data indicates that Bio-Mos may be incor-
porated into the nursery pig diet as an al-
ternative growth promoter. This should be
of great interest to swine producers, as a lag
in growth and a depression in feed intake is
commonly associated with the immediate
postweaning period.46 With an average
improvement of 4.12% in growth rate in
pigs fed Bio-Mos, this product may help
the young pig during the transition period.

However, one must be cautious regarding
interpretation of the analyses presented
here. We have expended considerable effort
to assemble as complete a data set as possible,
in order to ensure that it is unbiased and
large enough to be insensitive to normal
variation in values from individual experi-
ments. Our data set is larger than could be
assembled for most feed additives. We gain
some protection against omissions of data
through the redundancy in our search pro-
cess, using both literature search proce-
dures and our access to Alltech, Inc. How-
ever, there remains the possibility that our
data set might contain minor biases because
of scientists’ reluctance to publish data that
do not show clear treatment effects,39,40

and in some cases, the statistical power of
our analyses is limited by small numbers of
comparisons within subgroups.

Implications
• Bio-Mos, a mannan oligosaccharide,

enhances growth performance of
nursery pigs.

• The largest responses to Bio-Mos
occur soon after weaning, but smaller
effects may persist much longer.

• Bio-Mos appears to be most beneficial
for pigs that have a slow growth rate
(< 180 grams per day) during the first
2 weeks postweaning.

• As evidence to support one of the four
dosage levels analyzed was inconclu-
sive, no inclusion level of Bio-Mos can
be recommended.

• Responses to in-feed antimicrobials
and to Bio-Mos appear to be additive.
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