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Introduction

ABSTRACT. Selenium is an essential trace element for pig growth; generally,
inorganic or organic selenium is used for dietary selenium supplementation.
Newborn piglets obtain all nutrients from the sow; thus, the sow absorption
rate of different selenium sources significantly affects sow reproductive
performance and piglet development. Therefore, a meta-analysis was
performed to provide insights into whether organic selenium is better than
mineral selenium for improving sow reproductive performance and piglet
development. The present study investigated the effects of different selenium
sources in sow feed using articles published between June 1, 1980, and
December 31, 2020, from four databases. In the meta-analysis, 19 articles
(347 sows) from seven countries were included. It was shown that feeding organic
selenium to sows during pregnancy significantly increased newborn piglet
weight (P < 0.05), piglet weight at weaning (P < 0.05), litter weight at weaning
(P < 0.01), selenium content in sow colostrum (P < 0.01), milk (P < 0.01) and
serum (P < 0.01); and selenium content (P < 0.01) and glutathione peroxidase
activity (P < 0.05) in piglet serum. However, it had no effect on the number of live-
born piglets and litter weight at birth. Owing to study heterogeneity (# > 50%), we
hypothesized that the sow breed or weaning age were the influencing factors.
Publication bias and sensitivity analyses indicate that the present results are
robust. Further research is needed to better understand how different selenium
sources affect sow reproduction and piglet development.

sion of immune proteins, thereby improving im-
munity (Fontaine et al., 1977; Wang et al., 2018).

Selenium is absorbed through the intestine and
exists in the form of selenium protein in pigs. Se-
lenium participates in the redox mechanism and
regulation of innate and adaptive immune responses
(Dalgaard et al., 2018). Selenium deficiency is as-
sociated with skeletal muscular dystrophy and re-
productive dysfunction (Mehdi et al., 2013), Mul-
berry heart disease in pigs and Keshan disease in
humans (Oropeza-Moe et al., 2015). In certain ad-
verse environments, selenium increases the expres-

Newborn piglets obtain selenium through colostrum
and milk; selenium levels in sows and the source of
dietary selenium affect the selenium status of nurs-
ing and weaned piglets (Mahan et al., 1974). Piglets
are more prone to selenium deficiency than sows
(Hostetler and Kincaid, 2004). The selenium lev-
els in whole blood and milk of sows vary at different
stages of pregnancy (Oikawa-Takada et al., 2005);
selenium supplementation in sows during pregnancy
effectively increases the selenium levels in piglets.
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It improves immunity and effectively enhances
piglets resistance to adverse environments (Boryaev
et al., 2005). For many years, scientists have
investigated the effects of different selenium sources
on sow reproductive performance. Several clinical
efficacy trials have been conducted and published,
but the quality of reported results vary greatly. In
the present study, we used meta-analysis, which
facilitates drawing a conclusion through statistical
analysis of published data (Gurevitch et al., 2018).
We investigated the effect of different selenium
sources on the reproductive performance of sows
and selenium levels in piglets by assessing relevant
articles using the Cochrane quality evaluation
criteria (Higgins and Green, 2005) and performing
a meta-analysis of studies that met the inclusion
criteria, to provide more powerful clinical evidence-
based medical evidence.

Material and methods

The study was conducted according to the
PRISMA (preferred reporting items for meta-
analyses) guidelines (Stewart et al., 2015). The
PRISMA checklist was used to ensure the inclusion
of relevant information in the analysis.

Data source

Four online databases were manually searched:
PubMed, Science Direct, Web of Science and China
Academic Journals Database (CNKI). The search
was limited to articles published between June 1,
1980, and December 31, 2020. Experts and scholars
in this field were contacted to find ongoing trials and
collect conference proceedings.

Search strategy

Relevant articles were searched using the
subject heading search terms. In Web of Science and
PubMed, the following search formula was used:
(‘sow’ [Title, Keywords, Abstract]), (‘selenium’
[Title, Keywords, Abstract]) and (‘1980/01/1°
[PDATT]: “2020/12/31° [PDAT]). In Science Direct,
we used the subject terms ‘sow’ and ‘selenium’
and the web pub-date >1980 and pub-date <2021;
article type was specified as ‘research article’, and
publication titles were required to include terms
related to animal feed and livestock reproduction.
In CKNI, we searched for Chinese characters
corresponding to sow (mu zhu) and selenium (xi);
the publication period was the same as that used to
search articles in English.

Inclusion and exclusion criteria

Studies were considered eligible if they met
the following inclusion criteria: 1) the study was
a random controlled trial (RCT) that used added
organic and mineral selenium; 2) the study was
a single factor experiment; 3) the research object
was healthy sows; 4) the study included organic
selenium in the experimental group and mineral
selenium in the control group, and the added
selenium content ranged from 0.3 to 0.5 mg/kg
(Surai and Fisinin, 2016). The exclusion criteria
were as follows: 1) duplicate search results; 2) the
original full-text article was inaccessible; 3) the
study had a small sample size; 4) the experimental
data were presented as a graph, and the actual values
were not available.

Literature screening and data extraction

Literature screening was performed in accordance
with the pre-established inclusion and exclusion
criteria; the selection and identification of articles
were carried out independently by two reviewers. If
the results were inconsistent, they were resolved by
a third party or through discussion and negotiation.

The following data were extracted from the
selected articles: authors, publication date, location
of research, and study characteristics such as the
total number of animals in experimental and control
groups, source of selenium in experimental and
control groups, weaning age, a number of births,
individual and litter weight of newborn and weaned
piglets, the selenium content of colostrum, milk and
sow and piglet serum, and glutathione peroxidase
(GSH-Px) activity in piglet serum. If the data were
unclear, we attempted to contact the original author
to obtain the original data. Data were reported as
mean + standard error of mean (SEM) or standard
deviation (SD); the SEM values were recalculated
as SD for data standardization.

Literature quality assessment

Because animal intervention studies differ from
RCTs in some aspects and the systematic evaluation
of animal experimental research is not yet estab-
lished, the method of systematic reviews of clini-
cal trials of animal intervention research was modi-
fied according to the Cochrane quality evaluation
criteria (Higgins and Green, 2005). A RevMan 5.3
(Cochrane, London, UK) was used for quality as-
sessment; the results of the studies were assessed for
selection bias, performance bias, detection bias and
loss bias (Hooijmans et al., 2014).
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Heterogeneity test and statistical analysis

A Stata 15.0 statistical software (StataCorp
LLC, College Station, TX, USA) was used for sta-
tistical analysis of the included research data. Be-
fore combining effect values, it is important to de-
termine the inter-study heterogeneity (i.e., whether
the difference between the results is due to random
errors) (Higgins and Thompson, 2002). First, 7 test
and Q test were used to assess whether effect sizes
were heterogeneous between studies, and then the
appropriate effect model was selected. For P> 0.10
and I° < 50%, which indicate low or no statistical
heterogeneity in the effect sizes between the studies,
a fixed-effects model is appropriate for analysis; for
P < 0.10 and P > 50%, a random-effects model is
appropriate (Huedo-Medina et al., 2006), and sub-
group analysis is performed on factors that cause the
heterogeneity. For count data, weighted mean differ-
ence (WMD) is used as the effect scale (expressed
as 95% confidence interval [CI]).

Publication bias and sensitivity analysis

Egger’s test was used to estimate potential
publication bias; P > 0.05 indicates a small risk of
publication bias, whereas P < 0.05 indicates potential
publication bias (Egger et al., 1997). If Egger’s test
showed a P <0.05, we used the trim-and-fill method
to supplement the data to verify the presence of
publication bias. This method not only estimates
the number of missing studies but also includes
missing studies, performs a new meta-analysis, and
adjusts the combined effect size of the intervention
(Steichen, 2000).

Sensitivity analysis was conducted to assess
the stability of the research results and to test the
robustness of a pooled estimate; we evaluated the
effect of each study on the pooled seroprevalence
by excluding individual studies in turn. A study
was deemed to have no effect if the pooled estimate
excluding its data was within the 95% confidence
limits (Higgins and Thompson, 2002).

Results

Literature search results

According to the search strategy, a total of
588 related articles were identified from the four
databases (Web of Science = 260, PubMed = 28,
Science Direct = 194, CNKI = 106). According
to the article screening process developed by
Cochrane (Higgins and Green, 2005), 70 duplicate
articles were excluded (PubMed = 26, Science
Direct = 36, CNKI = 8), 480 articles were excluded

based on the title and abstract (Web of Science =
233, PubMed = 2, Science Direct = 158, CNKI =
87), and 19 articles were excluded according to the
exclusion criteria: five English and four Chinese
articles showed data duplication; in one study
(Park et al., 2015) selenium supplementation of
0.6 mg/kg was used; in one study (Li et al., 2020)
were used unhealthy sows; one study (Kim and
Mahan, 2001) described a small sample size; the full
text of three studies (Rafai and Jakab, 1999; Lampe
et al., 2005; Belyaev et al., 2006) could not be
obtained; and four studies (Hostetler and Kincaid,
2004; Boryaev et al., 2005; Oikawa-Takada et al.,
2005; Falk et al., 2019) did not provide valid data.
Finally, 19 research articles (Mahan and Kim, 1996;
Mahan, 2000; Mahan and Peters, 2004; Yoon and
McMillan, 2006; Zheng, 2006; Jia, 2007; Quesnel
et al., 2008; Svoboda et al., 2008, 2009; Li, 2009;
Yue, 2012; Lin et al., 2013; Wang and Yang, 2013;
Ma et al., 2014; Szuba-Trznadel et al., 2017; Xu
et al., 2017; Falk et al., 2020; Mou et al., 2020a,b)
from seven countries that met the inclusion criteria
were included in the meta-analysis; the method and
results are shown in Figure 1.

Baseline data from the included studies

The included studies come from seven coun-
tries; most studies used Yorkshire x Landrace cross-
bred sows, whereas a small number of studies used
local pig breeds. Xu et al. (2017) did not indicate the
pig breed used. The weaning age was 14-28 days
in most studies. The source of the mineral selenium
in the control group was sodium selenite for most
studies, except Xu et al. (2017) and Zheng (2006),
who used selenium oxide and mixed selenium, re-
spectively. The source of organic selenium in the
experimental group was mostly Se-enriched yeast,
Sel-Plex and hydroxy-analogue of selenome-
thionine; the main raw material of Sel-Plex is
Se-enriched yeast. The data are shown in Table 1.

Detailed data from each included study

For the meta-analysis, we selected 10 outcome
indicators: the number of live piglets born; piglet and
litter weight at parturition; piglet and litter weight
at weaning; selenium concentration in colostrum,
milk, sow serum/plasma and piglet serum/plasma;
and GSH-Px activity in piglet serum. The extracted
data were standardized by using standard deviation
values and consistent units. For some data that could
not be obtained directly from the paper, we tried to
contact the author and successfully obtained the
original data for two articles (Mou et al., 2020a,b).
The data are presented in Table 2.
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260 records identified
through Web of Science

28 records identified
through PubMed

194 records identified
through Science Direction

106 records identified
through CNKI
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588 records identified
through database search

A 4

—>| Excluded 70 duplicate records

518 records remained

480 records excluded after title

y

and abstract reading

38 full-text articles assessed for eligibility
(27 English, 11 Chinese)

n=15 English articles excluded:

1 unhealthy sows
1 added selenium >0.6 mg/kg

1 too few sample (sample <2)
4 no valid data
3 unable to get full text

n=4 Chinese articles excluded:

\ 4

5 share the same data with others

A

4 share the same data with others

y

19 studies included in quantitative
synthesis and meta-analysis
(12 English, 7 Chinese)

Figure 1. Flow diagram of the selection of eligible studies

Table 1. Baseline data from the studies included in the meta-analysis

Publication

Country

Sow breed

Weaning age, Selenium source,

day mglkg

Falk et al. (2020) Norway Yorkshire x Landrace 24 SS 0.4/ L-SeMet 0.26

Jia (2007) China Yorkshire x Landrace 21 SS 0.3/Se-enriched yeast 0.5
Li (2009) China Yorkshire x Landrace 28 SS 0.3/Selenomethionine 0.4
Lin et al. (2013) China Yorkshire x Landrace 28 SS 0.3/Se-enriched yeast 0.3
Ma et al. (2014) USA Mix breed 21 SS 0.3/Sel-Plex 0.3

Mahan (2000) USA Yorkshire x Landrace 14 SS 0.3/Se-enriched yeast 0.3
Mahan and Kim (1996) USA Yorkshire x Landrace 21 SS 0.3/Se-enriched yeast 0.3
Mahan and Peters (2004)  USA Yorkshire x Landrace 17-21 SS 0.3/Se-enriched yeast 0.3
Mou et al. (2020a) China Yorkshire x Landrace 21 SS 0.3/HMSeBA 0.3

Mou et al. (2020b) China Yorkshire x Landrace 0 SS 0.3/HMSeBA 0.3
Quesnel et al. (2008) France Yorkshire x Landrace 26 SS 0.3/Sel-Plex 0.3

Svoboda et al
Svoboda et al

Szuba-Trznadel et al. (2017) Poland
Wang and Yang (2013) China
Xu (2017) China
Yoon and McMillan (2006)  Canada
Yue (2012) China
Zheng (2006) China

. (2009)
. (2008)

Czech Republic
Czech Republic

WBP x PBZ

Landrace x Czech Large White 3
Landrace x Czech Large White 14

28

(Yorkshire x Landrace) or Tibet pig 21

unknown

Yorkshire x Landrace
Yorkshire x Landrace

Yorkshire

21
14
28
28

SS 0.3/Se-enriched alga Chlorella spp. 0.3
SS 0.3/Sel-Plex 0.3

SS 0.4/organic selenium 0.26

SS 0.3/Se-enriched yeast 0.5

Se0, 0.4/Se-enriched yeast 0.3

SS 0.3/Se-enriched yeast 0.3

SS 0.3/Se-enriched yeast 0.3

SS 0.3/SS 0.2+Se-enriched yeast 0.2

SS - sodium selenite, SeMet — selenomethionine, Sel-Pex — Se-enriched yeast, HMSeBA - hydroxy-analogue of selenomethionine


0.3/Se
0.3/Selenomethionine
0.3/Se
0.3/Sel
0.3/Se
0.3/Se
0.3/Se
0.3/HMSeBA
0.3/HMSeBA
0.3/Sel
0.3/Se
0.3/Sel
0.4/organic
0.3/Se
0.4/Se
0.3/Se
0.3/Se
0.3/SS
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Methodological quality assessment
of the included studies

Of the 19 studies, Svoboda et al. (2008; 2009)
and Szuba-Trznadel (2017) did not mention random
grouping and had an uncertain risk of selection bias,
whereas other studies mentioned random grouping
and had a low risk of bias. In terms of baseline char-
acteristics, only Xu et al. (2017) did not mention the
sow breed and other relevant information and had
a high risk of selection bias; Li (2009), Svoboda
et al. (2008; 2009) and Yue (2012) did not mention
random housing and had an uncertain risk of selec-
tion bias. Wang and Yang (2013) grouped the ani-
mals according to weight and had a high risk of per-
formance bias, whereas other studies that grouped
the animals randomly had a low risk of performance
bias. None of the studies mentioned blinding of im-
plementation and outcome assessment; therefore, all
studies had an uncertain risk of performance bias. For
random result evaluation, Zheng (2006), Jia (2007),
Li (2009), Yue (2012), Lin et al. (2013), Wang and
Yang (2013), Szuba-Trznadel et al. (2017) and Falk
et al. (2020) did not provide the relevant informa-
tion; therefore, these studies had an uncertain or
low risk of detection bias. Zheng (2006), Jia (2007),
Li (2009), Yue (2012), Lin et al. (2013), Wang and
Yang (2013), Szuba-Trznadel et al. (2017) and
Xu et al. (2017) did not specify the number of
individuals lost to follow-up; therefore, these
studies had an uncertain risk or low risk of loss bias.
The results are shown in Figure 2.

We extracted data on five indicators of effects of
selenium source on sow reproductive performance.
Among the 19 studies, there was no statistically sig-
nificant difference in the effects of feeding organic
and mineral selenium on the number of live-born
piglets (WMD = 0.020, 95% CI [-0.561, 0.600],
P > 0.05, P = 654%); there was a signifi-
cant difference in piglet weight at parturition
(WMD = 0.084, 95% CI [0.016, 0.153], P < 0.05,
> =86.7%) but no difference in piglet litter weight at
parturition (WMD =0.748, 95% CI [-0.444, 1.940],
P > 0.05, P = 86.9%) was noted. Piglet weight at
weaning showed a significant increase with organic
selenium supplementation (WMD = 0.430, 95% CI
[0.022,0.873], P<0.05, °=98.3%), and piglet litter
weight at weaning showed an extremely significant
increase with organic selenium supplementation
(WMD = 5.386, 95% CI [1.725, 9.048], P < 0.01,
P = 86.4%); Figure 3 shows a forest plot summa-
rizing sow reproductive performance. A subgroup
analysis based on sow breed showed that individ-
ual piglet weight at parturition did not differ in the
Yorkshire x Landrace pigs but differed significantly
in other breeds (Figure 4). A subgroup analysis
based on piglet weaning age showed that the lit-
ter weight at weaning (Figure 5) was significantly
higher in organic selenium groups in piglets weaned
after 21 days.

In total, 12, 11 and 10 studies included data
on selenium content in colostrum (WMD = 0.063,
95% CI [0.041, 0.085], P < 0.01, I = 89.2%),
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Figure 2. Bias assessment chart of eligible literature

Heterogeneity test and statistical analysis

There was substantial heterogeneity (2 > 50%)
among the data from the 19 articles reviewed; there-
fore, we used a random-effects model to combine
the effect values.

selenium content in milk (WMD = 0.035, 95% CI
[0.019, 0.052], P < 0.01, P =99.3%) and selenium
content in sow serum (WMD = 0.010, 95% CI
[0.003, 0.017], P < 0.01, I = 90%), respectively.
There were 14 studies that mentioned the effect of
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Outcomes  Summary forest plot of sow reproduction performance Pooled estimates Heterogenity
WMD (95% Cl) Pvalue  Pq P
Number of piglet born alive WMD 0.020 (-0.561 to 0.600)  0.947 <0.001 64.5%
Weight of new born individual piglet - WMD 0.084 (0.016t00.153)  0.160 <0.001 86.7%
Litter weight of new born piglet WMD 0.748 (0.444 to 1.940)  0.219 <0.001 86.9%
Weight of weaning individual born piglet —_— WMD 0430 (0.022t00.837)  0.039 <0.001 98.3%
Litter weight of weaning piglet WMD 5.390 (1.72 t0 9.05) 0.004 <0.001 86.4%
-1 0 1 2 55 9
Figure 3. Forest plot of sow reproduction performance
Indices WMD (95% Cl) Weight, %
Other breed :
Falk et al. (2020) 0.05(-0.05, 0.15)  6.19 —T
Ma et al. (2014) -0.04 (-0.21, 0.13)  5.00 —
Quesnel et al. (2008) 0.19 (0.15, 0.23)  6.89 : -
Svoboda et al. (2009) 0.02(-0.31, 0.35)  2.65 - :
Svoboda et al. (2008) 0.06(-0.23, 0.35)  3.10 *
Wang and Yang (2013)(2) 0.42 (0.35, 0.49)  6.61 | —
Xu (2017) 0.16 (0.06, 0.26)  6.10 .
Heterogeneity 2 = 89.9% 0.15 (0.02, 0.27) 36.54 "=-|-":::'-'="'
Test for overall effect Z=2.32 P =0.020 !
Yorkshire x Landrace :
Jia (2007) 0.13 (0.05, 021) 651 —_——
Li (2009) 0.04(-0.13, 0.21)  4.89 —_—
Lin et al. (2013) 0.09(-0.07, 0.25) 512 I s —
Mahan (2000) 0.03(-0.14, 0.20)  5.01 . e r—
Mahan and Kim (1996) 0.02 (-0.14, 0.18)  5.14 I e
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Figure 4. Forest plot of subgroup analysis of individual piglet weight at parturition on the basis of sow breed
Wang and Yang (2013)(1) — sow breed is Yorkshire x Landrace, Wang and Yang (2013)(2) — sow breed is Tibet pig

organic and mineral selenium source on selenium
content in piglet serum (WMD = 0.033, 95% CI
[0.014, 0.052], P < 0.01, 7 = 99.5%), and eight
studies measured the GSH-Px activity in piglet
serum (WMD = 0.044, 95% CI [0.004, 0.085],
P <0.05, P =87.5%). Figure 6 shows a forest plot
summarizing the above data.

Sensitivity analysis and publication bias
analysis

Sensitivity analysis was performed on the
10 indicators individually. The point effect values of
all indicators fell within the 95% credible interval of

the final effect value, indicating good stability and no
impact on the final conclusion.

Egger’s test for publication bias was performed
on the 10 indicators using Stata 15.0 (StataCorp LLC,
College Station, TX, USA). The results indicated that
the indicator piglet weight at parturition has publi-
cation bias (P < 0.05); therefore, we used the trim-
and-fill method for this indicator. The trim-and-fill
method results showed ‘no trimming performed; data
unchanged’, and the articles included in the present
paper had high-quality scores, indicating that the re-
sult is stable. The other nine indicators showed stable
values (P> 0.05); for detailed data of each indicator.
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Figure 5. Forest plot of subgroup analysis of piglet litter weight at weaning on the basis of weaning age
Wang and Yang (2013)(1) — sow breed is Yorkshire x Landrace, Wang and Yang (2013)(2) — sow breed is Tibet pig
Outcomes Summary forest plot of selenium content Pooled estimates Heterogenity
WMD (95% Cl) P-value Pq P
Selenium content of sow colostrum _ WMD 0.63 (0.041100.085) <0.001  <0.001  89.2%
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GSH-Px activity of piglet serum WMD 0.044 (0.004 t0 0.085)  0.032  <0.001  87.5%
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Figure 6. Forest plot summarizing selenium content and glutathione peroxidase (GSH-Px) activity

Discussion

In recent decades, the main source of selenium
in pig feed is inorganic selenium, which has a dis-
tinct limitation of high toxicity; selenium also inter-
acts with other minerals, which cannot be effective-
ly transferred to animals to establish and maintain
selenium reserves (Surai, 2006; Surai and Fisinin,
2014). In terms of the type of organic selenium used
in the included studies, most of the experiments
used Se-enriched yeast. From our meta-analysis

results, it can be seen that feeding organic selenium
increased the selenium content in sow serum
(7.7%), colostrum (44.8%) and milk (69.5%).
Organic selenium is more effective than inorganic
one in increasing the selenium content in blood,
and it persists in the animal body longer (Duntas
and Benvenga, 2015). Gestation is considered to
be a period of constant oxidative stress for the dam
(Wisdom et al., 1991). It seems likely that at the time
of gestation, sows are characterized by decreased
antioxidant protection and undergo increased DNA
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damage. The reproductive performance of sows
is likely associated with their oxidative stress
status during gestation and lactation (Zhao et al.,
2013). Serum selenium begins to decline around
60 days post coitum and decreases even more rap-
idly with approaching parturition. Simultaneously,
GSH-Px activity also declines (Mahan et al., 2007),
and increased oxidative damage in sows during late
gestation may negatively affect the growth and health
of foetuses and postpartum growth of piglets (Zhao et
al., 2013). The selenium content of the body is also
positively correlated with the production of certain
antioxidants. The meta-analysis results showed that
the serum selenium concentration and GSH-Px ac-
tivity were 29.44 and 6.4% higher, respectively, in
piglets produced by sows supplemented with organ-
ic selenium than in piglets produced by sows supple-
mented with inorganic selenium.

The subgroup analysis based on weaning age
indicated that organic selenium effectively increased
the weaning weight (by 6.93%) of piglets, especially
those weaned after 21 days, but had no significant
effect on the weight of piglets weaned before
21 days; it is speculated that with prolongation of the
weaning age, there is sufficient amount of selenium
available to enhance the adaptability of the piglets
to intestinal infections and adverse environments
during the early growth process (Mahmoud and
Edens, 2005; Li et al., 2020). Meta-analysis of piglet
birth weight showed that individual newborn piglets
produced by sows fed diets with organic selenium
weighed 4.58% more than those produced by
sows fed diets with inorganic selenium. Individual
piglet weight significantly differed between sows
fed diets with different selenium sources in pigs of
other breeds but not in Yorkshire x Landrace pigs,
indicating that the absorption of organic selenium
varies according to breed. The difference in selenium
source had no significant effect on the number of live
births; a potential explanation is that the number of
live births is affected more by specific genes of the
parent pigs (Chen et al., 2019).

The results suggest that improvement in
antioxidant activity of sows and piglets during
pregnancy, lactation, and growth of piglets by
feeding organic selenium is of great importance
for their health and productive and reproductive
performance.

In the studies included in this paper, the
difference in the quantity of organic selenium
and inorganic selenium added to sow feed was
within 0.2 mg/kg, and the total added quantity
did not exceed 0.5 mg/kg; however, there is still

no uniform standard to determine the quantity of
selenium added. We tried to choose the same dose
of two different selenium sources to reduce the
effect due to dose. Most of the included studies
had a small sample size and therefore the meta-
analysis lacked large sample data. Many of the
results showed substantial and unexplainable
heterogeneity. When analysing the source of
the heterogeneity, due to the lack of specific
information in the studies, only a few subgroup
categories were available for analysis. On the basis
of the results of subgroup analyses, we believe that
the heterogeneity is caused by sow breed, weaning
age and certain uncontrollable factors (such as
environmental conditions and experimental goals).
A publication bias may be caused by the lack of
negative reports and samples, which is inevitable
and unexplainable. Moreover, in the present meta-
analysis, owing to the limited number of articles,
we did not analyse other antioxidant indicators
in piglet serum and immune indicators such as
immunoglobulin G (IgG), and the effect of various
organic selenium sources on the performance
of sows and piglets should be analysed in detail.
Organic selenium can increase the production of
corresponding antioxidants, thereby increasing the
levels of certain immune factors and improving
the resistance to infectious agents (Wang et al.,
2013); therefore, further research should focus
on subgroup analyses to identify the potential
differences in these parameters. If the results were
inconsistent, they were resolved by a third party or
through discussion and negotiation.

Conclusions

This meta-analysis suggests that organic se-
lenium significantly increased the individual pig-
let weight at parturition and weaning; piglet litter
weight at weaning; selenium content in sow colos-
trum, milk and serum; and selenium content and
glutathione peroxidase (GSH-Px) activity in piglet
serum. It may therefore be suggested that organic
selenium might be recommended in the sow’s nutri-
tion; however, further research is needed to better
understand how different selenium sources affect
sow reproduction and piglet development.
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