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INTRODUCTION
	
Selenium (Se) is a trace mineral and a micronutrient 

that is only required in small amounts and cannot be 
synthesized by the livestock body (Gu & Gao, 2022). 
Selenium (Se) is a crucial micronutrient for high-
producing animals, including dairy and pregnant 
animals, due to its role in several vital biological 
functions, such as antioxidant protection, health and 
productivity, optimization of reproductive success, 
support and longevity, and performance improvement 
(Gu & Gao, 2022). In pregnant animals, Se is vital in the 
proper fetal development and dam health, contributing 
to better reproductive performance and reduced 
incidence of placenta retention (Gu & Gao, 2022). Se 
deficiency in high-producing animals can occur for 
several reasons, such as dietary imbalance and high 
production demands. High-producing animals have 
elevated nutritional requirements. If these conditions 
are not met, deficiencies can occur even if the general 
Se levels in the diet are adequate for less productive 
animals (Vona et al., 2021).

There are two forms of selenium commonly 
used in the livestock industry, namely nonorganic 
selenium (sodium selenite and sodium selenate) 
and organic selenium (Se-Yeast, selenomethionine, 
and selenocysteine) (Arshad et al., 2020). The effects 
of selenium, both organic and non-organic, have 
been inconsistent in the literature. Barcelos et al. 
(2022) reported that goats given selenium as a feed 
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ABSTRACT

A meta-analysis was conducted to determine the effects of selenium supplementation on milk 
production, milk composition, and nutrient digestibility in dairy goats. A database was constructed 
based on relevant published papers. Related studies that met the criteria were sourced from PubMed, 
Scopus, and Google Scholar. After the identification of studies through the SYRCLE method, the 
final dataset consisted of 15 studies and 188 treatments. The data were analyzed using R version 
4.3.3 (2024-02-29 ucrt) “Angel Food Cake”, which utilizes packages such as lme4, lmerTest, and caret. 
The results showed that increasing concentrations of selenium tended to increase the digestibility 
of dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE), and total digestible 
nutrients (TDN) (p<0.05). Additionally, the results indicated a significant improvement on the milk 
fat content (p<0.05). In conclusion, selenium supplementation until 0.2 mg/kg significantly increase    
digestibility and milk fat content in dairy goats.
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supplement did not exhibit significant differences in 
milk production, milk composition, or the selenium 
concentration in milk. Rashnoo et al. (2020) reported 
a significant difference in the effect of selenium 
supplementation on milk production, milk composition, 
and the selenium concentration in goat milk. To address 
this inconsistency, there is a method called meta-
analysis. Meta-analysis is the statistical analysis of a 
large collection of analysis results from previous studies 
to integrate findings (Adli et al., 2023). To estimate the 
effect of size from multiple studies, a meta-analysis 
was performed to address the inconsistency of findings 
from multiple experiments at a particular level of 
generality (Adli et al., 2024). Therefore, this study aimed 
to provide more reliable conclusions about the effect of 
supplementation on the milk yield, milk composition, 
and nutrient digestibility of dairy goats.

MATERIALS AND METHODS

Eligibility Criteria, Search Strategy, and Data 
Extraction

The literature gathered during the search phase 
will be further refined using the criteria detailed in 
Figure 1. These criteria include both inclusion and 
exclusion factors based on the population, intervention, 
comparison, and outcome (PICO) framework according 
to the methods of Adli et al. (2024). The population re-
fers to the number of goats used in the experiment. The 
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intervention denotes the different amounts of selenium 
administered. The comparison involved the use of a 
nonselenium control group. The outcome consists of the 
observed parameters.

 Each section of the title, abstract, methods, and 
results will be evaluated against these specific criteria. 
The search results, in *.ris file format, were imported 
into Mendeley Desktop v1.19.8. The application 
automatically identified duplicate data, which were 
then manually verified. Once it was confirmed that 
the articles were identical, they were merged. The 
initial relevance assessment of the articles included in 
this meta-analysis was conducted using the titles and 
abstracts. If an article met the criteria outlined in the 
previously provided PICO framework, it proceeded 
to the next step of the overall selection process for the 
article content. 

A dataset was constructed from published litera-
ture reporting the use of selenium as a feed supplement 
in dairy goats, covering publications from 2005 to 2023. 
Literature searches were conducted on PubMed (https://
pubmed.ncbi.nlm.nih.gov/), Scopus (https://www.
sciencedirect.com/), and Google Scholar (https://scholar.
google.com/)  using the keywords ‘selenium’, ‘dairy 
goat’, ‘milk production’, ‘milk composition’, and ‘nutri-
ent digestibility’, respectively. The literature collected 
was from 01/01/2005 to 31/12/2023.

The criteria for articles included in the database 
were as follows: 1) the article was published between 
2005 and 2023, 2) the treatment included the dose of se-

lenium used, 3) the article reported the use of selenium 
in dairy goats, excluding other animals, 4) the dairy 
goats were adult females, 5) selenium was administered 
by mixing it into the feed, and 6) the parameters in-
cluded milk production, milk composition (fat, protein, 
lactose, total solids, and selenium concentration), and 
nutrient digestibility (dry matter, crude protein, ether 
extract, and total digestible nutrients).

For articles meeting these criteria, data were tabu-
lated in Excel, including the author, year of publication, 
breed of goat used, lactation phase of the goat, type and 
amount of selenium used, and the values for each pa-
rameter. All the data were converted into similar units 
of measurement to facilitate direct analysis of specific 
parameters. The final database comprised 15 articles 
with a total of 188 treatment units.  Figure 1 provides 
details of the study selection process used in this meta-
analysis, and Table 1 presents a summary of the com-
pleted dataset.

Publication Bias, Grey Literature, and Quality 
Assessments 

The limitations of the study also referred to as the 
inherent risks of bias in the overall research, were scru-
tinized using the Cochrane Collaboration assessment 
method (Budiarto et al., 2024). Grey literature manage-
ment, including theses and conference proceedings 
not reported in English, was excluded. Grey literature 
was considered only if it originated from experimental 
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Figure 1. Diagram flow for study selection in meta-analysis study 
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Records were excluded before 
screening, requiring at least three 
keywords  in the title section. A 
total of 616 articles were found, 
detailing the species factor and 
form. These records were deemed 
ineligible using semi-automated 
tools. 

Records excluded (irrelevant 
animals not reported using 
selenium, n=583) 

A total of 15 articles was included in 
the dataset. 

Reports were evaluated for the eligibility of 
animals and the timing of experiments conducted. 

The report underwent thorough 
selection processes concerning the form 
of the selenium (n=33) 
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of Science, Pub Med, and Google 
Scholar, Journal of Dairy Science 
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research and journals indexed with digital object identi-
fiers (DOIs) and written in English. A total of 15 selected 
studies were utilized in this investigation to evaluate in-
dividual biases (see Figure 2). This evaluation involved 
assessing various criteria, such as the differing levels 
and forms of selenium administered to the dairy goats 
(D1); identifying deviations in the levels and forms of 
selenium interventions on the dairy goats (D2); observ-
ing the presence of missing data and parameters in 
the experimental outcomes (D3); examining how each 

researcher assessed the validity of the levels and forms 
of selenium on the dairy goats (D4); and considering 
the researchers’ subjectivity in reporting the results of 
selenium concentration (D5). This assessment was con-
ducted by three independent researchers. Each criterion 
was evaluated hierarchically, with a score of 3 assigned 
for “low risk,” a score of 2 for “some concerns,” and a 
score of 1 for “high risk.” These scores were then used 
to determine the overall risk of bias for each study. The 
individual assessments for each criterion were summa-

Table 1. Studies selected for inclusion in the meta-analysis

No References Source of selenium Periods Level (mg/day) Strain of dairy goat
1 Barcelos et al. (2022) Se yeast L 0-6.97 Saanen
2 Zhang et al. (2017) Se enriched yeast and sodium selenite L 0-1.12 Guanzhong
3 Mitsiopoulou et al. (2021) N/A L 0-0.12 Alpine X Local breed
4 Pechova et al. (2008) Sodium selenite and LPC L 0-0.45 N/A
5 Taheri et al. (2016) Sodium selenite and selenomethionine L 0-0.3 Iranian native
6 Rashnoo et al. (2020) N/A P 0-0.25 N/A
7 Kachuee et al. (2014) Sodium selenite and selenomethionine L 0-0.3 Merghoz
8 El-Nahrawy et al. (2022) Sodium selenite and se yeast L 0-0.45 Zaraibi
9 Petrera et al. (2009) Sodium selenite and se yeast L 0-0.26 Saanen
10 Gafaar et al. (2022) Sodium selenite and se yeast L 0-0.43 Zaraibi
11 Vasconcelos et al. (2023) Se yeast L 0-40 Saanen X Toggenburg
12 Kachuee et al. (2019) Sodium selenite and selenomethionine L 0-0.6 Khalkhali
13 Tozzi et al. (2016) Sodium selenite and se yeast L 0-0.2 Alpine
14 Misurova et al. (2009) Sodium selenite and LPC P 0-0.28 White shorthair
15 Horky et al. (2017) N/A L 0-0.99 White shorthair

Note: LPC= lactate protein complex, L= Lactating period, P= Pregnant, N/A = not available.

Figure 2.	 Individual plot from the pool of 15 studies. D1= first domain, bias arising from the randomization on pro-
cess; D2= second domain, bias due to deviations from intended intervention; D3= third domain, bias due to 
missing outcome data; D4= fourth domain, bias in measurement of the outcome; D5= fifth domain, bias in 
selection of the reported result. Judgement: 
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rized in a table and entered into the Robvis (Risk-of-Bias 
VISualization) website to generate traffic light plots and 
weighted bar plots. The summary of the risk of bias is 
illustrated in Figures 2 and 3.

Data Coding and Statistical Analysis

All analyses of the datasets that met the inclusion 
criteria were conducted using R version 4.3.3 (2024-02-
29 ucrt) “Angel Food Cake”, which was computed with 
the xlsx; ggplot; and tidyverse packages. Two analyses 
were conducted: qualitative analysis and quantitative 
analysis. In the field of nutrition, most of the dependent 
variables that were included in the meta-analysis were 
continuous (continuous predictor variables), so a linear 
mixed model was used with the following formula 
(Sauvant et al., 2008):
Yijk= μ + Si + τj + Sτij + β1Xij + biXij + β2X2

ij + biX2
ij + eijk	 (1)

Yijk represents the dependent variable, μ represents the 
overall mean value (intercept value), Si denotes the ran-
dom effect of the ith study, assumed to be ~ Niid (0, σS²), 
τj represents the fixed effect of the jth of τ factors, and  
Sτij represents the random interaction effect between 
the ith and jth dosage of the τ factor, also assumed to 
follow a normal distribution with mean 0 and variance 
σSτ

2. β1 represents the overall value of the linear regres-
sion coefficient for Y in relation to X, serving as a fixed 
effect or slope; β2 denotes the general coefficient of the 
quadratic regression for Y concerning X, functioning 
as a fixed effect or slope, and Xij and X²ij represent the 
continuous values of the predictor variable in both lin-
ear and quadratic forms, respectively. bi represents the 
random effect specific to each study on the regression 
coefficient of Y with respect to X, assumed to be ~ Niid 
(0, σb²). Finally, eijk represents the residual value arising 
from unpredictable error.

The validation test was carried out utilizing the root 
mean square error (RMSE) and coefficient of determina-
tion (R2) as metrics. The following equation represents 
the RMSE and R2.

				   (2)

		  (3)
In this scenario, 0 represents the actual value, P rep-

resents the estimated value, NDP denotes the number of 
data points, σ2

f represents the variant of a fixed factor, 
∑(σ2

l) is the sum of component variances, σ2
e signifies 

the variance attributed to predictor dispersion, and σ2
d 

characterizes the specific distribution of the variance. 
Additionally, a categorical meta-analysis was 

conducted to compare the varying effects of SE on the 
parameters of interest. In this model, the types of SE 
were designated as fixed effects, while the different ex-
periments within studies were coded as random effects 
using the following statistical model:
Yij= µ + sτij + βa + (βa × βb)ij + sβij + eij			  (3)

where Yij represents the estimated means of Y, µ 
represents the overall mean, si represents the random 
effect of different experiments, βj represents the fixed 
effect of the treatment group, βa × βb represent the 
interaction effect between the treatment group and 
covariate, sτij represents random interaction between 
the i experiment and the j treatment group, and eij 
represents residual error ~ N (0, σ2). Tukey-Kramer’s 
test was used to separate the least square means of the 
categorical variables. 

RESULTS

The findings of linear mixed models investigating 
the relationship between inclusion levels and various 
outcomes are detailed in Table 2. An increase in Se 
supplementation up to 0.1% demonstrated a significant 
quadratic relationship (p=0.05; R²=0.221) with fat 
composition in milk, although the magnitude of 
effects varied depending on the strain, as indicated 
by the significant interaction effects (p<0.05) between 
inclusion levels and phase. Se supplementation had no 
significant impact (p>0.05) on dry matter intake, milk 
yield, protein, lactose, total solids, or the selenium 
nutrient content in dairy goats. There was no interaction 
effect between inclusion level and the form of Se. 
Se supplementation markedly enhanced dry matter 
digestibility (DMD) (p=0.05; R²=0.01), organic matter 
digestibility (OMD) (p=0.05; R²=0.008), crude protein 
digestibility (p=0.05; R²=0.01), ether extract (p=0.05; 
R²=0.123), and total digestible nutrients (p=0.05; R²=0.45) 
in curvilinear patterns. After further post hoc analysis 
of the nutrient digestibility of the ether extract, it was 
found that selenomethionine was the best source of 
selenium (Table 2). Moreover, glutathione peroxidase 
(GSH-Px) activity exhibited a curvilinear pattern 
(p<0.001; R²= 0.44) (Table 3). Among the different forms, 
the lactate protein complex demonstrated superior 
performance compared to the others.

Linear regression of the correlation between the 
selenium level and milk production. Milk yield= 1.59 

Figure 3. Summary of risk of bias (ROB) from 15 studies. = Low risk; = Some concerns; = High risk; = No information.
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+ 0.001x; n= 34; p-value=0.087 (Figure 4); selenium= 
30.79 + 0.1x; n= 22; p-value=0.87 (Figure 5). Moreover, 
linear regression revealed a correlation between the 
selenium level and milk composition. Milk fat= 3.54 – 
0.02x; n= 25; p-value= 0.05; Milk protein= 3.25 – 0.004x; 

n= 25; p-value= 0.53; milk lactose= 4.38 – 0,008x; n= 17; 
p-value= 0.16; total solid= 11.67 – 0.03x; n= 20; p-value= 
0.12 (Figure 6). DMD= 66.69 + 8.75x; n= 9; p-value= 0.05; 
OMD= 68.04 + 8.15x; n= 9; p-value= 0.05; CP= 61.89 + 
10.12x; n= 9; p-value= 0.05; EE= 76.24 + 10.68x; n= 9; 

Table 2. 	Interaction effect of different sources of selenium on milk production, milk composition, and nutrient digestibility in dairy 
goats

No Response variables N
CON vs TRT

SEM p value

Interaction 
effects

Control Sodium 
selenite Se yeast SEY Seleno 

methionine LPC TRT × forms

Milk composition
1 Milk yield, L / day 34 1.50 1.67 1.84 2.86 1.18 N/A 1.33 0.29 0.43
2 Fat, % 25 3.50 3.59 3.43 3.55 N/A 2.96 1.13 0.39 0.56
3 Protein, % 25 3.24 3.28 4.26 3.12 N/A 2.71 0.50 0.73 0.32
4 Lactose, % 17 4.31 4.42 10.40 N/A N/A 4.87 1.77 0.24 0.31
5 Total solid, % 20 11.77 11.83 33.39 13.35 N/A 11.63 1.02 0.45 0.76
6 Selenium, % 22 18.83 37.71 70.24 14.35 N/A 79.00 1.81 0.21 0.87

Nutrient digestibility
7 DM, % 9 66.33 69.61 70.24 N/A 72.56 N/A 4.99 0.11 0.21
8 OM, % 9 67.73 70.89 70.83 N/A 74.05 N/A 5.01 0.11 0.34
9 CP, % 9 61.46 65.40 66.69 N/A 66.97 N/A 4.77 0.06 0.33
10 EE, % 9 75.93a 79.69ab 11.38ab N/A 89.87b N/A 15.58 0.05* <0.001
11 TDN, % 9 63.60 66.54 65.29 N/A 72.22 N/A 4.48 0.13 0.34

Feed intake
12 DMI, (g/head/day) 9 1423.00 1586.23 1484.00 1253.22 1456.25 N/A 3.23 0.33 0.67

Antioxidant
13 GSH-Px (µkat/L) 18 325.77a 972.72b 170.29ab 782.2ab N/A 904.2ab 0.41 <0.001 0.32

Note: 	CON= control, DM= dry matter, DMI= dry matter intake, CP= crude protein, EE= Ether extract, g= gram, GSH-Px= glutathione peroxidase, L = 
litre, LPC= lactate protein complex, OM= Organic matter, N= number of data points, N/A= not available, Se= selenium, SEY= selenium enriched 
yeast; TDN= total digestible nutrient; TRT= treatments, µg= microgram, µkat=mikrokatal. *= significant (p<0.05), a,bThe values with different 
superscripts indicate a significant difference.

Table 3. 	Regression linear model of the effect of the selenium concentration on milk production, milk composition, and nutrient di-
gestibility dairy goats

No Response
variables Model Unit N

Parameter estimates Model statistics p value

Intercept SE 
intercept Slope SE 

slope RMSE AIC R2 L/Q SE × 
strain

SE × 
form

Nutrient composition
1 Milk yield L L/day 34 1.59 0.29 0.001 0.008 1.71 61.47 0.121 0.87 0.34 0.23
2 Fat L % 25 3.54 0.21 2.11 0.07 1.23 33.42 0.505 0.028 0.43

Q -0.02 0.007 1.22 34.85 0.221 0.05* 0.05 0.57
3 Protein L % 25 3.25 0.11 -0.004 0.006 1.39 24.26 0.011 0.53 0.426 0.31
4 Lactose L % 17 4.38 0.08 -0.008 0.005 1.08 16.81 0.002 0.16 0.923 0.85
5 Total solid L % 20 11.67 0.68 -0.03 0.01 1.11 61.63 0.014 0.12 0.974 0.73
6 Selenium L µg/L 22 30.79 7.79 0.10 0.60 1.29 202.19 0.021 0.87 0.43 0.21

Nutrient digestibility
7 DMD % 9 66.69 1.39 8.75 3.01 0.82 39.23 0.011 0.05* 0.87 0.56
8 OMD L % 9 68.04 1.52 7.13 0.003 1.24 23.45 0.030 0.021 0.23 0.67

Q 8.15 2.64 0.84 38.55 0.008 0.05* 0.45 0.76
9 CPD L % 9 61.89 1.11 8.24 0.007 1.11 23.44 0.004 0.23 0.23 0.83

Q 10.12 3.41 0.98 38.52 0.014 0.05* 0.67 0.81
10 EE L % 9 76.24 4.06 8.76 0.23 1.01 21.22 0.002 0.21 0.34 0.78

Q 10.68 3.28 0.93 45.00 0.123 0.05* 0.76 0.21
11 TDN L % 9 63.88 2.63 6.76 2.11 1.12 56.22 0.450 0.43 0.56 0.32

Q 7.77 2.67 0.84 41.13 0.452 0.05* 0.23 0.33
Feed intake

12 DMI L g/head/
day 9 1413.00 3.45 4.56 0.03 1.22 4.33 0.54 0.43 0.34 0.23

13 GSH-Px L (µkat/L) 18 329.44 133.83 1224.0 231.00 0.11 0.86 0.44 <0.001 0.05 0.32
Note: 	AIC= akaike information criterion, DMD= dry matter digestibility, DMI= dry matter intake, CPD= crude protein digestibility, EE= ether ex-

tract, g= gram, GSH-Px= glutathione peroxidase, L= linear, TDN= total digestible nutrients, N= number of observations, OM= organic mat-
ter digestibility,Q= quadratic, RMSE= root mean squares error, SE= standard error, SE × strain= p-value of interaction effect between SE levels 
and strain of dairy goats, SE × form= p-value of interaction effect between SE levels and form of selenium in the dairy goats, µg= microgram, 
µkat=mikrokatal. *= significant (p<0.05).
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p-value= 0.05; TDN= 63.88 + 7.77x; n= 9; p-value= 0.05 
(Figure 7).

DISCUSSION

A potential limitation of this meta-analysis is the 
variability across the included studies regarding study 
duration, goat breeds, and environmental conditions. 

For instance, the studies utilized different strains of 
dairy goats, including Saanen, Guanzhong, Alpine X 
Local, and Iranian native breeds, which may respond 
differently to selenium supplementation. Additionally, 
there are variations in selenium sources and supple-
mentation levels, ranging from 0 to 40 mg/day, as well 
as differences in periods of goat reproductive stages 
(lactating or pregnant). This meta-analysis revealed that 

Figure 4.	Linear regression of the correlation between the se-
lenium level and milk production. Milk production= 
1.59 + 0.001x. , ○ (black circles) indicates differences 
among the 15 studies.

Figure 5.	Linear regression of the correlation between the sele-
nium concentration and the Se concentration in milk. 
Se concentration= 30.79 + 0.1x, ○ (black circles) indi-
cates differences among the 15 studies.
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Figure 6.	Linear regression of the correlation between the 
selenium level and milk composition. Milk fat= 3.54 – 
0.02x; Milk protein= 3.25 – 0.004x; Milk lactose= 4.38 – 
0.008x; Total solid= 11.67 – 0.03x (Color; ○ Black= milk 
fat; ○ red= milk protein; △ blue= milk lactose; □ green= 
total solid). The differing shapes align with this line.

24 

 
Figure 6. Linear regression of the correlation between the selenium level and milk 

composition. Milk fat= 3.54 – 0.02x; Milk protein= 3.25 – 0.004x; Milk lactose= 4.38 – 
0.008x; Total solid= 11.67 – 0.03x (○ Black= milk fat; ○ red= milk protein; △blue= 

milk lactose; □ green= total solid). 

 
 

Figure 7. Linear regression of the correlation between the selenium level and nutrient 
digestibility. DM= 66.69 + 8.75x; OM= 68.04 + 8.15x; CP= 61.89 + 10.12x; EE= 76.24 
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Figure 7.	Linear regression of the correlation between the 
selenium level and nutrient digestibility. DM= 66.69 
+ 8.75x; OM= 68.04 + 8.15x; CP= 61.89 + 10.12x; EE= 
76.24 + 10.68x; TDN= 63.88 + 7.77x (Color; ○ black= 
dry matter (DM); □ red= organic matter (OM); △ blue= 
crude protein (CP); △ orange= ether extract; □ green= 
total digestible nutrient (TDN). The differing shapes 
align with this line.
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selenium supplementation through feed can improve 
feed digestibility (DM, OM, CP, EE, and TDN) in dairy 
goats. Taheri et al. (2016) reported that selenium supple-
mentation in the form of selenomethionine and sodium 
selenite at 0.3 mg/day/head increased feed digestibility 
(DM, OM, CP, EE, and TDN) in Iranian native goats. 
One of the selenium sources used is Se yeast, which 
is made from Saccharomyces cerevisiae. Ly et al. (2017) 
reported that adding Saccharomyces cerevisiae to feed 
can increase palatability and nutrient digestibility. The 
effect of the feed conversion ratio was reflected in nutri-
ent digestibility (Sjofjan et al., 2021). The increase in feed 
digestibility after selenium supplementation may be due 
to rumen microbes incorporating Se to form proteins 
and cell wall components, which protect them from 
oxidative damage to cell membranes. This phenomenon 
may alter the composition of the rumen microbiota and 
modulate rumen fermentation patterns (Hendawy et al., 
2022). Selenium supplementation modulates the rumen 
microbiome, which includes an increase in total bacteria, 
total anaerobic fungi, total protozoa, Butyrivibrio fibri-
solvens, Fibrobacter succinogenes, Ruminococcus albus, and 
Ruminococcus flavefaciens, and a decrease in the relative 
abundance of the rumen Prevotella ruminicola (Zhang et 
al., 2020). 

Recently, a number of published reports have 
provided strong evidence explaining the role of 
selenium in dairy animals, including dairy goats. For 
example, a study by Zhang et al. (2017) reported that 
there was a significant increase in milk production 
and the Se concentration in Guanzhong goat milk 
compared to those in the control treatment after 
supplementation with Se enriched yeast and sodium 
selenite. Gafaar et al. (2022) reported an increase in 
milk production and feed digestibility in Zairabi goats 
supplemented with sodium selenite and Se yeast. 
Selenium supplementation can lead to changes in the 
fatty acid profile of milk by leveraging its antioxidant 
properties, influencing enzyme activities related to 
lipid metabolism, modulating hormonal functions, 
supporting overall health, and impacting the rumen 
microbiota. These combined effects help reduce the 
proportion of saturated fatty acids and increase the 
levels of unsaturated fats in milk. These fatty acids 
have been reported to have important health benefits, 
including anticarcinogenic, antiatherogenic, and 
antidiabetic effects (Netto et al., 2022). Moreover, there is 
no significant difference in influence between the other 
variables. Even so, the levels of lactose, protein, and 
total milk solids in several journals are taken according 
to standards. According to Dharmawan et al. (2019), 
milk protein content ranges from 2.31% to 3.87% on 
average. The stable ingredient in milk that determines 
milk volume is lactose. Although the potential for Se 
supplementation to negatively impact the fatty acid 
profile of goat milk should be carefully considered, Se 
supplementation should not be avoided. The overall 
benefits to animal health, milk yield, and productivity 
often outweigh the risks when Se is supplemented 
appropriately. A balanced and well-monitored approach 
can help ensure that the advantages of Se are realized 
without compromising the health benefits of goat milk.

There was a significant increase in the milk Se 
concentration after selenium supplementation. Another 
study also revealed that the use of different forms 
of sodium selenite with selenium yeast (SY) in dairy 
cattle diets more than doubled the Se concentrations in 
organic milk (Han et al., 2021). The selenium content 
in milk is important because of its role in supporting 
growth, immune function, reproductive organs, thyroid 
and muscle function, and antioxidant effects (Toth et al., 
2022). Organic Se, due to its higher bioavailability and 
better integration with biological systems, generally has 
a more positive effect on nutrient digestibility than does 
inorganic Se. This difference highlights the importance 
of considering the form of Se used in supplementation 
to maximize its benefits on animal health and 
productivity (Toth et al., 2022). Being more compatible 
with inorganic Se, in biological systems, organic Se 
might have fewer antagonistic interactions with other 
nutrients, thereby supporting better overall digestion 
and nutrient absorption (Han et al., 2021).

Selenomethionine is concluded to be the best 
source of selenium. Organic selenium, such as 
selenomethionine (SeMet), is easier to digest in animals 
than inorganic forms such as sodium selenite or 
selenate. Research has shown that organic selenium is 
more efficiently assimilated and utilized by animals, 
leading to better selenium and antioxidant status 
(Geraert et al., 2017; Surai et al., 2019). Organic selenium, 
specifically SeMet, can be metabolized as an amino acid, 
allowing it to be readily incorporated into functional 
selenoproteins in the body (Shini et al., 2015). Research 
has shown that organic forms of selenium, such as 
selenized yeasts and chelates of selenomethionine, 
are more bioavailable than inorganic forms, such as 
sodium selenite (Huang et al., 2023). Inorganic selenium 
needs to be converted into organic forms before it can 
be utilized by the body. The digestion of inorganic 
selenium involves complex chemical pathways, such as 
dissolving inorganic selenium in an ether-based solvent 
and reacting it with low-molecular-weight amino acids 
to generate organic selenium (Muhammad et al., 2021). 

The positive effect of selenium supplementation on 
dairy goat productivity may be because it can improve 
antioxidant status in livestock, which can indirectly 
affect livestock productivity. This is evidenced by the 
increase in antioxidant enzymes such as glutathione 
peroxidase after selenium supplementation. These 
enzymes can protect against oxidative stress and 
improve overall animal health (Juniper et al., 2019). 
Selenium deficiency prevents many diseases, the most 
critical of which are retained placenta and mastitis in 
dairy cows. Additionally, regulating GSHPx activity, 
reduces the risk of oxidative stress and metabolic 
disorders, to which dairy cows, especially high-
producing cows, are susceptible (Pilarczyk et al., 2012). 
The highest GSH-Px activity was observed in the first 
stage of lactation, which may indicate greater oxidative 
stress during this period than during to the other stages 
(Pilarczyk et al., 2012).

The practical implications of this meta-analysis 
offer valuable recommendations for dairy goat farmers 
and nutritionists concerning selenium supplementation. 
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Selenomethionine, in particular, provides superior 
bioavailability and greater benefits for improving 
goat health and milk production. Farmers can adjust 
selenium supplementation according to the specific 
breed and reproductive stage of their goats. By 
incorporating these findings into farm management 
practices, farmers may enhance herd health, improve 
milk quality, and boost overall productivity.

CONCLUSION

According to a meta-analysis, selenium 
supplementation through feed can reduce the milk 
fat content. Selenium supplementation was also 
effective at increasing feed digestibility (DM, OM, 
CP, EE, and TDN) in dairy goats. However, selenium 
supplementation through feed did not affect milk 
production, protein content, lactose content, total solids, 
or the Se concentration in milk. The best selenium 
obtained was selenomethionine. 
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