
Table S1. Summary of the general data of papers evaluating the effect of different sources of Se 

supplementation on ruminants. 

Species  Dose1 Duration2 Results Ref. 
Holstein 
dairy cows 
(milk yield 
26.2±0.5 kg; 
DIM 63±3.0 
days; parity 
2.5±0.3; BW 
625±18.2 kg) 

0.15 mg SeY 
0.30 mg SeY 
0.45 mg SeY 
 
 

 

45 days with 30 
days of 
adaptation and 
15 days of 
sampling. 

  Total VFA and molar 
proportion of propionate. 

 Rumen pH, NH3-N 
concentration, and acetate to 
propionate ratio. 

 Digestibility of DM, OM, CP, 
EE, NDF, and ADF. 

[1] 

 

Lactating 
dairy cows 
(milk yield 
33.2±2.3 
kg/day; DIM 
114.8±9.6; 
parity 
3.4±1.1, BW 
647±16.2 kg) 

4.8 mg RPSS*  105 days with 15 
days of 
adaptation and 
90 days of data 
collection. 

  Total VFA and molar 
proportion of propionate. 

  Rumen pH, NH3-N, molar 
proportion of butyrate, and 
acetate to propionate ratio. 

  Digestibility of DM, non-
fibre carbohydrates, NDF, 
and ADF. 

  Xylanase, protease, α-
amylase, and pectinase.  

  Total bacteria, total 
anaerobic fungi, total 
protozoa, Ruminococcus 
albus, Ruminococcus 
flavefaciens, Butyrivibrio 
fibrisolvens, and 
Ruminobacter amylophilus. 

   Prevotella ruminicola. 

[2] 

 

 

Lactating 
dairy cows 
(milk yields 
28.9 ± 1.5 
kg/d; DIM 
153 ± 18 d) 

0.3 mg SS 
0.1 mg HMSeBA 
0.3 mg HMSeBA 
0.5 mg HMSeBA 
 
 

The experiment 
lasted for 70 
days, with a 
pretrial period 
of 14 days 

 Total VFA, molar 
proportions of propionate 
and butyrate. 
 Rumen pH, NH3-N 
concentration, and acetate to 
propionate ratio. 
 Digestibility of DM, OM, CP, 
NDF, and ADF. 

[3] 
 

Lactating 
dairy cows  

(milk yield 
35.3± 2.8 
kg/day; DIM 

0.3 mg SS. 

0.1 mg CSS 

0.2 mg CSS 

0.3 mg CSS 

The experiment 
lasted for 110 
days with 20 
days of 
adaptation and 

 Total VFA, molar 
proportions of propionate. 

 Rumen pH, NH3-N 
concentration, the molar 
proportions of butyrate, and 

[4] 

 



103 ± 11.2; 
parity 3.1 ± 
0.98, BW 642 
± 17.6 kg) 

 

 

90 days of 
sample 
collection. 

acetate to propionate ratio. 

 Digestibility of DM, OM, CP, 
EE, NDF, and ADF. 

   Activity of carboxymethyl-
cellulase, cellobiase, xylanase, 
α-amylase, and protease. 

   Total bacteria, total 
anaerobic fungi, total 
protozoa, and Ruminococcus 
albus, Ruminococcus 
flavefaciens, Fibrobacter 
succinogenes Butyrivibrio 
fibrisolvens, and 
Ruminobacter amylophilus. 
 
   Prevotella ruminicola. 
 
No change in total 
methanogens. 

Primiparous 
and 
multiparous 
Holstein 
cows (milk 
yield 
27.6±1.6 kg, 
DIM 116±9 
days; BW 
582.8±51.8 
kg & milk 
yield 
36.2±2.0 kg, 
DIM 98±58 
days; BW 
617.8±56.9 
kg ) 

15 g Se* The experiment 
lasted 80 days, 
with four 
experimental 
periods of 20 
days with 14 
days of 
adaptation and 
6 days of 
sampling. 

Se had no effect on the 
digestibility of DM, OM, CP, 
EE, NDF, and non-fibrous 
carbohydrates. 

[5] 

Brangus 
cattle (BW 
395 ± 15 kg) 

2 mg SS 

 

The experiment 
lasted for 101 
days. 

Se had no effect on ruminal 
pH and VFA composition.  

[6] 

Crossbred 
beef calves 
(BW 250 kg; 
6-7 months 
of age)and 
Holstein 

1 mg  SS 
1 mg SeY 
 
 

The experiment 
lasted for 112 
days. 

Se had no effects on the 
digestibility including DM, 
OM, CP, NDF and energy. 

[7] 



heifers (BW 
250 kg; 7-17 
months of 
age) 
Holstein 
dairy calves 
(BW = 83 ± 
2.1 kg; 63 ± 
3.4 days of 
age) 
 

0.3 mg SS  

 

 

The experiment 
lasted 86 days 
with 16 days of 
adaptation and 
70 days of 
sampling. 

  Total VFA and molar 
proportion of propionate. 

  Rumen pH and acetate to 
propionate ratio. 

No change in NH3-N 

  Digestibility of DM, OM, 
CP, NDF, and ADF. 

  Xylanase, protease, α-
amylase, and pectinase.  

  Total bacteria, total 
anaerobic fungi, total 
protozoa, total methanogens, 
Ruminococcus albus, 
Ruminococcus flavefaciens, 
Fibrobacter succinogenes, 
and Butyrivibrio fibrisolvens.  

   Ruminobacter amylophilus. 

  Urinary excretion of 
allantoin and total purine 
derivatives. 

No effect on uric acid. 

[8] 

 

 

Holstein 
calves (3–4 
weeks of 
age) 

SeY concentration 
in the basal diet 
changed 
according to 
starter 
consumption, 
ranging from 0.095 
mg SeY# (first 5 
weeks) to 0.128 
mg SeY# (last 5 
weeks). 

The experiment 
lasted for 105 
days. 
 

Se had no effect on the DM 
digestibility. 

[9] 

Holstein 
dairy bulls 
(averaging 
13 months of 
age and 312 
± 7.8 kg of 

0.1 mg SS 
0.3 mg SS 
0.5 mg SS 
 
 

25 days with 15 
days of 
adaptation and 
10 days of 
sampling. 
 

  Total VFA and propionate 
production. 
  Rumen pH, NH3-N 
concentration, and acetate to 
propionate ratio. 
  Digestibility of DM, OM, 

[10] 
 
 



BW) CP, EE, NDF, and ADF.  
   Activity of cellobiase, 
xylanase, pectinase, α-
amylase, and protease. 
   Total bacteria, total 
anaerobic fungi, total 
protozoa and Ruminococcus 
albus, Ruminococcus 
flavefaciens, Fibrobacter 
succinogenes, Butyrivibrio 
fibrisolvens, and 
Ruminobacter amylophilus. 
 
   Total methanogens, and 
Prevotella ruminicola. 
 
  Urinary excretion of 
allantoin and total purine 
derivatives. 
No effect on uric acid.  

Holstein 
bulls (BW = 
424.6 ± 7.6 
kg; 14 ± 1.2 
months of 
age)  
 

0.3 mg SS 

0.3 mg CSS  

 

 

The experiment 
lasted for 80 
days with 20 
days of 
adaptation and 
60 days of 
sample 
collection. 
 

 Total VFA, molar 
proportions of propionate. 

 Rumen pH, molar 
proportion of acetate, and 
acetate to propionate ratio. 

 Digestibility of DM, OM, CP, 
EE, NDF, and ADF as well as 
Se concentration in serum. 

No effects on ruminal NH3-N 
concentration. 

[11] 

 

Simmental 
Steers (BW 
430±20; 2.5 
years of age) 

 

 

7.5 mg SeY* 
15 mg SeY* 
22.5 mg SeY* 
 

21 days with 11 
days of 
adaptation and 
10 days of 
sampling. 

  Molar proportion of 
propionate and ruminal 
microbial protein synthesis. 

No change in pH, TVFA, 
VFA, and acetate to 
propionate ratio. 

  NH3-N concentration and 
acetate to propionate ratio.  

  Urinary excretion of 
allantoin and total purine 
derivatives.  

No effect on uric acid. 

[12] 

 

 



Cannulated 
Tabapuã 
steers (BW = 
398 ± 28.7 
kg) 

5 g SeY* 
 
 

The experiment 
lasted 105 days, 
with 5 
experimental 
periods of 21 
days with 14 
days of 
adaptation and 
7 days of 
sampling. 

Urinary excretion of uric 
acid derivative. 

No effect on allantoin. 

No effects on rumen 
fermentation (total VFA, VFA 
composition, acetate to 
propionate ratio, pH, and 
NH3), protozoa number, and 
digestibility. 

[13] 

buffalo 
(Bubalus 
bubalis) 
heifers (BW 
= 239 ± 16.46 
kg; 18–36 
months of 
age) 

0.2 mg SS The experiment 
lasted for 120 
days. 

Se had no effect on the 
digestibility of DM, CP, EE, 
CF, and NFE. 

[14] 

Male buffalo 
calves (BW = 
112 ± 7.69 
kg; 8-9 
months of 
age) 

0.3 mg SS The experiment 
lasted for 86 
days. 

 Digestibility of ADF and 
cellulose. 
 

[15] 

Male buffalo 
calves (BW = 
75 ± 2.2 kg; 
10–12 
months of 
age) 

0.3 mg Se The experiment 
lasted for 196 
days. 

Se had no effect on the 
digestibility of DM, OM, CP, 
EE, NDF, ADF, cellulose, and 
hemicellulose as well 
nitrogen balance. 

[16] 

Ossimi 
pregnant 
ewes (BW = 
50.77 ± 2.29 
kg; 2.5 years; 
at 4 -6 weeks 
of late-
gestation 

0.2 mg SS. 
 

126 days (4 – 6 
weeks of late-
gestation until 
the end of 
suckling period 
(3 months)). 

 Digestibility of DM, OM, CP, 
EE, CF, NDF, and NFE as 
well as Nutritive value 
digestible crude protein and 
total digestible nutrients. 
 

[17] 

Sheep 
(Dorset 
sheep × 
Small Tail 
Han × Tan 
sheep; BW 

4 g SeY (4 mg Se) 
4 g SeNps (4 mg 
Se) 

25 days with 15 
days of 
adaptation and 
10 days of 
sampling. 
 

  Total VFA and propionate 
production. 

  Rumen pH, NH3-N 
concentration, and acetate to 
propionate ratio. 

[18] 

 

 



43.32±4.8 kg) 
 
 
 

  Digestibility of DM, OM, 
CP, EE, NDF, and ADF.  

  Urinary excretion of 
allantoin and purine 
derivatives. 

No effect on uric acid, 
xanthine and hypoxanthine 

Hu sheep 
(BW = 27.95 
± 0.27 kg; 6 
months of 
age) 

0.3 mg SS 

0.3 mg SeY 

0.5 mg SeY 

The experiment 
lasted for 70 
days with 10 
days of 
preliminary trial 
and 60-day 
formal 
experiment. 

   Total VFA, the 
concentration of acetate and 
propionate. 

 Ruminal NH3-N 
concentration. 

 Digestibility of CP, EE, NDF, 
and ADF. 

[19] 

 

 

Sheep [F1 
hybrid, Hu × 
Small Tailed 
Han, (BW = 
27.46 ± 0.99 
kg; 6 
months)] 

3 µg SeY⁋. 

6 µg SeY⁋. 

9 µg SeY⁋. 

 12 µg SeY⁋. 

The experiment 
lasted for 36 
days. 

 Digestibility DM and ADF. 

   GE, DE, and ME intakes. 

CH4 output as a proportion 
of GE, DE, and ME intakes. 

 The N intake, faecal N, urine 
N, digestible N, and retained 
N. 

[20] 

Sheep of the 
Valashka 
breed (18 
months of 
age) 

0.53 mg SS 

0.46 mg SeY 

The experiment 
lasted for 84 
days. 

   Activities of gamma-
glutamyl transferase, 
glutamate dehydrogenase 
and aspartate amino 
transferase in the rumen 
fluid. 

[21] 

 

Ossimi 
lambs (BW = 
29.25 ± 2.02 
kg; 4 months 
of age). 

0.30 mg SS 
0.30 mg SeY 
0.30 mg SeNps. 

 

The experiment 
lasted for 122 
days. 

 Digestibility of DM, OM, CP, 
EE, CF, NDF, and NFE as 
well as nutritive value 
digestible crude protein and 
total digestible nutrients. 

[22] 

Crossbred 
Slovak 
Valashka 
lambs (4 
months of 
age) 

0.31 mg SS. 
0.31 mg SeY. 

 

The experiment 
lasted for 153 
days. 

    Dasytricha ruminantium, 
Ophryoscolex caudatus 
(f. tricoronatus), Polyplastron 
multivesiculatum, and 
Diploplastron affine. 

[23] 

Lambs. 0.3 mg SS# 
 

The experiment 
lasted for 70 

  Total VFA and molar 
proportion of acetate, 

[24] 

   



 days. propionate, and butyrate. 

 Rumen pH. 

  Total protozoa and 
percentage of Diplodinium 
and Ophryoscolex caudatum. 

  

Corriedale 
Lambs ( BW 
30.4 ± 2.6 kg) 

0.35 mg SS 
0.35 mg SeY 

 

The experiment 
lasted for 35 
days. 

  Total VFA, acetate, 
propionate, iso-butyrate, and 
iso-valerate production. 
No change in acetate to 
propionate ratio. 

[25] 

Male lambs 
of valaška 
breed 4 
months of 
age. 

0.3 mg SeY  

 

The experiment 
lasted for 91 
days. 

  Activities of alkaline 
phosphatase and glutamate 
dehydrogenase in ruminal 
fluid. 

[26] 

Cross-bred 
(Suffolk × 
Dorset) male 
lambs (BW = 
43.2 ± 2.1 kg; 
11 months 
of age) 

 

 

0.3 mg SS 
0.6 mg SS 
0.9 mg SS  
 
 

14 days with 10 
days of 
adaptation and 
4 days of 
sampling. 

  Digestibility of OM, starch, 
NDF, feed N, microbial, and 
N efficiency. 
No changes in VFA, acetate to 
propionate ratio, ruminal pH, 
and NH3-N concentration. 
No change in protozoa, 
bacteria as well as CH4 
production. 

[27] 

 Male lambs 
(BW = 24.68 
± 2.89 kg; 8-9 
months of 
age) 

0.15 mg SS  

0.15 mg Se as 
Jevsel-101  

The experiment 
lasted for 90 
days including a 
6 days 
metabolism 
trial. 

   N retention. 

Se had no effect on the 
digestibility of DM, OM, CP, 
EE, NDF, and hemicellulose. 

[28] 

Male lambs 
(BW 35.6±2.6 
kg; 4–5 
month of 
age) 

0.20 mg SS 
0.40 mg SS 
0.20 mg SeY 
0.40 mgSeY 

 

1st experiment 
70 days 

2nd experiment 
14 days 

 Digestibility of DM, OM, CP, 
NDF, and ADF. 

[29] 

Male lambs 
(BW 25 ± 
0.90 kg; 8–9 
months of 
age) 

0.15 mg SS 

0.30 mg SS. 

Experiment 
lasted for 90 
days including a 
6-day 
metabolism 
trial. 

No effect on rumen 
digestibility. 

[30] 

Male sheep 
(Dorset 

0.3 g SeNps (0.3 
mg Se) 

20 days with 10 
days of 

  Total VFA and propionate 
production. 

[31] 

 



sheep×Small 
Tail 
Han×Tan 
sheep; BW 
42.5±3.2 kg) 

3 g SeNps (3 mg 
Se) 
6 g SeNps (6 mg 
Se) 
 
  

adaptation and 
10 days of 
sampling. 

  Rumen pH, NH3-N 
concentration, and acetate to 
propionate ratio. 

  Digestibility of DM, OM, 
CP, EE, NDF, and ADF.  

  Urinary excretion of 
allantoin and total purine 
derivatives. 
No effect on uric acid, 
xanthine and hypoxanthine 

Male 
Tibetan 
sheep (Oula 
breed; BW 
31.0 ± 0.64 
kg; 1-year 
old) 

0.2 mg SeY. 

0.4 mg SeY. 

0.8 mg SeY. 

The experiment 
lasted for 35 
days with 28 
days of 
adaptation and 
37 days of 
sample 
collection. 

 Digestibility of EE, NDF, and 
ADF as well as improving Se 
digestibility, excretion, and 
balances. 

  Nitrogen intake and 
nitrogen absorption. 

[32] 

Rams (BW = 
31.0 ± 0.64 
kg)  

0.223 mg SeY  
0.423 mg SeY 
0.823 mg SeY 
 

The experiment 
lasted for 35 
days with 7 days 
of adaptation 
and 28 days of 
sample 
collection. 

 

 

 Total VFA, molar 
proportions of propionate, 
butyrate, and rumen NH3-N 
concentration. 

  Acetate to propionate ratio. 

The relative abundance of 
Synergistetes decreased with 
SeY additive level. 
There is no difference in 
relative abundance (%) of 
bacterial phyla among 
treatments except the phylum 
of Synergistetes which 
increased in low Se group 
compared with the control 
group. 
At the family level, analysis 
revealed that 
Lachnospiraceae increased in 
high Se group compared with 
the other groups. 
At the genus level, 
Carnobacterium and 
Dysgonomonas increased in 
medium Se compared with 
the other groups. 
Lachnospiraceae XPB1014 

[33] 



group increased in the high 
Se group compared with the 
other treatments. 
Prevotella 1 was higher in 
control and medium Se than 
those in the low Se. 
Rikenellaceae RC9 gut group 
increased in the low Se 
compared with in the control 
group. 
Hafnia-Obesumbacterium 
was lower in the high Se 
group than the other Se 
groups.  
Furthermore, Tax4fun 
metagenome analysis 
indicated that carbohydrate 
and other amino acid-related 
gene activities and metabolic 
pathways were 
overexpressed in the rumen 
microbiota of SeY-
supplemented sheep. 

Crossbred 
wethers. 

1 mg SS® The experiment 
lasted for 183 
days. 

 Molar proportion of acetic 
and isovaleric acid. 

  Molar proportion of 
butyrate. 

[34] 

Iranian 
native goats 
(BW = 46 ± 8 
kg; 41 ± 9 
months) 

0.3 mg SS* 

0.3 mg SeMet*  

The experiment 
lasted for 45 
days. 

  Digestibility of Crude fat. 

  Total nitrogen production, 
total N production/intake N, 
and total N 
production/digestible N. 

   Urinary nitrogen, urine 
N/intake N, and urine 
N/digestible N. 

   Production energy/ ME 
intak 
 
   Urinary energy/ME intake 
and   maintenance energy/ME 
intake 

[35] 

Liaoning 
Cashmere 
goats (BW 

1 mg SS. The experiment 
lasted for 45 

No effects on nutrient 
digestibility, nitrogen 
balance, and nitrogen 

[36] 



38.0 ± 2.94 
kg; 2-year-
old) 

days. retention. 

Crossbred 
goats (BW 
9.93-10.71 
kg; 110-130 
days of age). 

0.3 mg SeY# 

 

 

The experiment 
lasted for a 
period of 56 
days. 

  Total VFA and molar 
proportion of propionate. 

  Rumen pH. 

  Glutathione peroxidase 
activity in ruminal epithelium 
of goats. 

[37] 

Cross-bred 
goats (BW = 
10.5 kg ;4 
months of 
age) 

0.3 mg SeY# 
 

The experiment 
lasted for 56 
days. 

  Digestibility of DM, CP, EE, 
and crude fiber.  

   Weights of rumen, 
duodenum, colon, and large 
intestine. 

[38] 

Male cross 
breed goats 
(BW 10.5 kg; 
4 months of 
age) 

0.3 mg SeY# The experiment 
lasted for a 
period of 56 
days. 

  Total VFA and molar 
concentrations of propionate. 

  pH of colonic digesta. 

   weight of colon and GSH-
Px activity in colonic mucosa 
of goat.  

[39] 

 

 

1: Selenium (Se) supplementation per kg of dry matter; 2: Supplementation period (days); DIM: days in 
milk;   : Increase;    : Decrease;  *: mg per animal per day; #: mg per kg of diet; ⁋: mg per kg of BW per day; 
VFA: Volatile fatty acids; SeY: Se yeast; ®: mg per animal per week.; DM: Dry matter; OM: Organic matter; 
CP: Crude protein; EE: Ether extract; NDF: Neutral detergent fiber; and ADF: Acid detergent fiber; NFE: 
Nitrogen free extract; CF: Crude fibre; GE: Gross energy; DE: Digestive energy; ME: Metabolic energy; 
SeNps: Se nanoparticles; RPSS: Rumen-protected sodium selenite; SS: sodium selenite; SSA: sodium 
selenate; HMSeBA: hydroxy-analog of selenomethionine; CSS: Coated sodium selenite; SeMet: 
Selenomethionine; #: The used Se species is not defined; *: Organic Se. 
 
 
 
1. Wang, C.; Liu, Q.; Yang, W.Z.; Dong, Q.; Yang, X.M.; He, D.C.; Zhang, P.; Dong, K.H.; 

Huang, Y.X. Effects of selenium yeast on rumen fermentation, lactation performance 
and feed digestibilities in lactating dairy cows. Livestock Science 2009, 126, 239-244, 
doi:10.1016/j.livsci.2009.07.005. 

2. Du, H.S.; Wang, C.; Wu, Z.Z.; Zhang, G.W.; Liu, Q.; Guo, G.; Huo, W.J.; Zhang, Y.L.; Pei, 
C.X.; Zhang, S.L. Effects of rumen-protected folic acid and rumen-protected sodium 
selenite supplementation on lactation performance, nutrient digestion, ruminal 
fermentation and blood metabolites in dairy cows. Journal of the Science of Food and 
Agriculture 2019, 99, 5826-5833, doi:10.1002/jsfa.9853. 

3. Wei, J.Y.; Wang, J.; Liu, W.; Zhang, K.Z.; Sun, P. Short communication: Effects of different 
selenium supplements on rumen fermentation and apparent nutrient and selenium 
digestibility of mid-lactation dairy cows. Journal of Dairy Science 2019, 102, 3131-3135, 
doi:10.3168/jds.2018-15455. 



4. Zhang, Z.D.; Wang, C.; Du, H.S.; Liu, Q.; Guo, G.; Huo, W.J.; Zhang, J.; Zhang, Y.L.; Pei, 
C.X.; Zhang, S.L. Effects of sodium selenite and coated sodium selenite on lactation 
performance, total tract nutrient digestion and rumen fermentation in Holstein dairy 
cows. Animal : an international journal of animal bioscience 2020, 14, 2091-2099, 
doi:10.1017/s1751731120000804. 

5. Faccenda, A.; Zambom, M.A.; de Avila, A.S.; Schneider, C.R.; Werle, C.H.; Anschau, F.A.; 
Almeida, A.R.E.; Lange, M.J.; dos Santos, G.T. Performance and milk composition of 
Holstein cows fed with dried malt bagasse and selenium-enriched Saccharomyces 
cerevisiae. Livestock Science 2020, 238, doi:10.1016/j.livsci.2020.104081. 

6. Del Claro, G.R.; Zanetti, M.A.; Netto, A.S.; Vilela, F.G.; Melo, M.P.; Correa, L.B.; Freitas, 
J.E. The effects of copper and selenium supplementation in the diet of Brangus steers on 
performance and rumen fermentation. Arquivo Brasileiro De Medicina Veterinaria E 
Zootecnia 2013, 65, 255-261, doi:10.1590/s0102-09352013000100036. 

7. Nicholson, J.W.G.; McQueen, R.E.; Bush, R.S. Response of growing cattle to 
supplementation with organically bound or inorganic sources of selenium or yeast 
cultures. Canadian Journal of Animal Science 1991, 71, 803-811, doi:10.4141/cjas91-095. 

8. Zhang, G.W.; Wang, C.; Du, H.S.; Wu, Z.Z.; Liu, Q.; Guo, G.; Huo, W.J.; Zhang, J.; Zhang, 
Y.L.; Pei, C.X., et al. Effects of folic acid and sodium selenite on growth performance, 
nutrient digestion, ruminal fermentation and urinary excretion of purine derivatives in 
Holstein dairy calves. Livestock Science 2020, 231, doi:10.1016/j.livsci.2019.103884. 

9. Skrivanova, E.; Marounek, M.; De Smet, S.; Raes, K. Influence of dietary selenium and 
vitamin E on quality of veal. Meat Science 2007, 76, 495-500, 
doi:10.1016/j.meatsci.2007.01.003. 

10. Liu, Y.J.; Wang, C.; Liu, Q.; Guo, G.; Huo, W.J.; Zhang, Y.L.; Pei, C.X.; Zhang, S.L.; Zhang, J. 
Effects of sodium selenite addition on ruminal fermentation, microflora and urinary 
excretion of purine derivatives in Holstein dairy bulls. Journal of Animal Physiology and 
Animal Nutrition 2019, 103, 1719-1726, doi:10.1111/jpn.13193. 

11. Liu, Y.J.; Zhang, Z.D.; Dai, S.H.; Wang, Y.; Tian, X.F.; Zhao, J.H.; Wang, C.; Liu, Q.; Guo, G.; 
Huo, W.J. Effects of sodium selenite and coated sodium selenite addition on 
performance, ruminal fermentation, nutrient digestibility and hepatic gene expression 
related to lipid metabolism in dairy bulls. Livestock Science 2020, 237, 
doi:10.1016/j.livsci.2020.104062. 

12. Liu, Q.; Wang, C.; Huang, Y.X.; Miao, C.H.; Gao, D.H. Effects of Sel-Plex on rumen 
fermentation and purine derivatives of urine in Simmental steers. Journal of Animal and 
Feed Sciences 2007, 16, 133-138, doi:10.22358/jafs/75597/2007. 

13. Ferreira, A.V.D.; Cominotte, A.; Ladeira, M.M.; Casagrande, D.R.; Teixeira, P.D.; van Cleef, 
E.; Ezequiel, J.; Castagnino, P.; Neto, O.R.M. Feedlot diets with soybean oil, selenium and 
vitamin E alters rumen metabolism and fatty acids content in steers. Animal Feed 
Science and Technology 2020, 260, doi:10.1016/j.anifeedsci.2019.114362. 

14. Ganie, A.A.; Baghel, R.P.S.; Mudgal, V.; Sheikh, G.G. Effect of Selenium Supplementation 
on Growth and Nutrient Utilization in Buffalo Heifers. Animal Nutrition and Feed 
Technology 2010, 10, 255-259. 

15. Mudgal, V.; Garg, A.K.; Dass, R.S. Effect of dietary selenium and copper supplementation 
on growth and nutrient utilization in buffalo (Bubalus bubalis) calves. Animal Nutrition 
and Feed Technology 2007, 7, 79-88. 

16. Shinde, P.L.; Dass, R.S.; Garg, A.K.; Bhadane, K.P. Effect of vitamin E and selenium 
supplementation on growth, nutrient utilization and their balance in male buffalo calves. 
Animal Nutrition and Feed Technology 2008, 8, 157-165. 



17. Ibrahim, E. The impact of dietary supplementation of iodine and selenium on nutrients 
digetibility and productive performance of ewes and their suckling lambs. Egyptian 
Journal of Nutrition and Feeds 2016, 19, 255-263, doi:10.21608/ejnf.2016.74907. 

18. Xun, W.J.; Shi, L.G.; Yue, W.B.; Zhang, C.X.; Ren, Y.S.; Liu, Q. Effect of High-Dose Nano-
selenium and Selenium-Yeast on Feed Digestibility, Rumen Fermentation, and Purine 
Derivatives in Sheep. Biological Trace Element Research 2012, 150, 130-136, 
doi:10.1007/s12011-012-9452-3. 

19. Zhu, A.; Wang, F.; Feng, X.; Nie, H.; Li, F.; Wang, J.; Wang, H.; Zhu, G.; Wang, Z. Effects of 
different dietary selenium supplementation on growth, selenium retention in tissues 
and rumen fermentation in growing Hu sheep. Journal of Nanjing Agricultural University 
2017, 40, 718-724. 

20. Pan, Y.; Wang, Y.; Lou, S.; Wanapat, M.; Wang, Z.; Zhu, W.; Hou, F. Selenium 
supplementation improves nutrient intake and digestibility, and mitigates CH(4) 
emissions from sheep grazed on the mixed pasture of alfalfa and tall fescue. J Anim 
Physiol Anim Nutr (Berl) 2021, 10.1111/jpn.13495, doi:10.1111/jpn.13495. 

21. Faixova, Z.; Piesova, E.; Makova, Z.; Cobanova, K.; Faix, S. Effect of dietary 
supplementation with selenium-enriched yeast or sodium selenite on ruminal enzyme 
activities and blood chemistry in sheep. Acta Veterinaria Brno 2016, 85, 185-194, 
doi:10.2754/avb201685020185. 

22. Ibrahim, E.M.; Mohamed, M.Y. Effect of different dietary selenium sources 
supplementation on nutrient digestibility, productive performance and some serum 
biochemical indices in sheep. Egyptian Journal of Nutrition and Feeds 2018, 21, 53-64, 
doi:DOI: 10.21608/ejnf.2018.75398. 

23. Mihalikova, K.; Gresakova, L.; Boldizarova, K.; Faix, S.; Leng, L.; Kisidayova, S. The effects 
of organic selenium supplementation on the rumen ciliate population in sheep. Folia 
Microbiologica 2005, 50, 353-356, doi:10.1007/bf02931418. 

24. Naziroglu, M.; Aksakal, M. Effects of vitamin E and selenium on rumen protozoa in lambs. 
Turkish Journal of Veterinary & Animal Sciences 1997, 21, 81-90. 

25. Miltko, R.; Rozbicka-Wieczorek, J.A.; Wiesyk, E.; Czauderna, M. The influence of 
different chemical forms of selenium added to the diet including carnosic acid, fish oil 
and rapeseed oil on the formation of volatile fatty acids and methane in the rumen, and 
fatty acid profiles in the rumen content and muscles of lambs. Acta Veterinaria-Beograd 
2016, 66, 373-391, doi:10.1515/acve-2016-0032. 

26. Faixová, Z.; Faix, Š.; Leng, Ľ.; Váczi, P.; Maková, Z.; Szabóová, R. Haematological, blood 
and rumen chemistry changes in lambs following supplementation with Se-yeast. Acta 
Veterinaria Brunensis 2007, 76, 3-8. 

27. Del Razo-Rodriguez, O.E.; Ramirez-Bribiesca, J.E.; Lopez-Arellano, R.; Revilla-Vazquez, 
A.L.; Gonzalez-Munoz, S.S.; Cobos-Peralta, M.A.; Hernandez-Calva, L.M.; McDowell, L.R. 
Effects of dietary level of selenium and grain on digestive metabolism in lambs. Czech 
Journal of Animal Science 2013, 58, 253-261. 

28. Kumar, N.; Garg, A.K.; Dass, R.S. Effect of Dietary Supplementation of Inorganic and 
Organic Selenium on Intake and Utilization of Nutrients in Lambs. Animal Nutrition and 
Feed Technology 2009, 9, 253-260. 

29. Alimohamady, R.; Aliarabi, H.; Bahari, A.; Dezfoulian, A.H. Influence of Different 
Amounts and Sources of Selenium Supplementation on Performance, Some Blood 
Parameters, and Nutrient Digestibility in Lambs. Biological Trace Element Research 2013, 
154, 45-54, doi:10.1007/s12011-013-9698-4. 



30. Kumar, N.; Garg, A.K.; Mudgal, V.; Dass, R.S.; Chaturvedi, V.K.; Varshney, V.P. Effect of 
different levels of selenium supplementation on growth rate, nutrient utilization, blood 
metabolic profile, and immune response in lambs. Biol Trace Elem Res 2008, 126 Suppl 1, 
S44-56, doi:10.1007/s12011-008-8214-8. 

31. Shi, L.G.; Xun, W.J.; Yue, W.B.; Zhang, C.X.; Ren, Y.S.; Liu, Q.A.; Wang, Q.A.; Shi, L. Effect 
of elemental nano-selenium on feed digestibility, rumen fermentation, and purine 
derivatives in sheep. Animal Feed Science and Technology 2011, 163, 136-142, 
doi:10.1016/j.anifeedsci.2010.10.016. 

32. Wang, Z.F.; Tan, Y.H.; Cui, X.X.; Chang, S.H.; Xiao, X.; Yan, T.H.; Wang, H.; Hou, F.J. Effect 
of different levels of selenium yeast on the antioxidant status, nutrient digestibility, 
selenium balances and nitrogen metabolism of Tibetan sheep in the Qinghai-Tibetan 
Plateau. Small Ruminant Research 2019, 180, 63-69, 
doi:10.1016/j.smallrumres.2019.10.001. 

33. Cui, X.; Wang, Z.; Tan, Y.; Chang, S.; Zheng, H.; Wang, H.; Yan, T.; Guru, T.; Hou, F. 
Selenium Yeast Dietary Supplement Affects Rumen Bacterial Population Dynamics and 
Fermentation Parameters of Tibetan Sheep (Ovis aries) in Alpine Meadow. Frontiers in 
microbiology 2021, 12, 663945, doi:10.3389/fmicb.2021.663945. 

34. Hidiroglou, M.; Lessard, J.R. The effect of selenium or vitamin E supplementation on 
volatile fatty acid content of rumen liquor in sheep fed a purified diet. International 
journal for vitamin and nutrition research. Internationale Zeitschrift fur Vitamin- und 
Ernahrungsforschung. Journal international de vitaminologie et de nutrition 1976, 46, 
458-463. 

35. Taheri, Z.; Karimi, S.; Mehrban, H.; Moharrery, A. Supplementation of different selenium 
sources during early lactation of native goats and their effects on nutrient digestibility, 
nitrogen and energy status. Journal of Applied Animal Research 2018, 46, 64-68, 
doi:10.1080/09712119.2016.1259625. 

36. Qin, F.; Zhu, X.P.; Zhang, W.; Zhou, J.P.; Zhang, S.W.; Jia, Z.H. Effects of Dietary Iodine 
and Selenium on Nutrient Digestibility, Serum Thyroid Hormones, and Antioxidant 
Status of Liaoning Cashmere Goats. Biological Trace Element Research 2011, 143, 1480-
1488, doi:10.1007/s12011-011-8981-5. 

37. Shahid, A.; Moolchand, M.; Soomro, S.A.; Giasuddin, S.M.; Kalhoro, N.H.; Kaka, A.; Mal, 
R.; Soomro, M.A.; Samo, S.P.; Sanjrani, M.N. Influence of dietary selenium yeast 
supplementation on fermentation pattern, papillae morphology and antioxidant status 
in rumen of goat. Pakistan Journal of Zoology 2020, 52, 65-571, doi:DOI: 
https://dx.doi.org/10.17582/journal.pjz/20190205120240. 

38. Samo, S.P.; Malhi, M.; Gadahi, J.; Lei, Y.; Kaciwal, A.B.; Soomro, S.A. Effect of organic 
selenium supplementation in diet on gastrointestinal tract performance and meat 
quality of goat. Pakistan Journal of Zoology 2018, 50, 995-1003, doi:DOI: 
http://dx.doi.org/10.17582/journal.pjz/2018.50.3.995.1003. 

39. Abbasi, B.; Malhi, M.; Siyal, F.; Arain, M.A.; Bhutto, Z.A.; Soomro, S.; Rui, R. Influence of 
dietary selenium yeast on fermentation pattern mucosal growth and glutathione 
peroxidase (gsh-px) activity in colon of goat. Journal of Dairy, Veterinary & Animal 
Research 2018, 7, 253-259, doi:DOI: 10.15406/jdvar.2018.07.00222. 

 


