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Titles identified from PubMed (n = 1700, Scopus (n=
5300, Web of Science (n= 3a), Science Direct (n =

1.423)
Total = 2,159
- Excluded in = 2,086), due to overlapped titles,
non-research article, abstract, and non-related
r titles

73 articles were imported o Mendeley for
selection purpose based on title and abstract

19 articles were excluded from abstract
sCreening

v

54 studies left for full text evaluation

25 articles were excluded:
- Mot report variahle of interest or variance

(12}
- Mot report Se level’ intake (lack of
¥ methodological detailsh (7)
- Use multiple interventions (4)
[ Number of studies used for meta-analysis - Use injection methods (2)
(n=29)

Fig. 1. Flowchart of article selection based on PRISMA protocol.
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Table 1
List of studies selected for meta-analysis.
No  Study Year N Breed Parity DIM Se (mg/kg SeIntake (mg/d)  Se Types
DM])

1 Hachemi et al. (2023) 2023 24 Holstein Pluriparous 178 0.50-1.18 12.07-28.13 SM, BY

2 da Silva et al. (2023) 2023 32  Holstein Pluriparous -30-7 0.18 -0.26 3.77-6.27 55, 5Y

3 Didara et al. (2022) 2022 30  Holstein Multiparous 42 0.30 7.14 55, 5M

- Li et al. (2022) 2022 45  Holstein Multiparous 56 0.04 -0.34 0.85-7.17 55, HMESe

5 Netto et al. (2022) 2022 24 Jersey Multiparous 62 0.20-2.70 2.50-34.02 5Y

[ Salles et al. (2022) 2022 32 Jersey Multiparous 76 0.18-2.98 1.90-30.78 5Y

7 Pomport et al. (2021) 2021 36  Holstein Multiparous 148 0.20 - 0.49 1.93-4.98 55, 5Y

8 Sun et al. (2021) 2021 36  Holstein Multiparous 131 0.11-5.11 246-116 5Y

9 Azorin et al. (2020) 2020 20  Holstein Multiparous 170 0.24 5.4 85, 5Y

10 Barbe et al. (2020) 2020 45  Holstein Multiparous 124 0.40 - 0.60 8.60-13.86 5Y, 5M

11 Zhang et al. (2020) 2020 60  Holstein Multiparous 103 0.09-0.39 1.73-8.40 58

12 Khalili et al. {2019) 2019 24  Holstein Multiparous ~ -21-22 0.10 - 0.50 1.03-5.96 55, 5Y, 5SM

13 Sunetal (2019) 2019 8  Holstein Multiparous 141 0.03 - 0.60 3.71-3.94 55, HMESe

14  Gong and Xiao (2018) 2018 20  Holstein Multiparous ~ -21-21 0.30 - 0.60 3.06-11.28 5Y

15  Bagnicka et al. (2017} 2017 16 Holstein Multiparous ~ 150-240  0.39-0.41 ] 88, 5Y

16  Sunetal (2017) 2017 50  Holstein Multiparous 153 0.06 - 0.50 1.15-10.15 55, HMESe

17 Séboussi et al. (2016) 2016 33  Holstein Primiparous 187 0.12-0.79 2.90-17.30 88, 5Y

18  Hall et al. (2014) 2013 20 Jersey Multiparous ~ -56 0.30 3.00-18.00 88, 5Y

19 Meyer et al. (2014) 2014 30  Holstein Multiparous 218 0.08 -0.45 1.70-10.08 5Y

20 Gonget al. (2014) 2014 14  Holstein Multiparous 150 032 4.70-4.74 88, 5Y

21 Oltramari et al. (2014) 2014 24  Holstein & Brown Pluriparous ~ na 0.28 - 0.62 .44 88, 5Y

Swiss

22 Salman et al. (2013) 2013 16 Holstein Pluriparous ~ na 0.18 3.06-9.06 85, 5Y
Cortinhas et al. (2012) 2012 19  Holstein Primiparous  -G0-80 0.40 - 0.50 4.70-6.60 88, 5Y

24  Stockdale et al. (2011) 2011 70  Holstein Multiparous 78 0.12-0.23 17.28-26.82 5Y
Calamari et al. {2010) 2010 40 Italian Friesian Multiparous 60 0.09 - 0.50 2.36-11.15 88, 5Y

26 Wang et al. (2009) 2009 28  Holstein Multiparous 63 0.07 - 0.45 1.17-7.49 88, 5Y

27 Phipps et al. (2008) 2008 40  Holstein Multiparous 54 0.16 -045 3.65-10.31 55, 5Y

28  Juniper et al. (2006) 2006 20  Holstein Multiparous 54 0.15-0.40 3.53-9.36 55, 5Y

29  Oriman and Pehrson 1999 42  Swedish Red & White Primiparous 78 0.12-0.31 1LB0-5.76 58, SY
(1999)

DIM = day in milk; N = number of animals in the study; 85 = Sodium selenite or selenate; SY = Selenium-yeast (Saccharomyces cerevisiae
fermentation product); SM = hydroxy-selenomethionine; HMBSe = 2-hydroxy-4-methylthiobutancic acid
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Table 2

Descriptive data included in the present meta-analysis.
Observed item Unit N Mean 5D Min Max
Dietary nutrient intake and composition
Se level mg/kg DM 136 0.46 0.62 0.04 511
Se daily intake mg,‘mwfd 139 9.24 11.60 0.85 116.0
cP g/kg DM 102 159.7 21.7 107.0 209.0
NDF g/kg DM a7 353.1 61.7 220.0 531.0
ADF gj‘kg DM 58 221.7 288 173.0 289.4
ME Ml/kg DM 22 11.4 1.05 11.4 12.72
NEL Ml/kg DM 93 682 038 5.82 7.66
Lactation performance
Milk yield kz/d 100 2773 6.59 9.71 39.90
DMI kzsd 110 18.56 5.96 9.53 36.15
FCM kz/d 40 2731 7.54 9.94 38.40
Milk,/DMI kg/kg 80 1.37 0.24 0.78 1.82
Fat g'kg 97 3B8.2 4.4 23.6 45.6
Protein 2'kg 97 33 1.8 29.1 36.9
Lactose gflg B3 479 1.8 449 52.0
Fat gfd &6 1057.7 236.6 480.0 1505.0
Protein gfd &6 934.4 190.9 460.0 1276.8
Lactose g/d &4 1354.0 266.0 610.0 2053.7
Selenium concentrations
Se in blood wg/L 89 1452 89.78 9.00 683.0
Se in milk ug/L 82 578 80,03 0.99 583.0
Blood profile and antioxidani statis
GSH-Px U/mL 73 3135 309.4 3875 923.6
S0D U/mL 33 1000 17.87 80.89 140.4
T-AOC U/mL 44 294 1.46 1.39 6.74
MDA mmaol/L a7 3.96 1.75 0.56 7.10
H_Px mmaol/L 18 4427 604 35.60 56.70
AST /L 24 86.30 29063 39.60 135.0
ALT u/L 17 25.06 G.64 10.20 30.00
ALP /L 18 6216 24.51 29.40 99.10
Glucose mmal/L 33 19.53 2399 1.90 66,40

M = sample size; SD = standard deviations; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; ME = metabolizable
energy; NEL = net energy for lactation; DMI = dry matter intake; FCM = fat-corrected milk; GSH-Px = glutathione peroxidase; SOD = superoxide
dismutase; T-AQC = total antioxidant capacity; MDA = malondialdehyde; H-Px = hydrogen peroxide; AST = aspartate aminotransferase; ALT =
alanine aminotransferase; ALP = alkaline phosphatase
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Table 3

The relationship between dietary Se intake (mg/d) and estimated parameters.

Response variables n Model Parameter estimates P-value'
fo SE [ SE Pz SE
Milk yield, kg/d 100 L 268 132 0.04 0.027 014
DM, kg/d 110 L 17.4 1.08 0.01 0.000 0.56
FCM, kg/d a0 L 265 254 0.05 0015 0.01
Milk / DMI 80 L 1.46 0.06 0.01 0.003 0.78
Milk composition
Milk fat, g/kg 97 L 378 1.0 0.3 027 058
Milk protein, g/kg 97 L 328 0.5 0.01 0.01 0.91
Milk lactase, g/kg 97 L 477 0.4 0.02 0.01 011
Milk fat, g/d 66 L 1007 48.7 1.47 077 0.06
Milk protein, g/d 66 L 894.4 45.5 1.80 0.67 0.06
Milk lactase, g/d 64 L 1318 64.9 240 0.80 0.06
Se in blood, pg/L 89 Q 1291 10.8 13.68 9.55 216 311 <001
L 13z 9.82 27 0225 0.01
Se in milk, pg/L -3 Q 47.03 7.67 -36.71 14.65 208 4.41 < 0.01
L 162 5.62 256 031 <001
GSH-Px, U/mL 85 L 237.8 24.1 0.29 013 0.03
SOD, U/mL 33 Q 92.16 7.72 31.03 14.49 578 278 0.04
L 90.4 6.32 1.98 075 054
T-AOC, U/mL 44 L 10.5 1.96 0.003 0.007 0.3z
MDA, mmal/L a7 Q 4.96 0.58 227 075 0.43 0.15 0.01
L 456 0.52 0.104 0.040 057
H-Px, mmol/L 18 L 440 3.61 0.23 0.60 0.78
AST, U/L 24 L 705 14.3 1.31 079 0.20
ALT, U/L 17 L 230 6.06 -0.10 0.20 022
ALP, U/L 17 Q 18.2 25.1 158.7 68.11 -104 40.23 0.0z
L 548 17.0 0.07 0.65 0.27
Glucose, mmol/L 33 L 249 3.68 0.01 0017 0.65

RMSE

4.88
4.61
462
4.05

012
032
014
012
169
124

158

356

111
213

6.7
0.66

0.81

0.33
119

230

7.14

0.010
0.086
0.080
0.030

0.320
0.001
0.020
o012
0.010
0.030

0.022

0.463

0.8%0
0.010

0.001
0.010

0.001
0.970
0.130
0.080

0.480

AlC P-value of interaction effect
Se x Phase Se x Type Se x Form
569 0.59 0.96 0.61
574 < 0.01 0.09 0.23
189 0.44 075 018
72 0.04 0.98 0.50
74 1.00 0.85 099
-124 0.63 045 0.34
-92 0.70 042 0.99
Fo0 0.60 071 064
799 0.69 0.08 0.31
819 0.48 0.26 0.29
840 0.63 001 = 0.01
Q08
793 < 0.01 010 0.11
794
809 0.12 007 < 0.00
253 017 052 0.72
267
145 0.68 048 0.74
106 0.08 058 0.04
132
110 0.04 0.0z 0.03
176 0.82 0.08 0.05
73 0.85 072 0.19
140 0.94 0.85 0.01
154
110 0.94 027 0.85

DMI = dry matter intake; FCM = fat-corrected milk; GSH-Px = glutathione peroxidase; SOD = superoxide dismutase; T-AOC = total antioxidant capacity; MDA = malondialdehyde; H-Px = hydrogen

peroxide; AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase

L = linear model; Q = quadratic model; Se x Phase = interaction effect between Se intake and lactation phase; Se x Type = interaction effect between Se intake and Se types (organic vs inorganic); Se

» Form = interaction effect between Se intake and Se forms (SS, SY, or SM); po = overall intercept; SE (f,) = standard errors of intercept; f, = slope of linear term; SE (p,) = standard error of the slope; p

i

= slope of quadratic term; R =

Table 4

Model evaluation performance of selected important variables.

N\

N\

of the model; RMSE = root mean square errors; AIC = Akaike information of eriterion

Estimated variables Model Model evaluation parameters
Rr? AIC RMSPE R MEB SB RSR r ch oo
DMI L 0.003 574 2.003 0.888 0.035 0.033 0.335 0.943 0.995 0.938
Q 0.021 582 1.971 0.892 0.031 0.027 0.329 0.944 0.996 0.940
L x Phase 0.156 531 1.633 0.925 0.013 0.011 0.282 0.962 0.098  0.960
Q x Phase 0.051 554 1.849 0.904 0.019 0.016 0.300 0.951 0.997 0.948
Se in blood L 0.071 863 30.32 0.815 1.400 4375 0.438 0.903 0.977 0.882
Q 0.073 854 30.45 0.813 1.484 43.14 0.440 0.902 0.977 0.881
L x Type 0,147 852 27 61 0.846 0.650 21.95 0.399 0,919 0.984 0.905
L + Farm 0.073 865 30.34 0.815 1.467 44.01 0.438 0,903 0.977 0.882
L x Form 0.138 851 27.54 0.847 0.686 34.67 0.398 0.920 0.984  0.906
Q + Form 0159 855 27 88 0,844 0.678 37.19 0.403 0.918 0.983 0.903
Se in milk L 0,187 762 37.36 0,614 46.93 2086 0.683 0.783 0.808 0.633
Q 0.186 763 37.76 0604 4872 209.3 0.690 0777 0.801 0.623
L x Type 0.256 747 35.59 0,631 26.13 1513 0.650 0.794 0.854 0.679
L + Form 0.181 751 35.81 0.642 35.80 189.3 0.654 0.801 0.836 0.670
L x Form 0.247 750 3552 0.645 34.00 180.3 0.649 0.803 0.843  0.677
L x Phase 0.223 760 37.18 0.593 33.26 147.8 0.679 0.770 0.835 0.643
L + Farm + Phase 0267 752 35.06 0648 27.36 164.2 0.641 0,805 0.855 0.689
GSH-Px L 0.001 783 2278 0.995 3.550 12.26 0.074 0.997 0.999 0.997
L + Phase 0.656 766 2315 0.994 2.670 3.01 0.075 0.997 0.099  0.997

R:= regression coefficient of the model; AIC = Akaike information of criterion; R** =R* of predicted vs observed value; MB = mean bias; SB = slope
bias; RSR. = RMSPE-observations SD ratio; Cb = model accuracy; r = Pearson correlation coefficient; RMSPE = root mean square prediction error;
CCC = concordance correlation coefficient. Evaluated models are linear (denoted as L), quadratic (denoted as Q), or their interaction with lactation
phase (Phase), Se type (Type; organic or inorganic), and Se form (58, SY, or SM).
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Fig. 2. The relationship between Se intake with Se concentration in blood and in milk (top quadrant), and with DMI and GSH-Px (bottom-quadrant).
A = Regression equation of organic Se intake on Se in blood: y = 115 + 2.57x; R* = 0.19, and inorganic Se intake: y = 98.4 + 4.44; R* = 0.13
(P < 0.01 for organic vs inorganic). B = regression plots comparison between S5, SM, and 5Y on milk Se (black solid line is regression line of S8
intake: y = 21.1 4+ 0.61x; R? = 0.03: red solid line is regression line of SM intake, y = 25 4+ 2.47x; R? = 0.91: and blue solid line is the regression line
of SY, y = 30.7 + 1.63; R? = 0.48) (P < 0.01 for SM/SY vs SS). C = Regression plot of Se intake on DMI in early, mid, and PP period (equation for
early: y = 17.3 + 0.203x; R* =0.09; equation for mid: y = 18.8 4+ 0.201x; BR? = 0.16; and equation for PP: y = 8.52 + 0.702x; R*=0.78) ((P < 0.01
for PP vs Early and Mid). D = regression plot of Se intake on GSH-Px activity during lactation vs PP period (equation for lactation period: y = 258 —
7.33x; R? = 0.04; and equation for PP period: equation for early: y = 856 + 1.53x; R = 0.33) ((P < 0.01 for Lactation vs PP).
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Fig. 3. Observed vs. predicted plots for the best-performing models of Se in blood (A), Se in milk (B), DMI (C), and GSH-Px activity. The blue and
black solid lines represent the fitted regression line for the relationship between the predicted and observed values and the identity line (y = x),

respectively.
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Table 5

Categorical comparisons of dietary Se supplementation in dairy cows.
Estimated variables Unit n 55 M Sy coN SEM Pvalue
Milk production and feed intake
Milk production kg/d 100 27.49 27.50 27.17 26.29 067 0.239
DMI kg/d 110 17.18 17.62 17.51 17.38 058 0.785
FCM kg/d 40 26.58" 27.80" 25.43" 24.76° 116 0.016
Milk / DMI 80 143 135" 1.42° 1.38® 0.03 0.029
Milk nutrient compasition
Milk fat g/kg 97 79 385 7.9 79 050 0.863
Milk protein g/kg a7 326" 33.0° 3300 ot 0.20 0.023
Milk lactose g/kg 97 478 481" 481" 74 0.20 0.019
Milk fat g/d 66 1024 1034 1031 038 289 0318
Milk protein g/d i 926" o0 g2zt g70" 233 0.023
Milk lactose z/d 64 1355" 1349 1361° 1278 330 0.012
Metabalism variahles
Se in blood ug/L 89 134.0" 135.7% 164.8" 104.2¢ 9.90 0.001
Se in milk ug/L 82 npP 41.4° 38.3" 19.1° 921 0.014
GSH-Px U/mL 85 309.0™ 332.3" 151" 300.2° 375 < 0.001
50D U/mL 33 o5.2" 109.9* 102.8" g2.6" 3.06 < 0.001
T-AOC U/mL 4 105 106 10.8 102 1.96 0.574
MDA mmal/L 37 458 4.05" 335" 439" 028 < 0.001
HFx mmol/L 18 451" 356" 424" n.a. 1.38 0.018
AST UL 24 g 74.2% 80.6° 70.4° 7.08 0.014
ALT /L 17 274 217 229 27 1.95 0323
ALP U/L 17 53.8" 46.2° 60.0° 54.3" 6.82 0.001
Glucose mmol/L 33 251 248 248 248 411 0.179

N = sample size; 38 = inorganic selenium; SM = selenomethionine; SY = Se-yeast; CON = control diet; DMI = dry matter intake; FCM = fat-corrected
milk; GSH-Px = glutathione peroxidase; SOD = superoxide dismutase; T-AOC = total antioxidant capacity; MDA = malondialdehyde; H-Px
= hydrogen peroxide; AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase.

= Means with different superseripts within rows differ at P < 0.05.
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