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Abstract

:

The current study was conducted to investigate effects of hydroxyselenomethionine (HMBSe) with symmetrical and chelated chemical structure, a novel organic selenium (Se) source, on lactation performance, anti-oxidative status and immunities, and transfer efficiencies for early lactation dairy cows compared with that of sodium selenite (SS). Forty-five multiparous early-lactating dairy cows with similar days in milk, 56.0 d and milk yield 36.1 kg/d, were fed with same basal diet containing 0.04 mg of Se/kg of dry matter (DM) basis. They were assigned to 1 of 3 treatments according to one-way ANOVA design: control (basal diet, without Se supplementation), SS (0.30 mg of Se/kg of DM), or HMBSe (0.30 mg of Se/kg of DM). The experiment lasted for 9 weeks, with the first week as adaptation. Results showed that the organic HMBSe cows increased the milk yield, 4% fat-corrected milk yield, the numbers of red blood cells in whole blood, Se concentrations in milk and serum, ratio of milk to serum significantly (P < 0.01); feed efficiency, energy-corrected milk yield, contents of superoxide dismutase in serum, hemoglobin, and the numbers of white blood cells in whole blood significantly (P < 0.05) compared to control and SS. Moreover, HMBSe cows had trends to increase glutathione peroxidase activities (P = 0.09), total antioxidant capacity (P = 0.06), and had trends to decrease the contents of malonaldehyde (P = 0.07) in serum compared to control and SS. In conclusion, HMBSe was more effective on the lactation performances, anti-oxidative status, and immunities and Se transfer efficiencies for early-lactating dairy cows compared to control and SS, which was very meaningful to develop the enriched Se milk products.
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1. Introduction


Selenium (Se) is an essential trace element for human and animals. It is known that feeding Se increased milk production, feed digestibility, anti-oxidative capacities, and immune function of dairy cows in different physiological stages [1]. The Se deficiency can lead to reduced performances and health status of the animals. In feeding management of dairy cows, Se feeding was frequently applied in inorganic and organic forms. However, inorganic Se, such as sodium selenite (SS), is more prone to dietary and environmental antagonisms [2]. Thus, compared with organic Se, inorganic Se has lots of disadvantages, such as potential toxic at high dietary level, low bio-availability, and potential pro-oxidation to the animals. Contrarily, organic Se species, such as yeast selenium and selenomethionine, are considered to be better on milk productivity, health status, absorption rates, and biological activities in lactating dairy cows, relative to those of inorganic Se [3].



Additionally, with the improvement of people’s living standards, the demand for high-quality milk has increased. Exogenous nutrients such as Se are a potential candidate for milk products. Interest has increased to improve milk quality by increasing the Se composition in milk. It is found that the enrichment of milk Se was mainly conducted by feeding organic or inorganic Se sources. Organic Se is more beneficial to milk Se accumulation [4], which improves its utilization in the dairy industry.



Compared with yeast-Se, a widely used organic Se source in dairy feed industry, Se chelated to 2-hydroxy-4-methylthiobutanoic acid (HMBSe), which two hydroxymethionines with a Se in common, sulfur is replaced by Se, and formed a 1:2 symmetrical and chelated chemical structure [5,6], is a new kind of feed additive [7]. Notably, 2-hydroxy-4-(methylthio) butanoic acid is a source of supplemental Met whose chelated organic trace minerals (zinc, copper, manganese, or iron) had been used and studied extensively in dairy cows [6,8]. In mid-lactating dairy cows, a feeding diet including HMBSe could improve the lactation performance and antioxidant status of dairy cows compared to basal (without Se supplementation) and SS diet [9]. However, fewer trials about the benefits of HMBSe have been conducted on early-lactating cows. After all, compared with mid-lactating dairy cows, animals in the early-lactating period tend to suffer more from oxidative stress [9], which implied that the addition of organic HMBSe in the early-lactating period was more valuable. Therefore, the objectives of the present study were to determine the effects of HMBSe on milk production and quality, anti-oxidative status and immunities, and Se transfer efficiencies so as to evaluate its potential application during the early-lactating dairy cow industry.




2. Materials and Methods


This study was conducted on a local dairy farm (Zhengzhou, China). All procedures were conducted using protocols approved by the Henan Vocational College of Agriculture (Zhengzhou, China). All animals used in the current study were raised according to standards established by the Henan Vocational College of Agriculture (Zhengzhou, China). All cows were housed in individual tie-stalls and milked daily at 06:30, 14:30, and 20:30. Before the commencement of the feeding trial and throughout the experimental period, the health condition of the cows was monitored and recorded.



2.1. Animal, Diets, and Experimental Design


The experiment lasted for 9 weeks, with the first week for adaptation. Forty-five multiparous early-lactating dairy cows with days in milk of 56.0, milk production 36.1 kg/d, and average body weight (BW) 591.2 kg were divided into 15 blocks based on dry matter intake (DMI), milk production, and BW. They were assigned to 1 of 3 treatments according to one-way ANOVA design: control (basal diet, without Se supplementation); SS, 0.30 mg Se/kg feed (dry matter (DM) basis); HMBSe, 0.30 mg Se/kg (DM basis). The SS and HMBSe (white particles; Se, 2000 mg/kg) were provided by Shanghai Yanhua Bio-tech Co., Ltd. (Shanghai, China) and Novus International, Inc. (Shanghai, China), respectively. All cows received the same diet (total mixed ration, TMR) without Se supplementation. The background Se concentration in the TMR was 0.04 mg/kg on a DM basis. Composition of nutrient and contents of feed ingredients were presented in Table 1. All ingredients were mixed in a TMR and offered to individual cows 3 times per day. The SS and HMBSe preparation was top-dressed on the TMR based on diet assignment. All cows had free access to water throughout the entire experiment.




2.2. Sampling, Measurement, and Analyses


The offered and refused feeds were recorded for 2 consecutive days, and samples from fed TMR and the orts were collected on the same day and time every other week throughout the experimental period to calculate the dry matter intake, as was described previously [11]. The sample preparation and analysis were performed using methods described previously [12]. After all samples were dried in a forced air oven at 60 °C for 48 h, they were ground to pass a 2 mm Wileymill screen (Arthur H. Thomas, Philadelphia, PA, USA) and then through a 1 mm screen in a Cyclotec mill (Tecator 1093, Tecator, Sweden). They were placed in sealed containers until they were analyzed for DM, ash (#942.05; AOAC, Rockville, MD, USA, 1990), crude protein (CP, #988.05; AOAC, Rockville, MD, USA, 1990), ether extract (#920.39; AOAC, Rockville, MD, USA, 1990), calcium (#985.35; AOAC, Rockville, MD, USA, 1990), phosphorus (#986.24; AOAC, Rockville, MD, USA, 1990) [13], neutral detergent fiber (NDF), and acid detergent fiber (ADF), as described previously [14].



Milk yield was measured on the third and fourth day of every experimental week, and milk samples were collected from each milking using Waikato Milking System Meters (Waikato Milking Systems NZ Ltd., Hamilton, New Zealand). Milk samples were composited proportionally (4:3:3, composite) for analysis of contents [15]. A 50 mL subsample was treated with Bronopol (milk preservative; D&F Control Systems, San Ramon, CA, USA) and stored at 4 °C for later determination of fat, true protein, and lactose by infrared analysis (Milk-O-Scan, Foss Electric, Hillerød, Denmark) [16]; urea nitrogen (MUN) using the diacetylmonoxime-binding assay as described in a previous study [17]. Another milk subsample, which was obtained at week 1, 2, 4, and 8 of the experiment, was frozen and stored at −20 °C for the determination of Se concentration by a SpectorAA-30 atomic absorption spectrophotometer (Varian Techtron. Pty. Ltd., Mulgrave, Victoria, Australia).



Blood samples (10 mL) were collected from the coccygeal vein of cows 3 h after morning feeding on the third day of the fourth and eighth week [15], respectively, and then they were centrifuged at 4000 rpm for 10 min at 4 °C to collect serum, which was frozen at −20 °C until later thawed and analyzed for quantification of albumin, alkaline phosphatase, γ-glutamyl transferase, aspartate amino transferase, blood urea nitrogen, cholesterol, globulin, glucose, total protein, β- hydroxybutyric acid, non-esterified fatty acids (NEFA), and glutathione peroxidase (GSH-px), according to methods described in other studies [18]; the concentrations of superoxide dismutase (SOD), total antioxidant capacity (T-AOC), and malonaldehyde (MDA) reported methods previously [19]. The determination of Se concentration in serum was the same as in milk.



Another blood was sampled from cows with same method at the same time and week as above, and immediately placed into a 10-mL tube for whole blood variable determination, including red blood cells (RBC), hemoglobin concentration (HGB), mean corpuscular hemoglobin, and white blood cells (WBC) according to method [20]; neutrophil count, lymphocytes count, monocytes count, and eosinophil count according to a method previously reported [21].




2.3. Calculations and Statistical Analysis


ECM is the standard parameter calculated for feed efficiency (FE) because the fat and protein yield are corrected. Hence, ECM can be used to compare the differences of milk yield more accurately among dairy cows. 4% FCM is the milk yield with different milk fat content corrected to standard milk yield with 4% milk fat content, which has an important reference value in the ways of comparing the dairy cows’ performances. FE was defined as the ratio of milk yield and dry matter intake. The equations were the following:


ECM (energy-corrected milk, kg/d) = 0.3246 × milk yield (kg/d) + 12.86 × fat yield (kg/d) + 7.04 × protein yield (kg/d)










4% FCM (fat-corrected milk, kg/d) = milk yield (kg/d) × (0.4 + 15 × fat content/100)










FE (feed efficiency) = milk yield (kg/d)/dry matter intake (kg/d)











All the data were analyzed using the MIXED procedure with repeated measurement using the covariance type AR (1) of the SAS software system (SAS Institute, Cary, NC, USA, 2000). A one-way ANOVA design with repeated measurements was used for treatment. The effect of cow was included as a repeated measure. LSD and Duncun’s multiple range test were used for the evaluation of differences among groups. The results are reported as means and standard errors (SE). Probability values of P < 0.05 were used to define statistical significance and values P < 0.10 and P > 0.05 were accepted as statistical trends.





3. Results


3.1. Feed Intake and Lactation Performances


The results of feed intake and lactation performances were shown in Table 2. Briefly, the organic HMBSe did not affect the DMI and milk composition (fat, protein, and lactose, P > 0.05), but it increased the milk yield and 4% FCM yield (P < 0.01), ECM yield, and feed efficiency (P < 0.05) for early-lactating dairy cows significantly compared to control and SS.




3.2. Serum Parameters and Anti-Oxidative Status


Effects of HMBSe on serum parameters and anti-oxidative status are summarized in Table 3. HMBSe cows increased the SOD contents significantly (P < 0.05), had trends to increase the contents of GSH-px activities (P = 0.09) and T-AOC (P = 0.06), and had trends to decrease the contents of MDA (P = 0.07) in serum compared to control and SS.




3.3. Whole Blood Parameters and Immunities


Effects of HMBSe on whole blood parameters and immunities were presented in Table 4. HMBSe only increased the numbers of RBC (P < 0.01), the numbers of WBC, and the contents of HGB (P < 0.05), but it did not affect the other whole blood parameters significantly (P > 0.05) compared to control and SS.




3.4. Milk and Serum Se Status


The effects of HMBSe on Se distribution in biofluids of dairy cows were presented in Table 5. The Se concentrations in milk and serum, ratio of milk to serum all increased significantly in HMBSe cows compared to control and SS (P < 0.01).





4. Discussion


Se is a basic trace element which is essential for lactating dairy cows. One of the reasons for the importance of dietary Se of dairy cows is its contribution to glutathione peroxidase synthesis, which is an enzyme that catalyzes the reduction of hydrogen peroxide and lipid hydroperoxides and protects cell membranes against peroxidation [22]. Thus, Se additives in inorganic form (SS) and organic forms (such as DL-methionine and yeast chelated Se) has received more attention and been widely used for a long time in dairy cows. Moreover, due to the relatively higher bioavailability in dairy cows in comparison with inorganic Se (such as SS), the organic Se is considered to be more efficient and environmentally friendly [23]. The HMBSe with symmetrical and chelated chemical structure, a newly developed organic Se, has been studied in mid-lactating cows [9]. However, it is known that compared with mid-lactating dairy cows, animals in the early-lactating period tend to suffer more from oxidative stress, which might be attributed to the imbalance between energy consumption and excretion. Hence, it was more valuable to add organic HMBSe in the early-lactating period [24,25] so as to alleviate oxidative stress and increase immunities.



Some previous studies showed that oral administration of various amounts of Se, no matter organic or inorganic Se, did not affect milk yield and milk composition [26,27,28]. Sun et al. (2017) [9] also suggested that SS and HMBSe did not affect the DMI, milk yield, and milk characteristics for mid-lactating dairy cows. However, our studies results were the same as Batistel et al. (2017) [29] and (2018) [30], who reported that methionine supplementation could promote milk production changes, as well as mitigate early lactation oxidative stress. Since milk yields are affected by dietary HMBSe addition, the similar change of feed efficiency with increased HMBSe addition can be expected. The disagreement may be due to the physiological period of dairy cows being initially different, but the more important reasons may be the effects of organic HMBSe. To our knowledge, relative to mid-lactating dairy cows, early-lactating cows are more sensitive to oxidative stress [31]. Organic Se had advantages over SS in ways of alleviating oxidative stress. Hence, HMBSe is more efficiency for alleviating oxidative stress and increasing immunities of early-lactating dairy cows compared to mid-lactating dairy cows. On the other hand, it is found that cows fed organic Se had greater respiratory burst of neutrophils than those of cows fed inorganic Se additive, indicating that different Se sources led to difference immune status in transition dairy cows in early-lactating dairy cows [32]. Thus, the possibility of the different response on inorganic/organic effect between Sun et al. (2017) [9] and our studies may be also due to that the DIM of animals used in the current study is sensitive to Se source used, although the blood neutrophils count did not differ, but the GSH-Px, HGB, REC, WBC, SOD, and T-AOC of HMBSe can all be affected compared to the control and SS among cows. Accorrdingly, organic HMBSe increased the antioxidant functions and immunities for early-lactating dairy cows, which contributed to improved lactating performances of dairy cows compared to control and SS. Thus, our study suggested that relative to mid-lactating dairy cows, HMBSe is more efficiency for improving milk performances of early-lactating dairy cows compared to that of control and SS.



GSH-Px was an important Se-containing enzyme in the blood and tissues of animals, wherein it functions as an antioxidant by reducing hydrogen peroxides to water and lipid hydroperoxides to alcohols. Se status is usually evaluated directly by determining the concentration of Se, or indirectly by measuring the activities of GSH-Px in blood and tissues, whereas blood Se concentration is a good indicator of blood GSH-Px activities [33]. Moreover, increased plasma Se concentrations could lead to the improvement of antioxidant capacities (indicated by increasing activities of GSH-px, SOD, and T-AOC, as well as reducing MDA concentration) of dairy cows [34]. A previous study also found higher GSH-px, SOD, and T-AOC, as well as lower MDA in plasma, resulted from cows fed HMBSe compared to SS [9]. These results were partly consistent with the current study, which showed increased antioxidant capacities (plasma SOD and T-AOC) and reduced peroxidation product (plasma MDA) with dietary HMBSe addition [35]. On the other hand, the effects of Se supplementation on GSH-px depended on many factors, such as DIM, dietary Se contents, and the Se status of the animals [36,37]. In the current study, although DIM among three treatments, dietary Se between SS and HMBSe were similar, Se status of the dairy cows seemed to be better in HMBSe (94.56 ug/kg Se in serum) than of control (77.09 ug/kg Se in serum) and SS (83.76 ug/kg Se in serum), which resulted from higher bioavailability of organic HMBSe in early-lactating dairy cows. Maybe these were reasons for greater antioxidant capacity in HMBSe cows. Thus, HMBSe supplementation could improve the antioxidant capacities and health status for early-lactating dairy cows in current experimental conditions.



The previous research showed that high numbers of RBC and concentration of HGB could promote the swallowing function of WBC, improve the blood’s ability to transport oxygen gas, and strengthen the metabolism and immunity functions of body [38]. The WBC, neutrophil count, and lymphocytes were important indexes which reflected the immunity functions of body. Their changes of quantities could reflect the functions of cells. RBC also had immunity and adhesion functions and could promote the swallowing function of white cells. It was a part of defensive functions of the host. It had been proved that RBC could catch antigen by immunity and adhesion functions, and clear away the oxide and metabolic products which were produced the swallowing functions of resisting during the course of swallowing by strong antioxidant effects of catalases and superoxide dismutases of high concentration in cells and took effects on swallowing functions. At same time, RBC took part in the production of γ-interferon, IL-1, and IL-2, which was one of the subsystems in the whole system of immunity [38]. In the present study, dietary supplementation with HMBSe had no effect on serum cell status among treatments except for RBC, WBC, and HGB concentration. They showed that dietary supplementation with HMBSe was more helpful for strengthening the immunity functions of body compared to control and SS for early-lactating dairy cows in current experimental conditions.



Selenium status was an important indicator of animal health, and this was commonly assessed by measuring Se concentration in whole blood or serum. The most previous studies concluded that the Se serum status was adequate if its serum concentration in dairy cows ranged from 70 to 79 µg/L [39]. However, the other survey found that cows have different requirements for Se in different periods [40], for example, 90 µg/L (the dry period), 130 µg/L (transition), and 100 µg/L (early lactation). It seems that early-lactating cows fed the basal diet had sufficient serum Se concentrations (77.09 µg/L) in the current study. In fact, it only implied that cows fed the basal diet in current study had achieved the required minimum level for Se. After all, the milk yield, Se concentration of serum, and milk increased significantly with HMBSe’s addition compared to that of control and SS, which were consistent with the general view that the organic Se was more efficient than SS. Despite the Se concentration of HMBSe in serum and milk being approximately 1.23 and 1.13, 1.67 and 1.59 of control and SS, respectively, this was lower than results (1.43 and 1.23, 2.91 and 2.32) reported by Sun et al. (2017) [9], but the results of the two studies were similar. These results proved that the HMBSe, a novel organic Se, was an efficient Se source to increase the milk Se concentration for early-lactating dairy cows compared to control and SS. At same time, we know that milk/serum of total Se concentration in cows supplemented with HMBSe was also higher than that of control and SS, which showed a greater transfer of Se from blood to milk after HMBSe supplementation. The greater transfer might be due to there being different metabolic pathways between organic and inorganic Se [41]. On the other hand, this might be due to the symmetrical and chelated structure of HMBSe according to 1:2 ratio, which ensured that trace Se could be protected duplicatedly during the course of passing the gastrointestinal tract. At same time, it avoided antagonism of metal ion, resulting in lower absorption and utilization. Therefore, its stability promoted more trace elements to be absorbed by animals [6].




5. Conclusions


The present study showed that, compared to control and inorganic selenium, the addition of hydroxyselenomethionine with symmetrical and chelated chemical structure, a novel organic selenium source in diets, increased selenium concentration of milk and serum, improved milk production and quality, and enhanced antioxidant status and immunities for early-lactating dairy cows. Compared with that of control and sodium selenite, cows fed hydroxyselenomethionine had greater transfer efficiency into the blood circulation and milk, indicating that hydroxyselenomethionine could be a good source to produce high-selenium milk products. This implied that hydroxyselenomethionine was an effective inorganic selenium replacer in terms of performance, health status, and food qualities of dairy cows.
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Table 1. Ingredients and chemical composition of basal diet (%, as-fed DM, unless noted).






Table 1. Ingredients and chemical composition of basal diet (%, as-fed DM, unless noted).









	Items
	%





	Ingredients
	



	Ground corn
	21.10



	Soybean meal, 44% CP
	9.10



	Barley
	3.40



	Wheat bran
	2.10



	Dried distillers grains with solubles
	13.00



	Cottonseed meal
	4.40



	Corn silage
	12.10



	Alfalfa hay
	14.40



	Grass hay
	7.90



	Beet pulp
	8.00



	Premix 1
	4.50



	Nutrient Composition 2 (DM basis)
	



	Dry matter
	44.90



	Crude protein
	16.60



	Ether extract
	2.62



	Neutral detergent fiber
	36.30



	Acid detergent fiber
	23.40



	Selenium
	0.04



	Calcium
	0.71



	Phosphorous
	0.37



	Ash
	8.56



	Net energy for lactation 3, Mcal/kg
	1.66







1 Provided per kilogram of premix: 80,000 mg of vitamin A; 20,000 mg of vitamin D; ≥700 IU of vitamin E; 180 mg of Cu; 190 mg of Fe; 950 mg of Zn; 350 mg of Mn; ≥ 7% Ca; ≥1.30% P; ≥ 1.00% Co. 2 Calculated from the analyzed value of the dietary ingredients. 3 Calculated value based on MOA (2004) [10].
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Table 2. Effects of dietary sodium selenite (SS) and hydroxyselenomethionine (HMBSe) on feed intake and lactation performances for early-lactating dairy cows (15 cows/treatment).






Table 2. Effects of dietary sodium selenite (SS) and hydroxyselenomethionine (HMBSe) on feed intake and lactation performances for early-lactating dairy cows (15 cows/treatment).





	
Item

	
Treatment

	
SEM

	
P-Value




	
Control

	
SS

	
HMBSe






	
Dry matter intake, kg/d

	
21.24

	
21.09

	
21.00

	
0.07

	
0.38




	
Yield, kg/d

	

	

	

	

	




	
Milk

	
34.33 b

	
33.44 b

	
36.84 a

	
0.35

	
<0.01




	
4% Fat-corrected milk

	
33.18 b

	
32.37 b

	
35.25 a

	
0.31

	
<0.01




	
Energy-corrected milk

	
35.35 b

	
35.14 b

	
36.97 a

	
0.32

	
0.03




	
Protein

	
1.08

	
1.09

	
1.13

	
0.01

	
0.10




	
Fat

	
1.29

	
1.29

	
1.32

	
0.02

	
0.60




	
Lactose

	
1.73

	
1.74

	
1.79

	
0.02

	
0.24




	
Total solid

	
4.49

	
4.54

	
4.60

	
0.04

	
0.39




	
Milk content, g/100 g

	

	

	

	

	




	
Protein

	
3.11

	
3.19

	
3.14

	
0.02

	
0.28




	
Fat

	
3.75

	
3.84

	
3.75

	
0.03

	
0.28




	
Lactose

	
4.99

	
5.02

	
5.04

	
0.01

	
0.32




	
Total solid

	
13.06

	
13.13

	
12.96

	
0.06

	
0.48




	
Milk urea nitrogen, mg/dL

	
13.81

	
14.04

	
13.94

	
0.11

	
0.69




	
Feed efficiency

	
1.63 b

	
1.60 b

	
1.72 a

	
0.02

	
0.01








a,b Mean values within treatment with different superscripts are significantly different (P < 0.05).
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Table 3. Effects of dietary sodium selenite (SS) and hydroxyselenomethionine (HMBSe) on serum parameters and anti-oxidative status for early-lactating dairy cows (15 cows/treatment).






Table 3. Effects of dietary sodium selenite (SS) and hydroxyselenomethionine (HMBSe) on serum parameters and anti-oxidative status for early-lactating dairy cows (15 cows/treatment).





	
Item

	
Treatment

	
SEM

	
P-Value




	
Control

	
SS

	
HMBSe






	
Albumin (g/L)

	
42.49

	
40.96

	
42.18

	
0.50

	
0.43




	
Alkaline phosphatase (U/L)

	
52.37

	
49.03

	
46.77

	
1.75

	
0.43




	
γ-glutamyltransferase (U/L)

	
36.50

	
33.37

	
31.40

	
1.08

	
0.15




	
Aspartate Aminotransferase (U/L)

	
91.27

	
97.83

	
92.57

	
3.13

	
0.67




	
Blood urea nitrogen (mmol/L)

	
7.12

	
7.49

	
7.22

	
0.13

	
0.59




	
Cholesterol (mg/Dl)

	
6.34

	
5.80

	
6.06

	
0.15

	
0.35




	
Globulin (g/L)

	
37.97

	
42.59

	
40.66

	
1.05

	
0.20




	
Glucose (mmol/L)

	
3.22

	
3.34

	
3.17

	
0.05

	
0.37




	
β- hydroxybutyric acid (μg/mL)

	
43.25

	
38.04

	
39.89

	
1.34

	
0.28




	
Nonesterified fatty acids (μmol/L)

	
245.66

	
230.42

	
274.67

	
9.31

	
0.15




	
Glutathione peroxidase (U/mL)

	
112.71

	
109.53

	
122.04

	
2.44

	
0.09




	
Superoxide dismutase (U/mL)

	
103.32 b

	
105.74 b

	
116.04 a

	
2.04

	
0.02




	
Total antioxidant capacity (U/mL)

	
2.27

	
2.35

	
2.57

	
0.05

	
0.06




	
Malondialdehyde (nmol/L)

	
5.86

	
5.91

	
5.61

	
0.06

	
0.07








a,b Mean values within treatment with different superscripts are significantly different (P < 0.05).
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Table 4. Effects of dietary sodium selenite (SS) and hydroxyselenomethionine (HMBSe) on blood parameters and immunities for early-lactating dairy cows (15 cows/treatment).
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Item

	
Treatment

	
SEM

	
P-Value




	
Control

	
SS

	
HMBSe






	
Red blood cells (106/μL)

	
6.60 b

	
6.84 b

	
7.70 a

	
0.14

	
<0.01




	
Hemoglobin (g/dL)

	
10.91 b

	
11.20 b

	
12.81 a

	
0.27

	
0.01




	
Mean corpuscular hemoglobin (pg)

	
16.61

	
16.40

	
16.75

	
0.15

	
0.65




	
White blood cells (103/uL)

	
13.66 b

	
14.07 b

	
19.57 a

	
0.89

	
0.01




	
Neutrophil (103/uL)

	
5.24

	
4.58

	
5.16

	
0.64

	
0.90




	
Lymphocytes (103/uL)

	
6.59

	
8.74

	
7.62

	
0.93

	
0.64




	
Monocytes (103/uL)

	
1.10

	
1.08

	
0.98

	
0.10

	
0.87




	
Eosinophil (103/uL)

	
0.69

	
0.51

	
0.67

	
0.05

	
0.35








a,b Mean values within treatment with different superscripts are significantly different (P < 0.05).
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Table 5. Effects of dietary sodium selenite (SS) and hydroxyselenomethionine (HMBSe) on selenium transfer efficiencies for early-lactating dairy cows (15 cows/treatment).
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Item

	
Treatment

	
SEM

	
P-Value




	
Control

	
SS

	
HMBSe






	
Total Se

	

	

	

	

	




	
Milk, µg/kg

	
25.18 b

	
26.49 b

	
42.06 a

	
1.78

	
<0.01




	
Serum, µg/kg

	
77.09 b

	
83.76 b

	
94.56 a

	
2.03

	
<0.01




	
Milk/serum, %

	
32.57 b

	
32.06 b

	
44.77 a

	
1.71

	
<0.01








a,b Mean values within treatment with different superscripts are significantly different (P < 0.05).
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