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EXECUTIVE SUMMARY: Calves just after birth have a very fragile adaptive immune system, 
making them extremely sensitive to diseases during the first month of life. Selenium is known 
to have a positive effect on the immune system. Selenium is an essential micromineral which is 
highly regulated by FDA. It is unlawful to supplement selenium more than 3 mg/head per day in 
cattle, due to the toxic effect when fed in higher amount. However, this is true only in areas of 
US where Se level in the soil is adequate. Oregon soil contains extremely low level of Se making 
the forages grown in the state of OR deficient of Se. Selenium can improve the immune system 
of cows but can also improve the immune system of dairy calves by providing better 
immunoglobulins coming from the cows and higher amount of Se via placenta transfer and 
colostrum. For the above reasons, we sought to assess if the immune system of calves can be 
improved in cows fed with SE-biofortified alfalfa. Our data indicated that feeding Se-biofortified 
alfalfa hay in pregnant cows improves the Se level in plasma, the antioxidant activity, and the 
phagocytosis capacity of white blood cells early post-birth in calves. 
 
OBJECTIVES: 
1) Determine the absorption of Se and glutathione peroxidase activity in calves 
2) Determine the IgG in colostrum and the absorption of various IgG by the calves 
3) Measure the effect on gene expression in intestinal cells of the calves 
4) Measure the activity of immune cells in calves 
 
PROCEDURES:  

- Calves from 18 primiparous cows (10 Jerseys and 8 Holsteins) from the OSU dairy center 
were used. Cows were fed ad libitum with corn silage and grass silage TMR with micromineral 
supplement without Se. Half of the cows were randomized by breed and time of calving and 



supplemented from 40 day prior parturition until 14 day post-partum with 1 kg DM/100 kg BW 
of Alfalfa enriched with Se (3.25 mg/kg DM) and the rest was supplemented with the same 
amount of a control Alfalfa (0.34 mg Se/kg DM).  

- Calves were fed with the colostrum of their mother and then received whole milk from 
the OSU dairy cows as typical of the farm (i.e, calves did not received any more treatment) plus 
they had ad libitum availability of starter.  

- Calves were weighted at birth and then at 24 days of life to determine average daily 
gain. 

- Feces were collected from the calves at 3, 14, and 24 day of life and immediately stored 
in liquid N. 

- Blood was collected from the calves at 2 and 24 days of life to obtain serum and plasma; 
- Immunoglobulins level was measured in plasma of cows and colostrum using Bovine IgG 

and IgA ELISA Quantitation Set kit (cat#s E10-118 and E10-131, Bethyl Laboratories, USA). 
- The immune status of the animals was assessed by measuring total white blood cells 

count using Leuko-tic blue kit (Cat#4013-0006/-0007/-0008, bioanalytical, Germany), 
leukocytes differential with flow cytometer using antibody against granulocytes (CH138A, Cat# 
2001, Pullman WA 99164. Washington State University. Monoclonal Antibody center) 
associated with the secondary antibody R-Phycoerythrin goat anti-mouse IgM (PE; Cat# 662587, 
Invitrogen). Phagocytosis was assessed  using PHrodo BioParticles Phagocytosis kit (Cat# 
P35382, PHrodo TM Green S.aureus BioParticles, Life Technologies) associated with flow 
cytometer (Figure 1).  

 

-  
Figure 1. Flow cytometer for determination of % granulocytes, % lymphocytes, and phagocytosis. Granulocytes 
(polymorphonucleated cells or PMN) were identified using a specific antibody (CH138). Phagocytosis was determined by the 
amount of particles containing the green fluorescent FITC that were engulfed by nucleated cells (identified using the blue 
nuclear stain Hoechst). Besides using markers, % granulocytes + monocytes and % lymphocytes were determined using manual 
gating, as shown in the right quadrant of the image.  



- Level of Se plasma was measured at Keck Collaboratory for Plasma Spectrometry at 
Oregon State University using an Elemental X-series 2 Inductively coupled plasma mass 
spectrometry after extraction from 0.5 mL of plasma sample.  

- Glutathione peroxidase activity was measured in plasma using a commercial kit (Cat# 
703102, 1180 E. Ellsworth RD. Ann Arbor, MI. USA). 

- Data were checked for outliers using PROC REG of SAS 9.4 (SAS Institute, Cary, NC, USA) 
prior to statistical analysis. Data with a studentized t >2.5 were removed. Data were analyzed 
by GLIMMIX of SAS with the fixed effect of treatment, breed, time and their interactions and 
calf as random effect using the Autoregressive 1 covariate model with homogeneous variance. 

Significance was declared with a P-value0.05 and tendency with a P-value >0.05 and 0.10. 
 

SIGNIFICANT ACCOMPLISHMENTS: 
All the samples were collected as planned. From the samples we have performed all the above 
measurements except immunoglobulin level (kits have been purchased but, due to time 
constraint, we will be able to perform the measure not before the end of March 2019). We 
have also collected feces for gene expression analysis but decided not to pursue that 
measurement because we did not see effects of treatment on feces or health of the calves. 
Results from the experiment are summarized in Figure 1. 
In summary the main findings were: 

- Se level in blood: Feeding Se-biofortified hay in pregnant cows + feeding their colostrum 
to their offspring significantly increased the Se concentration in blood after birth in calves and 
the difference persisted for at the least the first month of life. Jersey calves born with higher Se 
in blood compared to Holstein calves but the level of Se tended to decrease during the first 
month of life while Se in blood increased in Holstein calves during the same time-frame; 

- The glutathione activity. GPx in plasma only tended to be higher in calves born from 
cows that received Se-biofortified hay, which was more evident early post-birth than after two 
weeks of life; 

- Body weight: BW was not affected by treatments. As expected calves born from 
Holstein cows were heavier than the ones born form Jersey cows; 

- Immunological measurements: Among all immunological parameters measured calves 
born from heifers fed with Se-biofortified hay during pregnancy had compared to calves born 
from control heifers: 
o Higher total phagocytosis in blood at 3 day post-birth.  
o A tendency to decrease granulocytes phagocytosis from 14 to 28 day post-birth 
o A tendency for lower % lymphocytes at 3 days post-birth but tendency for higher % 

lymphocytes 14 days post-birth; 
Higher phagocytosis of granulocytes in Holstein calves compared to Jersey calves was also 

detected. The level of immunoglobulin in colostrum and plasma of calves still need to be 
measured. In addition, sample of plasma were sent to a laboratory in Italy for a large metabolic 
and inflammatory profiling. The data could provide further insights into the effect of the 
provided treatment. The gene expression analysis in feces was not performed because we did 
not observed difference in occurrence of diarrhea between calves. Due to the low number of 
animals used in the present experiment we were unable to assess the effect of higher Se in the 
prevention of diseases.   



 

Figure 2. Effect on Se level in whole blood, glutathione peroxidase activity (GPx) in plasma, body weight, and immunological 
parameters in calves born from Jersey or Holstein primiparous cows fed a total mixed ration without supplementation of Se + 
either 1kg of Se-biofortified alfalfa hay/kg of BW or same amount of a control alfalfa hay. Indicated in the graphs are the 
significant effect of treatment (TRT), breed, time, or their interactions. When interaction was significant it is indicated difference 
in specific time point due to TRT x Time (*) or Breed x Time (#).  



BENEFITS & IMPACT: The experiment clearly demonstrated that feeding pregnant cows with a 
relatively low amount of Se-biofortified hay improves the Se level in their calves. This improved 
calves’ antioxidant and immune status early post-birth, when they are in highest risk of diseases 
due to the no-yet mature immune system. The results are important for Oregon agriculture, 
since Oregon soil is extremely poor in Se and, as consequence, forages are deficient of Se. Our 
results indicated that dairy farmers should consider feeding to pregnant cows Se-biofortified 
hay. However, more research should be done to assess the economic benefit of the observed 
effect.  
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: we received funding from the 
Oregon Beef Council ($10,000) to measure immune status of the cows enrolled in this 
experiment and from the USDA Hatch funding from the Experimental Station ($26,800) to 
measure transcriptome of the liver and macrophages isolated from the milk from the cows 
enrolled in the present experiment. No additional funding were received to accomplish the 
work related to the calves 
 
FUTURE FUNDING POSSIBILITIES: We plan to use results from the present experiment to 
submit a proposal to the USDA NIFA AFRI foundational opportunity. 
 
 


