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Abstract 

Cobalt (Co) is utilized by rumen microbial organ­
isms for synthesis of vitamin B

12
, a necessary cofactor 

for vital metabolic pathways in lipid and carbohydrate 
energy metabolism. Cobalt supplementation has re­
cently attracted attention because of increased carcass 
weight in feedlot cattle, and increased milk production 
in dairy cattle. The objective of this study was to evalu­
ate the effect of different levels of Co supplementation 
on humoral immune response to Brucella abortus vac­
cine in weaned beef calves. Twenty-seven beef steers 
weighing 450 lb ± 50 lb (204 kg ± 22. 7 kg) were utilized 
in the study. Calves were randomly assigned to be fed 
supplemental Co at 0.1, 0.4, or 1.0 mg/kg ofbody weight 
in their diet, corresponding to the N at~onal Research 
Council (NRC) recommended level, 4 times the NRC 
recommended level, and 10 times the NRC recommended 
level. Higher levels of Co supplementation resulted in 
increased antibody response (P :S O. 004) to RB51 Brucella 
abortus vaccine. 

Key words: bovine, humoral immune function, Brucella 
abortus, cobalt, weaned beef calves 

Resume 

Le cobalt (Co) est utilise par les organismes mi­
crobiens du rumen pour la synthese de la vitamine 
B12, un co-facteur essentiel implique dans des voies 
metaboliques vitales du metabolisme energetique des 
lipides et des carbohydrates. Les supplements en co­
balt ont suscite de l'interet recemment en raison de 
l'augmentation de la masse des carcasses chez les bo­
vins en pare d'engraissement et de l'augmentation de 
la production de lait chez les vaches laitieres. Uobjectif 
de cette etude etait d'evaluer l'effet de supplements en 
cobalt sur la reponse immunitaire humorale a un vaccin 
prepare avec une souche de Brucella abortus chez des 
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veaux de boucherie sevres. Des bouvillons de boucherie 
(N = 27) pesant 450 lb ± 50 lb (204 kg ± 22. 7 kg) ont ete -
utilises dans l'etude. Les veaux ont ete alloues aleatoire­
ment a des groupes recevant des doses de 0.100 ppm, 
0.400 ppm ou de 1.00 mg/kg de poids corporel dans leur 
regime alimentaire, ce qui correspond, respectivement, 
a la dose recommandee par le National Research Council 
(NRC), a 4 fois leu.r dose recommandee ou a 10 fois leur 
dose recommandee. Un apport avec un plus haut niveau 
de cobalt a cailse une augmentation de la production 
d'anticorps (P :s 0.004) en reponse a un vaccin prepare 
avec la souche RB51 de Brucella abortus. 

Introduction 

All animals require cobalt (Co) as an integral 
component in vitamin B12• In ruminants Co is utilized 
by rumen microbes for vitamin B12 production. Vitamin 
B12, which is absorbed in the ileum, is a vital cofactor 
in specific metabolic enzymes in lipid and carbohydrate 
energy metabolism. Cattle obtain Co from forages ac­
cording to availability of Co from the soil;20 a deficiency 
is strongly geographically and geologically dependent 
on soil and water concentrations and availability of the 
element. 15 Iron in soil or water reduces Co absorption in 
cattle, thereby predisposing to Co deficiency; manganese, 
zinc, and iodine are also antagonists. 11 

Early studies of Co were focused on prevention 
of wasting disease syndromes, clinically observed as 
ill-thrift, weight loss, anorexia, and poor production in 
ruminants in certain areas of the world.15•19 Ovine white 
liver disease (OWLD) in sheep, common in Co deficient 
areas, is a result of Co deficiency limiting synthesis of 
vitamin B12, which in turn results in reduced ~ oxida­
tion of free fatty acid (FFA) and accumulation of FFA 
deposits that displace normal liver tissue.15•19 Normal 
mobilization of FFA into triglycerides for liver export 
as very low density lipoproteins requires 2 vitamin B12 
derived cofactors. Vitamin B12 deficiency causes accu-
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mulation of triglycerides, which gives the characteristic 
white appearance to liver tissue. 

Ruminant production was restricted in certain ar­
eas in the world until the early 1900s because of "bush 
sickness" and "wasting disease". New Zealand scientists 
initially considered these diseases to result from iron 
deficiency, but later Underwood and Filmer discovered 
the syndrome was due to cobalt deficiency.18 Cobalt 
treatments with as little as 1 ppm per day resulted in 
reversal of the disease syndrome.7 This discovery al­
lowed grazing of previously unusable large coastal areas 
of Australia and other Co deficient areas of the world. 15,19 

Interactions between the immune system and 
micro-minerals in beef cattle are extremely complex, 
but necessary for normal immune response to infection 
and disease. Concentrations of micro-minerals should 
be maintained within optimal limits to preserve the 
functional integrity of cells and tissues vital to normal 
immune function. 2·7·19 Deficiencies require the animal 
to metabolically compensate for the nutrient deviation, 
resulting in depressed immune function, and diminished 
animal health and performance. 2 Deficiency of certain 
minerals may impair normal phagocytic function and 
other components of innate immunity, such as cytokine 
production, with irregular function ofhumoral and cell 
mediated immunity in the adaptive immune system. 3 

Differences in micro-mineral intake, absorption, 
and metabolism in beef cattle often determine response 
to infection and disease, and are influenced by age, 
breed, physiological ·status (pregnancy and lacta­
tion), and stress (scarcity of feed or water, climatic, 
physiological, and environmental factors).2·19 Stress 
stimulates cortisol production which negatively affects 
immune function, and gestation and lactation decrease 
Co concentration levels in the liver. 5·19·21 There are also 
breed differences in Co requirements as Continental 
breeds have up to twice the mineral requirement than 
British breeds. 11 Studies have shown that feeding Co 
at 9.1 mg/lb (20 mg/kg) of dry matter intake resulted 
in increased growth, 13·14 increased milk production 
in dairy cattle, 5 and increased hot carcass weight in 
feedlot steers. 17 

Cobalt is extremely safe as a supplement fed orally. 
Risk of toxicity has been described by Puls.11 Signs of 
toxicity and deficiency are almost identical. Animals 
with Co toxicity often show reduced growth rate, rough 
and dull hair coat, muscular incoordination, and in­
creased PCV and hemoglobin. The most pronounced 
toxic sign is reduced weight gain. Sheep have a higher 
Co requirement than cattle, therefore signs of toxicity 
are more likely in cattle than sheep. Deficient sheep fed 
Co at 1000 times the recommended level did not exhibit 
signs of toxicity until after 8 weeks, whereas toxicity in 
cattle can occur when cobalt is fed orally at 300 times 
the level recommended by the National Research Council 
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(NRC). Iron is the most common antagonist, and can 
be fed to ruminants with Co toxicity as Fe competes for 
intestinal absorption sites in the intestine.11 

Extensive information on the role of cobalt on 
health and production of ruminants has been pub­
lished;7·8·11•15 however, there is limited information on 
the effect of supplemental cobalt on response to various 
vaccines. The objective of this study was to evaluate 
the effect of different levels of Co supplementation on 
humoral immune response to Brucella abortus vaccine 
in weaned beef calves. 

Materials and Methods 

Animal History 
The protocol was approved by the Montana State 

University Animal Care Committee. Twenty-seven 
spring-born steer calves (Angus x Hereford x Red Angus 
x Lowline) with an average body weight of 450 ± 50 lb 
(204 ± 22. 7 kg) were selected for the study from a group 
of 80 animals raised on a ranch in southwestern Mon­
tana. Every third calf processed through the chute was 
selected and match-grouped accordingly by body weight 
and genetics. The calves had not received antimicrobi­
als, ionophores, or growth promoting implants. Calves 
were processed in October of 2010 with a combination 
7-way clostridial bacterin-toxoid and Histophilus somni 
bacterin, a a combination infectious bovine rhinotrache­
itis, bovine viral diarrhea virus types 1 and 2, parain­
fluenza-3, and bovine respiratory syncytial virus vaccine 
and Mannheimia haemolytica-Pasteurella multocida 
bacterin, h and topical doramectin. c Twenty days later 
calves were weaned and acclimated for 20 days prior to 
the start of the study. 

The study was conducted on a ranch in southwest­
ern Montana. Steers were housed in 3 open pens of 9 
head each without shelter for the duration of the study. 
On day 1 of the study, calves were given an individual 
electronic identification ear tag, weighed individually, 
blood was collected via the tail vein, and liver biopsy 
specimens were collected. 

Steers were randomly assigned (per passage 
through the chute at processing) to 1 of 3 Co levels in 
the mineral supplement to provide: 1) 0.1 mg/kg of body 
weight (BW) cobalt proteinate, d the level recommended 
by the NRC (lX group);9,10 0.4 mg/kg BW cobalt protein­
ate, 4 times the recommended NRC level ( 4X group); and 
1.0 mg/kg BW cobalt proteinate, approximately 10 times 
the recommended NRC level (l0X group), in a commer­
cial mineral mix (Table 1). Mineral supplements were 
fed ad libitum for the duration of the trial, and were 
routinely monitored for consumption and wastage twice 
weekly. Mixed grass-alfalfa hay (88.32% dry matter, 14% 
crude protein)e was fed ad libitum to meet requirements 
to achieve weight gains between 1.25 and 2.0 lb (0.57 
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Table 1. Composition analysis of base mineral.* 

Ingredient 

Salt (NaCl) 

Copper 
Selenium 
Zinc 

Content 

17.5% (min) 
21.0% (max) 
2200 mg/kg 

35 mg/kg 
7500 mg/kg 

*Mineral mix manufactured by CHS Nutrition, Sioux Falls, SD. 

and 0.91 kg)/day. Hay was fed once daily, and refusals 
were weighed every 14 days. 

On day 60, all steers were vaccinated with Brucella 
abortus RB51f with the approval of the United States 
Department of Agriculture Animal Plant and Health In­
spection Service and the Montana State Veterinarian. On 
day 90, steers were individually weighed, blood was col­
lected via the tail vein, and liver biopsies were collected. 

Liver Biopsy Procedures 
Biopsy sites were clipped of hair, scrubbed with 

povidone iodine, flushed with chlorhexadine, and anes­
thetized with 2% lidocaine HCL. A core liver sample was 
obtained using the Shackleford-Courtney Liver Biopsy 
Instrument/ via a true-cut technique as previously 
described.h.4·12 Liver biopsy samples were rinsed using 
0.10 M physiological buffered saline solution (pH 7.4), 
and then placed in aluminum foil, folded in, and frozen 
in liquid nitrogen until they were analyzed. 

Analytical Procedures 
Mineral supplement was analyzed for cobalt pro­

teinate content. d Serum antibody titers to RB51 Brucella 
abortus were determined using enzyme linked immuno­
sorbent assay. i Liver biopsy specimens were analyzed for 
Co (wet matter basis, evaluating 13 different minerals) 
using inductively-coupled plasma mass spectroscopyi at 
the US Fish Technology Center, Bozeman, MT. 

Statistical Analysis 
Statistical analysis of antibody titers was com­

pleted using one-way ANOVA means (Fisher's Least 
Significant Difference Test). Differences were considered 
significant at P<0.05. Prior to statistical analysis, as­
sumptions were made that normality of the calves does 
exist, and the titer measurements are independently 
distributed with the mean and the standard deviation 
(mean, and SD). Constant variance was assumed and 
independence is made as each pen of 9 calves was used 
as an experimental unit for both the antibody response 
to Brucella abortus and for the liver Co levels. Paired 
Co levels from liver biopsies (first- and last-day liver Co 
biopsy results) were compared. Brucella abortus ELISA 
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titers were evaluated by the same ANOVA method. 
Because of data obtained from animal repeatability in 
this study, the evaluation of Brucella abortus titers was 
considered the highest priority statistically. 

Results and Discussion 

The mineral supplement was formulated to provide 
Co at 0.1 (lX), 0.4 (4X), and 1.0 (lOX) mg/kg of body 
weight; however, Co intake measured during the 90-day 
trial was 0.139, 0.489, and 0.898 mg/kg body weight; 
slightly more than targeted in the lX and 4X groups. 
Cattle were fed a low energy, mixed alfalfa-grass hay 
diet, thus weight gain was minimal during the 90 day 
study period. Total weight gain during this period was 
101, 106, and 116 lb (45.8, 48.1, and 52.6 kg) for steers 
in the lX, 4X, and lOX treatment groups, respectively; 
weight gains did not differ between treatment groups -
(P>0.05). There was no morbidity or mortality in the 
calves during the study period. 

Antibody response to Brucella abortus RB51 vac­
cination was higher in the 4X and lOX treatment groups 
(P<0.004) compared to steers in the lX group (Figure 
1); however, antibody responses in the 4X and lOX 
treatment groups did not differ (P<0.05). These results 

'-
suggest that NRC recommendations for Co levels in the 
diet could be increased to enhance the immune system 
response to vaccine in recently weaned beef calves. 

Improved antibody production in weaned beef 
calves fed increased dietary Co is most probable a direct 
result of increased vitamin B12 production by rumen 
microbial synthesis. Vitamin B12 plays an important 
role in immune system regulation with increases in NK 
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Figure 1. Antibody response of beef steers fed vary­
ing levels of cobalt and vaccinated with RB51 Brucella 
abortus vaccine. Antibody levels are reported as units 
per mL, measured as picograms per mL. 
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(natural killer) cell activity and CDS+ cells affecting 
cytotoxic cells, therefore acting as an immunomodula­
tor.16 Vitamin B

12 
is critical for folate metabolism in DNA 

synthesis required in B cell proliferation and plasma 
cell production for antibody response.16 Vitamin B12 is 
a compromising factor in cell mediated immunity by 
altering antibody response to antigens. 3 

Ruminal microbial vitamin B
12 

derived cobalamins 
(Cbl) are essential micronutrients for synthesis of methyl­
cobalamin (MeCbl) and adenosylcobalamin (AdoCbl), 
the respective cofactors in methionine synthase (MS) 
and mitochondrial L-methylmalonyl-CoA mutase vital 
to cystol metabolism. 19 Methionine is required for 
production and mobilization of immune cells to combat 
invading pathogens. 3 

Liver Co levels (Figure 2) at time O did not differ 
significantly between treatment groups, but did vary 
between animals. At the end of the 90-day study pe­
riod, liver Co concentrations had decreased, but were 
similar between treatments (P<0.05). In contrast, other 
researchers did not find a decrease in liver Co levels fol­
lowing supplementation of mature dairy cows21 or steers 
fed growing and finishing diets. 17 Steers in the present 
study were fed a low energy hay diet, with weight gains 
of 1.12 to 1.29 lb (0.51 to 0.59 kg)/day, and Co was pro­
vided in the mineral mix rather than inclusion in a total 
mixed ration. It is unclear why liver Co levels decreased 
in the present study, but may have been related to ration 
differences, winter stress, or stage of growth. 

Cobalt is also necessary for storage of copper ( Cu) 
in bovine liver tissue. 6 Proper Cu levels are necessary 
for immune system function in beef cattle, therefore Co 
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Figure 2. Liver cobalt content in steers fed varying levels 
of Co in mineral supplement during a 90-day trial period. 
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may play an indirect role in immune function by altering 
Cu metabolism. 5 One study showed a linear correlation 
between liver Co and Cu levels, suggesting that Co is 
needed for Cu storage in liver tissue.5 Mineral concen­
trations in liver biopsies in the present trial showed 
similar results (Figure 3). 

During the past 50 years, beef cattle production 
in the United States has increased nearly 50% due to 
improved genetics, advances in nutrition, biotechnology, 
advances in animal health, and value added manage­
ment. The National Research Council recommends 
that Co be included in the diet at 0.1 mg/kg (dry matter 
intake);9 this has been the recommendation since the 
1950s when production performance of beef cattle was 
two-thirds of present day production expectations) The 
recommended Co levels were derived from experiments 
during the 1950s using cattle that were genetically 
different, raised with a different production focus, and 
fed different rations. Today typical beef cattle are 35 to 
40% larger anatomically, grow at much faster rates, and 
are developed with an economic focus on muscle growth 
with efficient gain that was not considered possible 50 
years ago.k Other research has demonstrated that in­
creased Co levels are needed to minimize metabolites 
of propionate metabolism that negatively effect intake 
and growth.14 Because of these dramatic changes in the 
beef industry, the dietary requirement for Co is likely 
higher today than it was in the 1950s. 

This pilot study tested the hypothesis that Co 
supplementation in excess of NRC recommendations 
positively improved the humoral immune response in 
beef steers using RB51 Brucella abortus vaccine as the 
proxy. Individual animal Co intake levels were not mea­
sured in this study as pen was the experimental unit. 
Plans for a future study includes individual feeding of 
calves, monitoring post-weaning health in the feedlot, 
collecting carcass information at harvest, and perhaps, 
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Figure 3. Relationship ofliver biopsy cobalt concentra­
tion to liver copper concentration in calves fed supple­
mented cobalt during a 90-day trial period. 
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to evaluate Co fed pre-weaning in a more challenging 
environment to determine effects on BRD. 

Conclusions 

Results of this study suggest that NRC recommend­
ed levels of dietary Co should be increased to provide 
improved antibody response in beef calves at weaning. 
Treatmentlevels 4X and lOX times the NRC recommen­
dations resulted in increased antibody response to RB51 
Brucella abortus vaccine in weaned beef calves. It is yet 
unknown whether ~ncreased Co supplementation will 
reduce risk ofBRD through enhanced immune response. 

If future research shows that Co supplementation 
results in improved immune function, this could lead 
to improved welfare and health in beef calves at wean­
ing. Increased supplementation of Co post-weaning 
could improve immune function by increasing antibody 
production, reducing sickness at weaning, and improve 
beef calf production with potential increased return on 
investment to production units. 
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