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Summary 
The objective of this study was to determine whether bee venom (BV) has therapeutic capacity against clinical and subclinical mastitis as 

assessed by mammary quarter somatic cell count (SCC) in dairy cows. Mastitic cows from four farms, selected on the basis of SCC above 

200,000 cells/mL of milk, were used in the current study. For bacteriological culture, individual quarter milk samples were aseptically collected 

into sterile culture tubes. Pathogens were identified on the basis of colony morphology, characteristic haemolytic patterns and Gram staining. 

To observe BV dose effects, 15 lactating mastitic cows were injected subcutaneously with four different doses (3, 6, 12 and 24 mg per 

treatment) of BV. Another 6 lactating cows were used to compare two methods of BV administration (by subcutaneous injection or Bovivet 

Spenstift). An increasing concentration of BV exhibited a non-linear dose response in the reduction of mean SCC in milk samples. A significant 

reduction was seen on days 3 and 6 (p < 0.05) compared to the control across all doses. With 12 mg dose, the reduction was 55% and 63% 

on day 3 and 6, respectively. By contrast, the higher dose (24 mg) did not appear to further affect the reduction, with 57% and 65% on day 3 

and 6, respectively. When administration methods were compared, SCC reduction on day 3 was 55% and 63% with injection and Bovivet 

Spenstift, respectively. It was confirmed that the most effective BV therapy was by the Bovivet Spenstift at 12 mg. Then, a total of 53 

quarters from 38 lactating cows were treated with BV once daily for 14 days. In the course of treatment period, the effect of BV was clearly 

shown to increase the number of clinically cured quarters with less than 0.2 million / mL SCC from 13 (24.5%) on day 3 to 32 (60.4%) on day 

14. A significant reduction in the detection of Staphylococcus aureus and other Gram positive pathogens was found within 2 weeks of BV 

treatment with 75% clinical cure rate. In conclusion, BV treatment of dairy cows with mastitis may have boosted mammary defence 

mechanisms. This method may be an efficacious option to avoid frequent administrations of antibiotics.    
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Introduction 
Well over 100 different pathogens are known to be involved in the 

aetiology of mastitis (Komine et al., 2006). A range of therapeutic 

options have been suggested, including antibiotics (Dingwell et al., 

2003; Shpigel et al., 2006), lactoferrin (Diarra et al., 2003; Komine 

et al., 2006; Petitclerc et al., 2007; Lacasse et al., 2008), cytokines 

(Takahashi et al., 2004; Takahashi et al., 2005), vaccines (Smith et 

al., 2006; Pellegrino et al., 2008) and immunoglobulin (Zhen et al., 

2008). Mastitic infections are associated with damage to milk 

secretory tissue of the mammary gland via increased connective 

tissue stroma deposition, elevation of somatic cell count  (SCC) in 

milk and lowered milk quality (Nagahata et al., 2007). These 

consequences impose serious economic losses for dairy farmers, as 

well as for industry. 



The non-specific anti-infectious agent of whole bee venom 

(BV) has several biological functions including antinociceptive and 

anti-inflammatory effects (Kwon et al., 2001; Han et al., 2006), 

antibacterial action (Perumal Samy et al., 2007), skin anti- 

photoageing (Han et al., 2007) and an immunity enhancing effect 

(Tarzi et al., 2006). Hence, BV was used for controlling bacterial 

diarrhoea in preweaned piglets (Choi et al., 2003a) and for therapy 

in sows with hypogalactia (Choi and Kang, 2001) or oligogalactia 

(Choi et al., 2003b).  

No treatment effect of BV on dairy cow mastitis has been 

reported. This is the first paper to present trials using BV, as an 

alternative to antibiotics, for the treatment of mastitis. The 

components of BV utilised in the current study were carefully 

characterized using chromatography. The objective of this study was 

to investigate whether BV has therapeutic capacity against clinical 

and subclinical mastitis, as assessed by SCC in mammary quarters.  

 

Materials and methods 
BV collection 

Asian honeybee workers (Apis mellifera L.) were used from two 

experimental colonies maintained at the National Institute of 

Agricultural Science and Technology (NIAST), Suwon, Korea. By 

subjecting bees to electric shock, the venom was collected into a 

bee venom collector (Chungjin, Korea). The BV was dissolved in 

distilled water and centrifuged at 12,000 g for 10 minutes to remove 

insoluble materials. The BV was lyophilised by freeze dryer and 

refrigerated at 4°C for later use.  

 

BV analysis 

The methodology of BV analysis has been described previously (Han 

et al., 2006). Briefly, 100 mg frozen and dried whole BV was 

dissolved in 0.1 M ammonium formate (pH 4.5). Particles were 

removed by centrifugation and filtration (0.2 mm membrane filter, 

Millipore, MA, USA) prior to sample application to a Sephadex TM200 

column (AKTAexplorer, Pharmacia, USA) equilibrated in 0.1 M 

ammonium formate (pH 4.5). Honeybee venom standard proteins 

were purchased commercially (Sigma Aldrich, St Louis, MO, USA). All 

fractions collected were examined for total protein, hyaluronidase, 

phospholipase A2, melittin and apamin. Protein concentration was 

determined by the Bradford method (BioRad, CA, USA). The purity 

of proteins and peptides was assessed by SDS-PAGE on 4-20% 

gradient tricine gels (Novex Tricine Gels, Invitrogen, USA). Proteins 

and peptides were stained with Coomassie blue R-250. Proteins from 

BV were separated by size exclusion gel chromatography. The 

verification of the main components of BV was confirmed by 

comparison with venom protein standards from Sigma. The 

comparison between peaks of BV standards and whole BV showed 

that all major venom proteins and peptides were found to be similar 

in terms of compositions, although with a slight difference in 

proportions.  

 

Animals 

From four dairy farms, located in Kyunggi Province, Republic of 

Korea, a total of 59 lactating Holstein cows with clinical and 

subclinical mastitis were chosen for this study from March through 

August 2006. Before aseptic sampling, a few streams of milk were 

discarded and the distal end of each teat was disinfected with a 

cotton swab soaked with 70% ethanol.  

 

SCC count 

The determination of SCC in milk samples was performed with a 

Somacount 150 (Bentley, USA). Cows were only selected as 

candidates for the current study if they had a SCC above 200,000 

cells/mL of milk from 1, 2, 3 or all 4 quarters of the udder. 

 

Bacteriological testing  

For bacteriological culture, individual quarter milk samples were 

aseptically collected into sterile culture tubes. Milk samples submitted 

to the laboratory were cultured as described previously (Elmer et al., 

1997; Barrow and Feltham, 2003). Briefly, 23 mL milk was streaked 

onto trypticase soy blood agar plates (Difco, Detroit, USA) containing 

7% sheep blood and incubated aerobically for 48 hours at 37°C. 

Pathogens from cultures were identified for morphology, colony 

characteristics, staining and by biochemical reactions (Carter et al., 

1995). For Gram positive organisms and Staphylococcus aureus, API 

Staph kit (BioMérieux, Basingstoke, U.K.) was used together with a 

coagulase test, a haemolysis patterns and mannitol salt agar (Becton

-Dickinson Microbiology, MD, USA). Gram negative organisms were 

identified by the oxidase test, motility, indole and ornithine 

decarboxylase, and Simmons citrate. EASY 24E plus kit (Komed, 

South Korea) was used for speciation of Escherichia coli, 

Pseudomonas aeruginosa, Citrobacter freundii and Acinetobacter 

lwoffii-junii. 

 

Treatment of mastitic cows with BV 

To observe dose effects of BV, 15 lactating cows with a SCC ≥9.99 

million cells/mL of milk were injected with BV, subcutaneously in the 

area of the supramammary lymph node once daily for 5 days. Each 

of three cows received 3, 6, 12 or 24 mg BV and three cows were 

untreated. Milk from each quarter was collected on day 3 and day 6 

post BV treatment to determine SCC. Another 6 lactating cows, also 

selected on the basis of SCC ≥9.99 million cells/mL of milk, were 

used to compare two methods of BV administration. Quarters 

showing any clinical evidence of inflammation were treated either by 

subcutaneous injection of 12 mg BV mixed with 1.5 mL saline, or via 
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intramammary infusion of 12 mg BV in 40 mL saline using Bovivet 

Spenstift (Kruuse, Denmark). Daily treatments continued until the 

SCC was below 200,000 cells/mL of milk. Once the optimal dose and 

method of administration of BV were deduced, 38 lactating cows 

selected on the basis of a SCC above 200,000 and below 9.99 million 

cells/mL of milk were treated once daily for 14 days. Changes in SCC 

and microbiology were monitored during BV treatment. 

 

Statistical analysis  

Data were subjected to Duncan’s t-test using SAS statistical 

package. In the tables, results are given as means ± standard 

deviation.  

 

 

Results 
BV dose study 

An increasing concentration of BV exhibited a non-linear dose 

response in the reduction of mean SCC in milk samples (Fig. 1). The 

significant reduction was seen on days 3 and 6 (p < 0.05) compared 

to the control across all doses. With 12 mg/mL dose, the reduction 

was 55% and 63% on day 3 and 6, respectively. By contrast, the 

higher dose (24 mg) did not appear to further affect the reduction, 

with 57% and 65% on day 3 and 6, respectively. These reduction 

ratios on days 3 and 6 between the two doses (12 and 24 mg) were 

not significantly different (p > 0.05). Intermediate dose (6 mg) was 

less effective than higher doses with 23% and 43% on day 3 and 6, 

respectively.      
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BV administration study 

When two administration methods were compared, SCC reduction on 

day 3 was 55% and 63% with subcutaneous injection or mammary 

infusion via Bovivet Spenstift, respectively (Fig. 2). SCC was further 

reduced on day 9 by 85% and 95% with injection and Bovivet 

Spenstift, respectively.  

 

BV effect on udder health 

A total of 53 quarters from 38 lactating, mastitic cows were given BV 

treatment (12 mg by infusion using Bovivet Spenstift) once daily for 

14 days, and SCCs of quarters were determined on days 3, 7 and 14 

after the start of treatment (Table 1). Before the start of treatment, 

23 quarters (43.4%) showed over 5 million cells/mL. On day 3 after 

treatment the number of quarters with more than 5 million SCC was 

15 (28.3%) and was further reduced to 2 (3.8%) on day 14 following 

treatment. Furthermore, the effect of BV was clearly shown by the 

increase of clinically cured quarters (below 200,000 SCC) from 13 

(24.5%) on day 3 to 32 (60.4%) on day 14. A SCC of below 200,000 

is considered to reflect a mammary gland not inflamed (Pellegrino et 

al., 2008).     

 

Bacteriological testing 

Before BV treatment Staphylococcus aureus and other Gram positive 

bacteria were detected in 8 (15.1%) and 24 (45.3%) of 53 quarters 

from the 38 lactating cows, respectively (Table 2). Other major 

mastitis-causing pathogens found in those lactating cows included 

Escherichia coli, Pseudomonas aeruginosa, Citrobacter freundii, 

Acinetobacter lwoffii-junii and other Gram negative organisms. In the 

course of treatment period, the reduction rate for Staphylococcus 

Fig. 1. Changes in somatic cell counts (SCC) in milk after BV  
treatment of cows with mastitis (n=15). Values in a row indicated 
with different letters (a, b or c) were significantly different  
(p < 0.05) to the control. 

Fig. 2. Changes in somatic cell counts (SCC) in milk after BV  
application either subcutaneous or intramammary with Bovivet  
Spenstift to cows with mastitis (n=6). 



aureus and other Gram positive organisms was 75%. A significant 

reduction in the positive rate of both groups of pathogens was found 

within 2 weeks of BV treatment. While two quarters positive for 

concomitant pathogens did not show any curing effect with 

treatment, Escherichia coli and other Gram negative organisms 

scored 33.3% and 43.8% cure rates, respectively.  

 

 

Discussion 

Although our study did not investigate role of SCC in the diagnosis 

of udder inflammation, BV treatment significantly decreased SCC 

levels in mastitic quarters of lactating Holstein cows.   

The percentage of quarters positive for Staphylococcus 

aureus and other Gram positive organisms, in which the local clinical 

symptoms of mastitis were cured with BV, was significantly 

improved in comparison with cure rates of other pathogens. This 

data is encouraging in view of the poor response of Staphylococcus 

aureus to therapy with antibiotics such as penicillin, novobiocin, 

tilmicosin and ceftiofur (Owens and Nickerson, 1990; Owens et al., 

1999). It is possible that BV boosts both specific and nonspecific 

antibacterial factors in milk. Immunoglobulins, as part of specific 

immunity components, might have increased within the quarters 

after BV treatment through its ability to penetrate the udder during 

mastitic inflammation. In fact, as opsonizing agents, 

immunoglobulins prevent bacterial colonization and neutralize toxins 

as previously reported (Pyörälä, 2002).  

The unspecific components of mammary defence 

mechanisms include lactoferrin and lysozyme. Lactoferrin, a natural 

product from mammary gland, has an antibacterial effect due to its  

ability to bind iron that is essential for bacterial growth, but its effect 

is weak when used alone. Interestingly, lactoferrin seems more 

effective when used in combination with antibiotics. Indeed, 

lactoferrin showed 4-5 times (Lacasse et al., 2008), 3-5 times 

(Petitclerc et al., 2007) or twice (Komine et al., 2006) higher cure 

rates when antibiotics were added to lactoferrin in comparison with 

either antibiotic or lactoferrin therapy alone. Based on the positive 

effect of BV against other Gram positive organisms in the present 

study, it is possible that BV treatment might have enhanced the 

production of lysozyme. The bactericidal property of this milk protein 

is associated with its ability to lyse the peptidoglycan wall of Gram 

positive bacteria (Pyörälä, 2002).  

The positive effects related with selenium supplementation 

on mammary health have been associated with an enhancement of 

the leukocyte function within the udder (Kruze et al., 2007). Similarly 

BV treatment boosted leukocytes populations in the blood to elicit an 

antibacterial effect in conjunction with increased immune response 

and disease resistance in young pigs (Han et al., 2009). It is possible 

that BV affects both the innate and the acquired defence 

mechanisms of the ruminant mammary gland, through the humoral 
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SCC (× 103/mL) 

No. of quarters (%) 

Before treatment 3 days after treatment 7 days after treatment 14 days after treatment 

< 200 0 13 (24.5) 25 (47.1) 32 (60.4) 

200-2000 18 (34.0) 14 (26.4) 13 (24.5) 12 (22.6) 

2000-5000 12 (22.6) 11 (20.7) 7 (13.2) 7 (13.2) 

> 5000 23 (43.4) 15 (28.3) 8 (15.1) 2 (3.8) 

Table 1. Somatic cell counts in milk collected from cows with mastitis during BV treatment. 

Microorganisms No. of quarters sampled (%) No. of cured quarters (%)* 

Escherichia coli 3 (5.7) 1 (33.3) 

Pseudomonas aeruginosa 
Citrobacter freundii 
Acinetobacter lwoffii-junii 

2 (3.8) 0 

Staphylococcus aureus 8 (15.1) 6 (75.0) 

Other Gram positive organisms 24 (45.3) 18 (75.0) 

Other Gram negative organisms 16 (30.2) 7 (43.8) 

Total 53 32 (60.4) 

Table 2.  Microorganisms isolated from 53 quarter milk samples from 38 lactating mastitic cows and from BV treated cows.  

*SCC of milk below 200,000 cells/mL following 14 days of BV treatment. 



system since immunoglobulin titres would be lower in selenium-

deficient individuals (Arthur et al., 2003). In addition, BV 

administration may mediate an influx of polymorphonuclear cells 

into affected quarters or increase the ability to kill mastitis 

pathogens (Smith et al., 1997). Therefore BV might influence udder 

immune response via one of following mechanisms - a positive 

association with longevity and bactericidal capacity of phagocytosing 

neutrophils and a higher capacity of neutrophil adhesion or 

superoxide production (Burton and Erskine, 2003).  

SCC is regarded as a good indicator of udder 

inflammation. Although factors such as lactation stage, parity, 

quarter sampled and intramammary infections affect the SCC (Kruze 

et al., 2007), it is generally accepted that the presence of certain 

pathogenic bacteria in the mammary glands causes at least a 10-

fold increase in SCC (Pellegrino et al., 2008). Our findings on SCC 

levels suggest that the udders treated intramammarily with 12 mg 

BV through Bovivet Spenstift responded best.  

In conclusion, BV treatment of dairy cow with mastitis 

may have boosted mammary defence mechanisms, especially in 

situations with the presence of pathogens, and significantly 

decreased elevated SCC levels in mastitic quarters. This method may 

be an efficacious option to avoid frequent administrations of 

antibiotics. Further studies need to be done to prove the efficacy of 

BV in controlling Staphylococcus aureus intramammary infections 

considering the limited number of quarters involved and diagnosis of 

infections as reported here.   
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