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ABsTRACT
The aim of this study was to determine the antioxidant effect of the novel bee-product based intramammary 

formulation Apimast® on the oxidative status of dairy cows. Apimast® was administered intramammarily three times 
at 12 h intervals to 10 dairy cows on each of the three dairy farms. The oxidative status markers and some metabolic 
parameters were determined in the milk (GSH-Px, d-ROM, SOD, BAP, TAS) and in the serum (SOD, GSH-Px, NEFA, 
BHB, glucose). The results showed that the effect of Apimast® was mostly local, regardless of the concentration used 
(3% and 1%) as there was an increase in the concentration of GSH-Px and TAS in the milk, but not in the blood. It is 
also of a short-term nature since the values of these parameters were significantly lower 7 days after application. The 
expected connection between the increase of ROM in milk samples from the microbiologically positive quarters was 
not found. The results of this study confirm the local antioxidant effect of Apimast® in the udder, with implications for 
non-antibiotic subclinical mastitis treatment.
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introduction
With the development of the modern dairy 

industry and the ever-increasing demands of the 
market over the last forty years, selection of cows for 
high milk production leads to the doubling of milk 
production per cow (OLTENACU and ALGERS, 
2005). Mastitis, inflammation of the mammary 
gland, is the most common health problem of dairy 
cows, with special importance in high-yield dairy 
herds. The financial cost of mastitis can be attributed 
to production losses, extensive treatment costs and 
negative impacts on animal welfare, among others 
(NIELSEN et al., 2010). The aetiology of mastitis 
is complex and is considered to be a result of the 
interaction between the hosts, microorganisms, 
the environment, and farming (BAČIĆ, 2009). 
Established clinical mastitis therapy implies the 
use of antibiotics, whereby the choice of therapy 
is adjusted to the course of the inflammation and 
the cause. On the other hand, subclinical mastitis, 
considered to be a major problem on large, high-
yield dairy farms due to reduced milk production 
and the high number of somatic cells (reduced milk 
quality), is not treated since the cost of discarded 
milk outweighs the benefits of antimicrobial 
therapy (SANDGREN, 2008). Also, due to the 
increasing problem of antibiotic resistance, there 
is a trend (and regulatory pressure) towards 
minimizing antibiotic use in veterinary medicine, 
including dairy production, so new, non-antibiotic 
or antibiotic alternatives for mastitis treatment 
are being studied (PYÖRÄLÄ, 2002; VARELLA 
COELHO et al., 2007; WU, 2007). 

Apimast® is a novel bee-product based 
intramammary formulation, developed for mastitis 
treatment and prevention. The product has not 
been authorized as a veterinary medicinal product 
(VMP), but is being studied extensively as the first 
cost-effective intramammary antibiotic alternative 
(ŠURAN et al., 2015; 2016). The main active 
components of the product are polyphenols from 
standardized poplar type propolis non-alcoholic 
extract. Propolis is a resinous substance that bees 
collect, process and use as the building material 
in the beehive. It contains 50% balsam and resin, 
30% beeswax, 5% pollen, 10% essential oils 
and 5% other organic components. The last two 

include low molecular weight phenols that are 
considered to have biologically active properties, 
namely flavonoids, phenolic acids and esters, 
aromatic aldehydes and terpenoids (BANSKOTA 
et al., 2001; SILVA-CARVALHO et al., 2015). For 
medical purposes, propolis has been used for years 
- in ancient times the Egyptians used to balm and 
mummify the bodies of the dead, and in the records 
of the Greeks and Romans its use is described 
in the treatment of some skin diseases and for 
disinfection of wounds, for protection against 
infection, pain relief and reduction of swelling 
(CRANE, 1999). The biological effects of propolis 
are related to its antimicrobial, anti-inflammatory, 
and recently, antioxidant properties (BANSKOTA 
et al., 2001; ISLA et al., 2001; SILVA-CARVALHO 
at al., 2015) and due to its great potential role as 
free radical scavenger (PASCUAL et al., 1994). 
Active components from propolis may be effective 
in mastitis treatment (FIORDALISI et al., 2016), 
not just due to their antimicrobial activity, but 
also due to their antioxidant effects, since one of 
the contributing factors to subclinical infection 
aetiology and lower udder immune response is 
considered to be oxidative stress (BOUWSTRA et 
al., 2010).

On the basis of previous findings we treated 
animals with Apimast® - as a replacement for 
antibiotic treatment of subclinically present 
mastitis. The aim of this study was to investigate the 
effect of Apimast® intramammary administration 
on the antioxidant/oxidation markers (glutathione 
peroxidase (GSH-Px), ROM (reactive oxygen 
metabolites), SOD (superoxide dismutase), 
biological antioxidant potential (BAP), TAS (total 
antioxidant status), non-esterified fatty acids 
(NEFA) and beta hydroxybutyrate (BHB) in dairy 
cows, in order to elucidate some of the possible 
mechanisms of its action during mastitis. 

Materials and methods 
Animals and protocol. The research was 

conducted on three large dairy farms with the 
Holstein breed; Krndija (Farm 1), Grube (Farm 
2) and SNK milk (Farm 3). The study included 
10 dairy cows from each farm diagnosed with 
subclinical mastitis (in at least one udder quarter) 
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while ten healthy animals served as the control. The 
animals were kept on deep bedding, and fed with a 
standard feed (Table 1). 

Table 1. Mean chemical composition (g/100g of 
DM unless otherwise stated) of basal diet fed to 

experimental cows

Chemical composition 
Crude protein 19.9
Crude fat 3.0
Starch 24.8
Crude fibre 13.9
aNDF 34.0
NEL, MJ/kg 6.9
Calcium 1.2
Phosphorus 0.52
Sodium 0.31
Magnesium 0.76
Fe, mg/kg 494.0
Zinc, mg/kg 87.8
Manganese, mg/kg 91.2
Copper, mg/kg 17.5
Vitamin A, IU/kg 6700.0
Vitamin D, IU/kg 636.0
Vitamin E, IU/kg 18.7

Subclinical mastitis was screened before and after 
each propolis application by measuring the number 
of somatic cells (SCC) in the milk using a DeLaval 
(Tetra Laval, Sweden) device by optical somatic 
cell counting, by analysing milk yield data collected 
on the farm and using microbiological screening of 
milk samples in an accredited laboratory (Croatian 
Veterinary Institute, Zagreb) according to the 
recommendations described in the Laboratory 
Handbook on Bovine Mastitis (National Mastitis 
Council, 1999).

Apimast® was administered three times at 12 h 
intervals, in all four quarters: after the morning and 
evening milking, and the next day after the morning 
milking. 

Sample collection. Milk was sampled into 
labelled sterile plastic tubes from each quarter of 
dairy gland in a specific manner. Namely, after 
squirting the first milk stream, the tip of the teat 
was thoroughly disinfected with 70% alcohol. 
Samples were taken before the first application, 
12h after the first application, 12h after the second 
propolis application, and on the 7th day after the 
first propolis application. Milk samples were kept 
at 4 °C (microbiological screening) or at -20 °C 
(determination of oxidants and antioxidants) for a 
maximum of 24 hours. Milk samples collected from 
healthy animals were prepared and analysed as bulk 
(pooled). In order to determine the concentration 
of d-ROM, BAP, SOD, GSH-Px and TAS milk 
samples were prepared by a modified method 
based on BERMEJO et al. (1997) and EZAKI et 
al. (2008). In brief, milk samples were centrifuged 
in two phases. In the first stage, the milk was 
centrifuged for 15 minutes at 1600 rpm and, after 
separation of the cellular elements, the supernatant 
was centrifuged for 45 minutes at 10,000 rpm at 4 
°C. Following the described procedure, a sample of 
fat-removed milk was used to measure oxidative 
stress parameters.

Blood samples were taken before the first 
application and 48h after the first application 
of Apimast® into anticoagulant-free antisera 
tubes (Venosafe Biochemical Gel Tubes) (with 
the permission of the Ethics Committee of the 
Veterinary Faculty of the University of Zagreb, 
class: 640-01 / 15-179, No. 251-61-01 / 139-15-3 
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dated 22 April 2015). The control group samples 
were taken at the same time intervals. Blood samples 
were centrifuged at 3000 pm for 15 minutes, after 
which the serum was separated into several tubes 
and stored at -20 °C until analysis.

Apimast® formulations. Apimast® 1% and 3% 
formulations were used in the study, prepared by 
SME Hedera d.o.o. according to an innovative 
protected procedure (patent No. P20190325) of non-
alcoholic extraction from poplar type propolis. The 
raw material was collected from bee-keepers from 
Croatia, grinded, homogenized and mechanically 
purified prior to extraction. 

Biochemical tests. The GSH-Px activity 
was assessed using a commercial kit (Ransel, 
Randox Laboratories, Ireland). Briefly, GSH-Px 
activity was assessed indirectly at the absorbance 
wavelength of 340 nm for 5 minutes of NADPH 
oxidation to NADP+. The assay mixture consisted 
of 50 mM phosphate buffer with 0.4 mM EDTA 
and 1 mM sodium azide (pH = 7.0), 0.12 mM 
NADPH, 3.2 units of GR, 1 mM glutathione, and 
0.0007% (w/w) H2O2. One unit of GPx activity 
catalyses the oxidation by H2O2 of 1.0 μmol of 
reduced glutathione to oxidized glutathione per 
minute at pH = 7.0 and 25 °C. GSH-Px activity was 
calculated by using the molar extinction coefficient 
for NADPH disappearance (ε = 6220 dm3 mol-1 

cm-1). Serum and milk SOD activity was evaluated 
by the spectrophotometric method using the 
commercially available RANSOD kit (RANDOX 
Laboratories, UK). In this assay, xanthine and 
xanthine oxidase were used to generate superoxide 
anion radicals which react with 2-(4-iodophenyl)-
3-(4-nitrophenol)-5-phenyltetrazolium chloride 
quantitatively to form a red formazan dye. SOD 
inhibits the reaction by converting the superoxide 
radical to oxygen. Homogenized liver tissues, 
Fasciola spp. parasites and standard solutions 
were used for the assay of SOD. Absorbance was 
measured at 505 nm (Olympus AU640, Japan) for 
30s after the addition of xanthine oxidase as the start 
reagent, and 3 minutes after reaction as duplicate 
samples. NEFA, BHB, and glucose concentrations 
were also measured with commercially available 
Randox reagents on an Olympus AU640 (Olympus, 
Japan). The d-ROMs test (Diacron International, 

Italy) was carried out to assess the concentration of 
reactive oxygen metabolites in the milk samples. 
The method was carried out by monitoring at 505 nm 
the absorbance of solutions obtained by dissolving 
the milk samples (10 μL) in 1 mL of acetate buffer 
(pH 4.8) and adding 10 μL of a 3.7×10−1 M solution 
of the chromogen (DEPPD) (the absorbance values 
being converted to arbitrary Carr units) (DOTAN 
et al., 2004). According to the manufacturer’s 
specifications, the d-ROMs test readings are 
classified as follows: 250-300 Carr units: normal 
range; 300-320 Carr units: borderline condition; 
more than 320 Carr units: increasing oxidative stress 
condition. A control serum (320 Carr units) supplied 
with the kit was used for calibration of the test.

Quantification of TAS, as the measure of non-
quantitative antioxidant function in the milk 
samples, was carried out using ABTS (2,20-azinodi-
[3-ethylbenzothiazoline sulphonate]) formation 
kinetics. The commercially available colorimetric 
TAS assay (Randox Laboratories, UK) is based 
on the suppression of the absorbance of ABTS 
cation radicals by antioxidants in the test sample, 
when ABTS is incubated with a radical generating 
system (metmyoglobin + H2O2). A reaction mixture 
containing 100 μM H2O2, metmyoglobin and 610 
μM ABTS was incubated with 5 μM trolox at 37 °C. 
Namely, the method is calibrated with the vitamin 
E analogue, known as trolox equivalent, and the 
results are expressed in mmol/L. The spectra were 
recorded in time scan mode until the reaction 
reached a plateau.

BAP was assessed using a test kit from Diacron 
(Grosseto, Italy). This test provides a global 
measurement of many antioxidants, including 
uric acid, ascorbic acid, proteins, α-tocopherol, 
and bilirubin. Briefly, 10 μL sample is added to a 
solution of ferric chloride and thiocyanate derivate. 
The assay is based on the ability of a coloured 
thiocyanate-derived substrate, which contains 
bounded Fe3+ ions, to decolorize when Fe3+ ions 
are reduced to Fe2+. The absorbance is measured at 
505 nm. The level of change is used to calculate 
the ability of the sample to reduce ferric ions. The 
results are expressed as μEq ferric ions reducing 
antioxidants per L of sample (BENZIE and 
STRAIN, 1996).
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Statistical analysis. The results were categorized 
on the basis of the bacteriological status of the 
quarter: to a negative or a bacteriologically positive 
group. Results were analysed using GraphPad 8 and 
presented as mean ± standard deviation (SD). The 
distribution normality was checked by the Shapiro-
Wilks test. The significance of the differences in 

repeat measurements was verified by Kruskall-
Wallis's variation analysis and rank-level test, and 
the difference between the groups was analysed 
using the Mann-Whitney U test. The correlation 
between the observed indicators was tested by 
Spearman's correlation coefficient. Statistical 
significance was set at P≤0.05.

Results
The values of antioxidant enzymes (SOD, GSH-

PX), reactive oxygen metabolites (ROMs) and 
total antioxidant capacity (TAS, BAP) measured in 
cow's milk on Farms 1 and 2 after intramammary 
administration of 3% Apimast® are shown in Table 
2, while the values measured after 1% Apimast® 
administration are presented in Table 3. The values 
of biochemical and antioxidant ratios are shown in 
Table 4. The activity of the GSH-Px enzyme and 
the concentration of the total antioxidant potential 
(TAS) was statistically significantly increased 
after the 1st and 2nd 3% Apimast® administration 
compared to the initial value, while there was no 
change between the initial concentration of TAS 
and GSH-Px and its level on the 7th day after 
Apimast® administration. Other indicators did not 
change over time within the same farm. 

A high positive correlation between oxidative 
status in the milk of positive (P<0.05; r = 0.58) 
and negative (P<0.05; r = 0.51) quarters was found 
for GSH-Px and TAS activity, while for other 
indicators no correlation was found. There was also 
a statistically significant low (P<0.05; r = 0.33) 
correlation between the activity of GSH-Px and 
SOD in the milk and blood of all samples in total.

Metabolic status indicators NEFA (up to 0.14 ± 
0.09 mmol/L) and BHB (up to 0.35 ± 0.07 mmol/L) 
were below the cut-off limit for dairy cattle 
throughout the study period (Table 4). The glucose 
values were within the reference range. There was a 
statistically significant (P<0.05; r = 0.65) correlation 
between serum free fatty acid concentration and 
d-ROM in the milk of the dairy cattle.

Table 2. Mean ± SD values of oxidative stress markers on Farm 1 and 2, in bacteriologically negative quarters and 
positive quarters, at different time points before (0) or 12 h, 24 h and 7 days after 3% Apimast® intramammary 

administration 

Negative quarters Positive quarters

0 h (control) 12 h 24 h 7 days 0 h (control) 12 h 24 h 7 days
GSH-Px 
(U/L)

275.4  
 ± 33.4

320.7  
 ± 25.8*

379.7  
 ± 78*

279.2  
 ± 17.4

355.5  
 ± 133

410.3  
 ± 107.2

415.8  
 ± 126.1

369.1  
 ± 115.6

BAP 
(mmol/L)

6.3  
 ± 0.4

6.3  
 ± 0.4

6.2  
 ± 0.7

6.3  
 ± 0.4

5.9  
 ± 0.9

5.5  
 ± 1.4

6  
 ± 0.9

5.9  
 ± 0.9

dROM 
 (U Carr)

40.6  
 ± 24.9

74.4  
 ± 19.2*

55.4  
 ± 27

43.5  
 ± 23.3

47.1  
 ± 20.8

57  
 ± 9.5

64.7  
 ± 11.7*

46.7  
 ± 29.3

SOD 
(U/L)

2  
 ± 0.6

2.2  
 ± 0.8

2  
 ± 0.7

2.1  
 ± 0.6

1.6  
 ± 0.7

2.1  
 ± 1.3

2  
 ± 0.6

2.3  
 ± 1.2

TAS 
(mmol/L) 

0.7  
 ± 0.3

1.3  
 ± 0.4*

1.6  
 ± 0.4*

0.9  
 ± 0.2

0.9  
 ± 0.5

1.9  
 ± 0.8*

1.8  
 ± 0.8*

1.4  
 ± 0.6*

* - significantly different from control (0 h) (P<0.05)
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Table 3. Mean ± SD values of oxidative stress markers on Farm 3, in bacteriologically negative quarters and positive 
quarters, at different time points before (0) or 12 h, 24 h and 7 days after 1% Apimast® intramammary administration 

Negative quarters Positive quarters

0 12 h 24 h 7 days 0 12 h 24 h 7 days
GSH-Px 
(U/L) 272 ± 16 319 ± 71 356 ± 69* 303 ± 84 326 ± 110 317 ± 89 367 ± 121 284 ± 24

BAP 
(mmol/L) 6.2 ± 0.4 6.3 ± 0.2 6.3 ± 0.3 6.5 ± 0.4 6.3 ± 0.4 5.7 ± 1.2 5.1 ± 1.3 6.2 ± 0.3 

dROM 
(U Carr) 573 ± 275 728 ± 209 779 ± 58* 526 ± 30 599 ± 227 540 ± 153 605 ± 30 533 ± 138 

SOD 
(U/L) 1.9 ± 0.8 2 ± 0.8 2 ± 0.6 1.9 ± 0.7 1.9 ± 0.7 1.5 ± 0.5 1.7 ± 1.4 1.8 ± 0.9 

GSH-Px/
SOD 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.5 ± 0.5 0.2 ± 0.1 

* - significantly different from control (0h) (P<0.05)

Table 4. Biochemical parameters and antioxidant enzymes in serum of cows before and after 3% and 1% Apimast® 
intramammary administration in positive or negative quarters

3% Apimast® 1% Apimast®

Negative Positive Negative Positive

0 h (control) 48 h 0 h (control) 48 h 0 h (control) 48 h 0 h (control) 48 h 
Glucose 
(mmol/L)

3.43  
 ± 0.38

3.34  
 ± 0.26

3.17  
 ± 0.17

3.56  
 ± 0.29

2.68  
 ± 0.42

2.83  
 ± 0.28

2.97  
 ± 0.6

3.12  
 ± 0.7

GSH-Px 
(mmol/L)

619.74  
 ± 68.77

608.62  
 ± 104.69

651.66  
 ± 20.98

627.17  
 ± 134.21

541.62  
 ± 56.7

558.8  
 ± 32.9

615.27  
 ± 30.8

556.05  
 ± 76.3

NEFA 
(mmol/L)

0.11  
 ± 0.05

0.11  
 ± 0.03

0.05  
 ± 0.01

0.11  
 ± 0.06*

0.13  
 ± 0.04

0.14  
 ± 0.09

0.08  
 ± 0.02

0.09  
 ± 0.04

SOD 
(U/L)

0.23  
 ± 0.15

0.16  
 ± 0.02

0.29  
 ± 0.26

0.28  
 ± 0.15

0.11  
 ± 0.07

0.29  
 ± 0.26*

0.08  
 ± 0.09

0.08  
 ± 0.03

BHB 
(mmol/L)

0.30  
 ± 0.09

0.35  
 ± 0.07

0.21  
 ± 0.08

0.32  
 ± 0.12*

0.27  
 ± 0.20

0.21  
 ± 0.08

0.16  
 ± 0.03

0.2  
 ± 0.06*

* - significantly different from control (0h) (P<0.05)

discussion 
There is undoubtedly a recognized role of 

oxidative stress in the pathogenesis of mastitis in 
ruminants (BOUWSTRA et al., 2010; ĐURIČIĆ 
et al., 2017; KLECZKOWSKI et al., 2017;  
LYKKESFELDT and SVEDSEN, 2007). Oxidative 
stress is defined as the shift of equilibrium in 
cellular oxidative-reduction reactions with 
enhancement of reactive oxygen species (ROS), 
resulting in unbalanced free radical formation, and 
finally in cell and tissue damage (CELI, 2011). 
Physiologically, free radicals are constantly formed 

in a cell as normal products of its metabolism, and 
in low concentrations are extremely important in 
multiple physiological processes (DRÖGE, 2002), 
such as phagocytosis, arachidonic acid metabolism, 
ovulation and fertilization (SINGH et al., 2004). 
However, when free radical formation is excessive, 
oxidative stress plays a significant role in the 
aetiology of various diseases, one of them being 
mastitis (ATAKISI et al., 2010; BOUWSTRA et al., 
2010; ĐURIČIĆ et al., 2017; KLECZKOWSKI et 
al., 2017). The search for reliable indicators of this 
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imbalance between pro-oxidants and antioxidants 
is an important on-going issue. While measurement 
of antioxidant enzymes SOD and GSH-Px and 
TAS is a "classical" method, new methods, such as 
a d-ROM and BAP determination which measure 
the total amount of antioxidants or substances 
capable of reducing iron in fero- and feri- form 
(BENZIE and STRAIN, 1996), are still not in 
common use. Given the relatively low spread of 
these tests in herd health research, reference ranges 
for these indicators in biological ruminant fluids 
do not exist. The normal range of d-ROM plasma 
values in humans is between 250 and 300 U Carr. 
However, in our study, values were 10 times lower 
than in humans (39.13 ± 20.73 U Carr to 77.32 ± 
10.22 U Carr), which corresponds to the findings 
of PASQUINI et al. (2008) in dogs, where they 
are between 56.4 - 91.4 U Carr, and in sheep 
(PICCIONE et al., 2006). In milk samples positively 
related to mastitis, we found no significant change 
in d-ROM concentrations in the milk. 3% Apimast® 

intramammary administration increased d-ROM 
levels in milk in negative and positive quarters, 
and 1% Apimast increased these levels in only the 
negative quarters. This possibly led to increased 
activation of some of the antioxidant mechanisms 
such as GSH-Px, also visible in Table 2 and 3. The 
positive correlation found between the NEFA and 
BHB concentrations in the blood and the d-ROM 
in milk suggests an increase in total oxidation (free 
radicals, but also non-radical oxygen compounds, 
such as H2O2, hypochlorous acid, etc.) as a 
response to fatty acid mobilization and potential 
lipid peroxidation (BERNABUCCI et al., 2005) in 
highly productive dairy animals.

Repeated measurements showed that BAP values 
after Apimast® administration over time remained 
at approximately the same levels, while TAS values 
increased significantly in all quartile groups after the 
1st and 2nd 3% Apimast® administration (regardless 
the presence of pathogenic microorganisms). No 
positive correlation between these two parameters 
was found in this study, which can be attributed 
to their different sensitivity in measuring the 
concentration/activity of compounds with 
antioxidant properties. Specifically, the BAP 
method is more appropriate for evaluating the 

efficacy of low molecular weight anitoxidation 
molecules (such as urinary or ascorbic acid). One 
of the few studies in which BAP was measured in 
milk in humans (EZAKI et al., 2008) has an average 
value of 3.85 ± 1.35 mmol/L, which is half the level 
found in this study (Table 2).

The effect of 3% Apimast® on the oxidative 
status of the udder was the same, regardless of the 
initial microbiological status of the quarter. After 
the Apimast® administration, the concentration of 
TAS significantly increased in all animals and in all 
quarters (Table 2), due to the statistically significant 
increase in the activity of the GSH-Px enzyme, with 
which a positive correlation was found (P<0.05; 
r = 0.58 in positive regions, P<0.05, r = 0.51 in 
negative) after the first and second Apimast® 
administration in all samples (Table 2).

Although the antioxidant and antibacterial 
effects of phenolic acids and poplar propolis are 
known, and many studies of its in vitro efficacy 
have been performed (BANSKOTA et al., 2001; 
ISLA et al., 2001; SHIMIZU et al., 2004), a smaller 
number of papers have demonstrated its efficacy 
in vivo (SILVA-CARVALHO et al., 2015). It is 
interesting that propolis samples taken at different 
geographic longitudes and latitudes around the 
globe have similar biological properties, regardless 
of differences in their composition (BANSKOTA 
et al., 2001). Preparations made from bee products 
that can be found on the market are obtained 
by various extraction methods that significantly 
contribute to the loss of active substances from 
primary raw materials, which consequently reduce 
their antioxidant and antimicrobial efficacy. The 
innovative technological concept for polyphenol 
extraction from poplar type propolis (patent No. 
P20190325) used in this research enables the 
preservation of the maximum activity of defined 
and standardized substances, and reproducible 
biological effects, compared to all the existing bee 
product formulations on the market, and certainly 
with respect to the antibiotics that are commonly 
used in farming (ŠURAN et al., 2016). Besides 
its antimicrobial efficacy, Apimast® has a positive 
effect on the antioxidant defence mechanisms of 
the udder, and may be regarded as non-antibiotic 
mastitis therapy as well.



J. Šuran et al.: Antioxidant effect of the intramammary bee-product based formulation Apimast®

Vet. arhiv 90 (3), 225-233, 2020232

Acknowledgements
This research was funded as part of the project collaboration 
between the Faculty of Veterinary Medicine in Zagreb 
and the small enterprise, Hedera Ltd from Split, entitled: 
“Intramammary propolis formulation for prevention and 
treatment of mastitis in dairy ruminants”, financed from the 
Operational Programme: Regional Competitiveness 2007-
2013 structural instruments of the European Fund for regional 
development through the project call “Strengthening capacity 
for research, development and innovation”.

References 

ATAKISI, O., H. ORAL, E. ATAKISI, O. MERHAN, S. METIN 
PANCARCI, A. OZCAN, S. MARASLI, B. POLAT, A. 
COLAK, S. KAYA (2010): Subclinical mastitis causes 
alterations in nitric oxide, total oxidant and antioxidant 
capacity in cow milk. Res. Vet. Sci. 89, 10-13.

 DOI: 10.1016/j.rvsc.2010.01.008.
BAČIĆ, G. (2009): Bovine mastitis diagnostics and treatment. 

Faculty of Veterinary Medicine, University of Zagreb, 
Zagreb.

BANSKOTA, A., Y. TEZUKA, S. KADOTA (2001): Recent 
progress in pharmacological research of propolis. 
Phytother. Res. 15, 561-571. 

 DOI: 10.1002/ptr.1029
BENZIE, I. F. F., J. J. STRAIN (1996): The ferric redicing 

ability of plasma (FRAP) as a measure of “antioxidant 
power”: the FRAP assay. Anal. Biochem. 239, 70-76.

 DOI: 10.1006/abio.1996.0292
BERMEJO, P., R. DOMINGUEZ, A. BERMEJO (1997): 

Direct determination of Fe and Zn in different components 
of cow milk by FAAS with a high performance nebulizer. 
Talanta, 45, 325-330. 

 DOI: 10.1016/s0039-9140(97)00125-2
BERNABUCCI, U., B. RONCHI, N. LACETERA, A. 

NARDONE (2005): Influence of body condition score on 
relationships between metabolic status and oxidative stress 
in periparturient dairy cows. J. Dairy Sci. 88, 2017-2026.

 DOI: 10.3168/jds.s0022-0302(05)72878-2
BOUWSTRA, R. J., M. NIELEN, J.R. NEWBOLD, E. H. J. 

M. JANSEN, H. F. JELINEK, T. VAN WERVEN (2010): 
Vitamin E supplementation during the dry period in 
dairy cattle. Part II: Oxidative stress following vitamin E 
supplementation may increase clinical mastitis incidence 
postpartum. J. Dairy. Sci., 93, 5696-5706. 

 DOI: 10.3168/jds.2010-3161.
CELI, P. (2011): Biomarkers of oxidative stress in ruminant 

medicine. Immunopharmacol. Immunotoxicol. 33, 233-
240. 

 DOI: 10.3109/08923973.2010.514917
CRANE, E. (1999): The world history of beekeeping and 

honey hunting. Gerald Duckworth & Co. Ltd., London.

DOTAN, Y., D. LICHTENBERG, I. PINCHUK (2004): Lipid 
peroxidation cannot be used as a universal criterion of 
oxidative stress. Prog. Lipid. Res. 43, 200-227.

 DOI: 10.1016/j.plipres.2003.10.001
DRÖGE, W. (2002): Free radicals in the physiological control 

of cell function. Physiol. Rev. 82, 47-95. 
 DOI: 10.1152/physrev.00018.2001
ĐURIČIĆ, D., M. BENIĆ, N. MAĆEŠIĆ, H. VALPOTIĆ, R. 

TURK, V. DOBRANIĆ, L. CVETNIĆ, D. GRAČNER, 
S. VINCE, J. GRIZELJ, J. STARIČ, M. LOJKIĆ, M. 
SAMARDŽIJA (2017): Dietary zeolite clinoptilolite 
supplementation influences chemical composition of milk 
and udder health in dairy cows. Vet. stanica 48, 257-265.

EZAKI, S., T. ITO, K. SUZUKI, M. TAMURA (2008): 
Association between total antioxidant capacity in breast 
milk and postnatal age in days in premature infants. J. Clin. 
Biochem. Nutr. 42, 133-137.

 DOI: 10.3164/jcbn.2008019
FIORDALISI, S. A. L., L. A. HONORATO, M. R. LOIKO, 

C. A. M. AVANCINI, M. B. R. VELEIRINHO, L. C. P. 
M. FILHO, S. KUHNEN (2016): The effects of Brazilian 
propolis on etiological agents of mastitis and the viability 
of bovine mammary gland explants. J. Dairy Sci. 99, 2308-
2318.

 DOI: 10.3168/jds.2015-9777
ISLA, M. I., M. N. MORENO, A. R SAMPIETRO, M. A. 

VATTUONE (2001): Antioxidant activity of Argentine 
propolis extracts. J. Ethnopharmacol. 76, 165-170. 

 DOI: 10.1016/s0378-8741(01)00231-8
KLECZKOWSKI, M., W. KLUCIŃSKI, M. CZERSKI, 

E. KUDYBA (2017): Association between acute phase 
response, oxidative status and mastitis in cows. Vet. stanica 
48, 177-186.

LYKKESFELDT, J., O. SVENDSEN (2007): Oxidants and 
antioxidants in disease: oxidative stress in farm animals. 
Vet. J. 173, 502-513. 

 DOI: 10.1016/j.tvjl.2006.06.005
NATIONAL MASTITIS COUNCIL (1999): Laboratory 

Handbook on Bovine Mastitis. National Mastitis Council. 
New Prague, USA.

NIELSEN, C., S. OSTERGAARD, U. EMANUELSON, H. 
ANDERSSON, B. BERGLUND, E. STRANDBERG 
(2010): Economic consequences of mastitis and withdrawal 
of milk with high somatic cell count in Swedish dairy 
herds. Animal 4, 1758-1770.

 DOI: 10.1017/S1751731110000704.
OLTENACU, P. A., B. ALGERS (2005): Selection for 

increased production and the welfare of dairy cows: are 
new breeding goals needed? AMBIO: J. Hum. Environ., 
34, 311-315. 

 DOI: 10.1579/0044-7447(2005)034[0311:sfipat]2.0.co;2
PASQUINI, A., E. LUCHETTI, V. MARCHETTI, G. 

CARDINI, E. L. IORIO (2008): Analytical performances 



J. Šuran et al.: Antioxidant effect of the intramammary bee-product based formulation Apimast®

Vet. arhiv 90 (3), 225-233, 2020 233

of d-ROMs test and BAP test in canine plasma. Definition 
of the normal range in healthy Labrador dogs. Vet. Res. 
Comm. 32, 137-143. 

 DOI: 10.1007/s11259-007-9014-x
PASCUAL, C., R. GONZALEZ, R. G. TORRICELLA (1994): 

Scavenging action of propolis extract against oxygen 
radicals. J. Ethnopharmacol. 41, 9-13.

 DOI: 10.1016/0378-8741(94)90052-3
PICCIONE, G., M. BORRUSO, F. FAZIO, F. GRASSO, G. 

CAOLA (2006): Oxidative stress evaluation during milking 
period in the ewes. J. Appl. Anim. Res. 29, 109-112.

 DOI: 10.1080/09712119.2006.9706582
PYÖRÄLÄ, S. (2002): New strategies to prevent mastitis. 

Reprod. Dom. Anim. 37, 211-216. 
 DOI: 10.1080/09712119.2006.9706582
SANDGREN, C. M. (2008): Therapeutic effect of systemic 

or intramammary antimicrobial treatment of bovine 
subclinical mastitis during lactation. Vet. J. 175, 108-117. 

 DOI: 10.1016/j.tvjl.2006.12.005
SILVA-CARVALHO, R., F. BALTAZAR, C. ALMEIDA-

AGUIAR (2015): Propolis: A complex natural product 
with a plethora of biological activities that can be explored 
for drug development. Evid. Based Complement. Alternat. 
Med. Article ID 206439, 1-29.

 DOI: 10.1155/2015/206439
SHIMIZU, K., H. ASHIDA, Y. MATSUURA, K. KANAZAWA 

(2004): Antioxidative bioavailability of artepillin C in 
Brazilian propolis. Arch. Biochem. Biophys.424, 181-188. 

 DOI: 10.1016/j.abb.2004.02.021

SINGH, R. P., S. SHARAD, S. KAPUR (2004): Free radicals 
and oxidative stress in neurodegenerative diseases: 
relevance of dietary antioxidants. J. Indian Acad. Clin. 
Med. 5, 218-225. 

 DOI: 10.31579/2578-8868/040.
ŠURAN, J., K. MATANOVIĆ, F. BOŽIĆ, B. ŠEOL 

MARTINEC, J. ALADROVIĆ, G. BAČIĆ, N. MAĆEŠIĆ, 
T. MAŠEK, D. BROZIĆ, M. BENIĆ, B. RADIĆ, L. 
RADIN (2015): Intramammary propolis formulation for 
prevention and treatment of mastitis in dairy ruminants. J. 
Vet. Pharmacol. Therap. 38 (Suppl. 1), 67. 

ŠURAN, J., K. MATANOVIĆ, D. BROZIĆ, T. MAŠEK, N. 
MAĆEŠIĆ, L. RADIN, J. ALADROVIĆ, F. BOŽIĆ, B. 
ŠEOL MARTINEC, M. LIPAR, O. SMOLEC, M. BENIĆ, 
B. RADIĆ, G. BAČIĆ (2016): Antimicrobial activity of 
propolis and its potential uses in veterinary medicine. Vet. 
Stanica. 47, 381-385 (in Croatian).

VARELLA COELHO, M.  L., J. DOS SANTOS NASCIMENTO, 
P. C. FAGUNDES, D. JANNUZZI MADUREIRA, S. 
SOARES DE OLIVEIRA, M. A. V. DE PAIVA BRITO, 
M. D. C. DE FREIRE BASTOS (2007): Activity of 
staphylococcal bacteriocins against Staphylococcus aureus 
and Staphylococcus agalactiae involved in bovine mastitis. 
Res. Microbiol. 158, 625-630. 

 DOI: 10.1016/j.resmic.2007.07.002.
WU, J., S. HU, L. CAO (2007): Therapeutic effect of nisin Z on 

subclinical mastitis in lactating cows. Antimicrob. Agents 
Chemother. 51, 3131-3135. 

 DOI: 10.1128/aac.00629-07.

Received: 3 November 2019
Accepted: 8 January 2020

_____________________________________________________________________________
ŠuRAN, J., J. ALAdRoVić, B. BeeR LJuBić, J. VLAiNić, M. MAMić, B. RAdić, G. BAčić, N. 
MAčeŠić, M. BeNić, A. KosTeLić, F. Božić, H. PAVAsoVić, L. RAdiN: Antioksidacijski učinak 
nove intramamarne formulacije na bazi pčelinjih proizvoda Apimasta® u muznih krava. Vet. arhiv 90, 225-233, 
2020.

sAžeTAK
Cilj istraživanja bio je odrediti učinak nove intramamarne formulacije na bazi pčelinjih proizvoda, Apimasta®, na 

oksidacijski status muznih krava. Apimast® je apliciran u tri navrata s razmacima od 12 sati u 10 krava na tri različite 
farme. Izmjereni su markeri oksidacijskog statusa kao i određeni metabolički pokazatelji u mlijeku (GSH-Px, d-ROM, 
SOD, BAP, TAS) i serumu (SOD, GSH-Px, NEFA, BHB, glukoza). Učinak Apimasta® bio je uglavnom lokalan, bez 
obzira na primijenjenu koncentraciju (1 i 3 %), jer porast koncentracija GSH-Px i TAS-a u mlijeku nije pratio porast 
u serumu. Promjene svih mjerenih pokazatelja bile su kratkotrajne i nakon sedam dana vraćale su se na približne 
vrijednosti početnih koncentracija. U bakteriološki pozitivnim četvrtima vimena nije zabilježen porast ROM-a. Ovo 
istraživanje potvrđuje lokalni antioksidacijski učinak Apimasta® u vimenu, što je relevantno s aspekta neantibiotskog 
liječenja supkliničkog mastitisa. 

Ključne riječi: mastitis; oksidacijski stres; Apimast®; propolis; muzne krave_____________________________________________________________________________________________




