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1. SUMMARY

During the milk feeding period (from birth to weaning, generally for 60-70 days), 
calves receive feed milk or milk replacer rich in both protein and energy. Young ani-
mals show intense physical development and growth. Intensive oxidative metabolic 
processes, inadequate antioxidant defense system, oxidative stress can develop, 
which adversely affects the health and productivity of calves due to its cell-damaging  
effects. This justifies continuous monitoring of the redox status of the animals during 
the calf rearing period for early detection of oxidative stress. This may provide a basis 
for targeted antioxidant treatments to reduce calf disease-related losses.
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2. Introduction

High Reactive Oxygen Species (ROS) are constantly 
formed in aerobic organisms, especially in the intra-
cellular mitochondria. These radicals are required 
in controlled quantities for proper functioning of 
the body, for example in phagocytosis, apoptosis, 
but also in the maturation process of oocytes [3, 
12, 23, 29]. However, if they are present in exces-
sive amounts, they can damage the most important 
structures of living cells, such as lipids, proteins, or 
nucleic acids [20, 21, 29].  The body’s antioxidant 
(AO) protection systems ensure control on accept-
able safety concentration of ROS. Primary AO pro-
tection is provided by various enzymes such as 
superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidases (GPx), while secondary AOs 
are usually microelements (such as Copper, Iron, 
Zinc, Selenium), vitamins and provitamins (e.g. Vita-
min E, Vitamin C, carotenoids) and other substances 
with AO function (e.g. albumin, flavonoids, uric acid, 
bilirubin, etc.) necessary for the proper operation of 
primary AOs [11, 23, 29]. When the amount of ROS 
in the body exceeds the ROS-elimination capacity of 
AO systems, so-called oxidative stress (OS) develops 
[27].

In the calves, with the onset of own respiratory at 
birth, OS may develop [14, 22, 25]. In this case, the 
AO up-taken from colostrum plays an important role 
in the protection against OS [1, 15]. After birth, the 
amount of AO usually decreases and only increases 
over time, with the complete functionality of young 
animals’ own AO defense system [8, 30].

Three factors can cause OS to develop. At first, when 
the body suffers from a lack of energy and tries to 
compensate by mobilizing the body reserves. In as-
sociation with lipolysis, the amount of free fatty acids 
in the blood increases, which can serve as a sub-
strate for lipid peroxidation. At the same time, energy 
production in mitochondria may also be intensified, 
which may lead to an increase in the amount of ROS 
in the blood. Together, these two factors predispose 
to OS development. Third predisposing factor is de-
pleted AO system with reduced functionality [2, 16, 
29]. Hence, OS can develop when the body is ex-
posed to metabolic stress for example in early lacta-
tion [6, 24]. Furthermore, in weaning period, the feed-
ing of animals changes significantly, and this change 
also can cause metabolic stress, when the animal is 
characterized by a negative energy balance [7, 30].
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Intense growth in young animals, due to the body’s 
high protein demand and in parallel intensive energy 
production in cells, OS may develop with high prob-
ability. This is indicated by the fact that advanced 
protein oxidation products (AOPP) are often shown 
young animals at higher concentrations while the rate 
of AOPP/albumin (ALB) is decreasing [8].

During the milking period (from birth to weaning, 
usually from 60 to 70 days), calves receive feed 
milk or milk replacers rich in both, proteins and 
energy.  Young animals show an intensive physical 
development and growth. Due to the intensive 
oxidative metabolic processes, an improper AO 
defense system, OS may develop, which, due to its 
cell-damaging effect, adversely affects the health 
and productivity of calves. This justify the continuous 
monitoring of the redox status of animals during the 
calf rearing period for the early detection of OS. This 
can provide a basis for targeted AO treatments to 
reduce losses associated with calf diseases  [2, 9, 
10, 13, 18, 19, 28].

3. Material and method

The aim of the study was to determine through 
monitoring of redox status, that are the ROS and 
AOs in equilibrium during the milk feeding period, 
or else OS may be considered under the ordinary 
feeding and housing conditions. The link between 
some biochemical (albumine (ALB), total protein 
(TProt), blood urea nintrogen (BUN), glucose (GLU), 
beta-hydroxybutirate (BHB), aspartate-transaminase 
(AST)) and OS parameters were examined too.

The tests were performed on a large-scale dairy 
cattle farm in Hungary. The study included 26 
clinically healthy, female Holstein-Friesian calves 
delivered through a normal calving. The animals were 
individually housed in a straw bedded 147 x 109 x 
117 cm Calf-Tel® Compact plastic calf houses (Calf-
Tel, Germantown, Wisconsin, U.S.), which included a 
109 x 320 cm fenced unroofed pen. Calves receive 
ad libitum milk replacer formula with 22% raw protein 
(Rosalac Red,Schils B. V., GM Sittard, Netherlands) 
following the intake of colostrum .

Blood samples were collected from the calves 4 times 
at a similar time after morning feeding session from 
the jugular vein, in week 1, 2, 3 and 6. The samples 
were refrigerated and transported to the lab, where 
the Free Radical Analytical Sytem 4 Evolvo (FRFAS4, 
H&D s.r.l., Parma, Italy) was used to measure the 
amount of  reactive oxygen metabolites (dROM)  and  
plasma AO capacity  (PAT), from which the oxidative 
stress index  (OSI) was calculated using the formula 
dROM/PAT x 100. From the samples, we measured 
some parameters of protein metabolism (albumine, 
(ALB), total protein (TProt) and urea (BUN)), some 
parameters of energy metabolism (glucose (GLU), 
beta-hydroxybutyrate (BHB)) and the parameter 
of liver health (Aspartate Amino Transferase (AST) 
enzyme activity). We determine the statistical 
distribution of redox status indicators (dROM, PAT 
and OSI) and tested the relationship with the metabolic 
parameters described above.  The data was stored in 
Microsoft® Excel (Microsoft Corporation, Redmond, 
USA). For analysis version 3.1. R statistical program 
was used (R Core Team, 2018).
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Table 1: means of dROM, PAT and OSI in each sampling

Parameter
Sampling 1
3 - 8 days

(n = 22)

Sampling 2
14 – 16 days

(n = 26)

Sampling 3
21 – 25 days

(n = 26)

Sampling 4
42 – 74 days

(n = 26)

dROM[U.Carr]
mean (sd)

113
(21)

117
(17)

114
(26)

120
(42)

PAT [U.Cor]
mean (sd)

2689
(316)

2439
(333)

2264
(165)

2822
(222)

OSI
mean (sd)

4.24
(0.93)

4.85
(0.82)

5.03
(1.08)

4.29
(1.53)

Table 2: The difference in menas of dROM, PAT and OSI per sampling (ANOVA Tukey)

Samplings dROM
p-value

PAT
p-value

OSI
p-value

1st – 2nd 0.952 0.00871 0.2507

1st – 3rd 0.998 <0.001 0.0801

1st – 4th 0.782 0.31327 0.9982

2nd – 4th 0.973 <0.001 0.2945

2nd – 3rd 0.983 0.08872 0.9375

3rd – 4th 0.853 <0.001 0.0939



4. Results

The averages and standard deviation values of the 
OS monitoring parameters are presented in Table 1.  
The mean dROM and OSI per sampling did not show 
a statistical difference (p>0.05). For PAT, there was a 
significant difference between the mean values per 
sampling (p<0.05), except for the first and fourth and 
second and third samples. The results are presented 
in Table 2. PAT values showed a downward trend 
during the first three samples and rose again only at 
the fourth sampling and exceeded the value of the 
first week.

The correlation test among observed redox- and 
metabolic parameters also was performed, the cor-
relation matrix is shown in Table 3.

5. Discussion 

The mean of dROM values was the lowest at the first 
sampling and the highest at the fourth (113 sd 21 and 
120 sd 42). Previously, it has been observed that the 
concentration of hydroperoxides was lower in the 
first 3 to 7 days of life than at birth, but rose again at 
2nd to 3rd week of age [14]. In our study, the mean of 
dROM values (U.Carr 113 sd 21 and 114 sd 26) was 
similar in the first and third sampling, a slight increase 
was detected in the second (U.Car 117 sd 17) and at 
the fourth was the peak (U.Carr 120 sd 2), however 
the difference was not significant. Others also found 
dROM levels to be relatively stable during this period 
[25]. The dROM test can measure the amount of or-
ganic hydroperoxides [4]. Conjugate organic hydrop-
eroxides are the primary products of peroxidation of 
polyunsaturated fatty acids [17]. Inconsistent results 

suggest that, maybe not the lipids are the primary 
substrates for peroxidation in this period, rather the 
proteins are that, and therefore, it is likely that the 
measurement of biomarkers of protein peroxidation 
products (e.g. AOPP) would be more appropriate for 
the detection of OS at this age.

The PAT averages showed a downward trend in the 
first three samples, then we recorded a significant in-
crease in the fourth sampling, although the average 
values of the fourth sample were not statistically dif-
ferent from the first (2689 sd 316 and 2822 sd 222; 
p = 0.311327), so we can say that after the decrease 
in the second and third weeks, the amount of AOs 
returned from the sixth week to the first level follow-
ing colostrum uptake. The difference between the 
second and third samples was trending, but not sig-
nificant (2439 sd 333 and 2264 sd 165; p = 0.08872) 
when comparing the averages of the other samples 
(1-2, 2-4 and 3-4) the difference was significant  
(p<0.05) (See in Table 2). This can be explained by 
the calves’ own AO defense system at birth is under-
developed and develops only in a few weeks, over 
time.

The OSI values varied similarly to PAT compared to 
each sampling. The lowest (4.24 sd 0.93) was the 
first, the highest (5.3 sd 1.08) at the third sampling, 
and the fourth was lower (4.29 sd 1.53). However, 
in any of cases was the difference significant. The 
value of the OSI is determined by the dROM and 
PAT. Although the average dROM increased at the 
fourth sampling, the decrease in PAT also reversed 
and showed a significant increase, i.e. the amount 
of AO was higher, followed by OSI decreases at the 
fourth sampling.
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Table 3: Pearson correlations of observed parameters

AST BHB BUN OSI PAT Albumin dROM Glucose Tprot

AST 1 0.5848 -0.1294 -0.2998 0.3141 0.3793 -0.1811 -  0.2784 0.0283

P value - <0.0001 0.1996 0.0024 0.0015 <0.0001 0.0714 0.0050 0.7801

BHB 0.5848 1 0.1366 -0.2090 0.3142 0.2509 -0.0565 -0.3474 0.0652

P value <0.0001 - 0.1755 0.0369 0.0015 0.0118 0.5768 0.0004 0.5191

BUN -0.1294 0.1366 1 0.0001 0.2112 -0.0363 0.1410 -0.0190 0.1972

P value 0.1996 0.1755 - 0.9995 0.0349 0.7200 0.1617 0.8512 0.0492

OSI -0.2998 -0.2090 0.0001 1 -0.4285 0.3140 0.8678 0.0623 0.0899

P value 0.0024 0.0369 0.9995 - <0.0001 0.0015 <0.0001 0.5382 0.3735

PAT 0.3141 0.3142 0.2112 -0.4285 1 0.2580 0.0594 -0.1432 0.3697

P value 0.0015 0.0015 0.0349 <0.0001 - 0.0095 0.5569 0.1552 0.0002

Albumin 0.3793 0.2509 -0.0363 0.3140 0.2580 1 0.4752 -0.3249 0.4041

P value <0.0001 0.0118 0.7200 0.0015 0.0095 - <0.0001 0.0010 <0.0001

dROM -0.1811 -0.0565 0.1410 0.8678 0.0594 0.4752 1 -0.0210 0.3117

P value 0.0714 0.5768 0.1617 <0.0001 0.5569 <0.0001 - 0.8360 0.0016

Glucose -0.2784 -0.3474 -0.0190 0.0623 -0.1432 -0.3249 -0.0210 1 -0.0374

P value 0.0050 0.0004 0.8512 0.5382 0.1552 0.0010 0.8360 - 0.7117

Tprotein 0.0283 0.0652 0.1972 0.0899 0.3697 0.4041 0.3117 -0.0374 1

P value 0.7801 0.5191 0.0492 0.3735 0.0002 <0.0001 0.0016 0.7117 -



Medium or higher (r >0.4) correlation was detected 
only in one case, between dROM and ALB. The other 
metabolic parameters shown no or just low associa-
tion with redox parameters in our study. The medium 
positive correlation (r = 0.48, p<0.0001) (Table 3) be-
tween dROM-ALB were detected may be explained 
by the fact that ALB is one of the most significant 
AO factors in the blood [26]. Many of its physiologi-
cal and pharmacological functions are known. By its 
structure, it has a significant binding capacity and 
an important function in the transport of metals, fat-
ty acids, cholesterol, bile pigments, hormones and 
pharmaceutical active substances, and in addition, 
it plays a key role in the regulation of osmotic con-
ditions. AO’s significant role in defense is demon-
strated by the fact that more than 70% of free radi-
cal binding is related to serum ALB. Protein-bound 
Copper and Iron ions are less likely to participate in 
the Fenton reaction, forming hydroxy radicals in the 
presence of Cu2+  and Fe2+  H2O2,  thus ALB contrib-
utes in the AO defense. 

Based on our the results it seems, that PAT and OSI 
may be used for numerical expression of efficiency 
of AO defense systems in calves, but the quantity 
of lipid-hydroperoxides indicated by dROM test did 
not show any difference during the sampling period, 
as proteins are still likely to be the primary substrate 
for ROS. It is worth considering how biomarkers (e.g. 
AOPP) change in the pre-weaning period.
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