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ABSTRACT- This research evaluated the blood and colostrum oxidative stress index (OSi)

ARTICLE INFO in newborn Holstein calves and its potential correlations with nutrient intake, growth

performance, skeletal development, diarrhea, and pneumonia. Eighty-three neonatal Holstein
Keywords: calves were categorized based on their blood and consumed colostrum OSi levels. There were
Ant|o?<|dant four treatment groups, i.e., 25 calves consumed low OSi colostrum that had low OSi in the
Reactive oxygen and blood taken 24-h after first meal consumption of colostrum (LL), 17 calves consumed low OSi
nitrogen species colostrum that had high OSi in the blood (LH), 22 calves consumed high OSi colostrum that

had low OSi in the blood (HL), and 19 calves consumed high OSi colostrum that had high OSi
in the blood (HH). Upon categorization, the performance and health outcomes of the calves
were thoroughly assessed. The results revealed no significant disparities among the treatment
groups regarding nutrient intake and skeletal growth. Initial and final body weights, average
daily gain (ADG), and feed efficiency had no observable differences. However, substantial
differences were evident in the incidence of diarrhea (HH vs. LH, HL vs. LL, and LH vs. LL),
pneumonia occurrence (HH vs. LH), and the number of days with body temperatures higher
than 39.4 °C were similar across all groups. Moreover, a significant variation was noted in the
duration of diarrhea, with the LL group experiencing more days under medication than the
other treatment groups. Pronounced variations in calf health, particularly regarding diarrhea
and pneumonia, suggesting a potential association between oxidative stress and specific health
outcomes in newborn Holstein calves.

et al., 2014). Increased oxidative stress in the blood is a

INTRODUCTION predisposing factor that exacerbates metabolic stresses
. . . and immune dysfunction, associated with an increased
Despite considerable advancements in newborn calf  risk of metabolic and infectious diseases (Abuelo et al.,
management over recent decades, global challenges 2019). Recent evaluations demonstrated a significant
related to morbidity and mortality persist (Windeyer et correlation between diarrhea and a reduction in total
al., 2014). Elevated levels of reactive oxygen and  antioxidant capacity, an increase in total oxidant status

nitrogen species (RONS) collectively referred to as (TOS), and an elevated OSi in neonatal calves (Akyiiz
oxidative stress (Abuelo et al, 2013), remain a anq Ggkee, 2021).

significant concern. In serums, RONS serve as indicators Increased levels of oxidative stress can occur in

of pro-oxidant production, and their balance is expressed  newhorn calves in the initial weeks after calving (Abuelo
through the pro-oxidant to total antioxidant capacity ratio gt g 2014), thus leading to a concurrent reduction in
(RONS/TAC), commonly denoted as oxidative Stress  thejr immune response (Cuervo et al., 2021). In the
index (OSi) (Abuelo et al., 2013). An escalation in this  jjymediate post-birth period, reactive oxygen species
ratio signifies an increased risk of oxidative stress, (ROS)concentration in calf blood was reportedly 30%
indicating either heightened pro-oxidant activity or  higher than in their mothers (Gaal et al., 2006),
antioxidant depletion (Abuelo et al., 2016). The impact  ynderscoring the susceptibility of neonatal calves to
of oxidative stress at birth extends to various facets of  oyjdative challenges. Colostrum is the first essential meal
calf biology, influencing growth, development, and  for calves immediately after birth. It contains
cellular viability (Abuelo et al., 2019). Oxidative stress  antjoxidants that play a crucial role in mitigating
contributes to  pathological ~conditions  affecting  oxjqative stress at this critical juncture (Albera and
production, reproduction, and overall animal well-being  kankofer, 2011). Furthermore, colostrum intake
(Lykkesfeldt and Svendsen, 2007). As newborn calves  provides calves with essential immunoglobulins and
enter extra-uterine life, they become particularly  other peneficial substances, contributing to their overall
susceptible to diseases due to oxidative stress (Mutinati  peaith (McGuirk and Collins, 2004). Colostrum is a
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source of antioxidants (Przybylska and Kankofer, 2007).
It contains ROS and substantial macromolecules such as
lipids and proteins. Notably, colostrum houses a
significant population of immune cells, including
macrophages that employ the ROS-generating system for
bacterial elimination. Two hours after colostrum
ingestion, calves exhibit the lowest OSi during the first
month of life (Abuelo et al., 2014). Although colostrum
has an equal oxidant content compared to regular milk, it
has fewer antioxidants (Kankofer and Lipko-Przybylska,
2008). This discrepancy places calves at a higher risk of
oxidative stress when consuming colostrum than when
taking standard milk (Abuelo et al., 2014).

The presence of antioxidants in colostrum is
beneficial in promoting calf health by mitigating the
adverse effects of oxidative stress at a cellular level
during the initial weeks after calving. Interestingly, the
concentration of ROS in the blood declines notably
during the initial 3-7 days of a calf's life. However, a
subsequent rise in ROS levels occurs between 2 and 3
weeks of age. This temporal pattern is highlighted by
lower ROS concentrations on days three to seven
compared to day one, followed by an increase after the 2-
3 weeks mark (Gaal et al., 2006). This dynamic shift
underscores the vulnerability of neonatal calves to
oxidative challenges during the early stages of life.

Furthermore, calves born from cows experiencing a
higher negative energy balance or oxidative stress tend to
exhibit lower body weights at birth (Ling et al., 2018).
This observation suggests a potential correlation between
the maternal physiological state, characterized by a
negative energy balance or oxidative stress, and the
neonatal calf's birth weight. It emphasizes the intricate
interplay between maternal health and calf outcomes
during the perinatal period, further emphasizing the
importance of managing oxidative stress for optimal calf
health.

Calves exhibit variations in reactive oxygen and
nitrogen species and OSi levels in the blood and the
colostrum for intake. These distinctions can shape the
future health and performance of calves. The available
literature lacks explorative research on the health and
performance outcomes of calves with differing blood OSi
levels, specifically concerning their reception of varying
amounts of colostrum with distinct RONS compositions.
Therefore, the current research aimed to evaluate OSi
levels in the blood and the colostrum through
comprehensive measurements and analyses.

MATERIALS AND METHODS

This research was conducted in a local dairy farm. All
procedures were approved by the Iranian Council of
Animal Care (1995).

Calves, treatments, and management

In this study, Holstein calves were in robust health, and
exhibited no signs of disease. Eighty-three calves were
systematically housed in individual boxes with straw-
based bedding for 60 days. The boxes underwent daily
cleaning, and manure removal was conducted regularly.
Following birth, the calves were provided with two liters
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of warm colostrum via nipple bottles, and this process
was repeated every six hours. On the second day after
birth, the calves received four liters of transition milk
divided into two equal meals—morning and evening, at
08:00 and 18:00, respectively. From day seven onward,
the calves received starter feed (approximately
containing 21% crude protein and 3.0 Mcal/kg of DM
metabolizable energy) in addition to milk allowance.
Until day 53, a four-liter milk regimen was maintained,
and all calves were eventually weaned on day 60. Small
quantities of colostrum from each cow were collected,
preserved in tubes, and frozen at -80 °C. Twenty-four
hours following the initial colostrum feeding, jugular
blood samples were procured into Vacutainer tubes (BD
Vacutainer, Franklin Lakes, NJ) containing spray-coated
silica. These samples were utilized for determining serum
total protein levels wusing a handheld clinical
refractometer (model ATA-2771; Atago Co. Ltd., Tokyo,
Japan) according to a method described by Kargar et al.
(2020).

Nutrient intake and growth performance

Body weight was assessed on the inaugural day of the
study and then every 10 days before the morning feeding,
utilizing a calibrated electronic scale (model EES-500;
Ettehad Inc., Isfahan, Iran). Average daily gain (ADG) in
grams per day (g/d) was calculated based on the
difference between body weight measurements at 10-day
intervals divided by 10. Daily records of starter
consumption and rejection were meticulously logged for
each calf to ascertain dry matter intake (DMI), crude
protein (CP), ether extract (EE), and metabolizable
energy (ME). Feed efficiency (FE) was the ratio of ADG
to DM, encompassing liquid feed DMI and starter feed
DMI, according to Kargar et al. (2020). Structural growth
indices were comprehensively examined, comprising
body height, i.e., distance from the base of the rear feet
to shoulder bones, hip width, i.e., the distance between
hip bones, and hip height, according to Lesmeister and
Heinrichs (2005). In addition, we measured heart girth
(chest circumference), withers height (distance from the
base of the front feet to withers), and body length
(distance between the points of shoulder and rump) on
the initial day, and then every ten days until the
experiment ended (Pazoki et al., 2017).

Blood and colostrum OSi calculation

To calculate the OSi of blood and colostrum, TAC and
TOS were determined with commercial kits. The OSi
was then calculated from the formula Osi = (TOS/TAC)
x 100 in colostrum and blood samples. Calves were
categorized into four groups according to their blood and
OSi: LL represented calves with low OSi (below
average) in the colostrum and the blood (25 calves). LH
indicated calves with low OSi in the colostrum for intake
but high OSi (above average) in the blood (17 calves).
HL represented calves with high OSi in the colostrum for
intake but low OSi in the blood (22 calves). HH indicated
calves with high OSi in both the colostrum and the blood
(19 calves).
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Skeletal growth and health status

The calves underwent daily health assessments,
involving evaluations of milk and starter consumption
and overall demeanor by a veterinarian. The assessments
followed a standard referenced protocol (Larson et al.,
1977) that was modified by Heinrichs et al. (2003).
General appearance scores were assigned as 1 for normal
and alert, 2 for ears drooped, 3 for head and ears drooped,
dull eyes, slightly lethargic, 4 for head and ears drooped,
dull eyes, lethargic, and 5 for severely lethargic. Fecal
scores were determined each day at 07:00, based on fecal
consistency, i.e., 1 for normal, 2 for soft to loose, 3 for
loose to watery, 4 for watery, mucous, and slightly
bloody, and 5 for watery, mucous, and bloody. Rectal
temperature (RT) was recorded daily between 12:00 and
14:00 with a digital thermometer (model CT20; EmsiG
GmbH, Hamburg, Germany). The thermometer remained
in the rectum for approximately 10 seconds. Days with
abnormal general appearance (score > 2), fecal score
(score > 3), and RT (x > 39.4 °C, indicating fever) were
categorized. These classifications were described as days
with abnormal general appearance, fecal score, and RT,
respectively (Kargar et al., 2020). Diagnosis of diarrhea
and pneumonia was performed by a veterinarian, and
treated following standard farm procedures.

Statistical analysis

Data on total nutrient intake (day 1 to day 61), ADG, feed
efficiency, and skeletal growth were analyzed using the
MIXED procedure of the SAS software (version 9.4;
SAS Institute Inc., Cary, NC), involving observations at
different times (1- or 10-day period) and as repeated
measurements. Each calf was considered a random
factor, treatment (T), period (P; 1- or 10-d period),and T
x P as fixed effects. Initial and final body weight data
were analyzed using the same model, excluding the
period effect. Initial body weight and initial skeletal
measurements were included as covariate in the model
for the analysis of the body weight and skeletal size,
respectively. Autoregressive covariance structure (type
1) was the best fit for these data, determined by the lowest
Bayesian information criterion. The significance level
was set at P < 0.05 and trends were declared at 0.05 < P
<0.10.

Models for the occurrence of elevated rectal
temperature (x > 39.4°C), diarrhea (x > 3), pneumonia,
and need for medication were evaluated by logistic
regression using a binomial distribution in the
GLIMMIX procedure in SAS. Comparisons of the
likelihood for any event in each group relied on the odds
ratio. The number of days with elevated rectal
temperature (X > 39.4°C), frequency and duration of
diarrhea (x > 3) or pneumonia, and administration of
medication were evaluated using a Poisson distribution
in the GENMOD procedure via SAS software.

RESULTS AND DISCUSSION
Nutrient intake and growth performance

Nutrient intake (day 1 to day 60), growth performance,
ADG, and FE were similar among all groups (Table 1).

Iran Agricultural Research 42 (2023) 1-8.

All of these traits underwent changes as the age of the
calves increased (week effect: P < 0.001).

Skeletal growth and health status

Table 2 presents skeletal growth data, indicating no
discernible differences among the treatments throughout
the experiment. Notably, skeletal growth traits exhibited
significant changes with calf age. Logistic models for
various health attributes (Table 3) showed elevated rectal
temperature (> 39.4°C), general appearance score (> 2),
diarrhea (score > 3), pneumonia, and the need for
medication (days 1-60). Treatments did not influence
rectal temperature.

Diarrhea significantly varied between HH vs. LH, HL
vs. LL, and LH vs. LL groups. Diarrhea in the HH group
was 1.5 times more probable than in the LH group.
Conversely, calves in the HL and LH groups exhibited a
60% and 80% lower risk of having diarrhea, respectively,
compared to the LL group. In the HH vs. LH group,
pneumonia occurrence showed significant differences,
with a 40% lower risk in the HH group.

Diarrhea medication in HH calves was 70% more
successful than in the LL group. HL and LH calves
required 1.5 times longer diarrhea medication than the
LL group. Interestingly, different colostrum and blood
OSi did not affect pneumonia medication in all calf
groups. Diarrhea duration was longer in the LL group
than in the HL and LH groups, with HH having a longer
diarrhea duration than LH. Furthermore, LH exhibited a
significantly shorter diarrhea duration than LL and HH,
while HL showed a shorter duration than LL. Diarrhea
medication in the LL group persisted longer than in other
treatments (P < 0.05) (Table 4).

Dry matter intake (DMI) was similar across the
treatment groups. However, the LH and HL groups were
characterized by higher feed efficiency (FE) and
increased average daily gain (ADG) and final body
weight. Various mechanisms suggested that OSi may
affect postnatal growth, metabolism, and overall health
of newborn dairy calves (Mutinati et al., 2014). The
progressive enhancement in nutrient intake, growth
performance, and skeletal growth aligns with advancing
age. Escalating free radicals may correlate with
accelerated oxidative metabolism, resulting from
heightened feed intake and giving solid feed to the
growing calves (Gaal et al.,, 2006). Notably, the
antioxidant defense mechanisms maintained a relatively
constant concentration of reactive oxygen metabolites in
growing calves. This stability reflects a consistently high
biological antioxidant potential observed at birth and
weaning (Ranade et al., 2014). This discovery contrasts
with previous research that age does not affect ROM
concentrations (Abuelo et al., 2014).

As expected, animals with high OSi were weak and
susceptible to disease, as evident in the HH group, where
diarrhea incidence surpassed that of the LH group.
Various stressors, including the birthing process, an
underdeveloped immune system, contamination risks,
and the transition from milk to solid feeds, can be
compounded by environmental factors such as poor
hygiene and heat stress (Kertz et al., 2017). The intricate
connection between intestinal and systemic oxidative
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stress indicators remains elusive. Diarrhea remains a
pervasive challenge on farms, owing to its multifactorial
nature. Effective prevention and control demand a
comprehensive  understanding of the  disease
complexities, encompassing multiple pathogens, co-
infection, environmental factors, feeding programs, and
management practices during the calving period and
before disease outbreaks (Cho et al., 2014).

Numerous factors contribute to diarrhea in newborn
calves, with negative environmental conditions, maternal
influences, inadequate care, feeding conditions, and the
calf inability to receive colostrum, thus ranking among
the most significant. Viruses, fungi, and bacteria can
instigate diarrhea in calves (Aydogdu et al., 2018).

Table 1. Nutrient intake and growth performance of Holstein calves
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Interestingly, these factors may contribute to diarrhea
more than ROS formation and oxidative stress. This
finding contradicts previous studies regarding a decrease
in antioxidant levels in the blood of newborn mammals
immediately after birth, as observed in human infants.
The reduction in the antioxidant defense system can be
attributed to ischemia or reperfusion injury at calving,
indicated by increased blood lactate levels post-birth
(Stohrer et al.,, 2001). Ischemia-reperfusion injury
directly results in ROS formation, endothelial cell
damage, increased vascular permeability, and activation
of neutrophils, platelets, cytokines, and the complement
system (Ferrari and Andrade, 2015).

Traits Treatment (T) P-value
LL” LH HL HH SEM T Period (P) TxP
Nutrient intake (d 1 to 60)
Starter feed intake
Dry matter, g/d 451 490 520 460 61.255  0.840NS™ 0.001 0.937Ns
Crude protein, g/d 98 106 112 99 13.231 0.840Ns 0.001 0.937Ns
Ether extract, g/d 12 13 14 12 1.592 0.840NS 0.001 0.937Ns
Metabolizable energy, Mcal/d 1.32 1.43 152 1.35 0.179 0.840NS 0.001 0.937Ns
Total feed intake
Dry mater, g/d 985 1023 1054 994 61.255 0.840Ns 0.001 0.937Ns
Crude protein, g/d 220 228 234 221 13.231 0.840Ns 0.001 0.937Ns
Ether extract, g/d 147 148 149 148 1.592 0.840NS 0.001 0.937Ns
Metabolizable energy, Mcal/d 4.03 4.14 4.23 4,05 0.179 0.840NS 0.001 0.937Ns
Growth performance
Body weight, kg
Initial (d 1) 37.8 37.2 37.3 37.7 0.872 0.947Ns — —
Final (d 60) 729 76.8 776 738 1.592 0.089 — —
Average daily gain (d 1t0 60),g/d 590 654 669 605 23.766 0.065 0.001 0.975NS
Feed efficiency (d 1 to 60) 0.61 0.66 0.67 0.63 0.016 0.081 0.001 0.802Ns

*LL: Calves with low oxidative stress index (OSi) (less than the average) in consumed colostrum and low OSi in blood.
LH: Calves with low OSi in consumed colostrum and high OSi (above the average) in blood.

HL: Calves with high OSi in consumed colostrum and low OSi in blood.

HH: Calves with high OSi in consumed colostrum and high OSi in blood.

SEM: standard error of means.
" NS: not significant.

Table 2. Skeletal growth parameters of Holstein calves (day 1 to day 60)

Traits (cm) Treat (T) P-value
LL” LH HL HH SEM T Period (P) TxP

Heart girth 85.0 85.9 85.2 85.0 0.400 0.382Ns™ 0.001 0.168Ns
Stature height 80.7 80.9 81.2 80.8 0.223 0.309Ns 0.001 0.446 NS
Body length 50.6 50.8 50.9 50.8 0.163 0.469NS 0.001 0.432NS
Body barrel 93.8 93.6 94.1 93.9 0.358 0.810NS 0.001 0.921NS
Hip height 82.8 824 82.8 82.8 0.232 0.516NS 0.001 0.609NS
Hip width 16.3 16.3 16.5 16.3 0.125 0.363NS 0.001 0.347Ns

“LL: Calves with low oxidative stress index (OSi) (less than the average) in consumed colostrum and low OSi in blood.
LH: Calves with low OSi in consumed colostrum and high OSi (above the average) in blood.

HL: Calves with high OSi in consumed colostrum and low OSi in blood.

HH: Calves with high OSi in consumed colostrum and high OSi in blood.

" NS: not significant.
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Table 3. Logistic regression analysis for rectal temperature, diarrhea, and pneumonia in Holstein calves (day 1 to day 60)

Variable and comparison Estimate SE P-value Odds ratio 95% ClI
Lower Upper

Rectal temperature

HH™ vs. HL —0.044 0.199 0.823Ns™* 0.956 0.647 1.414
HH vs. LH -0.334 0.199 0.093Ns 0.716 0.484 1.058
HHvs. LL —-0.194 0.188 0.303Ns 0.824 0.569 1.192
HL vs. LH —0.289 0.189 0.127Ns 0.749 0.516 1.086
HL vs. LL -0.149 0.178 0.402Ns 0.861 0.607 1.222
LHwvs. LL 0.140 0.178 0.432Ns 1.150 0.811 1.632
Diarrhea occurrence
HH vs. HL 0.375 0.337 0.266 NS 1.455 0.750 2.823
HH vs. LH 0.949 0.441 0.031 2.584 1.088 6.138
HH vs. LL —0.428 0.276 0.122Ns 0.652 0.379 1.121
HL vs. LH 0.574 0.455 0.207Ns 1.776 0.728 4.333
HL vs. LL —-0.803 0.298 0.007 0.448 0.250 0.804
LHwvs. LL -1.377 0.411 0.001 0.252 0.133 0.565
Pneumonia occurrence
HH vs. HL —0.088 0.186 0.636 NS 0.916 0.635 1.321
HH vs. LH -0.393 0.186 0.035 0.675 0.468 0.973
HHvs. LL -0.213 0.177 0.229Ns 0.808 0.570 1.145
HL vs. LH —-0.305 0.175 0.082Ns 0.737 0.522 1.040
HL vs. LL —-0.125 0.166 0.451 NS 0.882 0.637 1.222
LHvs. LL 0.179 0.166 0.279Ns 1.197 0.864 1.657
Medication occurrence
Diarrhea
HH vs. HL —-0.149 0.311 0.631NS 0.861 0.468 1.586
HH vs. LH —0.455 0.364 0.211Ns 0.634 0.310 1.296
HH vs. LL 0.566 0.264 0.032 1.762 1.048 2.959
HL vs. LH —0.306 0.364 0.401Ns 0.736 0.361 1.504
HL vs. LL 0.715 0.264 0.006 2.045 1.218 3.434
LHwvs. LL 1.021 0.325 0.001 2.777 1.467 5.255
Pneumonia
HH vs. HL 0.064 0.191 0.737Ns 1.066 0.733 1.551
HH vs. LH 0.337 0.191 0.079Ns 1.401 0.962 2.040
HH vs. LL 0.216 0.181 0.232Ns 1.241 0.870 1.770
HL vs. LH 0.272 0.181 0.133Ns 1.314 0.920 1.877
HL vs. LL 0.152 0.170 0.372Ns 1.164 0.834 1.626
LHvs. LL -0.120 0.171 0.479NS 0.886 0.634 1.239

*LL: Calves with low oxidative stress index (OSi) (less than the average) in consumed colostrum and low OSi in blood.
LH: Calves with low OSi in consumed colostrum and high OSi (above the average) in blood.

HL: Calves with high OSi in consumed colostrum and low OSi in blood.

HH: Calves with high OSi in consumed colostrum and high OSi in blood.

SE: Standard error

" NS: not significant.

Table 4. Poisson regression for rectal temperature, diarrhea, and pneumonia in Holstein calves (day 1 to day 60)

Item Treat SEM P-value
LL LH HL HH Treat
Days with elevated rectal temperature 3.0 35 26 25 0.130 0.321
(>39.4)
Diarrhea
Frequency 0.6 0.2 0.3 04 0.376 0.189
Duration, d 1.6° 0.42 0.7 1.1% 0.252 0.001
Medication, d 1.9° 0.72 1.0 1.12 0.217 0.002
Pneumonia
Frequency 0.8 0.9 0.7 0.7 0.249 0.816
Duration, d 35 4.1 31 2.8 0.121 0.174
Medication, d 3.4 3.8 2.9 2.7 0.124 0.290

*LL: Calves with low oxidative stress index (OSi) (less than the average) in consumed colostrum and low OSi in blood.

LH: Calves with low OSi in consumed colostrum and high OSi (above the average) in blood.

HL.: Calves with high OSi in consumed colostrum and low OSi in blood.

HH: Calves with high OSi in consumed colostrum and high OSi in blood.

a-c: In each row, there was no statistically significant difference in the averages of treatments with common clauses (P > 0.05
SE: Standard error
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In another study, concentrations of L-lactate in the
rumen and feces of diarrheic calves were higher than
those of healthy calves, but this difference was not
observed in serum and urine. D-lactate concentration in
the rumen, feces, blood, and urine of calves with diarrhea
was higher than in healthy calves (Ewaschuk et al.,
2004). Research demonstrated oxidative stress in animal
models experiencing diarrhea (Zeeshan et al., 2021).
Suppression of oxidative stress is reportedly a potential
strategy to alleviate diarrhea in rodents (Song et al.,
2011). However, the relationship between oxidative
stress and diarrhea is not universally agreed upon, with
reports suggesting that oxidative stress is unaffected by
non-malnutrition diarrhea (Granot et al., 2001).

Despite the LL calves exhibiting low OSi, the
occurrence of diarrhea in this group exceeded than those
of the LH and HL groups. The likelihood of needing
diarrhea medication was higher in the LH and HL groups.
This is attributed to the superior average daily gain
(ADG) and feed efficiency (FE) of the HL and LH
groups, indicative of enhanced performance, growth, and
health status. The prolonged duration of diarrhea
medication in the HH group, as opposed to the LL group,
result from non-responsiveness to treatment in some HH
calves, leading to treatment cessation by the veterinarian,
while health parameter recordings continued. The direct
association between oxidative stress occurrence and calf
diarrhea remains inadequately defined to date. Diarrhea
medication was longer in HH than LL, since some calves in
the HH group were not responsive to medication. While
veterinarians usually stop the treatment, we continued to
record health parameters.

In the LH group, pneumonia occurrence was higher than
in the HH group, but medication tended to be significantly
effective in the HH group, and rectal temperature tended to
be significant in HH but lower than LH. Oxidative stress is
a predisposing factor for numerous health disorders,
including sepsis, mastitis, acidosis, Kketosis, enteritis,
pneumonia, and respiratory diseases (Lykkesfeldt and
Svendsen, 2007). It is noteworthy to mention that apart from
the excessive ROS accumulation during an acute
inflammatory  response, individuals  with  certain
metabolic/endocrine disorders, such as high body weight
(BW), also bear a heightened ROS burden (Niemann et al.,
2017). Generally, the chronic disease-induced ROS burden
may not be potent enough to eliminate pathogens, but its
consistent presence could eventually lead to cellular or
tissue damage, increasing the likelihood of pathogen
invasion in the lungs and resulting in pneumonia (Wang et
al., 2019). In an animal study, increased NADPH oxidase
(NOX) activity was observed alongside reduced activity of
antioxidant enzymes such as SOD, catalase, and glutathione
in white fat tissue (Furukawa et al., 2017).

Epidemiological studies revealed that pneumonia is a
serious threat, particularly in individuals with high BW,
showecasing an increased incidence and severity of the
disease (Fisher-Hoch et al., 2013). In our experiment,
despite the lower OSi in the LH group, the probability of
pneumonia was higher because of the higher feed efficiency
(FE) and final BW compared to the HH group. Several
studies showed that an imbalance between lipid peroxides
and antioxidants in pneumonia might damage pulmonary
endothelium (Doelman and Bast, 1990).
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Oxidative stress is believed to seriously impact the
pathogenesis of various lung diseases, through direct effects
and interference in the molecular mechanisms controlling
lung inflammation (MacNee, 2000). In respiratory tract
infections, neutrophils are taken to pulmonary tissues to
eliminate invading microorganisms through phagocytosis
(Lykkesfeldt and Svendsen, 2007). Tissue-damaging
products secreted by neutrophils, such as reactive nitrogen
intermediates and nitric oxides, modulate both acute and
chronic inflammatory reactions. Nitric oxide acts as a
mediator of capillary dysfunction and macromolecular
leakage. The reaction between superoxide radicals and nitric
oxide produces the non-radical oxidant peroxynitrite,
causing severe damage to pulmonary tissues (Wessely-
Szponder et al., 2004). When exposed to appropriate stimuli,
phagocytes generate large quantities of superoxide radicals,
deleterious precursors of more reactive species that
contribute  to pulmonary damage. Moreover, the
administration of antioxidants reportedly decreased lung
lipid peroxidation after endotoxin infusion (Demling et al.,
1988). In calves with bronchopneumonia, superoxide
radical levels were ten times higher than in healthy calves,
while the antioxidant enzyme superoxide dismutase activity
was lower (Ledwozyw and Stolarczyk, 1992). Free radicals
and TBARS (thiobarbituric acid reactive substances)
reportedly increased during inflammatory lung disorders,
such as pneumonia (Lang et al., 2002). In children with
acute pneumonia, TBARS concentrations increased, thus
resulting in oxidative stress (Cemek et al., 2006). Blood
malondialdehyde (MDA), serum ceruloplasmin, and total
bilirubin levels were higher than in healthy children, while
superoxide dismutase (SOD), glutathione peroxidase, B-
carotene, retinol, vitamin E, vitamin C, and glutathione
levels were lower in children with pneumonia. All
antioxidant activities decreased in children with acute
pneumonia. Oxidative stress reportedly increased, while
enzymatic and non-enzymatic antioxidant activities
significantly decreased in children with acute pneumonia
(Cemek et al., 2006). Many researchers measured major
enzymatic or non-enzymatic antioxidants in patients with
pneumonia (Reyes et al., 2002). A decrease in the activity of
superoxide dismutase in calves with pneumonia correlated
with high circulatory concentrations of superoxide radicals
(Ledwozyw and Stolarczyk, 1992). In addition, a significant
decrease in glutathione (GSH) concentration was observed
in human patients (Pacht et al., 1991). Marked increases in
OS markers (TBARS and lactoperoxidase (LPO)) occurred
in calves with bronchopneumonia, similar to previous
findings. Antioxidant systems (superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GSH-
Px) enzymes and glutathione (GSH concentrations)
decreased in animals with chronic pneumonia. Oxidative
stress plays a role in various pathological conditions of
livestock, thus affecting both production and animal
welfare. Notably, common diseases like pneumonia in pigs
(Lauritzen et al., 2003) reportedly changed the redox
balance (Lykkesfeldt and Svendsen, 2007).

CONCLUSION

These findings indicated that calves with varying oxidative
stress indices in the blood and colostrum for intake did not
exhibit substantial differences in terms of growth
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performance and food consumption. However, there were
differences among these calves in the incidence, medication,
and duration of diseases. This divergence can be attributed
to factors beyond oxidative stress, including environmental
conditions, maternal health status, parity, and the immune
system. Future research can assess maternal cow conditions
before calving, considering the aforementioned factors, and
explore the long-term impact of different OSi on the health
of calves from the neonatal period to weaning. The transient
nature of the differences in blood and colostrum OSi within
the first 24 hours of life raises questions about their duration
of persistence. Subsequent tests should aim to determine
how many days these differences persist. If permanent,
assessing whether it affects calf performance becomes a
critical aspect of future research.
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