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Plant extracts supplied to pre-weaned dairy calves
influence their redox status

Extratos vegetais fornecidos a bezerros leiteiros pre-
desmamados influenciam seu estado redox
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Damé Veber Angelo?; Arthur Fernandes Bettencourt?; Cristiane Matté?;
Caroline Peres Klein* Maira Balbinotti Zanela®; Vivian Fischer®*

Highlights

The effect of green tea and oregano on redox status was evaluated separately.
Providing plant extracts improves some antioxidant biomarkers in Jersey calves.
Oregano extract reduced carbonyl and DCFP concentrations.

Oregano extract increased the activity of GPx and Catalase.

Abstract

This study aimed to evaluate the effects of the separate provision of green and oregano tea extracts
on the biomarkers of the redox state and health condition in pre-weaned Jersey calves from birth to 60
days of life. Two experiments following the complete randomized design with measures repeatedintime
were carried out using 38 Jersey calves (17 and 21 calves in experiments 1 and 2, respectively). Calves
were distributed according to date of birth into one of three groups: control (CON) - with no addition
of extracts; oregano extract (OE) - addition of 70 mg of oregano extract/kg of body weight (BW) and
green tea extract (GT) - addition of 35 mg of green tea extract/kg of BW. Eight biomarkers of the redox
state were evaluated on days 1, 30, and 60 after birth, and variables measured on day 1 were used as
covariates. Body temperature and occurrence of diarrhea were evaluated every two days. Regarding
the main results, the supply of oregano extract reduced the concentration of oxidizing biomarkers,
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such as DCFP (oxidation of dichlorofluorescein in plasma) and carbonyl, and increased the activity of
antioxidant enzymes, such as GPx and catalase. Green tea extract only reduced DCFP and tended to
improve catalase activity. Calves remained healthy (no fever and only a few days with diarrhea), and plant
extracts did not improve their health condition. The addition of green tea and oregano extracts into the
diet has a positive effect on redox status in pre-weaned Jersey calves.

Key words: Green tea. Health. Jersey. Oregano.

Resumo

Este estudo teve como objetivo avaliar os efeitos do fornecimento separado de extratos de ché verde
e orégano sobre os biomarcadores do estado redox e condicéo de saude em bezerras Jersey durante
o0 seu aleitamento, desde o nascimento até 60 dias de vida. Foram realizados dois experimentos
seguindo o delineamento completamente casualizado com medidas repetidas no tempo, utilizando
38 bezerros Jersey (17 e 21 bezerros nos experimentos 1 e 2, respectivamente). Os bezerros foram
distribuidos de acordo com a data de nascimento em um dos trés grupos: controle (CON) - sem adic&o
de extratos; extrato de orégano (OE) - adicdo de 70 mg de extrato de orégano/kg de peso corporal
(PV) e extrato de cha verde (GT) - adicdo de 35 mg de extrato de ché verde/kg de peso corporal. Oito
biomarcadores do estado redox foram avaliados nos dias 1, 30 e 60 apds o nascimento. A temperatura
corporal e a ocorréncia de diarreia foram avaliadas a cada dois dias. Quanto aos principais resultados,
o fornecimento de extrato de orégano reduziu a concentracdo dos biomarcadores oxidantes, como
DCFP (oxidac&o da diclorofluoresceina no plasma) e carbonila, e aumentou a atividade das enzimas
antioxidantes, como GPx e catalase. O extrato de cha-verde reduziu apenas DCFP e tendeu a melhorar
a atividade da catalase. Os bezerros permaneceram saudaveis (sem febre e apresentando diarreia por
apenas alguns dias) e os extratos de plantas ndo melhoraram sua condic&o de saude. A adicdo de
extrato de ché verde e de orégano na dieta exerceu efeito positivo no status redox em bezerros Jersey
em aleitamento.

Palavras-chave: Cha-verde. Jersey. Orégano. Salde.

Introduction

Dairy calves experience many stress
factors during their first weeks of life, such as
separation from the mother, dietary changes,
and exposure to various infectious agents,
impairing their redox status. Antibiotics
and ionophores are used to deal with some
of these problems; however, society has
concerns about the safety of their use.
For this reason, plant extracts are being
increasingly used in ruminant feed, including
pre-weaned calves (Maciej et al., 2016; Paris

etal., 2020). Theredox status of these animals
has been associated with health conditions
as many free radicals are continuously
produced in the cells with the potential to
provoke oxidative damage to internal organs.
Excessive generation and/or inadequate
removal of free radicals result in irreversible
damage to exposed cells (Sadiq, 2023). Dairy
calves are particularly challenged on the first
day of life, during sickness, and following
poor colostrum management (Maciej et al.,
2016).
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Some plant extracts have alleged
antioxidant properties already tested in dairy
calves, such as green tea extract (Elshahawy,
2018), or tested in goats, such as oregano
extract(Paraskevakis,2015). Antioxidantscan
be defined as any endogenous or exogenous
substance capable of neutralizing a free
radical, generally by donating an electron
(Martemuccietal., 2022). The mechanisms for
inhibiting or reducing damage caused by free
radicals can be preventive, preventing their
formation, or reconstructive, favoring the
repair of damaged structures. Antioxidants
can be from enzymatic origin, such as SOD,
CAT, and GPx, or non-enzymatic origin,
including glutathione (GSH) and vitamins A, C
and E (Martemucci et al., 2022).

Catechins are the main flavonoids
present in green tea. Although catechins
are the dominant phenolic compounds
(Sirichaiwetchakoon et al, 2020), several
flavonols (up to 4%) and flavones (in trace
amounts) are also presentinthe leaves of this
tea. Other related compounds found in green
tea are gallic, coumaric, and caffeic acid, as
well as the purine alkaloids theobromine
and caffeine (Rha et al, 2019). Oregano is
composed of approximately 20 different
essential oils, with the monoterpenes
carvacrol and thymol being those found in
greater quantities, 59.7 and 13.7% of the
essential oils, respectively (Kosakowska et
al., 2021).

Oxidative stress has been involved
in intestinal diseases (Kim et al., 2012), and
recently, the association between oxidative
stress and diarrhea was evidenced by Fu
et al. (2023). Previous studies reported that
using oregano essential oils or green tea
polyphenols decreased the frequency or
severity of diarrhea in dairy calves (Maciej et

al., 2016; Katsoulosetal.,, 2017). Furthermore,
Paris et al. (2020) reported that calves
receiving milk from cows supplemented with
oregano or green tea extracts improved their
redox status. On the other hand, Heisler et
al. (2020) observed that oregano and green
tea extracts anticipated the first rumination
of dairy calves, although they did not
modify weight gain, diarrhea incidence, or
general health conditions. The authors cited
provided plant extracts for calves from birth
to 10 (Katsoulos et al., 2017) or 60 days of life
(Heisler et al.,, 2020; Paris et al.,, 2020), as it
comprises the most critical phase of life for
calves, as well as the pre-weaned period.

In this sense, as far as we know, there
are still few studies on the direct feeding of
green tea or oregano extracts to pre-weaned
calves. Also, the results of these studies
are controversial. The hypotheses of the
present study are: the supply of green tea or
oregano extracts in the diet 1) increases the
antioxidant capacity of pre-weaned calves;
and 2) improves the health status of dairy
calves from birth to 60 days of age. This study
aimed to evaluate blood biomarkers of the
redox state and health status in pre-weaned
dairy calves supplemented with green tea or
oregano extract from birth to 60 days of life.

Material and Methods

Ethical declaration

This study was approved by the Ethics
Committee for the Use of Farm Animals of
the Universidade Federal do Rio Grande
do Sul, protocol number 30756/2016. The
experiment was conducted at the Embrapa
Clima Temperado Experimental Station in Rio
Grande do Sul State, Brazil.
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management Thymol, 3.5-9.0% p-Cymene and 2-5.0%

Two experiments were conducted:
the first between March and June 2016 (trial
1) and the second between March and June
2017 (trial 2),atthe EmbrapaClimaTemperado
experimental farm located in Capao do Leéo,
Rio Grande do Sul, Brazil (farm coordinates:
31°49 '02.4" S, 52°27'14.8" W). During trial
1, the values (mean = SD) of air temperature,
relative humidity, and wind speed were 16.2
+ 494 °C, 88.6 £ 1.86% and 5.9 £ 0.8 km/h,
respectively. In trial 2, the values (mean £ SD)
of air temperature, relative humidity, and wind
speed were 185 + 2.9 °C, 84.9 + 3.8%, and
5.2 +2.3km/h, respectively. The accumulated
precipitation was 843.7 + 147.0 and 633.2 +
41.9 mm for trials | and Il, respectively.

In trials 1 and 2, 17 and 21 Jersey
calves were used from birth to 60 days
of age, respectively. The treatments,
concentrate, and experimental protocol were
the same for the two experiments. In each
experiment, calves were blocked by birth
date and randomly assigned to one of three
treatments: control (CON) - with no addition
of plant extracts into the diet; oregano
extract (OE) - addition of 70 mg/kg BW of
oregano extract into the diet; and green tea
extract (GT) - addition of 35 mg/kg BW of
green tea extract into the diet. Oregano and
green tea extract doses were settled based
on previous studies (Heisler et al., 2020; Ritt
et al, 2023). Adjustment in the quantity of
plant extracts was performed every 15 days
according to the BW of the animals.

Plant extracts were given to calves
as powder diluted in milk. The commercial
product (Orego Stim® had a minimum
concentration of 50 g/kg of oregano extract,

196

Y-Terpinene, and the green tea extract
(glycolic extract, marketed by Seiva Brazilis)
a concentration of approximately 56% (t
2.5%) of polyphenols for study 1. In study 2,
the commercial product (Oregon OL®) had a
minimum concentration of 65 g/kg of oregano
extract, containing 80-82% Carvacrol, 2.5-
3.0% Thymol, 3.5-9.0% p-Cymene and
2-5.0% Y-Terpinene, and the greentea extract
was the same used in trial |. In both studies,
doses of oregano extract were adjusted to
supply the same concentration of carvacrol.

In trial 1, CON and GT groups were
composed of three male calves and three
female calves each at birth, with (mean =
SE) BW of 284 £ 0.9 kg and 28.3 £ 1.0 kg,
respectively; the OE group consisted of two
male and three female calves with BW of 29.2
+ 1.1 kg. In trial 2, the CON group consisted
of two male and four female calves with BW
of 28.2 + 1.3 kg; the GT group of two male and
five female calves with BW of 29.1 £ 1.1 kg of
CP, and the OE group of five male and three
female calves with BW of 30.4 £ 1.0 kg.

Immediately after birth, calves
were separated from the cows, identified,
and housed in individual hutches bedded
with straw. Hutches were placed in a flat,
rangeland pasture area following an East-
West orientation to make shade permanently
available. Hutches were displaced three
times a week to ensure cleanliness and
dryness. During the whole period, calves
were fed daily with 4 liters of milk, divided
into two meals (08:00 am and 05:00 pm).
The concentrate was offered ad /ibitum from
the fifth day of life, with no hay offer. The
concentrate (Maxxi Milk Terneira Laminada,
Racdes Supra, Alisul Alimentos S.A., Sao
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Leopoldo, Brazil) presented the following
composition: moisture 120g/kg, crude
protein 200g/kg, ether extract 30g/kg, acid
detergent fiber 120g/kg, mineral matter
100g/kg. The feeder was cleaned daily at
7:30 am, and the concentrate was replaced.
Water was supplied ad /ibitum from the third
day of life in individual buckets.

The animals were weighed on the
first day of life and every 15 days after that,
without previous fasting. Shelters provided
shade and protection against wind, and straw
was provided for bedding.

Experimental design

Data from both experiments were
analyzed considering the randomized
complete design with repeated measures in
time (days). Data were analyzed considering
12 replicates (calves) for control treatment,
13 replications for green tea extract
treatment, and 13 replications for oregano
extract treatment. The uneven number of
replicates was due to calf deaths, which were
unrelated to the treatments.

Antioxidant profile and redox state

On days 1, 30, and 60, blood samples
were collected from the jugular vein of each
animal in five mL tubes containing heparin
as an anticoagulant (Vacutainer; Becton-
Dickinson, Rutherford, NJ). After blood
collection, plasma and erythrocytes were
separated by centrifugation at 1000 g for 10
min at 4 °C. Plasma fraction was transferred
to microtubes and stored at -80 °C for further
analysis. The remaining erythrocytes fraction
was diluted 1:10 (v/v) with 0.9% commercial

saline and centrifuged at 1000 g for 10 min
at 4 °C three times, and at each step, the
supernatant was removed and discarded.
At the end of the last centrifugation, the
erythrocytes were resuspended in saline at
a final dilution of 1:10 and then stored at -80
°C for the following analysis (Kakhniashvili et
al., 2004).

Reactive oxygen and nitrogen
species were measured in erythrocytes
and plasma using 2', 7'-dichlorofluorescein
diacetate (DCFH2-DA), according to LeBel et
al. (1992). DCF fluorescence was measured
at excitation and emission wavelengths of
488 nm and 525 nm, respectively, using the
SpectraMax Gemini XS Fluorescence Reader
(Molecular Devices, Sunnyvale, CA, USA).
The standard DCF curve ranging from 0.25
to 10 uM was performed in parallel. Data are
expressed as nmol DCF/mg protein.

Total Superoxide dismutase (SOD)
enzymeactivitywasmeasuredinerythrocytes
by quantification of the superoxide inhibition-
dependent autooxidation at 480 nm (Misra &
Fridovich, 1972). Absorbance was measured
on a SpectraMax M5 microplate reader
(Molecular Devices, Sunnyvale, CA, USA).
The activity of SOD is expressed as the
amount of enzyme that inhibits the oxidation
of epinephrine by 50%, which is equal to one
unit. Data are expressed as SOD units/mg
protein.

The enzymatic activity of Catalase
(CAT) was measured in erythrocytes and
tested using microplates (Aebi, 1984). The
decrease in absorbance at 240 nm was
measured in a medium containing 20 mM
hydrogen peroxide and 10 mM potassium
phosphatebufferpH7.0usingtheSpectraMax
M5 microplate reader (Molecular Devices,
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Sunnyvale, CA, USA). The CAT unit is defined
as 1 pmol H O, consumed per minute. The
specific activity data are expressed as CAT
units/mg protein.

The glutathione peroxidase (GPx)
enzyme activity in erythrocytes was tested
using microplates (Wendel, 1981). The
medium contained 100 mM potassium
phosphate buffer, pH 7.7, T mM EDTA, 2
mM reduced glutathione (GSH), 0.15 U/mL
glutathione reductase, 0.4 mMazide, 0.1 mM
NADPH, and 0.5 mM tert-butyl hydroperoxide
as the enzymatic substrate. The
disappearance of NADPH was monitored at
340 nm using the SpectraMax M5 microplate
reader (Molecular Devices, Sunnyvale, CA,
USA). The GPx unit is defined as 1 pmol
of NADPH consumed per minute, and the
specific activity is represented as GPx units/
mg of protein.

The concentration of reduced
glutathione (GSH) in erythrocytes was
measured according to Browne and
Armstrong (1998). Initially, proteins in the
supernatant were precipitated with meta-
phosphoric acid (1: 1) and centrifuged at
5,000 g for 10 min at 25 °C. GSH present
in the supernatant is reacted with the
fluorophore o-phthaldialdehyde present in
the medium at a concentration of 7.5 mM
in addition to 100 mM sodium phosphate
buffer pH 8.0 containing 5 mM EDTA.
Fluorescence was measured at excitation
and emission wavelengths of 350 nm and
420 nm, respectively, using the SpectraMax
Gemini XS Fluorescence (Molecular Devices,
Sunnyvale, CA, USA) microplate reader. The
standard GSH curve from 0.001 to T mM
was prepared, and a blank sample was run in
parallel. Data are expressed as nmol GSH/mg
protein.

The thiol content was measured
in plasma using microplates (Aksenov &
Markesbery, 2001). The assay is based on
the reduction of 50-dithiobis-2-nitrobenzoic
acid (DTNB) by thiols, which become oxidized
(disulfide), yielding a yellow derivative (TNB).
Absorbance was measured at 412 nm in a
medium containing 20 mM sodium phosphate
buffer pH 7.4 and 10 mM DTNB prepared in a
0.2 M potassium phosphate solution pH 8.0
using the SpectraMax M5 microplate reader
(Molecular Devices, Sunnyvale, CA, USA).
Data are expressed as nmol TNB/mg protein.

Carbonylated protein content (CARBQ)
was measured in plasma according to Reznick
and Packer (1994) and Stone et al. (2016)
for reading in 96-well microplates. Protein
carbonyls react with dinitrophenylhydrazine
to form dinitrophenylhydrazone, a yellow
compound that was measured at 370 nm
using the SpectraMax M5 microplate reader
(Molecular Devices, Sunnyvale, CA,USA). Data
are expressed as nmol carbonyls/mg protein.

Protein concentration was
measured in microplates using bovine
albumin as standard (Lowry et al., 1951).
The absorbance was measured at 750 nm
using the SpectraMax M5 microplate reader
(Molecular Devices, Sunnyvale, CA, USA).
Data are expressed as mg protein/mL.

Health status was monitored every
two days during the experimental period.
Calves were observed to detect clinical
symptoms of diseases and diarrhea. On the
same days, body temperature was measured
before feeding using a digital clinical
thermometer inserted into the rectal ampulla
of the animal at a depth of approximately
3.5 cm for three minutes in the morning and
afternoon. Calves did not receive deworming
medicines.
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The consistency and appearance
of the feces were observed daily, and the
fecal score was assigned according to their
appearance, following classificationfrom O to
3 accordingtolshiharaetal. (2001): (0) normal
feces, (1) soft feces, (2) muddy feces, and (3)
watery feces. The incidence of diarrhea was
calculated according to Ishihara et al. (2001)
using the following formula: Frequency of
diarrhea (%): (total number of days with
diarrhea/total number of days inspected) X
100.

Statistical analysis

Data were tested for normal
distribution (Procedure Univariate, SAS®°,
using Shapiro-Wilk test) and for homogeneity
of variances (using Levene's test and Welch
option). Differences in oxidative stress
biomarkers between CON, OE, and GT groups
were analyzed using the MIXED procedure
(Enterprise guide version 5.1, 2012, SAS
Institute, Cary, NC). We tested the interaction
between experiment and treatment (using
data on day 1 as covariates). As interactions
were not significant, we analyzed the two
experiments together. Statistical analysis
considered treatments (n = 3), days (30 and
60) and their interactions as fixed effects,
and animal and residue as random effects,
using method = REML, covariance matrix =
AR (1), repeated = day.

The statistical model used was: Y.-m =u
+to + B+ (a"B), +b(X;, - X ) +a, +e, whereY,
is the observation made for each animal of
each experiment on each day of evaluation
(n=2), yis overall mean, aiiis the effect of the
treatment (n = 3), [3j = the day of evaluation,
(o* B]U. is the effect of the interaction between

treatmentand days, b{XU. - Xm) is the covariate

measured on day 1, a_is the random effect
of animal, and € is the random error
associated with each observation. Means
were compared using the Lsmeans option.
The significant differences and tendencies
were considered when P £0.05and 0.05 <P

< 0.10, respectively.

Results and Discussion

Disturbances in the redox state of the
animals can be evaluated using biomarkers
(Dogan et al., 2021; He et al, 2023). The
presentstudy highlightsthe beneficial effects
of oregano extract, such as the reduction in
protein oxidationand general oxidative stress,
as well as increased antioxidative enzymes.
Oxidative damage to proteins can generate
amino acid radicals, producing peroxides of
proteins and carbonyls (Pisoschietal., 2021).
DCFP is an indicator of redox shifts and
general oxidative stress (Gulcin, 2020).

Mean values of biomarkers of the
oxidative status are shown in Table 1.
Significant interactions (P = 0.05) between
treatment and days of measurements
were detected for DCFP, CAT, and CARBO.
CARBO presented a lower concentration in
OE compared with CON and GT on day 30,
while there were no significant differences
between treatments on day 60. DCPF
presented a lower concentration for OE and
GT than CON on day 30. Conversely, on day
60, DCPF presented a higher concentration
in OE and GT than CON. The activity of CAT
was higher in CON compared with OE on day
30, presenting intermediary activity in GT. On
the other hand, on day 60, the activity of CAT
was higher in OE compared with CON and
tended to be higher in GT than in CON.
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Table 1

Mean (standard deviations) or median (interquartile ranges) values of electrocardiographic
variables measured by observers with different levels of experience in dogs

Treatments P-value
Variables® Days® Control GT SE Trea;c_lr_r)\ent‘ Days (D)
THIOLS (nmol/mg) - 0.28 0.31 0.30 0.02 0.21 0.96 0.23
CARBO (U/mg) 30 1.16 a 1.06a 0.76b 0.12 0.20 0.59 0.05
60 1.050 4 105a 1.06a 0.12
SOD (U/mg) - 4598a 3464b 30.53b =) 0.03 0.30 0.38
30 222a 157ab* 145b 0.20
CAT (U/mg) 0.70 0.74 0.03
60 1.48b 1.70ab 2.18a 0.20
GPx (U/mg) - 11.17b 1230ab 16.48a 20 0.05 0.01 0.57
GSH (nmol/mg) - 0.14 0.13 0.13 0.01 0.93 0.27 0.85
DCFE (nmol/mg) - 4016.12 4466.3 40764 760 0.89 <0.0001 0.84
DGFP (nmol/mg) 30 244428a 1717.3b 1686.1b 162 0.76 0.33 <0.0001
60 19585b 22412a 24395a 162

"Treatments: CON = control; GT = green tea extract; OE = oregano extract; *GT tended to be different of CON (0.05
<P <0.10).

*Variables: CARBO = carbonyl; SOD = superoxide dismutase; GPx = glutathione peroxidase; DCFP = oxidation
of dichlorofluorescein in plasma. Variables without interaction: GSH = reduced glutathione; DCFE = oxidation of
dichlorofluorescein in erythrocytes.

*When interaction between treatment and days was significant or tendency, we evaluated the effect of treatment

on each day of measurements (30 or 60 days of age)
SE = Standard error of the mean.

Oregano extract reduced both
carbonyl and DCFP concentrations on day
30. The enzymatic defense system includes
the enzymes SOD, CAT, and GPx, which
prevent the oxidation of cell biomolecules
and control the levels of free radicals and
non-radical species (Dodan et al., 2021; He
et al, 2023). The present study evidenced
the beneficial effect of oregano enhancing
the activity of GPx and CAT, although the last
one only occurred on day 60. On the other
hand, GT was less effective than OE as it
only decreased one biomarker of oxidative
stress (DCFP). The more expressive effects
of oregano extract might be due to essential

200

oilsbeing poorlyornotdegradedintherumen
and being transferred via the gastrointestinal
tract to the blood of calves (Lejonklev et al.,
2013, 20186).

The interactions between treatment
and days were significant for CARBO, DCFP,
and CAT. The lowest values of DCFP and
CARBO observed on day 30 in OE and GT
might be related to the alleged antioxidant
properties already reported for both extracts
in ruminants (Paraskevakis, 2015; Elshahawy,
2018).  Accordingly, oregano  extract
increased the activity of the antioxidative
enzyme GPx on day 30. Reducing pro-
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oxidants and increasing the activity of
antioxidative enzymes may allow calves to
cope better with immune challenges. The
immune system development in calves
progresses from conception to maturity in
approximately six months after birth (Chase
et al., 2008), and until 30 days of life, calves
rely on passive immunity (Hulbert & Moisa,
2016). Therefore, calves may benefit from
less oxidative stress during the pre-weaning
period. Moreover, reactive oxidative species
increased with the age of calves during
pre-weaning and weaning periods (Seibt
et al., 2021). In this sense, the higher level
of antioxidative enzymes on day 30 (higher
activity of GPx in OE) and day 60 (higher
activity of CAT in OE and tendency of higher
activity in GT) may contribute to the oxidative
status of calves. Nevertheless, it is worth
to notice the lower values of SOD activity
in OE and GT groups compared with not
supplemented calves.

Significant (P < 0.05) effects for
treatment were detected for SOD and GPx.
The activity of SOD was higher in CON than
in OE and GT. Conversely, GPx activity was
higher in OE compared with CON. Plant
extracts did not modify the concentration of
thiols and DCFE (P > 0.10).

Significanteffects (P £0.05)fordays of
measurements were detected for DCFE and
GPx. The concentration of DCFE decreased
from day 30 to day 60 (7041 x 1331.5 nmol/
mg), while the activity of GPx increased from
day 30 to day 60 (10.78 x 15.86 U/mg).

Positive effects on oxidative status in
calves supplemented with green tea extract
were previously detected by Paris etal. (2020)
and Elshahawy (2018), evidencing higher
concentration of GSH and higher activity

of the catalase enzyme compared to not
supplemented calves, while in the present
study, we detected a tendency for higher
catalase activity in GT. Polyphenols in green
tea extract undergo extensive conversion to
biologically active forms before entering the
small intestine (Olagaray & Bradford, 2019).
Even though phenols are transferred to milk
(Jordan et al., 2010), they may affect redox
biomarkers in calves.

There are controversial results
concerning the effects on redox status in
ruminants supplemented with green tea and
oregano extracts. Paraskevakis (2015) added
30 g of dried oregano leaves (equivalent to 1
mL of essential oil) to the diet of dairy goats
and observed an improvement in enzymatic
and non-enzymatic antioxidant defenses in
blood and milk. Maciej et al. (2016) reported
that calves supplemented with 10 mg/day of
quercitin (a secondary compound present
in green tea) or 10 mg/kg of BW of green
tea extract did not alter the metabolism and
antioxidant status. Conversely, Zhong et al.
(2011) found that lower dosages (2 g/kg DM)
of catechin supplementation promoted a
better antioxidant action when compared to
higher dosages (3 or 4 g/kg DM).

Clinical symptoms of diseases were
not detected during the trial except for
diarrhea. Overall mean diarrhea frequency
was 8% without differences between
treatments (P > 0.10). The number of days
with fecal scores =z 2 was 4.7, 5.3, and 5.8
(se = 0.8) for the CON, GT, and OE groups,
respectively. The age at which the fecal score
was equal to or higher than 2 for the first time
was similar between groups: mean of 18.3,
17.2, and 249 days (se = 3.5) for CON, GT,
and OE groups, respectively.
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The absence of effects of plant
extracts on the health status of calves
was probably because all calves were not
challenged by diseases as they did not present
clinical symptoms other than diarrhea, which,
in turn, presented low frequency. In previous
studies, using oregano essential oils or green
tea polyphenols decreased the frequency or
severity of diarrhea in dairy calves (Maciej et
al.,, 2016; Katsoulos et al., 2017).

Pre-weaned dairy calves usually
face challenges during the short period
between birth and weaning. Therefore,
supplementation with natural products could
improve redox and health status without
raising concerns about residual products
and microorganism resistance. The present
study hypothesized that the supply of
green tea or oregano extracts in the diet 1)
increases the antioxidant capacity of pre-
weaned calves; and 2) improves the health
status of dairy calves from birth to 60 days
of age. The first hypothesis was accepted
as oregano extract increased the activity of
antioxidative enzymes (e.g., GPX and CAT)
andreducedthe concentration of biomarkers
of cellular reactive oxidant species (DCFP)
compared with not-supplemented calves.
Similarly, green tea extract also reduced the
concentration of cellular reactive oxidant
species (DCFP) biomarkers and tended to
enhance catalase activity compared with
not-supplemented calves. We could not
accept the second hypothesis, as extracts
of oregano and green tea did not improve
health conditions, probably because calves
were healthy.

202

Conclusion

The addition of greentea and oregano
extracts into the diet positively affects
redox status in pre-weaned Jersey calves.
Well-managed and healthy calves may not
benefit from supplementation with oregano
and green tea extracts to improve health
condition.
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