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PAPER

Red orange and lemon extract preserve from oxidative stress, DNA damage
and inflammatory status in lambs

Sara Damianoa� , Consiglia Longobardib� , Angela Salzanoa , Livia D’Angeloa ,
Margherita Amentac , Aristide Maggiolinod , Pasquale De Palod , Salvatore Clapse ,
Domenico Rufranoe, Francesco Iannacconef , Roberta Materaa and Roberto Ciarciaa

aDipartimento di Medicina Veterinaria e Produzioni Animali, Universit�a degli Studi di Napoli Federico II, Napoli, Italia; bDipartimento
di Salute Mentale, Fisica e Medicina Preventiva, Universit�a della Campania "Luigi Vanvitelli", Napoli Italia; cConsiglio per la Ricerca e
l’Economia Agraria (CREA)— Centro di Ricerca per l’Olivo, Frutticultura e Agrumi, Acireale, Italia; dDipartimento di Medicina
Veterinaria, Universit�a degli Studi di Bari“Aldo Moro”, Valenzano (BA), Italy; eConsiglio per la Ricerca e l’Economia Agraria (CREA) –
Centro di Ricerca per le Produzioni Animali e l’Acquacoltura, Bella Muro (PZ), Italia; fDipartimento di Scienze Agro-Ambientali e
Territoriali (DISAAT), Universit�a degli Studi di Bari “Aldo Moro”, Bari, Italia

ABSTRACT
Oxidative stress causes several pathological conditions in farm animals by inducing a reduction
in animal welfare and production with major economic losses for livestock. The standardised
phytoextract obtained by red orange and lemon processing has antioxidant and anti-inflamma-
tory activities. In this study we have investigated whether treating lambs for 40days with red
orange and lemon extract (RLE) was able to prevent the antioxidant and anti-inflammatory
mechanisms, typically in newborn period. For this purpose, at the end of treatment, redox status
was assessed in plasma using oxidative stress markers: malondialdehyde (MDA), superoxide dis-
mutase (SOD), glutathione peroxidase (GPx) and catalase (CAT) activities. Moreover, 8-hydroxy-
2’-deoxyguanosine (8-OHdG) in urine was measured as a biomarker of DNA damage and finally,
the markers of inflammatory status, interleukin (IL) 1b and 6, were measured in plasma by using
an enzyme-linked immunosorbent assay (ELISA). Results showed that RLE-treated lambs
improved antioxidant mechanisms as demonstrated by the increase in SOD, CAT and GPx activ-
ities and, furthermore, a significant reduction in oxidative stress-induced damage was demon-
strated through MDA and 8-OHdG measurements. Moreover, RLE was also able to prevent the
increase of pro-inflammatory cytokines concentration, such as IL- 1 b and IL 6. Results showed
in the present paper demonstrate the potential beneficial effects of the RLE in lambs.

HIGHLIGHTS

� Oxidative stress causes economic loss and welfare impairment in livestock.
� Several oxidative markers can be used to assess the redox status in plasma.
� The activity of some antioxidant enzymes increased in RLE treated lambs.
� A reduction of pro-inflammatory cytokines was recorded in RLE treated lambs.

Abbreviations: RLE: red orange and lemon extract; MDA: malondialdehyde; SOD: superoxide
dismutase; GPx: glutathione peroxidase; CAT: catalase
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Introduction

Free radicals induce oxidative damage, with effects on
lipids, proteins, carbohydrates and nucleic acids
(Chaudhary et al. 1994) and decrease the performan-
ces of animal farm (Salzano et al. 2021). To reduce the
free radical increase and the economic losses in ani-
mal productions, antioxidant protective systems are
developed because they have an important role in

modulating oxidative stress-induced cell injuries by

scavenging free radicals (Carocho and Ferreira 2013).

Synthetic antioxidants, such as tertiary butylhydroqui-

none, butylated hydroxytoluene and hydroxyanisole

are usually used in the food industry but health risks

associated with consuming synthetic antioxi-dants,

such as teratogenic and carcinogenic effects in labora-

tory animals and primates (Hathway 1966), have led to
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a growing interest in the use of natural alternatives
and their use as additives for livestock is well accepted
by consumers because considered safe and healthy
natural additives (Kahl and Kappus 1993). Polyphenols
are the most extensive groups of chemicals in the
fruits, vegetables, green and black teas, herbs, red
wine, and they are extensively researched for their
potential beneficial effects, such as anticancer, anti-
inflammatory and degenerative diseases (Egert and
Rimbach 2011). However, positive effects of polyphe-
nols on intake and antioxidant in vivo defense were
not clearly demonstrated (Jin et al. 2012). Flavonoids,
the most important and the largest group of polyphe-
nols, can be divided into several groups, including
anthocyanins, flavones and chalcons (Surai 2014).
Direct scavenging of reactive oxygen species (ROS),
activation of antioxidant enzymes and mitigation of
oxidative stress caused by nitric oxide are well demon-
strated to be the mechanism of actions of flavonoids
to prevent free radicals’ injury (Proch�azkov�a et al.
2011; Damiano et al. 2020b). However, emerging
research suggest that the potential mechanism of
action in preventing disease, is not only linked to their
antioxidant activity (Hodgson and Croft 2010). Several
data in literature show that oxidative stress is directly
linked with inflammation (Hiscott et al. 1993). If the
oxidants production cannot be broken, the inflamma-
tory process becomes chronic and the body’s cells
and tissue face damage (De Felice et al. 2021). Free
radical diseases and inflammatory processes occur not
only in humans’ disorders (Ciz et al. 2012) but also in
farm animals (Lykkesfeldt and Svendsen 2007; Gessner
et al. 2017). Moreover, the effects of systemic inflam-
mation on performance of several farm animal species
were investigated resulting in a significant reduction
of food intake and body weight and in an increase of
ROS and cytokines productions (Gessner et al. 2017).
However, a low number of studies were performed
with farm animals, especially in lambs, to understand
the exact mechanism of action of plant polyphenols
and more studies are necessary in future.

The present study aimed to assess the efficacy of a
red orange and lemon extract (RLE), rich in polyphe-
nols, to combat oxidative stress processes in lambs
where it is well demonstrated, by several authors, a
significant increase of oxidative stress in newborn
period, with a reduction of antioxidant defense sys-
tems (Frank and Groseclose 1984; Buonocore et al.
1998; Perez et al. 2019). In particular, the most present
flavonoid in red orange is demonstrated to be antho-
cyanins, as such as cyanidin-3-glucoside, with benefi-
cial effect on fat accumulation and diabetes and it is

well demonstrated in our previously paper the RLE
activity to counteract the renal toxicity induced by
mycotoxin in in vivo experiments (Caruso et al. 2020).
Therefore, we hypothesised that treatment of lambs
with RLE extract could improve the animal perform-
ance, the antioxidant and anti-inflammatory status.

Material and methods

Ethics statement

The trial was authorised by the Animal Welfare Body
of the University of Naples Federico II (PG/2019/
0028161 of 03/19/2019) and carried out in accordance
with the associated guidelines EU Directive 2010/
63/EU.

Animals, experimental design and
sampling collection

The experimental procedures (40 days) were carried
out in the Council for Agricultural Research and
Economics, Research Centre for Animal Production
and Aquaculture (CREA-ZA), located in Bella (PZ, Italy).
The trial was carried out on 120 lambs. After colos-
trum administration from the mothers within 2 h from
birth, all lambs were randomly assigned and subse-
quetly (4 days ± 12 h of age and 3.7 ± 0.2 kg of weight)
divided into two group as described by Maggiolino
et al. (2021): the RLE Group (treated group; n¼ 60)
that received, daily, 90mg/kg of RLE extract by gavage
and the control Group (untreated group; n¼ 60)
received, daily, saline solution by gavage. Animals
were maintained in single boxes, where they received
ad libitum lambs starter (20.5% crude protein DM,
1.8% fat DM, 25% crude fibres DM) and alfalfa hay
(18.8% crude protein DM, 32.2% crude fibres DM) as
reported in previous paper (Ferrara et al. 2021). The
RLE dosage was calculated using the model of the US
Food and Drug Administration (USFDA) (Wojcikowski
and Gobe 2014) and according to our previous papers
(Damiano et al. 2020a Damiano et al. 2020b,). At the
start of the present trial, all animals were in good
health; no disease was diagnosed during and at the
end of the treatments. The lambs were transported
approximately 15 km to the abattoir (groups sepa-
rated) and the journey time was less than 30min as
described in previous papers (Maggiolino et al. 2021),
and they were slaughtered on the same day at a
European Community-approved abattoir in compliance
with European Community laws on Animal Welfare in
transport (1/2005EC) and the European Community
regulation on Animal Welfare for slaughter of
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commercial animals (1099/2009EC). Before slaughter-
ing, blood samples were collected, and after slaughter-
ing the bladder was removed and an individual urine
sample was aspirated by using a 18G needle. Blood
samples were aseptically collected via jugular vein
puncture using disposable needles (23 G) as described
by De Palo et al. (2018), with a negative pressure sys-
tem for plasma (4mL tubes with 15 USP U/mL of hep-
arin) (Becton, Dickinson Canada Inc, Vacutainer 1,
Oakville, Canada). Heparinised tubes were stored on
ice and centrifuged (1500� g for 10min) within 1 h.
All plasma samples were stored at �80 �C until proc-
essing. Samples (2mg) of the liver, kidney, and small
intestine were removed from each animal and were
put immediately at �20 �C until oxidative assay
determination.

The standardised phytoextract rich in flavanones,
anthocyanins and other polyphenols, created and
obtained from red orange and lemon processing
wastes (Red orange and Lemon Extract, here named
RLE) (Caruso et al. 2020), was obtained by CREA -
Research Centre for Olive, Fruit and Citrus Crops
(CREA-OFA, Acireale, Italy) for research purposes only
(Italian Patent No. 102017000057761). The chemical
composition of RLE is shown in Table 1.

Growth performance

Animals were weighed weekly before the morning
feed. Body weight (BW) and feed intake were also
measured, initially and at the end of treatment. Cold
and warm carcase weight of each lamb was recorded
and expressed in kilograms (Kg).

Oxidative stress markers assay

MDA assay (Sigma-Aldrich, Milan, Italy; Item No.
MAK085) used to measure the lipid peroxidation was
performed to evaluate the effect of RLE on the oxida-
tive status on both plasma and organs of lambs at the
end of treatment period.

In particular, to perform the MDA assay in plasma,
it was homogenised with MDA Lysis Buffer and TBA
solution was added to each sample and incubated at

95 �C for 60minutes (Ciarcia et al. 2015; Alipour et al.
2019). Then, each reaction mixture was placed into a
96 well plate to measure the absorbance at 532 nm
using Glomax Multi Detection System (Promega,
Madison, WI, USA). Results were expressed as nano-
moles/dL.

Lipid peroxidation in organs was determined by
assaying the MDA levels according to Ohkawa et al.
(1979). It was determined by the reaction of MDA with
thiobarbituric acid (TBA) to form a colorimetric
(532 nm) product, proportional to the MDA present.
Kidney, liver, and intestine were homogenised on ice
with MDA Lysis Buffer. A TBA solution was added to
each sample to form the MDA-TBA adduct and then it
was incubated al 95 �C for 60min. Then, each reaction
mixture was placed into a 96 well plate to measure
the absorbance at 532 nm. Results were expressed as
nanomoles/mg of protein.

Nitrite and nitrate assay

The nitrite (NO2) and nitrate (NO3) production, stable
metabolites of nitrous oxide (NO) production, was
determined in the supernatant obtained before of the
kidney, liver, and intestine by Griess reagent as
described by Ciarcia et al. (2010) and data were
expressed as picomoles of nitrite for mg of proteins.

Antioxidant status assays

The activity of SOD (Sigma-Aldrich, Milan, Italy, Item
No.19160), CAT(Sigma-Aldrich, Milan, Italy, Item No.
CAT100) and GPx (Sigma-Aldrich, Milan, Italy, Item No.
38185) in plasma, to evaluate the antioxidant status in
treated and untreated group were determined by a
spectrophotometer (Glomax Multi detection system,
Promega, Milano, Italy) at 450 nm, 520 nm, and
412 nm, respectively (Alipour et al. 2019). The antioxi-
dant enzymes activity was expressed as units per litre
(U/L).

The same parameters were calculated on super-
natant described before of of the kidney, liver, and
intestine. Superoxide dismutase (SOD, EC 1.15.1.1) was
evaluated according to the method described by
Maggiolino et al. (2020). The activity was determined
considering its ability to inhibit the epinephrine aut-
oxidation. Stimulation of epinephrine autoxidation by
traces of heavy metals present as contaminants in the
reagents or by the other metals under investigation
was prevented by adding 10–4M ethylenediaminete-
traacetic acid (EDTA) in the buffer to chelate these
ions. One unit of SOD is defined as the amount of

Table 1. Chemical composition of red orange and lemon
extract (RLE) used in this study.

Class of compounds
Relative composition

(% of antioxidant substances on dry matter)

Flavanones 15.91 ± 0.01
Anthocyanins 2.66 ± 0.01
Hydroxycinnamic acids 1.77 ± 0.02
Ascorbic acid 2.40 ± 0.01
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enzyme required to inhibit the rate of epinephrine
autoxidation by 50%. The enzyme activity was
expressed as U/mg protein. Catalase (CAT, EC 1.11.1.6)
activity was measured by the method described by
Tateo et al. (2020), following the decrease in absorb-
ance of H2O2 at 240 nm (e¼ 40M�1 cm�1). One unit of
enzyme activity is defined as the amount of enzyme
required to degrade 1 micromole of H2O2 in 1min
and is expressed as U/mg protein. Glutathione perox-
idase (GPx, EC1.11.1.9.) activity was measured by
method described by Dinardo et al (2021). The reac-
tion measured the rate of reduced glutathione (GSH)
oxidation by tert-Butyl hydroperoxide, catalysed by
GPx. GSH was maintained at constant concentration
by the addition of exogenous glutathione reductase
(GR) and NADPH, which converted the oxidised gluta-
thione (GSSG) to GSH. The rate of GSSG formation was
then measured by the change in the absorbance of
nicotinamide adenine dinucleotide phosphate reduc-
tase (NADPH) at 340 nm. (e¼ 6.2mM�1 cm�1). Its activ-
ity was expressed as nanomoles of NADPH oxidised/
min/mg protein.

DNA damage assay

DNA damage was measured by the 8-OHdG ELISA kit
from Stress Marq (Biosciences INC, Victoria, BC,
Canada) in urine samples at the end of treatment
(Varatharajan et al. 2013). The urine samples colour
developed after dilution with phosphate-buffered
saline (pH range to 6–8) was measured at 450 nm,
spectrophotometrically. Urinary 8-OHdG was expressed
as ug/day.

Plasma IL-1b and IL-6 levels

Plasma IL-1b and IL-6 protein concentrations were
measured using a sandwich ELISA assay (Song et al.
2013). Plasma samples were incubated for 2 hours at
room temperature in the 96 well microplate previously
treated with 100 lL of capture antibodies from
SeroTec (5 lg/mL; MCA1658 for IL-1b and MCA1659
for IL-6, East Brisbane, Australia) in 0.1M carbonate
buffer (pH 9.6) at 4 �C overnight and blocked with 3%
skim-milk solution. After washing with PBST, the
detection antibodies were added into the wells and
incubated for 2 hours at room temperature (2 lg/mL;
AHP423 for IL-1b and AHP424 for IL-6, East Brisbane,
Australia) and then the antigen was detected with
goat anti-rabbit IgG-HRP (1:2000; 7074S Cell Signalling
Technology, Carlsbad CA, USA). Colour development
was initiated by adding 3,30,5,50-tetramethyl-benzidine

liquid substrate (Sigma, Castle Hill, Australia) and 0.5M
sulphuric acid was added to stop the reaction after
15min. The optical density (OD) was measured at
450 nm, spectrophotometrically, and express as protein
content.

Statistical analysis

The GraphPad InStat Version 3.00 for Windows 95
(GraphPad Software, San Diego, CA, USA) was used for
statistical analysis. Statistically significant differences
were evaluated by one-way analysis of variance
(ANOVA), followed by Turkey’s post-test. The experi-
ments were performed at least in triplicates. �p< .05
was considered statistically significant.

Results

Growth performances

The effects of the experimental treatments on the
grow performance and hot and cold carcase weights
on the lambs are shown in Table 2 and Figure 1.
There were no differences among RLE treatment and
control one about the initial and final weight and hot
and cold carcase of lambs (p> .05).

Oxidative stress and antioxidant status

The effects of the RLE treatment on lambs on MDA
levels are presented in Figure 2. There were differen-
ces among RLE treated lambs respect to control
group, in fact the MDA level in RLE group was lower
respect to the control one (p> .05).

Regarding antioxidant enzyme activities, significant
differences of SOD, CAT and GPx were observed in the
control group and the group that received RLE extract
(�p< .05, Table 3). It was observed that RLE treatment
restore the antioxidant status. Differently, no effect on
enzymes activity was observed in kidney, liver and
intestine (p> .05)

Table 2. Effects of red orange and lemon extract (RLE) on
growth performances and carcase weight of kid lamb in con-
trol group and RLE group after 40 days of treatment.
Items Control RLE p Value

Dry matter Intake (g/d) 230.2 ± 11.30 232.3 ± 9.8 p> .05
Initial weight (Kg) 3.8 ± 0.10 3.6 ± 0.11 p> .05
Final weight (Kg) 12.7 ± 0.20 12.5 ± 0.22 p> .05
Average daily gain, g/d 225.25 ± 7.30 220.00 ± 6.50 p> .05
Hot carcase weight (Kg) 6.95 ± 0.31 6.83 ± 0.35 p> .05
Cold carcase weight (Kg) 6.82 ± 0.34 6.70 ± 0.34 p> .05

Data are shown as mean ± standard deviation (DS) and were compared
by ANOVA.
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Moreover, the urinary 8-OHdG excretion was higher
in control group than in RLE group (�p< .05, Figure 3)
demonstrating a beneficial effect of the new extract
rich in anthocyanins to prevent the DNA damage.

Plasma IL-1b and IL-6 levels

The effects of systemic inflammation on lambs’ per-
formances were investigated by the measurement of
pro-inflammatory cytokines concentration, such as IL-
1 b and IL- 6 by ELISA assay. The significant increase
of IL-1 b and IL- 6 was observed in plasma of control
lamb respect to the RLE group, where the extract, rich
in polyphenols, appears to prevent these events
(�p< .05, Figure 4).

Discussion

Natural compounds produced by plants might be
good candidates for their use as feed additives in farm

Figure 1. Effects of the red orange and lemon extract (RLE) on body weight growth in control group and RLE group during
40 days of treatment.

Figure 2. Effects of the red orange and lemon extract (RLE on
malondialdehyde (MDA), expressed in nmol/dL in control
group and RLE group after 40 days of treatment. Data are
shown as mean± standard deviation (DS) and were compared
by ANOVA (�p< .05 versus control).

Table 3. Effects of red orange and lemon extract (RLE) on
antioxidant status of lamb in control group and RLE group at
the end of treatment.
Items Control RLE p Value

SOD (U/L) 14.18 ± 0.02 16.10 ± 0.01 �p < .05
CAT (U/L) 1.8 ± 0.01 3.2 ± 0.01 �p < .05
GPx (U/L) 35.80 ± 1.1 42.05 ± 1.8 �p < .05

Superoxide dismutase (SOD); catalase (CAT); glutathione peroxidase (GPx).
Data are shown as mean ± standard deviation (DS) and were compared
by ANOVA (�p< .05 versus control).

Tabel 4. Effects of orange and lemon extract (RLE) on the
antioxidant status of lamb in the control group and in the
RLE group in kidney, liver and intestine.

Control RLE p Value

Kidney
MDA (nanomoles/mg of protein) 2.23 ± 0.22 2.12 ± 0.19 p > .05
Nitric Oxide (pmole/mg) 19.32 ± 1.05 19.25 ± 1.18 p > .05
SOD (U/mg) 164.41 ± 12.63 161.35 ± 14.31 p > .05
CAT (U/mg) 119.65 ± 8.67 124.32 ± 6.79 p > .05
GSPx (U/mg) 44.32 ± 3.02 45.65 ± 3.44 p > .05
Liver
MDA (nanomoles/mg of protein) 2.32 ± 0.18 2.45 ± 0.22 p > .05
Nitric Oxide (pmole/mg) 23.12 ± 2.12 22.55 ± 2.30 p > .05
SOD (U/mg) 152.36 ± 18.42 150.24 ± 16.23 p > .05
CAT (U/mg) 139.23 ± 12.12 138.52 ± 14.35 p > .05
GSPx (U/mg) 44.96 ± 3.78 45.23 ± 4.33 p > .05
Intestine
MDA (nanomoles/mg of protein) 2.71 ± 0.31 2.65 ± 0.40 p > .05
Nitric Oxide (pmole/mg) 27.65 ± 3.12 26.54 ± 2.99 p > .05
SOD (U/mg) 144.35 ± 10.23 142.36 ± 11.03 p > .05
CAT (U/mg) 152.35 ± 14.37 148.52 ± 12.61 p > .05
GSPx (U/mg) 60.25 ± 5.21 58.65 ± 6.08 p > .05

Malondialdehyde (MDA); Superoxide dismutase (SOD); catalase (CAT);
glutathione peroxidase (GPx). Data are shown as mean ± standard devi-
ation (SD) and were compared by ANOVA.
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animals to maintain or improve animal health and per-
formance. Among the group of metabolites produced
by plants, polyphenols might be the most promising
due to their well demonstrated antioxidant and anti-
inflammatory effects, both in vitro and in vivo in mice
(Baur et al. 2006; Chuang and McIntosh 2011) and rats
(Damiano et al. 2021). Several studies have demon-
strated that flavonoids improve feed efficiency and
growth rate in animal farm, with positive effects on
antioxidant systems (Cushnie and Lamb 2011). In this
study we evaluated the effect of the new extract rich
in polyphenols such as anthocyanins and flavanones,
also on growth performance. Based on the results
obtained in our previous work (Ferrara et al. 2021)
where we demonstrated that lambs treated with RLE
induced an increase in favourable bacteria and a
reduction of potentially pathogenic ones, in this work
we decided to estimate the effects of RLE extract also

on inflammatory and oxidative process. However, we
did not find any significant effects on lambs’ perform-
ances. Maybe the not significant effect of RLE on
growth performances on treated lambs respect to the
untreated one could be due to short trial duration
and/or to dose administered. This let us suppose that
differences could be observed in older animals with a
longer treatment (due also to longer production life)
and different development of digestive system in
which probably 90mg/kg used could be not the cor-
rect dose. According with our results, several
researches have shown that the use of some plants
rich in flavonoid had no effect on growth rate in
lambs (Mesgaran, 2013; Zhao et al. 2013; Omidi et al.
2014). Moreover, carcase weight (both hot and cold)
were not affected by RLE treatment, in fact we did not
observe difference in these parameters between RLE
treated lambs respect to control one and these data
appears in agreement with the literature (Maiorano
et al. 2016). Anyway, although in our previous work
we have shown that there has been no improvement
in the performance of lambs, significant results have
been shown in the juiciness and colour detection that
make the product more attractive to the consumer
(Salzano et al. 2021).

Lipid peroxidation, measured by MDA levels, is a
marker of oxidative stress and reflects the oxygen free
radicals levels. 90mg/kg live weight of RLE are able to
prevent the MDA increase, typical in the newborn
period and open new consideration in a new
approach designed to prevent oxidation injury in small
ruminant animal farm. Probably, this data is related to
the RLE capacity to prevent the imbalance between
ROS formation and antioxidant defences. In fact, the

Figure 3. Effects of the red orange and lemon extract (RLE on
urinary 8-hydroxy-2’-deoxyguanosine [8-OHdG] concentration,
expressed in ug/day in control group and RLE group after
40 days of treatment. Data are shown as mean± standard
deviation (DS) and were compared by ANOVA (�p< .05 ver-
sus control).

Figure 4. Effects of the red orange and lemon extract (RLE on interleuchin-6 (IL-6) (a) and interleuchin-1 b (IL -1 b) (b) levels,
expressed as pg/mL, in control group and RLE group after 40 days of treatment. Data are shown as mean± standard deviation
(DS) and were compared by ANOVA (�p< .05 versus control).
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result of the present study showed that RLE have anti-
oxidant activity in treated lambs, in particular SOD,
CAT and GPx activity in plasma were significantly
higher in RLE group, respect to the control, although
no differences in tissues as kidney, liver and intestine
was observed. These data seem linked to the high
concentration of polyphenolic compounds, in particu-
lar, flavonoids that, it is well shown, act as primary
antioxidant or free radical terminator (Huang and
Frankel 1997). According to us, Alipour et al. (2019)
found the activities of GPx and SOD of plasma higher
in Baluchi male lambs treated orally with a natural
extract rich in polyphenols respect to the control.
Moreover, the addition of RLE extract reduced the
urinary 8-OHdG excretion respect to the control. The
oxidative damage of DNA is caused by ROS that, it is
well known, hydroxylates the base in DNA. Guanine is
most prone, among the bases in the nucleic acids, to
oxidative damage and, the repair of 8-hydroxylated
guanine lesions, appears to be a good mechanism to
repair the DNA lesion. The urinary 8-OHdG is excreted
during DNA repair and it is considered not only an
indicator of DNA repair capacity, but also a biomarker
of cellular oxidative stress (Pantano et al. 2006).
Similar results were observed in kids by Salzano et al.
(2021). Probably, considering the short-time trial (only
40 days) and the age of the animals, plasma enzymes
resulted faster in reaction to anthocyanins effects
compared to organs. However, this aspect must be
deeply investigated.

Finally, in the present work we investigated the
inflammatory status of lambs and the potential benefi-
cial effects of the extract because it is known that oxi-
dative stress is directly linked with inflammation
(Ishida et al. 2015). Thus, typical proteins produced
during the proinflammatory status are cytokines that
stimulate the production of oxidants and, thereby,
promoting oxidative stress (Zhang and An 2007).
These events trigger a vicious cycle where the sus-
tained production of oxidants induces a chronic
inflammatory process and tissues are damaged (Ciz
et al. 2012). These mechanisms, typical of many
chronic inflammatory human disorders, also occur in
farm animals (Lykkesfeldt and Svendsen 2007). In par-
ticular, the effects of inflammation on performance of
several farm animal have been investigated, such as in
pig, cattle and poultry (Gessner et al. 2017). Regarding
to potential effects of RLE on inflammation in lambs,
the present study investigated the effect of the oral
administration of the new extract on the expression of
IL-6 and IL-1B proinflammatory cytokines demonstrat-
ing that both were down reduced in RLE treated

animals respect to control ones, according to pub-
lished data where it is shown the anti-inflammatory,
antioxidant and cytoprotective activities of polyphe-
nols, both in vitro and in vivo in humans and experi-
mental animal models (Rahman et al. 2006; Scapagnini
et al. 2011; Tangney and Rasmussen 2013). In contrast,
in lambs, the effects of plant polyphenols with respect
to their anti-inflammatory and antioxidative and cyto-
protective effects have been less investigated. Results
showed in the present paper clearly demonstrated the
beneficial power of the RLE extract rich in polyphenols
in lambs, in particular its effect on inflammation and
oxidative stress, both of which are linked to
each other.

Conclusions

In conclusion, the addition of 90mg/kg of RLE to
lambs’ diet regimen did not affect in vivo growth per-
formance and on meat chemical composition.
However, RLE inclusion improved the oxidative and
inflammatory status in lambs. Essential information
emerges from these results concerning potential bene-
ficial effects on lambs’ oxidative status and welfare,
which should be taken into account before consider-
ing studies on older productive categories. In fact,
although no beneficial effect has been elucidated
about growth performance, this aspect should be
studied in animals with a longer life and so with a lon-
ger administration period. So, RLE could be considered
a potential feed supplement able to improve the
health and welfare status of animals and potentially
reduce the use of antimicrobial substances.
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