
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tjas20

Italian Journal of Animal Science

ISSN: (Print) 1828-051X (Online) Journal homepage: https://www.tandfonline.com/loi/tjas20

Influence of polyphenols from olive mill
wastewater on the gastrointestinal tract, alveolar
macrophages and blood leukocytes of pigs

Ettore Varricchio, Elena Coccia, Graziella Orso, Vittoria Lombardi, Roberta
Imperatore, Pasquale Vito & Marina Paolucci

To cite this article: Ettore Varricchio, Elena Coccia, Graziella Orso, Vittoria Lombardi, Roberta
Imperatore, Pasquale Vito & Marina Paolucci (2019): Influence of polyphenols from olive mill
wastewater on the gastrointestinal tract, alveolar macrophages and blood leukocytes of pigs, Italian
Journal of Animal Science, DOI: 10.1080/1828051X.2018.1548911

To link to this article:  https://doi.org/10.1080/1828051X.2018.1548911

© 2019 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 08 Mar 2019.

Submit your article to this journal 

Article views: 126

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tjas20
https://www.tandfonline.com/loi/tjas20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1828051X.2018.1548911
https://doi.org/10.1080/1828051X.2018.1548911
https://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2018.1548911&domain=pdf&date_stamp=2019-03-08
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2018.1548911&domain=pdf&date_stamp=2019-03-08


PAPER

Influence of polyphenols from olive mill wastewater on the gastrointestinal
tract, alveolar macrophages and blood leukocytes of pigs

Ettore Varricchioa, Elena Cocciaa, Graziella Orsoa, Vittoria Lombardia, Roberta Imperatorea, Pasquale Vitoa,b

and Marina Paoluccia

aDipartimento di Scienze e Tecnologie, University of Sannio, Benevento, Italy; bBiogem, Ariano Irpino, Italy

ABSTRACT
In the last years, great importance has been given to the beneficial effects of polyphenols.
Among the most relevant health promoting effects, there is the capacity to reduce the amount
of free radicals and stimulate the immune response. In this study, polyphenols extracted from
olive mill wastewater (OMWW), were fed to adult ‘Casertana’ pigs during the finishing period.
No significant differences in the length of the jejunum-ileum villi and the depth of the colon
crypts were detected between control and polyphenols fed pigs. Instead, intra-epithelial and
lamina propria leukocytes were more abundant in pigs fed polyphenols (p< .05).
Cyclooxygenase-2 immunoreactivity in the gastrointestinal tract, employed as marker of inflam-
mation, was more intense in the control group. Superoxide anion production in primary cell cul-
tures of both blood leukocytes and alveolar macrophages was lower in pigs fed polyphenols
(p< .05). Taken together these data indicate that, according to our in vitro studies, OMWW poly-
phenols seem to be potent antioxidants, while the interpretation of the in vivo experiments is
more problematic and further studies are necessary on the interactions between bioactive feed
compounds and intestinal status. Such studies can contribute to a better understanding of both
positive and negative interactions in vivo and to the identification of new functional feeds.

HIGHLIGHTS

� The effects of polyphenols extracted from olive mill wastewater (OMWW) have been studied
in pigs.

� Gut morphology, inflammation and immune response were investigated.
� OMWW polyphenols act as potent antioxidants.
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Introduction

The European Commission, at the beginning of 2006,
regulated the use of antibiotics in feed for livestock by
prohibiting their use or limiting their quantities. This
has stimulated the interest of research towards alter-
native solutions, such as bioactive molecules of plant
origin, the so-called phytochemicals. Several studies in
the last decades have shown that the therapeutic
effects of these molecules are not exclusively linked to
their antibacterial activity, but also to an immunomo-
dulatory and anti-inflammatory action (Zhang and
Tsao 2016). This double pharmacological action helps
to improve the wellbeing of the animal and at the
same time improve the quality of the product that is
consumed (Lipi�nski et al. 2017).

The three main groups of phytochemicals commonly
known and which are increasingly under attention,
are alkaloids, terpenoids and phenolic compounds.
Polyphenols are a large class of chemical compounds
abundant in nature and extremely diverse. The term
polyphenols includes more than 8000 molecules char-
acterised by the presence of aromatic rings bearing
one or more hydroxyl moieties, which play a pivotal
role in mediating the antioxidant properties (Rice-Evans
1995; Rice-Evans et al. 1996; Alov et al. 2015).
Polyphenols are normally produced by plants for their
antibiotic and antifungal properties (Haslam 1988;
Cheynier et al. 2015; Pagliarulo et al. 2018). Several
studies showed that a diet rich in phenolic compounds
has numerous beneficial and therapeutic effects in vari-
ous acute and chronic diseases (Visioli and Galli 1998;
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Daglia 2012; Covas et al. 2015; Sureda and Tejada 2015;
Wang et al. 2015).

The use of feed additives for the purpose of manip-
ulating gut functions and the microbial habitat of
domestic animals has been recognised as a valuable
tool for improving growth performance and feed effi-
ciency (Viveros et al. 2011). In piglets the effects of dif-
ferent polyphenol rich pomaces on the morphology of
the intestinal tract have been reported (Sehm et al.
2007). In particular, both the red-wine and apple
pomaces increased the size of the colon crypts sug-
gesting a better nutrient absorption and reduced the
activation of the gut associated lymphoid tissue
(GALT) resulting in a presumable immuno-preventive
effect. It has been suggested that dietary polyphenol-
rich plant products improved the gain:feed ratio in
growing pigs by altering the microbial composition
and the anti-inflammatory effect in the intestine
(Fiesel et al. 2014).

However, it must be mentioned that the health-pro-
moting properties of polyphenols have been recently
questioned and the either toxic or beneficial effects of
these substances may depend on several aspects, such
as type, concentration, absorption and metabolic
transformation, doses and/or the experimental cell
type (Surai 2014).

The use of phytochemicals or natural plant com-
pounds as potential alternatives to improve the prod-
uctivity of animals is certainly an idea of great public
and private interest, but has main limitations, such as
the lack of availability of these compounds, the cost
of raw materials and the process of production.
Agricultural by-products are a rich source of bioactive
molecules, including polyphenols, and therefore have
a remarkable potential that can be employed in the
feed sector to produce new value added products
such as feed supplements (Nazzaro et al. 2012). In the
Mediterranean area these wastes are mainly related to
cereals, grapes and olives transformations. In particu-
lar, the olive oil industry shows a large production of

milling waste waters (4.7 millions tons per year). These
wastes still contain more than 30000 tons of polyphe-
nols which could be recovered as high added value
chemicals. Growing interest has been focussed on the
anti-inflammatory effects of phenolic components pre-
sent in extra virgin olive oil. However, no experimental
studies have been published on the effects of poly-
phenols extracted from olive mill wastewater in
pigs. Thus, the objective of the present research was
to investigate gut morphology, inflammation, and
immune response of adult pigs (Casertana strain) fed
with polyphenols extracted from olive mill wastewater
added to the standard diet, by in vivo and in vitro ana-
lysis. The ‘Casertana’ pig used for the experimentation
is an ancient autochthon genetic type; it represents an
experimental model suitable for semi-wild controlled
breeding technique, very common in the inland of the
Campania Region (South of Italy). This genetic line is
considered a genetic patrimony to be safeguarded
and valorised not only because it is at risk of extinc-
tion but also because its meat has unique qualita-
tive properties.

Material and methods

Experimental design

Animals used in this study were treated in accordance
with the European Commission recommendation
2007/526/EC and 2010/63/UE on revised guidelines for
the accommodation and care of animals used for
experimentation and other scientific purposes.

This study was carried out on 12-month old pigs
(genetic type autochthonous Casertana) housed at a
local farm (Mastrofrancesco Farm, Morcone, Benevento,
Italy) under a semi-wild system. The experimental inves-
tigations were carried out on pigs derived from four
contemporary births that took place in the same animal
husbandry. Males were castrated between the 8th and
the 12th day after birth. Pigs employed in this study
were 12 months old. The weight of the pigs at the
beginning of the experiment was 140±6 kg. Animals
were distributed randomly (with a sex ratio of 1:1) in
the experimental groups as suggested in the Guidelines
for the Design and Statistical Analysis of Experiments
Using Laboratory Animals (Festing and Altman 2002).
The experiment took place during the finishing period
of 4 months. The two experimental groups were con-
fined to adjacent homogeneous land areas fenced with
electrified wires, in which the pigs had functional areas
equipped for watering, feeding and resting. The ani-
mals were fed ad libitum and without restriction of
water; the feed intake of the administered feed for

Table 1. Composition of the standard diet.
Composition Percentage

Wheat 20
Barley 20
Corn 20
Soya 10
Bran 20
Broad beans 10
Vitamin supplement 5
Concentration of nutrients
Dry matter 88.7
Crude protein 13.5
Crude fibre 4
Crude fat 3.5
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each animal was about 2.2 kg/day. The feed intake was
determined from unconsumed feed collected daily
(when present) before the next feed administration.
The amount of consumed feed was utilised to calculate
the dry matter intake of the ingested diet. Pigs in both
groups were fed with a standard diet for the finishing
stage (Table 1).

In the treated group the animals received polyphe-
nols extracted from olive mill wastewaters (OMWW)
added to the standard diet in form of capsules. The
amount of polyphenols was 0.03 g/kg of feed per pig
per day. We choose this dosage considering the anti-
oxidant activity of our extract and comparing this with
that reported in literature (Corino et al. 2007; Rossi
et al. 2009; Pastorelli et al. 2012) considering the same
type of breeding and the amount already given in the
diet. In addition, both groups were given the pasture
(acorns and natural grasses) in a percentage of 25% of
the total feed intake. Pigs were slaughtered at
16 months of age. At the slaughter time, the animals
of both groups showed a weight of 165 ± 6 kg, with a
dead weight of 142 ± 8 kg and a slaughter yield of
about 86%. No significant statistical differences were
recorded. No medical therapy was performed during
the experimental period.

Polyphenolic extraction and detection

The polyphenolic extract was obtained by membrane
separation techniques of OMWW (a sequence of two
ultrafiltraction processes followed by a final nanofiltra-
tion step) according to Cassano et al. (2011, 2013).
The system, built by the company Torchiani Impianti
srl (Brescia, Italy), consists of a section of ceramic
microfiltration and a section of ultrafiltration, nanofil-
tration and reverse osmosis on polymer-based mem-
branes. The olive mill waste water coming out of the
crusher is stored in an equalisation tank and subjected
to a pre-treatment consisting of a centrifugal

clarification, aimed at reducing the content of sus-
pended solids in the wastewater in order to increase
the permeability of the membranes. The clarified
wastewater is then subjected to successive passages
of membrane tangential filtration (microfiltration, ultra-
filtration, and nanofiltration), with a progressively
lower cut-off, in order to separate the organic fractions
with different molecular weight and different bio-
logical properties. The amount of total polyphenols
was determined by Folin Ciocalteu method and the
identification and quantification of main compounds
was obtained by high-performance liquid chromatog-
raphy (HPLC)-ultravoilet (UV). Phenolic compounds ana-
lysis was performed by LC-4000 series integrated HPLC
systems (JASCO, Tokyo, Japan) consisting of a column
oven (model CO-2060 plus), a UV/vis photodiode array
detector (model MD-2018 plus), an intelligent fluores-
cence detector (model PF-2020 plus), a liquid chroma-
tography pump (model PU-2089 plus), an autosampler
(AS-2059 plus) and a ChromNAV software programme
(JASCO). A C18 Luna column 5-lm particle size, 25 cm
�3.00mm I.D. (Phenomenex, Torrance, CA, U.S.A.) was
used. All solvents were filtered through a 0.45-lm filter
disk (Millipore Co., Bedford, MA, U.S.A.). A mobile phase
composed by water–formic acid (99.75:0.25, v/v;
Solvent A) and methanol–formic acid (99.75:0.25, v/v;
Solvent B) was used. The following gradient elution
was applied: from 0 to 45min, 2%–55% B. The flow-
rate was 1.0mL/min. The injection volumes was 20lL.
All the analyses were carried out at room temperature.
Polyphenols extracted were identified by comparing
the retention times of the detected peaks with those of
commercial standards and with literature data (Servili
et al. 1999; Mulinacci et al. 2001; Obied et al. 2005).
The quantification of each compound was performed
using eight-point regression curves obtained using
commercial standards. As reported in Table 2, the main
phenolic compounds were hydroxytyrosol, verbasco-
side, tyrosol, caffeic acid along with their derivatives
and flavonoids. The antioxidant activity of polyphenolic
extract was calculated by trolox equivalent antioxidant
capacity method, according to Miller et al. (1993), modi-
fied by Re et al. (1999) and shown in Table 2.

Sampling

Pigs were slaughtered 120 days after the treatment
commencement, at a local slaughterhouses (Santa
Croce del Sannio and Vitulano, Benevento, Italy).
Internal organ sampling started soon after death,
through a horizontal incision along the abdominal
midline. Blood was collected at slaughter during the

Table 2. Composition and antioxidant activity of the polyphe-
nol extract from olive mill wastewater.
Total polyphenols, mg/kga 94,648

Main compounds identified, mg/kgb

Hydroxytyrosol 20,829
Hydroxytyrosol derivative 1 3192
Hydroxytyrosol derivative 2 8738
Tyrosol 3947
Caffeic acid 9991
Verbascoside 17,449
Flavonoids 3278
Antioxidant activity, mmoli Trolox/kg of samplec 8521

aFolin–Ciocalteu method.
bIdentification and quantification by high performance liquid chromatog-
raphy (HPLC)-ultravoilet(UV)/diode array detector (DAD).
cMeasurement carried out by ABTS assay.
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bleeding, alveolar macrophages and gastrointestinal
tract were also collected from all animals. Tissue sam-
ples of 1 cm2 were taken of the central part of the fol-
lowing gut compartments: gastric fundus, duodenum,
jejunum, ileum, caecum, and colon. Samples were
washed three times in 0.9% NaCl solution and fixed in
10% buffered formaldehyde. To extract alveolar mac-
rophages, lungs were washed with 200mL of sterile
phosphate buffered saline (PBS). The pulmonary
regions (caudal lobes) were gently massaged and then
the liquid was slowly collected in sterile tubes on ice.
Blood was collected in chilled tubes containing ethyle-
nediaminetetraacetic acid (EDTA) and placed on ice
until further use.

Histomorphometry and immunohistochemistry

After formalin fixing, all gastrointestinal samples were
dehydrated in an ascending series of alcohol,
embedded in paraffin wax, and serially cut in transver-
sal sections of 7 mm by microtome.

In order to obtain quantitative data, 20 consecutive
sections were obtained from each gastrointestinal
tract, in triplicate. Five non-adjacent sections from
each series of 20 sections were stained with hematox-
ylin–eosin for histomorphometric analysis. The meas-
urements of jejunum and ileum villi height and colon
crypt depth were performed on well-orientated crypt-
villus preparations. The villi and crypt measurements
were performed according to Sehm et al. (2007). Intra-
epithelial and lamina propria leukocytes were counted
by cell counts. In details, three different cell counts (in
three different area of 0.004 cm2) were performed on
each histological section, previously labelled by hema-
toxylin–eosin staining.

Cyclooxygenase-2 (COX-2) expression in the gastro-
intestinal tract was performed by immunohistochemical
analysis as reported in Varricchio et al. (2012) with
minor modifications. Goat polyclonal antibodies raised
against Cox2 (C-20) (sc-1745, Santa Cruz Biotechnology,
Inc., Dallas, TX, U.S.A.) diluted 1:250, were applied on
the histological sections overnight at 4 �C. The antibody
specificity was declared by the manufacturer and tested
in our laboratory by Western blotting. The other compo-
nents of the immunological reaction were contained in
the Vectastain Elite ABC kit (PK-6105 goat) from Vector
Laboratories (Burlingame, CA, U.S.A.). The final staining
was performed using 10mg of 3-30 diaminobenzidine
tetrahydrochloride (Sigma, St. Louis, MO, U.S.A.) in
15mL 0.5 M Tris buffer (pH 7.6), containing 0.03%
hydrogen peroxide. Negative controls were obtained
substituting the primary antisera with PBS or normal

serum in the specific step, or alternatively, by absorbing
each primary antiserum with an excess of the relative
peptide (100lg of peptide/mL of diluted antiserum).

Peripheral blood leukocyte formula and isolation

To determine the peripheral blood leukocytes formula,
peripheral blood samples were smeared on slides
soon after withdrawn. MGG-Quick (04 – 090805, Bio-
Optica, Milan, Italy) rapid staining was carried out.
Leukocyte isolation from peripheral blood was carried
out in 15mL tubes, where 3mL of whole blood in
EDTA were added to 3mL of Histopaque (density 1083-
Sigma, 10831). Subsequently, the samples were centri-
fuged at 400g for 30min at 25 �C with speed deceler-
ation rate 0. After centrifugation, the blood was layered
on a discontinuous gradient of Histopaque. The blood
components were distributed as follows: plasma and
platelets were localised in the highest portion of the
tube, lymphocytes and monocytes between plasma
and Histopaque 62%, neutrophils in the interface
between Histopaque 62% and 75% and most of the
red blood cells on the bottom of the tube. Cells (blood
leukocytes enriched fraction) were picked up from the
interface and resuspended in PBS in tubes of 15mL.
Tubes were centrifuged at 250g for 10min at 25 �C.
The pellet was recovered and washed with 1� PBS
(250g at 25 �C for 10min). The cells were counted by
an automatically counting cells apparatus Casy
Innovative (Roche Applied Science, Indianapolis, IN,
U.S.A.) and cultured with complete medium (RPMI
1640, 2mM L-glutamine, antibiotic/antimycotic 25mM
HEPES, 100mg/mL gentamycin) and 5% of serum of
pig (Thermo Fisher Scientific, Waltham, MA, U.S.A.) at
37 �C overnight. A drop of leukocytes containing
medium was smeared on a slide and stained with Diff-
Quick rapid staining for detection of purity.

Alveolar macrophages isolation

Alveolar macrophages (AM) were collected and
extracted from pig lungs according to Brockmeier et al.
(2008). A drop of fluid taken from the lungs was
smeared on a slide and labelled with Diff-Quick staining
to evaluate the composition of the cell population
extracted. The lung fluid was centrifuged at 450g for
15min at 25 �C and alveolar macrophages were isolated
by plastic adherence. Alveolar macrophages were grown
in complete medium (RPMI 1640, 2mM L-glutamine,
antibiotic/antimycotic 25mM HEPES, 100mg/mL genta-
mycin) and 5% of serum of pig (Invitrogen, Carlsbad,
CA, U.S.A.). After 2 hr-incubation, non-adherent cells
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were washed away. Adherent cells were collected and
incubated at 37 �C until assayed for superoxide anion.

Superoxide anion assay

Superoxide production was determined as the reduc-
tion of nitroblue tetrazolium (NBT) according to Choi
et al. (2007) with some modifications (Mariano et al.
2013). Both cultured pig AM (at a density of 60,000)
and leukocytes (at a density of 120,000) were seeded
in the 96-well microplates, in triplicate. The cells were
incubated with 100 mL PBS (Lonza, Basel, Switzerland)
containing NBT (1mg/mL, Sigma) and zymosan A

(2000 mg/mL, Sigma) for 90min. The control samples
were incubated only with NBT. Following incubation,
peripheral leukocytes and macrophages were washed
twice in PBS, to remove all residual NBT solution, leav-
ing only a cell pellet containing formazan. To quantify
the formazan product, the intracellular formazan was
dissolved in 120 mL 2 M KOH and 140 mL dimethyl-
sulphoxide (DMSO, Sigma), and the resulting colour
reaction was measured with a microplate reader
(Model 680 Biorad) at 620 nm.

Microscopical observations

Both cytological (peripheral blood smear, leukocytes
isolated from peripheral blood and alveolar macro-
phages) and histological slides were observed using a
microscope Nikon E600 (Nikon Instruments Inc.,
Melville, NY, U.S.A.) and photographed with the pro-
gramme Lucia Measurament. Villi and crypt measure-
ments were carried out using ImageJ programme
(ImageJ, NIH, Maryland, U.S.A.).

Statistical analysis

Data were analysed by one-way analysis of variance
(ANOVA) at a significance level of .05, following con-
firmation of normality and homogeneity of variance.
Significant differences were detected by ANOVA. Data
were subjected to Tukey’s test. In all models diet and
animal husbandry were fixed effects while gender and
littermates were random effects. All values were
reported as mean± SEM, and all analyses were carried

Figure 1. Effect of olive mill wastewater supplemented to a
finishing diet on jejunum and ileum villi lengths and colon
crypt depth. Bars represented as mean± SEM.

Figure 2. Effect of olive mill wastewater supplemented to a
finishing diet on the count of leukocyte infiltrate in the stom-
ach, duodenum, jejunum, ileum, caecum, and colon. Bars rep-
resented as mean± SEM. �Annotate differences between
control and experimental group at p< .05.

Figure 3. Effect of olive mill wastewater supplemented to a
finishing diet on the count of intra-epithelial leukocytes (IEL)
in the stomach, duodenum, jejunum, ileum, caecum, and
colon. Bars represented as mean± SEM. �Annotate differences
between control and experimental group at p< .05.
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out using GraphPad Prism version 5.0 (GraphPad, San
Diego, CA, U.S.A.).

Results

Histomorphometry and immunohistochemistry of
pig gastrointestinal tract

Jejunum and ileum villi length and colon crypt depth
of control and treated pigs are reported in Figure 1.
The results show no significant difference between
pigs fed the standard finishing diet (control) and those
fed the standard finishing diet with polyphenols

extracted from olive mill wastewater (treated). A signifi-
cant increase in the number of lamina propria (Figure
2) and intraepithelial leukocytes (Figure 3) present in
the gastrointestinal tracts (stomach, duodenum,
jejunum, ileum, caecum, and colon) of treated animals
in comparison with the controls was registered. COX-2
immunopositive cells were identified mainly in the
gastrointestinal tracts of the control group. In particular,
immunopositivity was detected in the infiltrate leuko-
cytes and in the intra-epithelial leukocytes of caecum
(Figure 4(a,d)), and colon (Figure 5(a)). Immunopositivity
was also present in the effector sites of GALT repre-
sented by ileum solitary follicles and Peyer’s patches

Figure 4. Immunohistochemical analysis of cyclooxygenase-2 (COX-2) in the caecum: (a) immunopositive infiltrated leukocytes in
the mucosal layer of the caecum of a control pig; (b) negative control of the caecum of a control pig; (c) absence of immunoposi-
tivity in the mucosal layer of the caecum of a pig of the experimental group; and (d) immunopositive intra-epithelial leukocytes
(IEL) in the epithelium of the caecum of a pig of the experimental group. Scale bars: 20 mm (a–d).

Figure 5. Immunohistochemical analysis of cyclooxygenase-2 (COX-2) in the colon: (a) Immunopositive stained leukocytes in the
colon mucosal layer of control pig; (b) weak immunopositivities staining in the colon mucosal layer of a pig of the experimental
group; and (c) negative control obtained from colon tissue of a control pig. Scale bars: 20 mm.
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(Figure 6(d)). Immunopositive cells were absent in the
caecum and ileum tracts, and in the solitary follicles of
treated animals (Figures 4(c) and 6(b)). Weak COX-2
immunopositivity was present in the colon tract (Figure
5(b)). Negative controls did not show any positivity
(Figures 4(b) and 6(c)).

Peripheral blood leukocyte and alveolar
macrophage isolation

The analysis of peripheral leukocyte formula per-
formed on blood samples collected from both control
and treated animals showed a typical leukocyte for-
mula for pig (Figure 7), in agreement with reference
values (Table 3). In the blood leukocyte enriched frac-
tion the most representative cells were lymphocytes
and monocytes (Figure 8). The most abundant cells
present in the alveolar macrophage fraction isolated
from pig lungs were monocytes/macrophages, while
very few lymphocytes and erythrocytes were observed
(Figure 9).

Superoxide anion assay

The polyphenols extracted from the olive mill waste-
water were tested for anti-oxidant effects on pig
blood leukocyte enriched fraction and alveolar macro-
phage fraction by superoxide anion assay. Peripheral
blood leukocytes of pigs belonging to the treated
group showed lower levels of superoxide anion com-
pared to control animals after in vitro stimulation with
zymosan (Figure 10). Alveolar macrophages extracted
from pig lungs of the control group showed higher
superoxide anion levels with respect to treated ani-
mals (Figure 11).

Discussion

To date enough evidence exists to support anti-inflam-
matory and immune stimulant activity of polyphenols
(Guo et al. 2009; Hur et al. 2012; Joseph et al. 2015).
Only few reports have documented the effect of diet-
ary polyphenols or related phenolic compounds on

Figure 6. Immunohistochemical analysis of cyclooxygenase-2 (COX-2) in the ileum and Peyer’s patches: (a) hematoxylin–eosin
staining of the ileum solitary follicle of a pig of the experimental group; (b) absence of immunopositivities staining in the same
ileum follicle solitary showed in the previous picture (histological section consecutive to the previous one); (c) hematoxylin–eosin
staining of a Peyer’s patch of the caecum of a control pig; and (d) various immunopositive cells (arrows) located in the same
Peyer’s patch showed in the previous picture (histological section consecutive to the previous one). Scale bars: 20 mm (a and d);
10 mm (b); and 50 mm (c).
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the intestinal growth and function in pigs (Sehm et al.
2007; Fiesel et al. 2014), although there are no referen-
ces in the literature in relation to feeding olive oil by-
products. Thus, in this study, we present data on the
inclusion of polyphenols extracted from olive mill
wastewater to the diet of adult ‘Casertana’ pigs, dur-
ing the finishing period.

The phenolic components of olive mill waste water
are the object of various studies. A wide complexity of
polyphenols is present in OMWW, among which
hydroxytyrosol and secoiridoids derivatives are the
most concentrated (De Marco et al. 2007; Bertin et al.
2011). Our study reveals that the composition of poly-
phenols extracted from olive mill wastewater shows
the predominance of tyrosol, hydroxytyrosol and
derivatives, verbascoside, and caffeic acid. These
results are consistent with those found by Su�arez
et al. (2010) and Ramos et al. (2013). Tyrosol, hydroxy-
tyrosol, caffeic acid and verbascoside have been iden-
tified in various studies on OMWW and their
antioxidant and antimicrobial activities highlighted
(Obied et al. 2007).

In agreement with the widely demonstrated radical-
scavenging and anti-inflammatory activities of olives

Figure 7. MGG-Quick rapid staining of leukocytes present in the peripheral blood smears: (a) neutrophilic granulocytes with lobed
nucleus, (b) large lymphocyte, (c) monocyte, (d) basophilic granulocytes, and (e) eosinophilic granulocytes. Scale bars:
10 mm (a–e).

Table 3. Leukocyte formula of peripheral blood samples col-
lected from control and experimental group.
Leukocyte
populations

Control
group

Experimental
group

Reference
values

Neutrophils, % 44.3 ± 4.1 45.2 ± 3.3 28–47
Eosinophils, % 1.9 ± 1.2 1.9 ± 1.3 0–3
Basophils, % 1.1 ± 2.3 1.2 ± 2.1 0–5
Lymphocytes, % 52.3 ± 2.4 52.5 ± 2.3 39–62
Monocytes, % 2.3 ± 1.2 2.2 ± 1.2 0–5
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and olive by-product polyphenols (Cicerale et al.
2010), our results show a decrease in free radicals or
reactive oxygen species production and a decrease in
COX-2 (a marker of inflammation) expression in the
experimental group of pigs fed with polyphenols inte-
grated into the diet. The ability of polyphenols to act
as antioxidants or free radical scavengers, as well as
their capacity to inhibit some enzymes involved in
free radical generation, such as various cytochrome
P450 isoforms, lipoxygenases, COX and xanthine oxi-
dase, is due to the hydroxyl groups that are good

hydrogen donors (Pereira et al. 2009). Polyphenols can
exert their anti-inflammatory properties at multiple
levels, through the modulation of mitogen-activated
protein kinase and nuclear factor-jB signalling path-
ways, the inhibition of inflammatory cytokines and
chemokines, the suppression of the activity of cytokine
inducible-nitric oxide synthase and COX (Plummer
et al. 1999; Luceri et al. 2002; Hou et al. 2007). COX-2
is an inducible enzyme that converts the arachidonic
acid into prostaglandins and generally is induced at
the site of inflammation in response to inflammatory

Figure 8. MGG-Quick rapid staining of leukocytes isolated from peripheral blood: (a–c) lymphocytes (thin arrows), monocytes
(thick arrows), and rare red blood cells (�). Scale bars: 10 mm (a–c).

Figure 9. MGG-Quick rapid staining of fluid extract from lugs: (a) lower magnification and (b) higher magnification of extracted
cell population; in detail alveolar macrophages (arrows). Scale bars: 50 mm (a) and 10 mm (b).
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stimuli including pro-inflammatory cytokines such as
interleukin-1a/b, interferon-c, and tumor necrosis fac-
tor-a produced by inflammatory cells, and tumour pro-
moters such as tetradecanoyl phorbol acetate and Ras
(Wang and Dubois 2010). In this study, COX-2 immu-
noreactivity was detected in mucosal infiltrated leuko-
cytes, Peyer’s patches and solitary follicles of caecum-
colon tracts of pigs fed with the basal diet, while in
pigs fed with polyphenol enriched diet COX-2 immu-
noreactivity was quite faint. The low level of expres-
sion of COX-2 in immunoreactive cells in the intestine
of treated pigs could suggests a protective role of pol-
yphenols, modulating and reducing the inflammatory
response. This is in agreement with Willenberg et al.

(2015), reporting polyphenol-induced reduction of
COX-2 expression both in vitro (cancer cell line HCA-7
and primary monocytes) and in vivo (C57BL/6N mice).

In the present study, the inclusion of polyphenols
extracted from olive mill wastewater did not modify
the intestinal morphology in comparison to pigs fed
the standard diet. The mucosa status and its micro-
scopic structure can be good indicators of the intes-
tinal tract response to the active substances in feeds
(Ferguson et al. 2007; Schrenk 2009). The lack of intes-
tinal response in this study, may be attributed to dif-
ferent causes. On one hand, the length of time
necessary to modify the intestinal histological struc-
ture may be longer than the duration of our study. On
the other hand, we cannot rule out that the presence
of polyphenols may not be so beneficial as expected
on the basis of the evidence of polyphenols as health
promoters. Indeed, mixed results have been obtained
in in vivo studies. Fiesel et al. (2014), report the
absence of alteration of villus height and crypt depth
in the small intestine of weaned pigs fed grape seed
and grape marc meal extract, while Sehm et al. (2007)
report that in piglets, red-wine pomace had an inhibi-
tory effect on the jejunum villi growth, while apple
and red-wine pomace showed stimulating effect on
crypt colon size. Regarding other measures of intes-
tinal integrity, Sell et al. (1985) observed a slight
reduction in the crypt depth of the duodenal tissue in
rats, chicks, and laying hens fed the high tan-
nin sorghum.

In this study, the inclusion of polyphenols in the
diet caused the increase in the amount of lamina
propria and intraepithelial leukocytes, indicating that a
massive leukocyte migration took place in the experi-
mental group. During the intestinal inflammation, leu-
kocytes are recruited in the site of infection or
inflammation where, through a complex interplay,
contribute to the recruitment of other immune cells
and facilitate mucosal healing by releasing mediators
necessary for the inflammation response. Although
such responses are clearly beneficial, excessive recruit-
ment and accumulation of leukocytes in the intestine
under pathological conditions may be detrimental,
depending on the circumstances (Fournier and Parkos
2012). It has been commonly accepted that leukocytes
directly contribute to disease pathology when exces-
sive recruitment and activation lead to release of toxic
products and massive transepithelial migration, even-
tually resulting in morphological alterations of villi and
crypts and extensive mucosal injury (Fournier and
Parkos 2012). It is apparent that leukocytes can act as
double-edged sword in that contribute to intestinal

Figure 10. Superoxide anion assay in the peripheral blood
leukocytes. The anion superoxide levels were lower in pigs
belonging to the experimental group compared with control
animals with and without zymosan stimulation. Bars repre-
sented as mean± SEM of three separate experiments.�Annotate differences between control and the experimental
group at p< .05.

Figure 11. Superoxide anion assay in the alveolar macro-
phages. The anion superoxide levels were lower in pigs
belonging to the experimental group compared with control
animals after zymosan stimulation. Bars represented as
mean± SEM of three separate experiments. �Annotate differ-
ences between control and the experimental group at p< .05.
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homeostasis through the elimination of unwanted
pathogens and participate in harmful inflammatory
processes and exacerbate the inflammation owing to
the release of toxic granule contents and pro-inflam-
matory molecules. Thus, the presence of numerous
leukocytes in the basal lamina suggests that the
OMWW polyphenols may not have a clear cut health
promoting activity in adult Casertana pigs.

In this study, the results of the superoxide anion
assay that measures the free radical production
showed higher levels in the control pigs compared to
pigs fed with polyphenol integrated diet, both in
alveolar macrophages and in peripheral blood leuko-
cytes. The lower levels of superoxide anion in treated
pigs may indicate a protective effect of polyphenols
against oxidative burst triggered by zimosan stimula-
tion. Our results are in agreement with previous
researches in murine monocyte/macrophage cell line
J774, where different doses of hydroxytyrosol were
able to prevents macrophage activation (Maiuri et al.
2005). Polyphenols exert a modulatory effect on
inflammatory response also in leukocyte cultures
(Derochette et al. 2013; Burzynska-Pedziwiatr et al.
2014). In fact, they are able to down-regulate the
inflammatory response, preserving tissues from free
radicals and inflammatory cascade (Denev et al. 2014).
These results lead us to hypothesise a protective effect
exerted by polyphenols on alveolar macrophage and
peripheral blood leukocyte oxidative burst.

Conclusions

In conclusion, our results suggest that OMWW poly-
phenols are potent antioxidants through in vitro stud-
ies, while the demonstration in vivo is more
problematic and further studies are necessary to clarify
the interactions between bioactive feed compounds
and intestinal status. Such studies can contribute to a
better understanding of both positive and negative
interactions in vivo and to the identification of new
functional feeds.
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