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ABSTRACT The present study aims to investigate
the effects of supplementing broiler diets with a bioac-
tive olive pomace extract (OE) from Olea europaea on
growth performance, digestibility, gut microbiota, bile
acid composition, and immune response. To this end,
three hundred and six 1-day-old broiler chickens (Ross
308) were housed in floor pens (6 pens/treatment, with
17 birds/pen). Animals were fed with a standard non-
medicated starter diet for 21 D, and from 22 to 42 D of
age with their respective experimental diet: a negative
control with no additives (Control), a positive control
with 100 ppm of monensin (Monensin) and the basal
diet supplemented with 750 ppm of an OE (Lucta S.A.,
Spain). Feed intake and growth rate were monitored
weekly throughout the trial. From 21 to 42 D of age,
no significant differences in feed intake were observed
among dietary treatments; however, lower average daily
gain and higher feed conversion ratio (P < 0.05) was ob-

served in birds fed the Control compared to Monensin
and OE groups. Performance of birds fed OE or Mo-
nensin was similar throughout the trial. The apparent
ileal digestibility of crude protein was higher in birds fed
Monensin than Control treatment (P < 0.05). No signif-
icant changes on bacterial composition at a family level
were observed in the caeca of birds fed the experimen-
tal diets. Moreover, no significant differences on plasma
and intestinal bile acid composition were observed
among treatments. Birds fed the OE showed a signifi-
cant decrease of IL-8 expression in the ileum (P < 0.05).
Additionally, the expression of TGF-β4, and Bu-1 was
significantly upregulated (P < 0.01) in broilers fed the
OE and Monensin diets compared to those fed the Con-
trol. In conclusion, the inclusion of 750 ppm of a bioac-
tive olive pomace extract from Olea europaea in broiler
chicken diets improved animal growth likely as result of
its anti-inflammatory properties.
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INTRODUCTION

Agricultural eco-innovation is based on circular econ-
omy and cradle to cradle concepts. This innovation con-
cept aims at “zero waste” economy where new products
and applications are created from raw material wastes
(Mirabella et al., 2014). Spain is the largest olive oil
(Olea europaea L.) producer worldwide with around 1.3
million tons that generates wastes such as olive pomace
and leaves totaling annually more than 4 and 0.2 million
tons, respectively (International Olive Council, 2017).

One of the ways to take advantage of the olive
oil industry wastes is its use in animal feed. It has
been shown that the inclusion of up to 150 g/kg
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of byproducts such as olive pomace and cake in the
feed has no adverse effects in broiler performance (El
Hachemi et al., 2007; Sayehban et al., 2016). Moreover,
recent interest is being generated in the purification
of the bioactive compounds (polyphenols, oleuropeo-
side, flavonoid, and simple phenolics) from botanicals
such as the olive by-products to enhance animal health
and performance (Liehr et al., 2017; Leskovec et al.,
2018). In a global strategy to reduce the use of drugs
in animal production, plant extracts rich in bioactive
compounds with anti-microbial, antioxidant, and anti-
inflammatory properties are promising alternatives to
antibiotics (Niewold, 2007, 2014; Lillehoj et al., 2018).
According to Niewold (2014) the positive effects of an-
tibiotics on animal performance are directly related
to their anti-inflammatory effects, which attenuate the
intestinal inflammatory insults that take place under
normal productive circumstances. Moreover, bioactive
phytochemicals can stimulate innate immunity and
might be an alternative to control coccidiosis in poultry
(Lillehoj and Lee, 2012). In this regard, it has been
recently suggested that olive pomace extracts might
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improve the intestinal health of calves and pigs (Liehr
et al., 2017; Morrison et al., 2017). Also, inclusion of an
olive pomace bioactive extract in diets fed to sea bream
showed a positive effect on growth performance by im-
proving liver lipid metabolism and the intestinal innate
immune function (Gisbert et al., 2017).

In addition, phenolic compounds extracted from olive
leafs might be beneficial to broilers through their
antimicrobial activity against intestinal pathogenic bac-
teria (Sarica and Ürkmez, 2016). Also, phenolic com-
pounds can stimulate or inhibit digestive enzyme activ-
ities affecting nutrient digestibility in broilers (Brenes
and Roura, 2010; Leskovec et al., 2018). The stimu-
lation of other digestive secretions such as bile acids
by plant bioactives has been reported in rats (Platel
and Srinivasan, 2000). Because of their potential use in
poultry feeds there is a need to increase our knowl-
edge on olive byproducts extracts and their effects
on gut microbiota, nutrient digestibility, and bile acid
metabolism.

The present study aimed to investigate the effects
of supplementing broiler diets with an olive pomace ex-
tract from Olea europaea on animal performance, nutri-
ent digestibility, bile acid composition, gut microbiota,
and immune function.

MATERIALS AND METHODS

Housing and Experimental Animals

A feeding trial was carried out at the Polytech-
nic University of Madrid (UPM) experimental facilities
(Agricultural Production Department, Madrid). All the
experimental procedures used were approved by the An-
imal Ethic Committee of the Universidad Politécnica de
Madrid, according with principles of care of animals in
experimentation (Boletin Oficial del Estado, 53/2013,
BOE, 2013).

A total of three hundred and six 1-day-oldmixed
sex broiler chickens (Ross 308) were obtained from a
commercial hatchery (Avimosa Group, Toledo, Spain).
Chicks were assigned to 18 floor pens (1.1 m × 1.1 m)
with 17 birds per pen (initial live weight 40.6 ± 0.7 g).
Pens were bedded with wood shaving and provided with
a hopper feeder and a bell drinker. Environmental con-
ditions such as temperature, humidity, ventilation, and
illumination were automatically controlled during the
experiment, depending on the age of the birds (33°C
during the first week of age and then was reduced 2°C
each week until reaching 23°C at 6 wk of age). Regard-
ing light program, chicks received 23 h light and 1 h
dark for the first 7 D of life and then 18 h light and
6 h dark until the end of the experiment.

Experimental Design and Diets

All birds were raised with a standard non-medicated
starter diet based on wheat and soybean meal in crum-

Table 1. Ingredients and chemical composition (%, as fed basis,
unless otherwise indicated) of pre-experimental (1 to 21 D) and
experimental control diet (22 to 42 D).

Pre-experimental diet Control diet

Ingredient
Wheat (10.2% PB) 46.9 35.5
Soy bean meal (47% PB) 37.3 30.7
Barley 6.51 20.5
Fat1 5.50 8.00
Celite – 2.00
Dicalcium phosphate 1.40 1.33
Calcium carbonate 1.15 0.98
Vitamin and mineral premix2 0.30 0.30
Sodium chloride 0.40 0.35
L-Lys HCl (78%) 0.14 0.12
DL-met (99%) 0.26 0.23
L-Thr (98%) 0.05 0.05
Etoxiquin 66% 0.02 0.02
Endofeed DC 0.01 0.01
Phyzyme XP 5000 0.01 0.01

Calculated values
Dry matter 88.3 89.0
AMEn (Kcal/Kg) 2,950 3,050
Crude protein 21.9 19.2
Ether extract 7.11 9.60
Crude fiber 3.03 2.90
Neutral detergent fiber 10.4 11.0
Starch 32.0 32.3
Sugars 4.75 4.20
Ca 1.00 0.90
Total P 0.61 0.55
Digestible P 0.36 0.34
Na 0.17 0.15
Ash 6.40 7.80
1Animal fat and soybean oil blend.
2Provided the following (per kilogram of diet): vitamin A (transretinyl

acetate), 10,000 IU; vitamin D3 (cholecalciferol), 2,000 IU; vitamin E
(all-rac-tocopherol acetate), 20 IU; vitamin K (bisulfate menadione com-
plex), 3 mg; riboflavin, 5 mg; pantothenic acid (D-calcium pantothenate),
10 mg; nicotinic acid, 30 mg; pyridoxine (pyridoxine·HCl), 3 mg; thi-
amine (thiamine-mononitrate), 1 mg; vitamin B12 (cyanocobalamine),
12 µg; D-biotin, 0.15 mg; choline (choline chloride), 300 mg; folic acid,
0.5 mg; Se (Na2SeO3), 0.1 mg; I (KI), 2.0 mg; Cu (CuSO4·H2O),
10 mg; Fe (FeSO4·7H20), 30 mg; Zn (ZnO), 100 mg; Mn (MnSO4·H2O),
100 mg; and ethoxyquin, 110 mg.

ble form for the first 3 wk (Table 1). After that, 252
animals with 21 D of age (84 birds/treatment) and sim-
ilar body weight (BW) were used in the feeding trial (14
birds/pen × 6 pens/treatment × 3 treatments). The
design was completely randomized with 3 treatments, a
negative control with no additives (Control), a positive
control with 100 ppm of monensin (Monensin; Elanco
Valquimia S.A.) and the basal diet supplemented with
750 ppm of an olive extract (OE, Lucta S. A.; Spain)
which consisted of an olive pomace extract standard-
ized to contain a minimum of 10% total triterpenes
and 2% polyphenols. The theoretical concentration
of OE (750 ppm, with 2% of polypenols and 10% of
triterpenes) was similar to the concentration found
in the experimental diet (722 ± 23 ppm, with 2.4 ±
0.25% of polypenols and 12.9 ± 0.54% of triterpenes).
This analysis developed with ultra high performance
liquid chromatography-mass spectroscopy (UPLC-MS)
technique indicated that extract mixed procedure and
stability of the product fitted with the expected values.

The experimental diets were formulated to have sim-
ilar nutritive value (Table 1) according to FEDNA
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(2010) and manufactured at IRTA (Mas de Bover,
Constantí, Spain). Celite was added in the feed at 2% as
acid insoluble ash marker for apparent ileal digestibility
(AID) determination. Animals were fed ad libitum the
experimental diets as pellets with 3 mm diameter from
21 to 42 D of age.

Productive Traits and Sampling

Body weight and feed consumption were determined
by pen at 21, 28, 35, and 42 D of age, to calculate
the average daily gain (ADG), average daily feed in-
take (ADFI), and feed conversion ratio (FCR). Mortal-
ity was recorded and weighed as produced. At the end
of the experiment at 42 D of age, birds were slaughtered
by asphyxiation in CO2 atmosphere. To obtain enough
ileal content to determine nutrient digestibility and to
sample all animals in the fed state birds were deprived
of food for 2 h, and then were refed under ad libitum
conditions for 1.30 h to achieve as homogeneous feed
intake as possible. Two birds per pen were randomly
selected and sampled to run microbial, gene expression,
blood and bile acid analysis. To determine the relative
abundance of bacterial families approximately 1 g of
caecal content was sampled, immediately placed in dry
ice and stored at −80°C. For gene expression analy-
sis around 200 mg of ileal (approximately 4 cm from
the Meckel diverticulum) mucosal scrapings were sam-
pled in RNA later (Invitrogen, Carlsbad, CA) following
the manufacturer’s instructions, and further stored at
−80°C. Blood samples were collected from the heart us-
ing sterile syringes and needles. To obtain the plasma
blood was collected into tubes containing EDTA and
aprotinin (BD Vacutainer), held in ice for 30 min, cen-
trifuged at 2,000 × g for 10 min and stored at −80°C
to later analyze bile acids. Finally, 5 g of ileal content
were collected and stored at −80°C to analyze bile acid
concentrations.

Nutrient Apparent Ileal Digestibility

The ileal digesta from the remaining birds (10 to 12
broiler per pen) was collected as indicated in Mandalawi
et al. (2014). Samples were pooled, homogenized, frozen
at −20°C, and freeze-dried. Then, the dried samples
were ground using a mortar and pestle to pass through a
0.5 mm screen and maintained in airtight containers at
room temperature until determination of nutrient AID.
The AID of dry matter (DM), organic matter (OM),
crude protein (CP), ether extract (EE), and gross en-
ergy (GE) was estimated using the indigestible marker
method (De Coca-Sinova et al., 2011).

Ileal Digesta Analysis

The ileal content of broilers were analyzed following
the standard methods of AOAC (2000) for DM and OM
(934.01), EE (920.39), total ash in muffle (942.05), and
CP by combustion method (968.06) using FP-528 nitro-

gen analyzer (LECO, St. Joseph, MI, EE.UU). The GE
was analyzed by adiabatic bomb calorimeter (PARR,
1356 model; Parr Instrument Company, Moline, IL,
EE.UU). Acid insoluble ash of diets, and ileal contents
were determined as indicated by De Coca-Sinova et al.
(2011).

Bile Acids Analysis

Bile acids analysis was performed by UPLC-MS chro-
matography in an AQUITY I-Class (Waters Corp., Mil-
ford, MA) connected to a Xevo-G2 QTof MS detector.
Separation was run on an ACQUITY UPLC BEH C18
1.7 mm column (2.1 × 100 mm, Waters Corp.) using
water and acetonitrile as mobile phases, both contain-
ing a 0.1% of formic acid. Mass spectroscopy detec-
tion was performed in full-scan negative mode (100 to
1,200 Da). Concentration of bile acid was determined
based on standard curves with QuanLynx software
(Waters Corp.). Bile acids were extracted using the
following methodologies and using chenodeoxycholic
acid-d4 (CDCA-d4) as internal standard: lyophilized
ileal digesta samples were homogenized in absence of
solvent on a TissueLyzer II (QIAGEN, Hilden, Ger-
many) and 20 mg of homogenate were extracted with
840 µL of H2O: ACN (1:1) including internal stan-
dard, respectively. After homogenization, the mixture
was centrifuged (15,000 g × 10 min, 4°C) and the su-
pernatant diluted in H2O: ACN (1:50) for UPLC-MS
analysis. Plasma proteins were precipitated by addition
of 200 µL of ACN with 5 µL internal standard to 50 µL
of plasma. After centrifugation, supernatants were di-
rectly analyzed by UPLC analysis.

Gut Microbiota Analysis

The bacterial DNA extraction and sequence analy-
sis were performed using the methodology described by
Andreano et al. (2017). Briefly, bacterial DNA was iso-
lated of caecal content samples to obtain the micro-
biome profile by massive sequencing of the 16S rRNA
gene regions. Amplicons of the V1 to V2 16S rRNA re-
gion were amplified by PCR with F27 forward and R338
reverse primers with the sequences and conditions in-
dicated in Andreano et al. (2017). For each amplicon,
quality and concentration were analyzed using Agilent
Bioanalyzer 2100 (Agilent Technologies, Santa Clara,
CA). Samples were massive sequenced with the Ion 318
Chip Kit v2 (Life Technologies) under manufacturer’s
conditions on an Ion Torrent Personal Genome Machine
(PGM).

Gene Expression Analysis

Total RNA was extracted from approximately 50 mg
of ileal mucosal scraping with TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA), disrupted with a mixer mill
MM-400 (Retsch, Stuttgart, Germany) and isolated by
using the GenElute Mammalian Total RNA Miniprep
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Kit (Sigma-Aldrich Corporation, St. Louis, MO, USA).
To prevent genomic DNA contamination an “in col-
umn” DNase step was performed by using the RNAse-
Free DNase Set (Quiagen, Australia). Extracted RNA
yield and quality were measured by spectrophotometry
(Epoch, BioTek, Winoosky, VT, USA) combined with
the Take3 Micro-Volume Plate (BioTek, Santa Barbara,
CA, USA) by absorbance at wavelengths of 260 and
280 nm.

Reverse transcription of around 2,400 ng of extracted
RNA was performed with the SuperScript VILO Mas-
ter Mix (Invitrogen, Carlsbad, CA, USA). The quan-
titative real-time PCR (qRT-PCR) analysis was per-
formed in a 7300 Real Time PCR System (Applied
Biosystems, Foster City, CA, USA) with already tested
and published primer conditions. Following primers
and PCR conditions were obtained from the litera-
ture: chicken β Actin (housekeeping) (Wang et al.,
2009); ubiquitin (UB) (housekeeping) (De Boever et al.,
2008); liver X receptor (LXR), carbohydrate responsive
element-binding protein (ChREBP), sterol regulatory
element-binding protein 1 (SREBP1), (Proszkowiec-
Weglarz et al., 2009); apical sodium dependent bile
acid transporter (ASBT) (Mcquaid, 2012); fatty acid
binding protein 2 (FABP2) and 6 (FABP6), inter-
leukin 6 (IL-6), claudin 1 (Claudin1), transforming
growth factor beta 4 (TGF-β4), toll like receptor 4
(TLR4) and 2β (TLR-2β) (Chen et al., 2015); chicken
B-cell marker chB6 (Bu-1), marker of active avian
T lymphocytes (CD3γδ) (Bar-Shira et al., 2003); in-
terleukin 8 (former CXCLi2) (Rasoli et al., 2015);
interferon-gamma (IFN-γ) (Rothwell et al., 2004).
Primers of chicken interleukin 2 (IL-2) (Forward: 5′-
CAAGATTCATCTCGAGCTCTACACA-3′, Reverse:
5′-CCCAGGTAACACTGCAGAGTTTG-3′) were de-
signed from the GenBank sequence with accession num-
ber AF000631.1 using Primer Express v.2 software (Ap-
plied Biosystems, Foster City, CA, USA). Samples were
analyzed in triplicate using the right amount of each
primer, ultra-purified water, and SYBR Green Master
Mix (Applied Biosystems, Foster City, CA, USA).

Statistical Analysis

ANOVA was performed to analyze dietary effects on
performance, AID, and bile acids by using the mixed-
model procedure of SAS (release 9.2; SAS Institute),
with diet as the fixed effect and pen as the experimental
unit. Data was analyzed by Shapiro–Wilk and Levene’s
test to determine normality and variance homogene-
ity. Tables show the average values of each treatment
and the standard error of the mean (SEM). When the
ANOVA was significant, differences among means were
separated by Tukey’s test at α = 0.05.

To de-multiplex, quality-filter, and analyze the mi-
crobial raw sequencing reads QIIME 1.9.1 was utilized
(Caporaso et al., 2010). Then, for taxonomy analyses,
reads were clustered into operational taxonomic units
(OTUs) and taxonomic assignment of representative

Table 2. Effect of experimental diets on broiler chickens growth
performance from 21 to 42 D of age.1

Item2 Control Monensin OE SEM3 P-value

21 to 28 D
ADG (g/bird) 103 103 100 2.69 0.77
ADFI (g/bird) 149 146 146 3.06 0.59
FCR (g/g) 1.46 1.42 1.46 0.014 0.12

28 to 35 D
ADG (g/bird) 105 107 108 2.46 0.60
ADFI (g/bird) 185 182 184 4.16 0.87
FCR (g/g) 1.77a 1.71b 1.71b 0.018 0.039

35 to 42 D
ADG (g/bird) 77.8b 103a 97.2a 4.18 0.002
ADFI (g/bird) 193 202 205 4.68 0.22
FCR (g/g) 2.50a 1.98b 2.12b 0.083 0.001

21 to 42 D
ADG (g/bird) 95.1b 104a 102a 2.03 0.018
ADFI (g/bird) 176 177 178 3.37 0.89
FCR (g/g) 1.91a 1.70b 1.76b 0.029 <0.001

a,bMeans within a column and main effect not sharing a common
superscript are significantly different by Tukey’s test (P ≤ 0.05).

1Control, negative control with no additives; Monensin, basal diet
supplemented with 100 ppm of monensin; OE, basal diet supplemented
with 750 ppm of OE.

2ADG, average daily gain; ADFI, average daily feed intake; FCR, feed
conversion ratio.

3SEM, standard error of means (n = 6 replicates with 14 birds each).

OTUs was performed using RDP classifier (Wang et al.,
2007). Representative sequences were aligned by Py-
Nast as default in quantitative insights into microbial
ecology (QIIME) pipeline (Casparoso et al., 2010) and
0.005% of total OTUs were discarded. Shannon index
was assessed to analyze alpha diversity and the non-
parametric Kruskal–Wallis test was applied to evaluate
the statistical significance (P < 0.05).

Differences in gene expression resulting from the
comparison of chickens fed Monensin and OE treat-
ments relative to the control group were determined
using a mixed-model in which a gene-specific effect
and a sample-specific effect were treated as random
variables and treatment was considered fixed (Steibel
et al., 2009). For genes displaying efficiencies different
from 2 (E �= 2), cycle threshold (Ct) values were ad-
justed according to the model described by Steibel et al.
(2009). The standard error was used to recalculate the
lower and upper 95% confidence intervals for each fold
change.

RESULTS

Daily Gain, Feed Intake, and Feed
Conversion

Growth performance data are shown in Table 2. From
28 to 35 D of age, broilers fed the OE and Monensin di-
ets showed better FCR than those fed the Control diet
(P < 0.05). During the last period, from 35 to 42 D of
age, no significant differences were observed in ADFI.
However, animals fed with Control showed lower ADG
(P < 0.01) than those fed Monensin and OE diets re-
sulting in a worse FCR (P < 0.001) for Control diet.
In the global period, from 21 to 42 D of age, a lower
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Table 3. Effect of experimental diets on the apparent ileal di-
gestibility (AID, %) of nutrients in broilers at 42 D of age.1

Item Control Monensin OE SEM2 P-value

Digestibility
Dry matter 65.4 68.6 66.2 0.99 0.095
Gross energy 69.5 72.5 70.2 1.04 0.13
Ether extract 83.0 84.2 82.1 1.54 0.62
Organic matter 68.5 71.7 69.2 1.06 0.12
Crude protein 72.1b 77.8a 73.8a,b 1.41 0.035

a,bMeans within a column and main effect not sharing a common
superscript are significantly different by Tukey’s test (P ≤ 0.05).

1Control, negative control with no additives; Monensin, basal diet
supplemented with 100 ppm of monensin; OE, basal diet supplemented
with 750 ppm of OE.

2SEM, standard error of means (n = 6).

Table 4. Effect of experimental diets on bile acid composition in
ileal contents and plasma of broilers at 42 D of age.1

Item2 Control Monensin OE SEM3 P-value4

Ileal content (µmol/g of sample)
TCA 0.094 0.15 0.11 0.042 0.93
TCDCA 1.21 3.84 1.27 0.99 0.14
AVCA 0.17 0.31 0.23 0.055 0.19
CA 0.56 1.39 1.01 0.27 0.094
CDCA 4.61 9.63 8.07 2.14 0.12
Σ Conjugated 1.30 3.98 1.37 1.01 0.14
Σ Unconjugated 5.35 11.3 9.31 2.24 0.097
Total BA 6.65b 15.3a 10.7a,b 2.89 0.055

Plasma (nmol/mL of plasma)
TCA 0.41 0.72 0.77 0.19 0.37
TCDCA 14.2 13.6 14.8 2.59 0.97
TLCA 0.29 0.29 0.29 0.022 0.95
CDCA 0.31 0.36 0.64 0.21 0.24
Σ Conjugated 14.9 14.6 15.9 2.75 0.96
Σ Unconjugated 0.31 0.36 0.64 0.21 0.24
Total BA 15.2 14.9 16.5 2.9 0.72

a,bMeans within a column and main effect not sharing a common
superscript are significantly different by Tukey’s test (P ≤ 0.05).

1Control, negative control with no additives; Monensin, basal diet
supplemented with 100 ppm of monensin; OE, basal diet supplemented
with 750 ppm of OE.

2TCA, Taurocholic acid; TCDCA, Tauroursodeoxycholic acid; TLCA,
Taurolithocholic acid; AVCA, Avicholic acid; CA, Cholic acid; CDCA,
chenodeoxycholic acid.

3SEM, standard error of means (n = 6).
4P-values are from square root data transformation analysis.

ADG (P < 0.05) was observed in birds fed Control com-
pared to Monensin and OE groups. Furthermore, no
significant differences in ADFI were reported among
treatments and hence broilers in Control diet showed
worse FCR than animals fed the Monensin and OE
(P < 0.001).

Apparent Ileal Digestibility

No significant differences on GE, OM, and EE AID
were observed among treatments (Table 3). However,
birds fed Monensin showed higher CP AID (P < 0.05)
than those fed Control diet, and OE group showed in-
termediate values.

Bile Acids

No differences were observed in conjugated or un-
conjugated bile acid concentration in ileal digesta and
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Figure 1. Effects of feeding broiler chicken diets supplemented with
100 ppm of monensin or 750 ppm of OE on the relative abundance of
bacteria families in caecal content (n = 6). Control, negative control
with no additives; Monensin, basal diet supplemented with 100 ppm
of monensin; OE, basal diet supplemented with 750 ppm of OE.
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Figure 2. Effects of feeding broiler chicken diets supplemented with
100 ppm of monensin or 750 ppm of OE on the relative diversity of
caecal microbiota (Shannon index) (n = 6). Control, negative control
with no additives; Monensin, basal diet supplemented with 100 ppm
of monensin; OE, basal diet supplemented with 750 ppm of OE.

plasma (Table 4). However, the sum of the total bile
acids tended (P = 0.055) to be higher in birds fed the
Monensin. The predominant bile acid in ileal digesta
was CDCA while tauroursodeoxycholic acid (TCDCA)
was the predominant in plasma.

Caecal Microbiota

Firmicutes was the predominant phylum in the caeca
(Figure 1). No significant differences among diets were
observed in relative abundance of the main bacte-
rial families. Numerically, the most abundant fami-
lies were Clostridiciaceae in Control (41.7%) and Mo-
nensin (51.1%) treatments, and Lactobacillaceae in OE
(65.5%) treatment. Additionally, the diversity of caecal
microbiota measured by the Shannon index was similar
among treatments (Figure 2).
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Figure 3. Effects of feeding broiler chicken diets supplemented with 100 ppm of monensin (Monensin) or 750 ppm of OE (OE) on the expression
of selected genes in the ileum. Gene expression values are fold change relative to the mRNA levels in the control diet (C) set to be 1.0 (horizontal
axis). Bars indicate the 95% confidence interval (Fold change up—Fold change low) (n = 12; *: P < 0.05; **: P < 0.01; ***: P < 0.001).

Gene Expression

Results of gene expression in the ileum are shown
in Figure 3. The expression of LXR, ASBT, REBP,
SREBP1, IFNγ, FABP2, FABP6, IL-2, IL-6, Claudin1,
TLR-2β, TLR4, and CD3γδ in the ileum was not af-
fected by dietary treatments. However, the expression
of IL-8 was significantly down-regulated in birds fed the
OE compared to those fed Control diet (P < 0.05). In
addition, the expression of TGF-β4 was significantly
up-regulated in birds fed Monensin (P < 0.05) and
OE treatments (P < 0.01) compared to C. The expres-
sion of Bu-1 showed a similar pattern with a signifi-
cant up-regulation in Monensin (P < 0.001) and OE
(P < 0.001).

DISCUSSION

In the present study supplementing broiler diets with
750 ppm of OE during the grower-finisher period did
not affect ADFI but improved ADG and FCR com-
pared to a non-supplemented control. This is in agree-
ment with Sarica and Ürmez (2016) who reported also
higher final BW and better FCR in broilers fed olive
leaf extracts. By contrast Leskovec et al. (2018) and
King et al. (2014) were unable to detect significant dif-
ferences in productive parameters after supplementing
the feed and water with olive leaf and pomace extracts,
respectively. However, the specified examples were per-
formed with extracts from olive leaves (Leskovec et al.,
2018) or olive pulp (King et al., 2014) rich in polyphe-
nols, while in the present study extract contained a
higher prevalence of triterpenes over the polyphenolic
fraction. Contradictory results on broiler performance
with other plant extracts rich in bioactive compounds
have also been described (Leskovec et al., 2018) and
it has been proven that not only the different botani-

cal origin but also plant location, harvesting conditions,
processing, and storage can affect the extract composi-
tion and activity (Huyghebaert et al., 2011). Therefore,
the different concentration of the bioactive substances
in the extracts (i.e., percentage of total triterpenes and
polyphenols) and/or the route of administration (feed
vs. water) might be behind the different results on per-
formance among olive byproduct extract studies.

Plant extracts might improve broiler growth and feed
efficiency by increasing nutrient digestibility as they
can affect digestive enzyme function, intestinal mor-
phology gastrointestinal tract motility, or bile acid se-
cretion (Lee et al., 2003; Brenes and Roura, 2010;
Bozkurt et al., 2016; Leskovec et al., 2018). In the
present study no significant differences were observed
on the AID of DM, EE, GE, and OM among dietary
treatments. This is in agreement with the study of
Leskovec et al. (2018) who reported no significant dif-
ferences in nutrient apparent total tract digestibility co-
efficients among broilers fed the olive leaf extract and
the no supplemented control. However, in the present
study birds fed the Monenisn supplemented diet showed
a better protein AID than the control but similar to
those fed the OE. Recent studies support that the pos-
itive effects of Monensin on broiler growth and FCR
might partially be explained by a rise in intestinal diges-
tive enzyme activities including chymotrypsin (Bozkurt
et al., 2016). Other studies have also reported improve-
ment on broiler FCR with Monensin due to an increase
of conjugated bile acids (TCA and TCDCA) and hence
better dietary fat digestibility (Guban et al., 2006).
Moreover, studies performed in rats have shown the
ability of plant extracts rich in polyphenols to affect
lipid metabolism and bile acid composition (Fotschki
et al., 2017). In the present study no significant differ-
ences were observed on intestinal or plasma bile acid
composition among treatments, in agreement with a

7OLIVE POMACE EXTRACT IN BROILER DIETS



lack of effect on dietary fat digestibility. Moreover, the
ileal expression of genes encoding proteins involved in
bile acid and lipid metabolism such as LXR, ASBT,
ChREBP, SREBP1, FABP2, and FABP6 was not af-
fected by dietary treatments. However, in the present
study total bile acid concentration tended to be higher
in birds fed the Monensin supplemented diet. Besides
their role as physiological detergents that facilitate the
absorption of lipids bile acids act as “hormone-like”
molecules involved in several signaling pathways in-
cluding the regulation of lipid, glucose, and energy
metabolism (Li and Chiang, 2015). The composition of
the bile acids pool is a balance between the primary (un-
conjugated) bile acids synthesized in the liver and their
modifications to secondary (conjugated) bile acids in
the intestine generated by the microbiome (Li and Chi-
ang, 2015). After the transport of bile acids back to the
liver via portal blood the synthesis of new primary bile
acids takes place according to the physiological needs.
This link between gut microbiota and hepatic bile acid
synthesis might be useful to detect functional changes in
the microbiome or potential changes in microbial pop-
ulations impacting the animal energy metabolism. Re-
sults from this study suggest a better performance in
birds fed the Monensin supplemented diets because of
a better protein digestibility and higher ileal total bile
acid concentrations. By contrast, our results show that
the positive effects of OE on performance seem not to
be due to improvement in nutrient digestibility or bile
acid pool modifications.

Gastrointestinal microbiome plays an important role
for gut health and nutrition in poultry production (Xiao
et al., 2016). Phytogenics, probiotics, prebiotics, or ex-
ogenous enzymes are commonly used to modulate gut
microbiome (Dibner and Richards, 2005; Oakley et al.,
2014). In this context, bioactive compounds of olive po-
mace such as oleuropein and hydroxytyrosol are good
candidates to modulate the composition of gut micro-
biota and enhance gut integrity (Sarica and Ürmez,
2016). It is known that triterpenes offered through the
diet are only partially absorbed in the upper digestive
tract (Yin et al., 2012) and are also present along the
GIT tract (Lozano-Mena et al., 2016). Therefore, coat-
ing technologies are not required in this kind of extracts
to reach the gastrointestinal tract and perform its ac-
tivity. In the present study Firmicutes was the most
abundant phylum in the broiler caeca, this is in agree-
ment with other studies in broilers (Danzeisen et al.,
2011). No significant differences were observed on cae-
cal microbiota diversity or relative abundance of the
main bacterial families among experimental treatments.
This is in agreement to results obtained by Liehr et al.
(2017) who observed no differences in composition and
diversity of gut microbiome, at the phylum level, in
pigs fed diets supplemented with an olive oil bioactive
extract similar than the one used in this study. How-
ever, our results partially agree with Sarica and Ürmez
(2016) who reported no changes in total aerobic bacte-
ria but significant differences on E. coli and Lactobacilli

counts in ileal samples of birds fed olive leaf extracts or
a control diet with no additives. Again, different ex-
tracts origin (leaf vs. pomace) and composition (oleu-
ropein vs. triterpenes) might potentially explain these
discrepancies. On the other hand, monensin inclusion in
chicken diets has been described to decrease Lactobacil-
lus species (Guban et al., 2006; Danzeisen et al., 2011).
No evidence were found that could justify these contra-
dictory results; however, the limited number of repli-
cates in the present study, or factors such as diet, broiler
breed, the environment of the experimental farm, or
technical methodologies might be behind discrepant re-
sults among microbiome studies in poultry (Danzeisen
et al., 2011). Further analysis to confirm the lack of ef-
fect of the OE on bacteria at the genus or species level
is needed.

Plant extracts may exert their beneficial effects on
growth performance among others because of their an-
tioxidant and/or immunomodulatory effects (Lillehoj
et al., 2018). Previous studies conducted with ex-
tracts of similar composition to the one used in this
study showed better animal performance related to
its anti-inflammatory function rather than the antiox-
idant one (Gisbert et al., 2017; Liehr et al., 2017;
Tedó et al., 2018). This made us explore only the
potential reduction of the inflammatory status of
the animals. Some plant extracts have shown im-
munomodulatory effects in studies in which poultry and
pigs were experimentally infected (Zeng et al., 2015;
Sugiharto, 2016). These effects include increase in lym-
phocyte proliferation, serum level antibodies, decrease
of pro-inflammatory, and increase of anti-inflammatory
cytokines (Zeng et al., 2015; Sugiharto, 2016). In a re-
cent study, Liehr et al. (2017) reported a beneficial
effect of an OE extract in pigs challenged with LPS
on immune response by reducing the pro-inflammatory
IL-1β in plasma leading also to a better animal per-
formance. Despite inflammation is normally associated
with pathogen outbreaks there might be also a moder-
ate intestinal inflammation in response to the high en-
ergy diets used under normal productive circumstances
(Niewold, 2014). Moreover, as suggested by Niewold
(2014) plant extracts, like antibiotics, might increase
broiler performance because of their anti-inflammatory
effects at intestinal level. In the present study, the ex-
pression of intestinal IL-2, IL-6, and IFNγ was not af-
fected by dietary means. However, birds fed the OE
showed a significant decrease of IL-8 expression in the
ileum. This chemokine plays an important role in the
chicken inflammatory response recruiting heterophil at
a local and systemic level in response to bacterial pres-
ence (Kogut, 2002). Moreover, a significant upregula-
tion of the anti-inflammatory cytokine TGF-β4 and
the B cell marker Bu-1 was observed in the ileum of
birds fed the EO and Monensin diets compared to
those fed the Control diet. Therefore, it is plausive
that the better performance observed in birds fed the
Monensin and EO diets in our study might be related
to a lower intestinal inflammatory response explained
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by the immunosuppressant effect on IL-8 and the
increase anti-inflammatory expression of TGF-β4 un-
der non-acute inflammatory conditions.

In conclusion, the present study shows that the inclu-
sion of 750 ppm of an olive pomace extract containing a
minimum of 10% total triterpenes and 2% polyphenols
positively affects growth in broiler chickens. Among the
possible mechanism of action studied so far in this work
improvement in performance is likely related to the ex-
tract anti-inflammatory properties. However, other pos-
sible mechanisms such as antioxidant capacity remain
to be explored.
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Kołodziejczyk, A. Mackie, and Z. Zduńczyk. 2017. Raspberry po-
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