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Natural resin acid –enriched composition as a modulator of intestinal
microbiota and performance enhancer in broiler chicken
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Summary

Resin acids extracted from coniferous trees are known for their antimicrobial and antifungal effects. This trial investigated the
effect of a natural resin acid-enriched composition (RAC) on the gastrointestinal microbiota and productive performance of
broiler chicken. The results demonstrated that at or above 5 mg/l, RAC prevented the growth of a pure culture of Clostridium
perfringens, a causative agent of necrotic enteritis in poultry. Next, the effects of RAC on the microbial community were studied
in a fermentation model with both the microbial inoculum and substrate for the microbes isolated from the ileum of broiler
chickens. RAC was included at 0, 0.1 and 1 g/kg digesta, and supplementation decreased the relative proportion of lactic acid
and increased that of acetic acid produced during the fermentation in a dose-dependent manner. At 1 g/kg inclusion, RAC
decreased the density of lactobacilli. The final part of the experiment investigated the influence of RAC on the performance
and intestinal microbiota of necrotic enteritis (NE)-challenged broiler chickens. A wheat and soy -based diet was supplemented
with RAC at 0, 0.5, 1 and 3 g/kg. The chickens were challenged with Eimeria maxima oocysts on day 11, and a pure culture of
C. perfringens on day 14. On day 17, the final day of the trial, RAC inclusion at 1 and 3 g/kg of feed significantly increased body
weight. At 3 g/kg RAC numerically decreased the daily mortality seen during the challenge period. In the ileum, RAC at 1 g/kg
reduced the NE-associated peak of microbial lactic acid production. Overall, the data suggested that the dietary ingredient
RAC has the potential to act as a performance-enhancer and microbial modulator in broiler chickens.
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Introduction

Although antibiotic growth promoters (AGPs) improve
the performance and health of farm animals (Feighner
and Dashkevicz, 1987; Lin, 2014), concerns about pos-
sible human health effects (Witte et al., 1999; Wegener,
2003) led to the prohibition of their use within the
European Union. In some cases the consequence has
been increased digestive disorders and diseases as well
as reduced bird performance (Van Immerseel et al.,
2009). Necrotic enteritis (NE) is caused by the ubiqui-
tous soil bacterium Clostridium perfringens which can
inhabit the gastrointestinal tract of broiler chickens

without causing any disease (Timbermont et al., 2011).
Predisposing factors, such as coccidiosis, high dietary
concentrations of certain protein or non-digestible vis-
cous fibre, contribute to the onset of NE (Van
Immerseel et al., 2004 and 2009; Timbermont et al.,
2011). In recent years research efforts have been directed
to finding alternatives to AGPs (Lee et al., 2011;
Shojadoost et al., 2012). The ideal candidate substance
should present the same beneficial effects as AGPs, name-
ly an improved feed conversion efficiency and inhibition of
growth of pathogenic bacteria (Huyghebaert et al., 2011).
Products such as exogenous enzymes, organic acids, yeast-
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derived beta-glucans, probiotic bacterial cultures, herbs
and essential oils have been evaluated for this purpose
(Huyghebaert et al., 2011).
Resin is a substance that coniferous trees secrete at the

sites of mechanical injury to prevent the invasion of
pathogenic bacteria and fungi and to deter herbivorous
animals. Although resin acids are not a typical ingredient
found in animal diets, they are commonly consumed by
many wild herbivores of the northern hemisphere,
including moose (Alces alces) and the popular game bird
capercaillie (Tetrao urogallus; Wienemann et al., 2011;
Milligan and Koricheva, 2013). Resin contains com-
pounds such as abietic, dehydroabietic, neoabietic, isopi-
maric, levopimaric and palustric acids, which are a
diverse group of hydrophobic diterpene carboxylic
acids with antimicrobial, antifungal and antiparasitic
activity (San Feliciano et al., 1993; Rubio et al., 2005;
Savluchinske-Feio et al., 2006). Gram-positive bacteria
are especially sensitive to resin acids (San Feliciano
et al., 1993). For example, Streptococcus mutans (Ali et al.,
2012) and multidrug-resistant and methicillin-resistant
Staphylococcus aureus (Smith et al., 2005), which are both
Gram-positive species, are sensitive to resin acids.
Traditional medicine in Scandinavia has used the anti-
microbial properties of Norway spruce (Picea abies) and
Scots pine (Pinus sylvestris) resin for centuries, and novel
applications, like resin-salves for the treatment of severe
wounds, have been developed in recent years (Sipponen
and Laitinen, 2011; Sipponen et al., 2012).
The fact that C. perfringens is Gram-positive makes resin

acids an interesting dietary supplement candidate for
reducing the risk of NE in the broiler chickens fed
antibiotic-free diets. The hypothesis for this study was
that resin acids may decrease the growth of C. perfringens
and favourably modulate the gastrointestinal microbiota,
leading to improved performance in broiler chickens.
The effects of a resin acid-enriched composition (RAC),
a combination of fatty acids and resin acids from conifer-
ous trees, using three model systems were evaluated.
First, the product was tested in vitro to evaluate the effect
of RAC against the multiplication of C. perfringens in pure
cultures. Next, the effect of RAC on the structure and
function of the entire ileal microbiota of broiler chicken
was examined, using a unique ex vivo fermentation system.
Finally, the effects of RAC in NE challenged broiler chick-
ens was studies. Performance of the birds was monitored,
and samples of ileal contents were analysed for the struc-
ture of intestinal microbiota and residual concentration
of short chain fatty acids (SCFAs).

Material and Methods

Inhibition of C. perfringens in vitro

A resin acid-enriched composition (RAC; Suomen Rehu,
Hankkija Ltd, Finland), containing natural resin acids of
Scots pine and Norway spruce was produced by
Forchem Ltd (Rauma, Finland). Depending on the
experiment, RAC solution contained 5.0–8.5% resin
acids, 88.5–93% free fatty acids, and 2–3% neutral com-
ponents. The fatty acid profile of the product was 4-6%
saturated acids, 27–31% monounsaturated fatty acids,
and 63–69% of polyunsaturated fatty acids with an n-3
to n-6 -ratio of approximately 1:4.
Anaerobic trypticase soy-yeast extract medium (Lab M

Ltd; Lancashire, UK) with 27.7 mM D-glucose, pH
7.0–7.2, was used as the basal growth medium for
C. perfringens (type strain DSM 756) throughout the
experiment. C. perfringens was grown at 37°C in 50 ml
glass vessels with air-tight butyl rubber stoppers to
ensure anaerobic status.
The inhibition study was conducted using 25 ml glass

vials with butyl rubber stoppers with a reaction volume
of 15 ml. The RAC preparation, used at 0, 0.1, 1, 5, and
10 mg/l, contained 5% resin acids. The study was initiated
by injecting a 150 µl inoculum of the C. perfringens culture
through the rubber stopper into the vessel with the growth
medium and the chosen concentration of RAC. The bot-
tles were kept at 37°C and continuously mixed by a gyr-
atory shaker at 100 rotations per minute and growth was
monitored for eight hours. There were three replicate ves-
sels for each treatment, and the inoculation was done in a
random order to avoid any potential systematic shifts.
Optical density (OD) was measured at 0, 3 and 6 h

time points using a turbidometer with a wavelength of
690 nm. Total gas production in each vessel was mea-
sured at the 8 h time point by puncturing the rubber
stopper with a needle connected to an accurate 20 ml
glass syringe with a sensitive ground plunger. The
volume of gas released from the vessels was recorded.
C. perfringens produces gas while growing, thus the volume
of gas was used as an indication of bacterial growth and
metabolism.

Ileal fermentation in vitro

The ileal ex vivo fermentation study procedure was
designed to model the luminal conditions of the ileum
in broiler chickens. The study was carried out as
described by Apajalahti et al. (2009) for piglet ileal fer-
mentation. Three concentrations of RAC containing
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7% resin acids were tested at 0, 0.1 and 1 g/kg total fer-
mentation broth. For preparation of the fermentation
medium, ileal contents (defined as the region of small
intestine between the Meckel’s diverticulum and the cae-
cal junction) of 30 four-week old Ross 508 broiler chick-
ens from a commercial farm were collected, pooled and
mixed carefully. The digesta was combined with an equal
volume of pH 6.5 buffer solution (0.02 M K2HPO4, 0.02
M NH4H2PO4, 0.0006 M MgSO4) and centrifuged at
18,000 x g for 20 min to pellet the solids. The pellet
was discarded and the supernatant used as a substrate
for the fermentation medium, ensuring it contained
only authentic substrates of the intestinal origin. On the
day the study was conducted, fresh ileal digesta was
recovered from birds and kept on ice until used as a
1% inoculum for the fermentation study.
The study was conducted under N2 in an anaerobic

glove box, at 42°C, using four replicate 2 ml microcentri-
fuge vials as fermentation vessels. The reaction volume
was 1.5 ml. The vessels were inoculated in a random
order to avoid any systematic shifts.
At the 10 hour time point, the fermentation was stopped

by centrifuging the vials for 10 min at 18,000 × g. The
supernatants were recovered for SCFA analysis and the
pellets for bacterial analysis. The samples were stored
in freezer at −20°C prior to the analysis of SCFAs and
the density of total eubacteria and the densities of the
Lactobacillus group and Enterococcus spp., as described
below.

Challenge trial with broiler chickens

The experiment was conducted at the poultry facility of
Alimetrics Ltd in Southern Finland (according to the eth-
ical procedures of The National Animal Experiment
Board of Finland). In total, 192 one-day-old male Ross
508 broiler chickens from a commercial hatchery
(Suomen Broiler Oy, Masku, Finland) were randomly
allocated to four dietary treatment groups, with eight rep-
licate pens per diet and six chickens per pen. A commer-
cial, wheat and soybean meal based diet for broiler
chickens without coccidiostats, (Table 1) was used as a
basis for the dietary treatments. RAC containing 5% of
resin acids was hand-mixed with sugar beet pulp and
then with the other feed components at the experimental
feed mill of Agrifood Research Finland (Jokioinen,
Finland). The concentration of RAC in the dietary treat-
ments was 0, 0.5, 1 and 3 g/kg. Feed for the first four
days was manufactured as 3 mm pellets and the rest of
the feed was offered as 4 mm pellets. The chickens

had a free access to feed and water throughout the
experiment.
The 1.125 m2 pens used were equipped with one feed-

er and two nipples of a watering line per pen. Wood
shavings were used as a bedding material. During the
first week, the ambient temperature was 29°C and brood-
er lamps provided additional heat to the pens. Thereafter,
the brooder lamps were switched off and the temperature
was gradually lowered to 25°C on d 17. The temperature
and humidity were monitored and recorded on a daily
basis. The lighting schedule was 23L:1D on day one.
The dark period increased one hour per day until reach-
ing 18L:6D which was maintained for the rest of the trial.
The chickens were monitored twice per day, and, accord-
ing to the Finnish practices, the chickens did not receive
any vaccinations.
Feed intake was measured daily by weigh back from

feeders. The chickens were individually weighed on
days 1, 11, and 17, and the remaining feeds in the feeders
were weighed on the same days. Birds found dead in the
pens and birds culled because of health problems were
weighed and recorded. Pen averages for body weight
(BW), feed intake, feed conversion ratio (FCR), and
daily mortality (as percentage) were calculated for the
pre-challenge (d 1 – 11) and challenge (d 11 – 17) periods
separately, and for the entire 17-d study period. FCR was
calculated by dividing total feed intake by the total

Table 1. Calculated and analysed composition of the basal diet (g/kg dry

matter, unless otherwise stated)

Ingredient g/kg

Calculated composition

Wheat 567.3

Soybean meal 330

Sugarbeet pulp 7.7

Rapeseed oil 40

Monocalcium phosphate 20

Limestone 15

Sodium chloride 3.9

DL-methionine 6.6

L-lysine 4

Threonine 1.5

Trace mineral premix1 2

Vitamin premix2 2

Analysed composition

Dry matter (g/kg) 886

Crude protein 270.9

Crude fat 66.6

Crude fibre 36.1

Ash 70

1 Providing the following per kg of feed: Ca, 0.6 g; Fe, 29 mg; Cu, 8 mg; Mn, 10 mg;

Zn, 65 mg; I, 0.5 mg; Se, 0.2 mg. 2 Providing the following per kg of feed: Ca, 0.66 g;

vitamin A, 12,000 IU (retinol);cholecalciferol, 112.5 µg; vitamin E, 54 IU (tocopheryl

acetate 3a700); menadione, 3.1 mg; thiamine, 2.5 mg; riboflavin, 6 mg; pyridoxine,

4 mg; cyanocobalamin, 0.025 mg; biotin, 0.15 mg; folic acid, 1.0 mg; niacin, 40 mg;

pantothenic acid, 15.0 mg.
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increase of body weight gain per pen for each time period
without correcting for mortality. Birds in two adjoining
pens, representing treatments RAC 0.5 g/kg and RAC
1 g/kg suffered from a technical problem in a nipple
watering line on d 7. These pens were removed from
the trial, which reduced the number of replicate pens
to seven in these treatments.
On d 11, each chick received a coccidial challenge by

an oral gavage of 5,000 sporulated oocysts of Eimeria
maxima of the Weybridge strain (Biopharm Ltd, Czech
Republic), suspended in 200 µl of tap water. On d 14,
each chick was orally inoculated with 6 × 108 cells of
C. perfringens in 2 ml of growth medium, directly into
the crop using a silicon hose and syringe. The C. perfrin-
gens strain used in the present trial was isolated from the
ileal contents of a broiler chicken suffering from an acute
NE case in Finland. To prepare the C. perfringens inocu-
lum, the bacterium was grown overnight anaerobically
at 37°C in trypticase soy-yeast extract medium with
27.7 mM D-glucose, pH 7.0–7.2. The culture was
divided into 50 ml aliquots (one bottle per 25 birds)
and sealed into anaerobic serum bottles under protective
N2 gas flow to ensure that the bacterial culture was active
at the time of inoculation.
On d 17, all remaining birds were weighed and killed

by cervical dislocation. The abdominal cavity was cut
open, and the ileum was excised and placed in plastic
bags and frozen immediately. The samples were stored
at −20°C until analysis.

Extraction of microbial DNA from intestinal samples

Four replicate samples from the RAC 0 g/kg and 1 g/kg
treatments of the fermentation experiment and the ileal
digesta samples of three birds per pen from seven pens
per treatment of the NE challenge trial were chosen
for the analysis of microbial community structure. They
were analysed for the density of total eubacteria,
Lactobacillus group and Enterococcus spp. by quantitative
real-time PCR (qPCR). In addition, the samples of the
NE challenge trial were analysed for the total density
of alpha-toxin encoding C. perfringens.
For qPCR analysis, the bacterial DNA was extracted

from the samples with the following protocol. The fro-
zen ileal segments were thawed in room temperature
and opened along the mesentery. The digesta was gently
collected using a sterile wooden spatula and carefully
mixed in a plastic test tube. One gram of digesta was
homogenised and suspended in 5 ml of phosphate buf-
fered saline with EDTA, vortexed vigorously for

5 minutes, and centrifuged at low speed (100 × g) for
10 minutes to remove the solid particles. Two ml of super-
natant was transferred to a clean microcentrifuge tube and
subjected to centrifugation at 17 000 × g for 10 minutes to
pellet the bacterial cells. Subsequently, the pellet was
re-suspended in 600 µl of lysis buffer containing EDTA
and Tris HCl with 20 µl of proteinase K and the suspension
was transferred to a screw-cap microcentrifuge tube con-
taining 0.4 g of sterile glass beads and the suspensions
were incubated at 65°C for 60 minutes with vortexing for
30 s (1400 rpm) at 10 minute intervals. The bacterial cells
were disrupted by two 1 minute rounds of bead beating
(MP Biomedicals, USA) at 6.5 m/s, after which genomic
DNA was purified from the homogenates by adding
750 µl phenol-chloroform-isoamyl alcohol (25:24:1) and
centrifuging at 10,000 × g for 10 minutes. 550 µl of the
aqueous phase was collected, 600 µl of chloroform-isoamyl
alcohol (24:1) was added and the mixture was centrifuged at
10,000 × g for 10minutes. 350 µl of the aqueous phase was
collected and DNA was precipitated by addition of 0.6
volumes of 100% isopropanol and 35 µl of Na-acetate,
and pelleted by centrifugation at 18,000 × g for 10 minutes.
Finally, the DNA pellet was washed twice with 1 ml of ice
cold 70% ethanol, dried and re-suspended in 100 µl of
Tris-EDTA buffer.

Real-time PCR analysis

Quantitative real-time PCR was performed with an ABI
Prism Sequence Detection System 7500 instrument (Life
Technologies, USA). The primers used for the analysis
are presented in Table 2. The amplifications were per-
formed in a volume of 15 µl with SYBR Select Master
Mix (Life Technologies, USA), 0.25 µM of both primers,
and 5 µl of 1:1000 diluted template DNA or deionised
sterile water as a no-template control (NTC). The ther-
mal cycling conditions used involved one cycle of pre-
heating at 50°C for 2 minutes and initial denaturation
at 95°C for 10 minutes followed by 40 cycles of denatur-
ation at 95°C for 15 seconds and primer annealing and
extension at primer-specific annealing temperature
(Table 2) for 60 seconds. To determine the specificity
of the PCR reactions, a melting curve analysis was carried
out in conjunction with each amplification run by slow
cooling from 95°C to 60°C, with fluorescence collection
at 0.3°C intervals.
Tenfold serial dilutions ranging from 1 × 108 to 1 × 102

16S rRNA gene copies of the target microorganism were
included on each 96-well plate. The exception was the
alpha-toxin gene of C. perfringens, the phospholipase C
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( plc)-gene targeted assay in which genomic pure culture
DNA was applied as a standard (range of standard
curve was from 10 ng to 0.1 pg of C. perfringens genomic
DNA, which corresponded to 2.8 × 106 to 28 genomic
equivalents). The fractional cycle number at which the
fluorescence passes the threshold (set at 0.3 fluorescent
units) was determined for the unknowns and compared
with the standard curves. Taking into account the original
mass of starting material, elution volume and PCR tem-
plate dilution, the number of 16S rRNA gene targets or
C. perfringens genomes was determined per gram (wet
weight) of intestinal material.

Analysis of short chain fatty acids

Samples from the fermentation experiment and the NE
challenge trial were analysed for the SCFAs as follows.
A total of 0.4 g of digesta sample was weighed and 2.4
ml of pivalic acid was added as an internal standard.
Volatile fatty acids were extracted by shaking the mixture
for 5 min. The extract was subjected to centrifugation at
3,000 × g for 10 min. Following the centrifugation, 800
µl of the supernatant was precipitated by adding 400 µl
of saturated oxalic acid solution and the mixture was
incubated at 4°C for 60 min, then centrifuged at
18,000 × g for 10 min. Samples were analysed by gas
chromatography using a glass column packed with 80/
120 carbopack B-DA/4% Carbowax stationary phase,
using helium as a carrier gas and a flame ionisation
detector. The acids determined were acetic, propionic,
butyric, iso-butyric, 2-methyl-butyric, valeric, iso-valeric
and lactic acid.

Statistical Analysis

Data was subjected to one way ANOVA using the SPSS
software (IBM, version 22). ANOVA P-values of less
than 0.05 were considered significant, and those between
0.05 and 0.10 were considered a strong trend and shown

in the tables. Means were separated by Tukey’s HSD test.
For the NE challenge data, pen means were used for stat-
istical analysis of every parameter.

Results and Discussion

RAC significantly inhibited the growth of C. perfringens
(P < 0.001), as indicated by the lack of increase of turbid-
ity of the growth medium in the 5 and 10 mg/l RAC
treatments (Figure 1a). The production of gas in the
fermentation vessels was significantly inhibited by RAC
(P < 0.001), this effect being visible at or above 5 mg/l
(Figure 1b). However, RAC at 0.1 or 1 mg/l had little

Figure 1. Turbidity at 690 nm (a) and cumulative volume of produced gas (b)

as indications of the in vitro growth of Clostridium perfringens (mean ± SE, N =

3). Columns not sharing a letter differ significantly (P < 0.05)

Table 2. Target microorganisms and genes, annealing temperatures and primer sequences used in the qPCR analysis of samples from the ex vivo
fermentation and the NE challenge trial with broiler chickens.

Target group or microorganism Target gene Annealing temp. (°C) Primer sequence (5′–3′) Reference

Total eubacteria 16S rRNA 60 F: TCCTACGGGAGGCAGCAGT

R: GGACTACCAGGGTATCTAATCCTGTT

Nadkarni et al. (2002)

Lactobacillus group 16S rRNA 61 F: AGCAGTAGGGAATCTTCCA

R: CACCGCTACACATGGAG

Rinttilä et al. (2004)

Enterococcus spp 16S rRNA 65 F: CCCTTATTGTTAGTTGCCATCAT

R: ACTCGTTGTACTTCCCATTGT

Rinttilä et al. (2004)

Clostridium perfringens plc1 62 F: TTACCTTTGCTGCATAATCCC

R: ATAGATACTCCATATCATCCTGCT

Tansuphasiri (2001)

1phospholipase C (plc) gene of Clostridium perfringens
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effect to the growth of C. perfringens. The resin acid con-
centration of the RAC batch used in the in vitro fermen-
tation was 5%, so the lowest concentration of resin acids
causing inhibition for the growth of C. perfringens
was 0.25 mg/l. This suggested that the type strain of
C. perfringens is very sensitive to RAC. The ability of
resin acids to interact with phospholipid membranes
of Gram-positive bacteria is the likely mode of action
of their antimicrobial activity, as suggested by San
Feliciano et al. (1993).
For the ex vivo laboratory fermentation experiment, the

setting mimicked the physicochemical conditions of the
distal small intestine but lacked the animal-to-animal vari-
ation typical of in vivo trials. RAC did not affect the total
concentration of SCFAs produced by the microbes
(Figure 2a). However, at the 1 g/kg dose it modulated
the microbial fermentation by significantly decreasing the
relative proportion of lactic acid (P = 0.006; Figure 2b)
and the concentration of acetic acid was significantly
increased by RAC addition (P < 0.001; Figure 2c).
The effect of RAC on the microbial community com-

position of the fermentation experiment was analysed
from the 0 g/kg and 1 g/kg supplemented groups. The
analysis was conducted by qPCR, so the result did not
give the absolute number of bacterial cells, but rather
the 16S rRNA copies per gram of sample fresh weight.
The densities of the total eubacteria and Enterococcus
spp. in the fermentation medium were not affected by
RAC but the density of lactobacilli was significantly
decreased by 1 g/kg RAC, compared with the 0 kg/t
treatment (Table 3). This ~45% decrease in the density
of lactobacilli by RAC was in line with the finding that
RAC significantly decreased the concentration of lactic
acid in the fermentation medium. The results of the ex
vivo experiment are further discussed below with the
results of the in vivo trial.
For the investigation into performance and ileal micro-

biota of NE challenged broiler chickens, BW, feed intake,
FCR and mortality data are presented in Table 4. RAC at
the of 0.5, 1 and 3 g/kg of inclusion in a wheat and soy
-based starter formula did not affect feed intake, which
suggested that RAC did not affect the palatability of
the feed. Between days 1 – 11 (the pre-challenge period)
the birds were apparently healthy, although the somewhat
high FCR may suggest a slightly compromised digestion.
RAC significantly increased BW at day 11 in a dose-
dependent manner. The maximum increase in BW on
day 11 was 17%, stimulated by RAC at 1 g/kg. FCR
tended to be improved in the pre-challenge period

(P = 0.062), the numerical effect being visible at all
doses of RAC. For example, in the 1 g/kg group, FCR
was 1.13, while it was 1.35 in the control treatment.
Overall mortality was low and similar in all diet groups
during the pre-challenge period.
As the intestinal microbiota and digestion of the birds

was not studied during the pre-challenge period, the
mode of action behind the performance-enhancing effect
of RAC can only be speculated. Possible modes of action
include suppression of microbial competition for nutri-
ents, decreased pathogen pressure, activation of digestive
functions or shifts in the microbiota towards

Figure 2. Concentration of total short chain fatty acids (a), lactic acid (b) and

acetic acid (c) from ex vivo ileal fermentation (mean ± SE, N = 4). Columns not

sharing a letter differ significantly (P < 0.05)
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composition capable of extracting more energy from the
poorly digestible diet residue.
The challenge study induced the development of acute

NE with high mortality during the last 24 hours of the
trial. During the sampling of ileal segments, the jejunal
epithelium of several chickens was visually examined,
and lesions typical to necrotic enteritis were observed.
The pen-to-pen variation in mortality was high, since
the infection suddenly killed most of the chickens in
some pens while birds in other pens were less severely
affected. Thus, despite large differences in the mean
daily mortality percentage between the treatments (for
example 2.22% in the control group versus 0.46% in
the RAC 3 g/kg group), the effect of RAC on mortality
remained a trend (P = 0.065; Table 3). In contrast, RAC
significantly increased BW on day 17 (P = 0.004), the
effect being significant for the 1 and 3 g/kg groups, com-
pared with the control treatment (Table 4).
Because of the severity of theNE infection and highmor-

tality on d 17 in many pens, the FCR values for days 11 - 17
and days 1 – 17 showed an unusual amount of variation, and
mean values without practical relevance. Therefore, FCR
results for the challenge period and total study period are
not shown. Considering that RAC at 3 g/kg had the highest

day 17BWand lowest days 1 - 17mortality, it is possible that
this high dosage of RAC gave some protection against the
severe NE challenge. However, further studies are needed
to support this finding.
One possible disease-alleviating mechanism of RAC

might be linked to its fatty acid profile. Dietary oils
high in n-3 fatty acids, like fish and flaxseed oil, may alle-
viate coccidiosis of broiler chickens (Korver et al., 1997;
Allen et al., 1998). Moreover, Gram-positive microbes in
the ileal contents of broiler chickens may be reduced by
dietary medium chain fatty acids (Van der Hoeven
Hangoor et al., 2013). Indeed, it is possible that part of
the effect of RAC in the current experiments was due
to the fatty acid content of RAC. As the effects of the
fatty acids and resin acids of RAC were not separately
studied, it is not possible to state whether one or the
other fraction was more important, or whether the com-
bination was critical.
The ileal digesta samples of the NE challenge trial were

collected from birds that were affected with acute NE,
and their SCFA and microbial profiles (Table 5) should
be interpreted with this in mind. The total concentration
of SCFAs was similar in all diet groups, but RAC had
significant dose-dependent effects on the relative

Table 3. Microbial analysis of ex vivo fermentation including densities of the total eubacteria, Lactobacillus group and Enterococcus spp.

RAC, 0 g/kg RAC, 1 g/kg
ANOVA

Parameter Mean SE1 Mean SE1 P value

Total eubacteria2 1.20E + 11 2.47E + 10 9.15E + 10 5.08E + 10 NS

Lactobacillus group2 8.27E + 09 4.48E + 08 4.52E + 09 1.31E + 09 0.035

Enterococcus spp.2 3.17E + 09 2.53E + 08 2.77E + 09 8.32E + 08 NS

1Standard error of the mean of four replicate samples
216S rRNA gene copies per g sample fresh weight

Table 4. Effects of RAC on body weight, feed intake, FCR (uncorrected for mortality) and daily mortality in a challenge trial with broiler chickens

RAC, g/kg

Parameter Control 0.5 1 3 SEM P value

BW (g)

d 1 47 47 47 47 0.4 NS

d 11 296a 344b 360b 350b 6 0.0001

d 17 493a 521ab 554b 565b 8.2 0.004

Feed intake (g)

d 1 – 11 1970 2110 1994 1830 59 NS

d 11 to 17 2945 3005 2971 2793 212 NS

FCR

d 1 – 11 1.35 1.29 1.13 1.16 0.03 0.062

Daily mortality (%)

d 1 – 11 0.91 0.51 0 1.26 0.22 NS

d 11 – 17 2.22 2.31 3.97 0.46 0.49 0.065

d 1 – 17 1.37 1.47 1.26 0.82 0.17 NS

a, b Means in a column not sharing a common superscript are significantly different (P < 0.05)
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proportions of the main individual SCFAs in the ileum, i.
e. lactic and acetic acids. Supporting the findings of the
present ex vivo fermentation study, the relative proportion
of lactic acid decreased and acetic acid increased as a
response to RAC (P = 0.049 and P = 0.018, respectively)
in the NE challenge trial. The effect was statistically dif-
ferent in the control and RAC 1 g/kg groups.
The caecum is themain site of colonisation ofC. perfringens

in healthy broiler chickens (Stanley et al., 2012). There were
no healthy control birds in this study, but the high
abundance of C. perfringens in the ileum (1.46–2.25 x 109

cells of C. perfringens per gram of fresh digesta) supported
the diagnosis of acute NE. RAC did not affect the density
of C. perfringens in the ileum during the acute NE phase,
even in the 3.0 g/kg supplemented group. The concentra-
tion of RAC in the NE-infected ileal lumen may have
remained too low to inhibit the growth of C. perfringens,
but still may have altered the metabolism or virulence of
the pathogen, since some indications for improved per-
formance in this treatment group were observed.
RAC did not affect the total microbial density or the

levels of Enterococcus spp. in the ileum, but had significant
effects on the Lactobacillus group (P = 0.049). Although
none of the RAC-treated groups differed from the con-
trol, the density of lactobacilli was significantly higher
in the 3 g/kg group than in the 1 g/kg group.
The genus Lactobacillus dominates in the small intestine

of broiler chickens (Gong et al., 2007). Lunedo et al.
(2014) studied the ileal populations of Lactobacillus and
Enterococcus spp. groups in sorghum and wheat-fed broiler
chickens. According to them, the higher density of these
microbes in the ileum of sorghum-fed birds was asso-
ciated with the poorer nutritional value of sorghum com-
pared with wheat. However, species identity and the
metabolic characteristics of the lactobacilli were not
determined in the present study, but it is possible that

RAC shifted the lactic acid fermentation from homolactic
(producing only lactic acid) towards heterolactic fermen-
tation (producing lactic and acetic acid), both in the in vivo
and ex vivo trials.
It has been shown that both therapeutic and prophylactic

antibiotics suppress the numbers of lactobacilli in the small
intestine of broiler chickens (Apajalahti and Kettunen,
2006). Indeed, Lin (2014) suggested that the increasing
growth performance effect of AGPs is associated with a
reduction of the populations of gastrointestinal Lactobacillus
group. One of the reasons could be that lactobacilli are the
major producers of bile salt hydrolase (BSH) in the gastro-
intestinal tract. BSH has a negative effect on the utilisation
of dietary fat, and therefore impairs FCR (Lin, 2014). Van
der Hoeven Hangoor et al. (2013) observed that supplemen-
tation of the diet with medium-chain fatty acids improved
feed efficiency and suppressed Gram-positive bacteria of
the phylum Firmicutes, including the Lactobacillus group, and
at the same time promoted the numbers of Gram-negative
bacteria. Therefore, the present findings that RAC decreases
the density of lactobacilli both in vivo and ex vivomay suggest a
mode of action behind the performance enhancing effect of
RAC.

Conclusions

This paper described the results of three independent
studies which suggested that the novel dietary ingredient
RAC has the capability to modulate the small intestinal
microbiota of broiler chickens and to improve the per-
formance of the chickens even in the presence of a severe
enteric infection. The potential of RAC to alter intestinal
lactic acid fermentation may have a role in the
performance-enhancing effect of products containing
resin acids and fatty acids. The spread of antibiotic resist-
ance genes is still growing (Koluman and Dikici, 2013),

Table 5. Microbial analysis of the ileal digesta samples from disease challenged broiler chickens, including total short chain fatty acids, relative abundance of

lactic and acetic acids and the density of total eubacteria and selected microbial groups are presented.

RAC, g/kg

Parameter Control 0.5 1 3 SEM P value

Total SCFAs (mM) 29.1 25.4 24.4 29.6 0.91 0.068

Acetic acid (%) 8.7a 14.2ab 17.5b 12.9ab 1.05 0.018

Lactic acid (%) 87.4b 80.4ab 75.8a 81.7ab 1.51 0.049

Total eubacteria1 7.33E + 09 9.23E + 09 1.09E + 10 1.46E + 10 1.62E + 09 NS

Lactobacillus group1 5.93E + 09ab 1.45E + 09ab 5.09E + 08a 7.75E + 09b 9.98E + 08 0.024

Enterococcus spp.1 1.59E + 07 6.85E + 06 1.57E + 07 4.65E + 07 7.63E + 06 NS

Clostridium perfringens2 1.46E + 09 1.86E + 09 2.14E + 09 2.25E + 09 3.60E + 08 NS

116S rRNA gene copies per g digesta fresh weight; 2Phospholipase C gene copies per g digesta fresh weight
a,bMeans in a column not sharing a common superscript are significantly different (P < 0.05)
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and the diminishing portfolio of effective antibiotics
against human pathogens is an increasingly serious threat.
RAC and products with a similar impact on health and
performance of poultry may help in fighting the
increased need for antibiotic usage on farms and the con-
sequent spread of resistance genes.

Acknowledgments

None

Declaration of Interest

The authors J. Vuorenmaa and E. Valkonen are employ-
ees of Hankkija Ltd. Hankkija Ltd fully funded this
research and own the rights to the resin acid -based prod-
uct ‘Progres’ used in this study.

References

Ali F., Sangwan P.L., Koul S., Pandey A., Bani S., Abdullah S.T.,

Sharma P.R., Kitchlu S., and Khan I.A. (2012) 4-epi-Pimaric
acid: a phytomolecule as a potent antibacterial and anti-biofilm
agent for oral cavity pathogens. European Journal of Clinical
Microbiology & Infectious Diseases, 31:149–159.

Allen P.C., Danforth H.D., and Augustine P.C. (1998) Dietary modu-
lation of avian coccidiosis. Internatonal Journal of Parasitology, 28:1131–
1140.

Apajalahti J. and Kettunen A. (2006) Rational development of novel
microbial modulators, in: Barug D., de Jong J., Kies A.K., &
Verstegen M.W.A. (Eds). Antimicrobial growth promoters. Where do we go
from here? pp. 165–181. (Wageningen Academic Publishers,
Wageningen).

Apajalahti J., Rademacher M., Htoo J.K., Redshaw M, and

Kettunen A. (2009) Divergent modulation of swine ileal microbiota
by formic acid and methionine hydroxy analogue-free acid. Animal,
3817–825.

Feighner S.D., and Dashkevicz M.P. (1987) Subtherapeutic levels of
antibiotics in poultry feeds and their effects on weight gain, feed effi-
ciency, and bacterial cholyltaurine hydrolase activity. Applied and
Environmental Microbiology, 53:331–336.

Gong J., Si W., Forster R.J., Huang R., Yu H., Yin Y., Yang C., and

Han Y. (2007) 16S rRNA gene-based analysis of mucosa-associated
bacterial community and phylogeny in the chicken gastrointestinal
tracts: from crops to ceca. FEMS Microbiology Ecology, 59:147–157.

Huyghebaert G., Ducatelle R., and Van Immerseel F. (2011) An
update on alternatives to antimicrobial growth promoters for broilers.
Veterinary Journal, 187:182–188.

Koluman A., and Dikici A. (2013) Antimicrobial resistance of emerging
foodborne pathogens: status quo and global trends. Critical Reviews in
Microbiology, 39:57–69.

Korver D.R., Wakenell P., and Klasing K.C. (1997) Dietary fish oil or
lofrin, a 5-lipoxygenase inhibitor, decrease the growth-suppressing
effects of coccidiosis in broiler chickens. Poultry Science, 76:1355–1363.

Lee K.W., Lillehoj H.S., Jeong W, Jeoung H.Y., and An D.J. (2011)
Avian necrotic enteritis: experimental models, host immunity, patho-
genesis, risk factors, and vaccine development. Poultry Science,
90:1381–1390.

Lin J. (2014) Antibiotic growth promoters enhance animal production by
targeting intestinal bile salt hydrolase and its producers. Frontiers in
Microbiology, 5:33.

Lunedo R., Fernandez-Alarcon M.F., Carvalho F.M., Furlan L.R.,

and Macari M. (2014) Analysis of the intestinal bacterial microbiota
in maize- or sorghum-fed broiler chickens using real-time PCR. British
Poultry Science, Oct 31. [Epub. ahead of print] DOI: 10.1080/
00071668.2014.975781

Milligan H.T., and Koricheva J. (2013) Effects of tree species richness
and composition on moose winter browsing damage and foraging
selectivity: an experimental study. Journal of Animal Ecology, 82:739–748.

Nadkarni M.A., Martin F.E., Jacques N.A., and Hunter N. (2002)
Determination of bacterial load by real-time PCR using a broad-range
(universal) probe and primers set. Microbiology, 148:257–266.

Rinttilä T., Kassinen A., Malinen E., Krogius L., and Palva A. (2004)
Development of an extensive set of 16S rDNA-targeted primers for
quantification of pathogenic and indigenous bacteria in fecal samples
by real-time PCR. Journal of Applied Microbiology, 97:1166–1177.

Rubio J., Calderón J.S., Flores A., Castroa C., and Céspedes C.L.

(2005) Trypanocidal activity of oleoresin and terpenoids isolated
from Pinus oocarpa. Zeitschrift für Naturforschung C, 60:711–716.

San Feliciano A., Gordaliza M., Salinero M.A., and Miguel del

Corral J.M. (1993) Abietane acids; Sources, Biological Activities,
and Therapeutic Uses. Planta Medica, 59:485–490.

Savluchinske-Feio S., Curto M.J., Gigante B., and Roseiro J.C.

(2006) Antimicrobial activity of resin acid derivatives. Applied
Microbiology and Biotechnology, 72:430–436.

Shojadoost B., Vince A.R., and Prescott J.F. (2012) The successful
experimental induction of necrotic enteritis in chickens by
Clostridium perfringens: a critical review. Veterinary Research, 43:74.

Sipponen A., Kuokkanen O., Tiihonen R., Kauppinen H., and

Jokinen J.J. (2012) Natural coniferous resin salve used to treat com-
plicated surgical wounds: pilot clinical trial on healing and costs.
International Journal of Dermatology, 51:726–732.

Sipponen A., and Laitinen L. (2011) Antimicrobial properties of natural
coniferous rosin in the European Pharmacopoeia challenge test.
APMIS, 119:720–724.

Smith E., Williamson E., Zloh M., and Gibbons S. (2005) Isopimaric
acid from Pinus nigra shows activity against multidrug-resistant and
EMRSA strains of Staphylococcus aureus. Phytotherapy Research, 19:538–542.

Stanley D., Keyburn A.L., Denman S.E., and Moore R.J. (2012)
Changes in the caecal microflora of chickens following Clostridium per-
fringens challenge to induce necrotic enteritis. Veterinary Microbiology,
159:155–162.

Tansuphasiri U. (2001) Development of duplex PCR assay for rapid
detection of enterotoxigenic isolates of Clostridium perfringens. Southeast
Asian Journal of Tropical Medicine and Public Health, 32:105–113.

Timbermont L., Haesebrouck F., Ducatelle R., and Van Immerseel

F. (2011) Necrotic enteritis in broilers: an updated review on the
pathogenesis. Avian Pathology, 40:341–317.

Van der Hoeven Hangoor E., van der Vossen J.M., Schuren F.H.,

Verstegen M.W., de Oliveira J.E., Montijn R.C., and Hendriks

W.H. (2013) Ileal microbiota composition of broilers fed various
commercial diet compositions. Poultry Science, 92:2713–2723.

Van Immerseel F., De Buck F.J., Pasmans F., Huyghebaert G.,

Haesebrouck F., and Ducatelle R. (2004) Clostridium perfringens in
poultry: an emerging threat for animal and public health. Avian
Pathology, 33:537–549.

Van Immerseel F., Rood J.I., Moore R.J., and Titball R.W. (2009)
Rethinking our understanding of the pathogenesis of necrotic enteritis
in chickens. Trends in Microbiology, 17:32–36.

Wegener H. (2003) Antibiotics in animal feeds and their role in resistance
development. Current Opinions in Microbiology, 6:439–445.

Wienemann T., Schmitt-Wagner D., Meuser K., Segelbacher G.,

Schink B., Brune A., and Berthold P. (2011) The bacterial micro-
biota in the ceca of Capercaillie (Tetrao urogallus) differs between wild
and captive birds. Systematic and Applied Microbiology, 34:542–551.

Witte W., Klare I., and Werner G. (1999) Selective pressure by antibio-
tics as feed additives. Infection, 27, Suppl 2:S35–38.

Jo
ur
na
lo

f
A
pp
lie
d
A
ni
m
al
N
ut
ri
tio

n
Resin acid 9


	Natural resin acid –enriched composition as a modulator of intestinal microbiota and performance enhancer in broiler chicken
	Introduction
	Material and Methods
	Inhibition of C. perfringens in vitro
	Ileal fermentation in vitro
	Challenge trial with broiler chickens
	Extraction of microbial DNA from intestinal samples
	Real-time PCR analysis
	Analysis of short chain fatty acids
	Statistical Analysis

	Results and Discussion
	Conclusions
	Declaration of Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


