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Abstract

Bozakova, N., V. Gerzilov and L. Sotirov, 2017. Ethological study of free-range hens with zinc and vitamin ¢
supplemented diet. Bulg. J. Agric. Sci., 23 (2): 289-297

The study was designed to examine the effects of a dietary supplementation with zinc (35 mg/kg) and vitamin C (250 mg/
kg) on the behaviour and plasma corticosterone in New Hampshire NG-line hens reared under free range conditions (sleeping
pens and outdoor walking yards) during cold (7°C), thermoneutral and hot (31°C) subperiods.

Hens’ behaviour was recorded by video cameras. Blood plasma corticosterone was assayed by ELISA.

In all birds, both low and high ambient temperatures, combined with high light intensity, induced a significant increase
in plasma corticosterone compared to the thermoneutral period (P < 0.01). During those periods hens were more aggressive
which indicated poorer welfare. Hens supplemented with either zinc or zinc + vitamin C had lower plasma corticosterone than
controls. Dietary zinc, either alone or co-administered with vitamin C, reduced plasma corticosterone and increased the num-
ber of egg-laying, dust bathing and preening birds during the cold and hot periods. The aggressive behaviour was reduced (P
< 0.01) indicating a higher welfare level.

The group supplemented with zinc + vitamin C showed more intensive preening and resting, as well as less aggression and
movement than the zinc-supplemented group (P < 0.05), suggesting a synergistic action of both supplements towards alleviat-
ing stress and therefore, a possibility for improving hen welfare.
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Introduction

One of the ways to improve the welfare of free-range
hens in temperate climate zones is to reduce environmental
stress during the cold and hot periods by appropriate dietary
supplements. According to Jones et al. (2005) and Moura et
al. (2006), the welfare of birds is strongly associated with the
environment in these zones. That is why both low and high
ambient temperatures commonly provoke worse poultry
welfare in free range systems.

In domestic poultry, the thermal comfort zone ranges be-
tween 18 and 22°C (Sahin et al., 2009), and an adequate level
of welfare is believed to exist between 10-27°C (Duncan and
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Hawkins, 2010). The thermoregulation mechanisms are trig-
gered in both cold (7°C) and hot (31°C) weather conditions,
which provoke cold or hot stress, respectively (Ensminger et
al., 1990; Sahin et al., 2009).

Poultry possess numerous thermoregulatory mechanisms
to counteract thermal stress. However, free-range farming
may challenge their ability to adapt to changed environment.

Under low ambient temperatures, body heat loss is re-
duced, whereas the heat gain rate is enhanced. The feed con-
sumption and locomotion levels are increased, water drink-
ing is lower as is the behaviour linked to heat loss — wing
spreading, feather cleaning, dust bathing etc. (Ensminger et
al., 1990, Sahin and Kucuk, 2003).
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During hot summer days, the rate of heat loss is enhanced
while heat production is decreased. Thermoregulation in hens
is difficult because of their high body temperature (41.5°C)
and limited heat exchange mechanisms in hot weather. That
is why the primary mechanism for heat loss is evaporation
from mucous membranes during accelerated respiration (En-
sminger et al., 1990; Sahin et al., 2009). Other behaviour al
traits include frequent drinking, wandering for shady hiding
places etc. which lead to a greater body heat loss (Bozakova,
2010; Bozakova et al., 2012).

One of the existing ways of reducing environmental
stress in poultry is the supplementation of their diet with
zinc or vitamin C. According to Sahin and Kucuk (2003) and
Sahin et al. (2005), this is justified by the fact that follow-
ing thermal stress, the concentrations of antioxidant minerals
and vitamins in the organism are reduced. Zinc supplements
are especially important for poultry stress alleviation (Sahin
et al., 2002; Sahin et al., 2009). Stress triggers an excessive
production of free radicals namely oxidative stress (Sahin et
al., 2002; Sahin et al., 2005). Zinc is known to play a key role
in the endogenous antioxidant protection system. In support
of this hypothesis, Onderci et al. (2003) provided evidence
that supplemental zinc increased serum vitamin C in hens.
Kutlu and Forbes (1993) reported that ascorbic acid reduces
the synthesis of corticosteroid hormones in poultry. Addi-
tionally Bains (1996) reported a corticosterone-modulating
effect of vitamin C via its involvement in the gluconeogen-
esis to enhance energy supply during stress.

According to Sossidou and Elson (2009) and Nédés et al.
(2010) poultry welfare is associated with behaviour, health,
mortality, physiology etc. Graves (1982) and Popova—Ral-
cheva et al. (2002) confirmed that behaviour is an indicator
for the better and more precise estimation of poultry wel-
fare. The most important indices of poultry welfare are the
changes in their behaviour together with alterations in blood
corticosterone concentrations.

Poultry welfare is particularly well characterized by two
types of behaviour — comfort behaviour, and fear and aggres-
sion behaviour. A number of authors — Sherwin and Kelland
(1998), Olsson and Keeling (2005) and Dixon et al. (2008)
outline that comfort behaviour comprises frequent dust bath-
ing, stretching, and preening. Olsson and Keeling (2005)
and Dixon et al. (2008) pointed that the behaviour of tak-
ing dust baths is an important indicator of social welfare of
poultry. According to Sherwin and Kelland (1998), the bet-
ter welfare in turkeys increased the time spent on stretching,
feather pecking, and dust bathing. Similarly, Stoyanchev et
al. (2006) and Bozakova et al. (2012) affirm that dust bathing
is the uppermost demonstration of comfort in turkey broilers
and hens.

The more frequent episodes of aggression in birds are
signs of worse welfare and are associated with stress. Ag-
gression, along with increased blood corticosterone concen-
trations are believed to be important parameters for welfare
evaluation in poultry (Puvadolpirod and Thaxton, 2000 a,b,c;
Popova—Ralcheva et al., 2002; Sahin et al., 2005; Sahin et
al., 2009; Bozakova et al., 2012).

The purpose of the study was to find out the effect of di-
etary supplementation with 35 mg zinc/kg feed, used either
independently or combined with 250 mg vitamin C/kg feed
upon the different types of behaviour (ingestive, gregarious,
agonistic and mating) and plasma corticosterone concentra-
tions in hens reared in a free range system during cold (7°C),
thermoneutral and hot (31°C) periods.

Materials and Methods

Experimental design and diets

The experiment was conducted in the Experimental Farm
of the Agricultural University — Plovdiv between March 1
and June 21, 2010. The experimental poultry were 78 female
New Hampshire NG-line hens at the age of 36 weeks. The
New Hampshire NG-line is a dual purpose line — for meat
production and egg-laying. The sire line of the bilinear hy-
brids was a general purpose one (Lalev et al., 2012). The
origin of all chickens was the same — same line, simultane-
ously hatched, purchased from the Institute of Agriculture
— Stara Zagora. Up to 8 weeks of age, they had been reared
on permanent litter indoor, under controlled microclimatic
conditions. After the 8" week the birds’ weight was averaged
between the groups and they were placed in sleeping houses
and walking yards.

The hens were divided into three groups, (n = 26, fe-
males) with body weight averaged among the groups.
The non-supplemented hens were used as a control group
(Control-group). The diet of the second group hens was
supplemented with 100 mg/kg Zinteral 35 (Lohmann Ani-
mal Health, Cuxhaven, Germany) containing 35 mg/kg
zinc oxide (Zn-only-group). The diet of the third group
hens was supplemented with the same amount of Zinteral
35 together with 250 mg vitamin C (L-acidum ascorbicum,
CSPC Weisheng Pharmaceutical, Shijiazhuang Co. Ltd)
per 1 kg diet (Zn + Vit. C — group). The hens from the three
groups were fed ad libitum with the same compound feed
according to the age category. The feed nutrient composi-
tion, obtained from the analysis in an accredited laboratory
is presented in Table 1.

The whole experimental period (from March 1 to June
21, 2010) included three observation sub-periods — cold
sub-period (from March 1 to March 14, 2010), thermoneu-
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Table 1
Composition of hens’ diets
Ingredients | (g/kg) |
Corn yellow 356.2
Wheat 200.0
Soybeans, toasted, whole 170.0
Sunflower expeller 180.0
Limestone 80.0
Dicalcium phosphate 9.0
Sodium chloride 2.8

Vitamin and mineral premix! 2.0

Nutrient analysis: Source of reference?

Metabolizable E, MJ/kg 11.89 10.88-11.71
Protein (N x 6.25), g 171 min.150
Crude fat, g 40 min. 30
Crude fiber, g 40.57  max.60
Lysine, g 7.40 6.00-6.50
Methionine, g 6.00 5.80-6.00
Threonine, g 6.20 6.00
Tryptophan, g 1.90 1.90
Calcium, g 32.10 30-38
Phosphorus available, g 3.00 2.60 —4.00
Zinc, g 0.080 180 mg-kg-1
Vitamin C, g 0

'The vitamin and mineral premix Rovimix 15-C Layer provided per kilo-
gram of diet: vitamin A, 12,000 IU; vitamin D3, 3,000 IU; vitamin E, 30
mg; vitamin K3, 3.0 mg; vitamin B1, 2.0 mg; vitamin B2, 5.0 mg; vitamin
B6, 5.0 mg; vitamin B12, 0.016 mg; niacin, 30 mg; pantothenic acid, 12.0
mg; folic acid 1.0 mg; biotin, 0.05 mg; Co, 0.15; I, 1 mg; Fe, 50 mg; Zn,
80 mg; Mn, 100 mg; Cu, 8 mg; Se, 0.2 mg; antioxidant, 25 mg

“Marinov, B., 2004

tral sub-period (from May 1 to May 14, 2010) and hot sub-
period (from June 7 to June 20, 2010). According to the Eu-
ropean Commission issued Regulation No. 1334/2003, the
maximum tolerable zinc levels in feed mixtures for livestock
should be restricted to 150 mg/kg and in animal breeding at
250 mg/kg.

Under the free range conditions, hens from each group
were housed in sleeping pen and outdoor walking yard.
The sleeping pens were identical (size 3.50/2.50/2.75 m)
equipped with 3 perches, 2 m in length, and 8 two-floor
wooden nests of 30/30/40 cm each. The housing density of
hens in sleeping houses was 2.97 birds per 1 m? area (norm
3.5 hens/ m?, Regulation 44/ 2006). The light intensity coef-
ficient (ratio of window area to floor area) in sleeping pens
was 1:10 (about 55 Ix).

On the bottom of the southern wall of pens, there was a
30/40 cm rectangular opening for outdoor access. Each yard
was 9.20/24 m of size with perennial broadleaf trees in the
middle. The housing density of birds in walking yards was

0.12 hens/m? (significantly more than the area according to
Regulation 44/ 2006).

Under experimental conditions, all birds spent the night
indoors in sleeping houses from 7.00 PM to 7.00 AM. The
door was opened in the morning at 7.01 AM and birds were
allowed to go out. In the evening, all hens returned back to
the houses and the door was closed (7.00 PM). Therefore,
birds were able to spend 12 hours outdoors (from 7 AM to 7
PM). Video recordings of their behaviour were made during
that period.

Yards were provided with two rows of tubular feeders,
placed under the eaves of sleeping houses and with watering
troughs ensuring feeding and drinking widths of 10 and 3
cm, respectively as required by zoohygienic norms for this
category of birds (Regulation 44/2006). During the winter,
watering troughs were supplied with anti-freezing devices.
The intake of a sufficient amount of feed was also continu-
ously controlled.

Microclimatic conditions

The microclimatic rearing conditions were determined at
2 sites (in sleeping houses — until 7.00 AM (for the night),
and in walking yards — from 7.01 AM to 19.00 (during the
day), where the major part of birds reside.

The repeated observations on hens’ behaviour showed
that all preferred to go out in yards. Very few birds returned
to the house to lay eggs and to sleep. That is why we regis-
tered the ambient temperatures and humidity in the living
space of birds — in sleeping houses — until 7.00 AM (for the
night), and in walking yards — from 7.01 AM to 7.00 PM
(during the day) to register the microclimatic parameters of
the place, where the major part of birds resided. The tem-
perature and the relative air humidity were measured by 2
weekly records of thermohygrographs (ERZG, GDR, Type
405) for each group.

They were measured during the three observation sub-
periods — cold sub-period (from March 1 to March 14, 2010),
thermoneutral sub-period (from May 1 to May 14, 2010) and
hot sub-periods (from June 7 to June 21, 2010) by routine
methods.

The air motion speed was determined by a catathermom-
eter, on a weekly basis, over three consecutive days at 7:00
AM, 2:00 PM and 9:00 PM at 5 micro zones within each
compartment at the bird level. The light intensity was mea-
sured by a digital luxmeter (Taschen-luxmeter LM37, Ger-
many) at 5 micro zones within each compartment at the bird
level. The concentration of ammonia was determined by in-
dicator tubes (Ammonia 0.2-A, Hygitest Association, Bul-
garia) and a Drager ammonia sensor at 5 micro zones within
each compartment at bird level (Table 2).
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Table 2

Microclimatic parameters in the hen’s living area determined on the base of the measured indicators in the walk yards
and in the sleep houses during the cold, thermoneutral and hot periods

Periods Ambient temperature, |  Air humidity, Air velocity, NH, Light intensity, Light length,
()] (%) (m/s) (ppm) (Ix) (h:min:s)
Cold period 7.39+£0.54 68.10+£3.43 0.50+0.06 traces 69.67+3.88 11:56:28
Thermoneutral period 19.44+2.5 66.07+1.59 0.50+0.04 traces 248.33£26.96 14:37:48
Hot summer period 31.24+0.88 54.75+1.25 0.41+0.03 traces 410.00+15.34 15:17:54
Minimum-maximum 3.50-40.50 52.75-71.53 0.38-0.56 traces 65.79 —425.34 11:56-14:37
parameters
Reference values* 18-25 50-70 0.2-0.5 <15 30-60 12-16

*Reference values as per Regulation 44/ 2006

Behavioural studies

The behaviour of hens was recorded during the three
observation sub-periods with two video cameras, located
within the sleeping pen and walking yard for 12 hours over 4
consecutive days during each sub-period: March 11-14; May
11-14 and June 18-21, 2010 for each group.

The recordings served as a source to prepare ethogrammes
as per Wojcik and Filus (1997). During the ethological study
we counted the number of birds engaged in specific forms
of behaviour : feed and water intake, gregarious behaviour
(resting, moving, egg-laying, dust bathing and preening),
mating and agonistic behaviour. The personnel charged with
registering birds’ behaviour was not familiar with the type of
dietary supplement given to the group. Egg-laying behaviour
was registered on the basis of average number of hens, lying
down to lay eggs.

Laboratory analyses

The blood samples for corticosterone determination were
collected from v. subcutanea ulnaris during the three obser-
vation sub-periods, once for each of the three periods on
March 15, May 15 and June 21, 2010 in sterile heparinised
vacutainers (Vacutainer® Plus plastic plasma tube 13x75 mm
x 4.0 mL BD). They were consistently collected between
13:00 and 14:00 h to avoid the influence of the circadian
rhythm of corticosterone. Blood samples were collected
from nine (three per replicate) hens randomly chosen from
each treated group. The manipulations related to blood col-
lection did not exceed 2 min, which is considered by Lagadic
et al. (1990) as a duration having no effect on blood corticos-
terone levels in birds. Samples were transported to the lab in
a cooling bag.

Plasma samples were harvested after centrifugation (886
x g for 20 min) and stored deep frozen (- 40°C) until all
blood samples had been collected. Blood plasma corticos-

terone was assayed with a commercial ELISA kit (Corticos-
terone ELISA RE52211, IBL Gesellschaft fur Immunchemie
und Immunbiologic MBH, Hamburg, Germany) in the innate
resistance research lab at the Veterinary Genetics and Breed-
ing Unit, Department of General Animal Breeding, Faculty
of Veterinary Medicine, Trakia University— Stara Zagora.

Statistical analyses

The obtained data were statistically analysed by one-
factorial ANOVA using StatSoft Statistica® Software (2009).
All results are presented as mean+SEM. The differences were
considered as significant when P values were less than 0.05.

Results

The average ambient temperature during the cold period
was 7.39+£0.54°C and 31.24+0.88°C during the hot sub-pe-
riod (Table 2). The average light intensity also exceeded the
reference values during the three sub-periods, especially dur-
ing the thermoneutral (248.33+26.96 1x) and the hot summer
periods (410.00+£15.34 1x).

The other microclimatic parameters were within the ref-
erence range for this category of poultry.

High and low ambient temperatures, combined with high
light intensity in free range hens had a significant effect on
their behaviour during the three observation sub-periods: cold
(from March 1 to March 14, 2010), thermoneutral (from May
1 to May 14, 2010) and hot (from June 7 to June 21, 2010).

During our study period, there were no dead birds in the
groups. There were no cases of impaired feather cover, foot
pad dermatitis or any other injuries. No deviations from the
normal behaviour were noted.

Table 3, Table 4 and Table 5 present the averaged results for
the different types of behaviour on the basis of ethogrammes
for each of the 3 groups within one temperature period. During
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Table 3
Number of hens from the control group and experimental groups supplemented with zinc (Zn-only-group) or zinc

and vitamin C (Zn+vit. C-group) exhibiting a specific type of behavior during the cold period. Data are presented as
mean+SEM, (n=26)

Cold period

Behavior Control group | % Zn-only-group % Zn + Vit.C- group %

Feeding 8.70+0.63 33.46 8.55+0.54 32.88 8.5540.54 32.88
Drinking 5.00+0.26 19.23 4.50+0.17 17.31 4.50+0.17 17.31
Egg-laying 0.57+0.10 2.19 0.75+0.13 2.88 1.11+0.16%*# 4.27
Moving 5.84+0.39 22.46 5.16+0.25 19.85 4.14+0.37**# 15.92
Resting 1.50+0.21 5.77 1.91£0.20 7.35 2.45+0.22%*4 9.42
Preening 0.59+0.12 227 0.66+0.09 2.54 0.95+0.15%# 3.65
Dust bathing 0.93+0.17 3.58 1.36+0.11* 5.23 1.50+0.13%* 5.77
Aggression 1.66+0.16 6.38 1.20+0.14* 4.62 1.00+0.13** 3.85
Mating behaviour 1.16+0.15 4.46 1.45+0.11 5.58 1.77+0.15%*# 6.81

The symbol “*” indicates statistically significant difference for a given type of behavior between control and treated groups. The symbol “#” indicates statis-
tically significant difference for a given type of behavior between the two treated groups (Zn —only or Zn + Vitamin C)
* # — level of statistical significance P<0.05; **, ## — level of statistical significance P<0.01.

Table 4
Number of hens from the control group and experimental groups supplemented with zinc (Zn-only-group) or zinc and

vitamin C (Zn+vit. C-group) exhibiting a specific type of behavior during the thermoneutral period. Data are presented
as meantSEM, (n=26)

| Thermoneutral period

Behavior Control group % Zn- only-group % Zn + Vit.C- group %

Feeding 7.59+0.69 29.19 7.20£0.70 27.69 6.48+0.72 24.92
Drinking 4.18+0.31 16.08 3.80+0.29 14.62 3.95+0.29 15.19
Egg-laying 2.09+0.27 8.04 2.36+0.29 9.08 2.86+0.35% 11.00
Moving 2.75+0.32 10.58 2.11+0.30 8.12 1.43+0.23***# 5.50
Resting 1.11+0.18 4.27 1.5+0.18 577 1.48+0.28 5.69
Preening 1.27+0.13 4.88 1.23+0.14 4.73 1.71+0.17*# 6.58
Dust bathing 2.89+0.26 11.12 3.5540.34 13.65 3.824+0.36* 14.69
Aggression 2.20+0.12 8.46 1.91£0.15 7.35 1.7540.13** 6.73
Mating behaviour 1.89+0.16 7.27 2.30+0.19 8.85 2.5540.17** 9.81

s

The symbol indicates statistically significant difference for a given type of behavior between control and treated groups. The symbol “#” indicates statis-
tically significant difference for a given type of behavior between the two treated groups (Zn —only or Zn + Vitamin C)
*, # — level of statistical significance P<0.05; **, ## — level of statistical significance P<0.01; *** — level of statistical significance P<0.001

the cold sub-period, the number of egg-laying, preening, dust
bathing, aggressive birds and those exhibiting mating behaviour

(P <0.01 for Zn + Vit. C- group) vs. controls, respectively.
The number of moving (P < 0.01 for Zn + Vit. C- group) and

from the control group was lower compared to the thermoneu-
tral period (P < 0.001; P <0.01). At the same time, there were
significantly more moving birds (P < 0.001), Table 3.

The supplementation with zinc only and zinc with vita-
min C increased considerably the number of egg-laying (P <
0.01 for Zn + Vit. C- group), resting (P < 0.01 for group
for Zn + Vit. C- group), preening (P < 0.05 for Zn + Vit. C-
group), dust bathing birds (P < 0.05 for Zn-only- group and
P <0.01 for Zn + Vit. C- group) and bird mating behaviour

aggressive hens (P < 0.01 for Zn + Vit. C- group) decreased
substantially compared to controls.

The number of egg-laying, resting, preening birds and
mating behaviour in the group supplemented with Zn +
vitamin C was statistically higher than in Zn-only group
(P<0.05). Simultaneously the moving hens in Zn + vitamin
C-group were less than those in the Zn-only group.

During the thermoneutral sub-period, the dietary supple-
mentation had also influenced the behaviour of birds com-
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Table 5

Number of hens from the control group and experimental groups supplemented with zinc (Zn-only-group) or zinc
and vitamin C (Zn + vit.C-group) exhibiting a specific type of behavior during the hot period. Data are presented as

mean+SEM, (n=26)

Behavior Hot period
Control group | % Zn-only group % Zn + Vit.C group %

Feeding 5.86+0.59 22.54 4.57+0.55 17.58 4.70+0.60 18.08
Drinking 6.16+0.29 23.69 6.05+0.29 23.27 6.16+0.29 23.69
Egg-laying 0.77+0.17 2.96 1.18+0.22 4.54 1.34+0.25% 5.15
Moving 3.45+0.13 13.27 3.63+0.28 13.96 2.00£0. 21 **#4# 7.69
Resting 4.2140.52 16.19 4.45+0.54 17.12 4.80+0.55 18.46
Preening 1.11£0.10 4.27 1.34+0.13 5.15 1.48+0.14* 5.69
Dust bathing 1.14+0.17 4.38 1.61+0.17a 6.19 1.9540.16%** 7.50
Aggression 1.91+0.17 7.35 1.66+0.16 6.38 1.48+0.14* 5.69
Mating behaviour 1.50+0.12 5.77 1.52+0.14 5.85 2.05+0.19%*# 7.88

The symbol “*” indicates statistically significant difference for a given type of behavior between control and treated groups.The symbol “#” indicates statis-
tically significant difference for a given type of behavior between the two treated groups (Zn —only or Zn + Vitamin C)
* # — level of statistical significance P<0.05; **, ## — level of statistical significance P<0.01; ***, ### — level of statistical significance P<0.001

pared to the control group (Table 4). The moving and aggres-
sive birds from the Zn + vitamin C-group were considerably
less (P < 0.001; P < 0.01), whereas egg-laying (P < 0.05),
preening (P < 0.05), dust bathing (P < 0.05) birds and birds
with mating behaviour (P <0.01) were more than the respec-
tive numbers from controls.

The frequency of preening (P < 0.05) was statistically
higher in birds supplemented with zinc and vitamin C com-
pared to the birds receiving zinc. At the same time, moving
hens were less in the group with two supplements compared
to the group with a single supplement (P < 0.05).

Similar changes were observed in the bird’s behaviour dur-
ing the hot sub-period. In the control birds there were less feed-
ing (P <0.05), egg-laying (P < 0.001), dust bathing (P <0.001),
mating (P < 0.05) and more drinking and resting hens (P <
0.001) compared to the thermoneutral period, Table 5.

Water drinking was more intensive in the hens from the
three groups, compared to the thermoneutral period (P <
0.001). In Zn + Vit. C-group there were less moving and ag-
gressive birds, (P < 0.01), but more egg-laying (P < 0.05),
preening (P < 0.05) and dust bathing birds (P < 0.001), com-
pared to the controls. The supplementation of zinc + vita-
min C during the hot period increased mating behaviour fre-
quency (P<0.05) and decreased the number of moving birds
(P<0.001) compared to those supplemented with zinc only.

Control birds exhibited significantly higher average
blood corticosterone levels during both the cold and the
hot sub-periods compared to the thermoneutral sub-period
(P<0.001), Figure 1. Plasma corticosterone concentrations

during the cold sub-period (Figure 1) were statistically sig-
nificantly lower in experimental groups than in controls (P
< 0.05 for the Zn-only and P < 0.001 for the Zn + Vit. C
groups). The differences between both supplemented groups
were also significant (P < 0.05 during the cold sub-period
and P < 0.01 during the hot sub-period).

Discussion

In free range system the average ambient temperatures
during the cold (7.39+0.54°C) and hot (31.24+0.88°C) sub-
periods were significantly deviating from the thermal com-
fort range for the hens and induced environmental stress.

The stress response in birds is mainly mediated through
activation of hypothalamic-pituitary-adrenal axis and the
sympathetic autonomic nervous system (Puvadolpirod and
Thaxton, 2000 a,b,c; Popova—Ralcheva et al., 2002; Hai et
al., 2006). The hypothalamus is activated by stressors and
activates the adrenal cortex. The latter reacts with enhanced
secretion of glucocorticosteroids (corticosterone being the
major member of this group in birds) which trigger a chain of
biochemical, behavioural, immune and production changes
indicating a worsen welfare.

Our results about blood corticosterone in experimental
birds also confirmed that extreme ambient temperatures re-
sulted in statistically significantly higher corticosterone con-
centrations (P < 0.01). The dietary supplementation of birds
with zinc or zinc plus vitamin C during the three sub-periods
resulted in reduction of blood corticosterone compared to the
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Fig. 1. Plasma corticosterone levels (nmol/L) during the cold, thermoneutral and hot period in
hens from the control group and experimental groups supplemented with zinc (Zn-only-group)
or vitamin C+zinc (Zn+vit. C-group). Data are presented as mean £ SEM (n =9, Q).

P <0.05, "P<0.01, "™P <0.001 statistically s#i#gniﬁcant difference between control-group (I) and experimental groups (Zn--group and

Zn+vit. C-group) during each period; 'p< 0.05, P <0.01- statistically significant difference between supplemented groups (Zn-group and
Zn+vit. C-group) during each period. ""P < 0.001 statistically significant difference between thermoneutral and either cold or hot periods.

control group. Similarly, Sahin et al. (2002) reported that the
addition of 30 mg Zn/kg feed in breeder hens submitted to
cold stress (6.8°C) decreased blood corticosterone, glucose
and cholesterol. Under heat stress, the addition of 30 or 60 mg
Zn to kg feed in quails contributed to maintaining lower corti-
costerone levels (Sahin and Kucuk, 2003; Sahin et al., 2005).

The observed effect on corticosterone concentrations
could be attributed to the antioxidant and anti-stress effect
of zinc. Environmental stress provokes the formation of ex-
cessive amount of free radicals (Halliwell and Gutteridge,
1989). Being a co-factor of essential antioxidant enzymes
Cu/Zn superoxide dismutase and inhibiting NADPH-depen-
dent lipid peroxidation (Prasad, 1997; Prasad and Kucuk,
2002), zinc limits the excessive secretion of corticosterone
tightly linked to stress and anxiety in birds (Popova—Ral-
cheva et al., 2002).

The reduction of elevated corticosterone levels was more
significant in the group which received both supplements
(Zn+vitamin C) than in the group supplemented only with
zinc. These findings correspond to the data of Satterlee et
al. (1993) establishing a reduction of blood corticosterone
in Japanese quails supplemented with vitamin C. Vitamin C
plays a major role in the biosynthesis of corticosterone, a pri-
mary glucocorticoid hormone involved in gluconeogenesis
to enhance energy supply during stress (McDowell, 1989;
Sahin et al. (2002). It was also demonstrated that supplemen-
tal zinc increased serum vitamin C concentrations in hens.
Thus, both supplements act synergically in the reduction of

environmental stress-induced high blood corticosterone and
contribute to the better welfare of birds.

No deviations from the normal behaviour have been not-
ed in our study. According to the results, two types of behav-
iour are indicative for evaluating the change in welfare level
of birds: comfort behaviour (dust bathing, preening, mating,
improved egg-laying) and fear and aggression behaviour.
Both tested supplements (zinc, vitamin C) could alter these
behaviours and through them, the change in poultry welfare
under different ambient temperatures could be evaluated.

The changes in the behaviour of poultry supplemented
with both zinc and vitamin C during the three sub-periods
of the study were interpreted as beneficial for their welfare.
During the cold sub-period, there was a higher number of
egg-laying (P <0.01 for Zn + Vit. C group), resting (P <0.01
for Zn + Vit. C — group), preening (P < 0.05 for Zn + Vit. C
group), dust bathing birds (P<0.05 for Zn-only-group and P
< 0.01 for Zn + Vit. C — group) and birds exhibiting mating
behaviour (P < 0.01 for Zn + Vit. C — group) vs. controls,
respectively. The number of moving (P < 0.01 for Zn + Vit.
C — group) and aggressive hens (P < 0.01 for Zn + Vit. C —
group) was substantially decreased vs controls.

This could be attributed to the antioxidant and stress-
alleviating effect of zinc and vitamin C, acting to reduce the
negative effect of corticosterone on luteinizing hormone,
stimulating egg-laying in birds (Heinzen, 2003).

During the hot period, there were more egg-laying (P <
0.05), preening (P < 0.05) and dust bathing birds (P < 0.001),
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together with less moving and aggressive hens, (P <0.01) in
the zinc + vitamin C supplemented group than in the con-
trol one. The supplementation of zinc + vitamin C during
the hot sub-period increased mating behaviour frequency (P
< 0.05) and decreased the moving bird number (P < 0.001)
compared to those supplemented with zinc only. This could
be related to the synergistic effect of zinc (Prasad and Kucuk,
2002) and vitamin C (Jones et al., 1996) to attenuate the go-
nad-suppressing effect of corticosterone (Yang et al., 1998).

The dust bathing behaviour was considerably more fre-
quent in birds supplemented with zinc or zinc + vitamin C (P
< 0.01). It could also be explained by the combined stress-
reducing effect of additives for welfare improvement during
the hot summer sub-period. Additionally Olsson and Keeling
(2005) and Dixon et al. (2008) found that the behaviour of
taking a dust bath is an important indicator of social welfare
of the bird group. In turkeys, improved welfare is manifested
with increased time spent in stretching, preening and dust
bathing (Sherwin and Kelland, 1998).

The improved behaviour and welfare of experimental
birds was also evidenced by the lower (P < 0.01) number
of aggressive hens vs controls, as also stated by Popova-
Ralcheva et al. (2002). Moreover, the birds receiving both
supplements were calmer and more relaxed during the three
sub-periods compared to birds receiving zinc only. Our data
confirm the report of Jones et al. (1996) that the preliminary
addition of vitamin C (24 h before the stressors) was accom-
panied with less panic and calmer behaviour in Japanese
quails. This effect was attributed to the corticosterone and
fearfulness reducing effects of vitamin C in hens (Satter-
lee et al., 1993; Jones et al., 1996). All these facts provided
evidence for the synergistic activity of zinc and vitamin C
towards environmental stress reduction and poultry welfare
improvement.

Conclusions

The extremely low or high environmental temperatures
in free-range reared hens induced an environmental stress,
manifested with excessive blood corticosterone concentra-
tions.

After supplementation with zinc or zinc + vitamin C,
blood corticosterone levels were substantially reduced dur-
ing the cold and the hot sub-periods. The reduction was more
pronounced in the group receiving both supplements, sup-
porting the hypothesis about the synergistic stress-alleviat-
ing effect of zinc and vitamin C.

The number of egg-laying, resting, preening, dust bath-
ing birds, as well as those exhibiting mating behaviour from
the groups supplemented with zinc and zinc + vitamin C was

higher during the cold and the hot sub-periods, indicating a
better hen’s welfare than controls.

The supplementation with zinc and vitamin C in free-
range reared birds stimulated dust bathing, mating behaviour
and reduced the movements compared to the hens receiving
zinc alone indicating an improved welfare. This confirmed
the synergistic effect of both substances in reducing stress
and therefore, in improving the welfare of hens.

References

Bains, B. S., 1996. The role of Vitamin C in stress management.
World Poultry, 12: 38-41.

Bozakova, N. A., 2010. Influence of Zn-additive on the welfare
of turkeys parents during hot summer period. I. Behavioural
aspects. Ecology and Future, 3-4: 20-26.

Bozakova, N., S. Popova-Ralcheva, V. Sredkova, S. Atanasova,
V. Gerzilov, A. Atanasov and N.Georgieva, 2012. Mathemati-
cal welfare assessment model of chicken breeder flocks. Bul-
garian Journal of Agricultural Science, 18: 278-287.

Dixon, L. M., 1. J. H. Duncan and G. Mason, 2008. What’s in
a peck? Using fixed action pattern morphology to identify the
motivational basis of abnormal feather-pecking behaviour. Ani-
mal Behaviour, Lethbridge, 76: 1035-1042.

Duncan, 1. J. H. and P. Hawkins, 2010. The Welfare of Domestic
Fowl and Other Captive Birds. Springer, pp. 307.

Ensminger, M. E., J. E. Oldfield and W. W. Heinemann, 1990.
Feeds and Nutrition, The Ensminger Publishing Company, Clo-
vis, CA.

Graves, H. B., 1982. Behavioural responses of poultry (chickens)
to management systems. In: Proceedings of the Symposium of
Management of Food Producing Animals, West Lafayette: Pur-
due University, 2: 122-138.

Hai, L., E. Decuypere and J. Buyse, 2006. Acute heat stress in-
duces oxidative stress in broiler chickens. Comparative Bio-
chemistry and Physiology, part A, 144: 11-17.

Halliwell, B. E. and J. M. C. Gutteridge, 1989. Lipid peroxida-
tion: a radical chain reaction, Free Radicals in Biology and
Medicine, 2™ ed., NY: Oxford University Press, New York,
188-218.

Heinzen, E. L. and G. M. Pollack, 2003. Pharmacokinetics and
pharmacodynamics of L-arginine in rats: a model of stimulated
neuronal nitric oxide synthesis. Brain Research, 989: 76-85.

Jones, T. A., C. A. Donnelly and M. S. Dawkins, 2005. Environ-
mental and management factors affecting the welfare of chick-
ens on commercial farms in the United Kingdom and Denmark
stocked at five densities. Poultry Science, 84: 115-165.

Jones, R. B., D. G. Satterlee, J. Moreau and D. Waddington,
1996. Vitamin C supplementation and fear reduction in Japa-
nese quail: Short term cumulative effects. British Poultry Sci-
ence, 37: 33-42.

Kutlu, H. R. and J. M. Forbes, 1993. Changes in growth and blood
parameters in heat-stressed broiler chicks in response to dietary
ascorbic acid. Livestock Production Science, 36: 335-350.

Lagadic, H., J. M. Faure, A. D. Mills and J. B. Willams, 1990.



Ethological Study of Free-Range Hens with Zinc and Vitamin C Supplemented Diet 297

Effects of blood sampling on plasma concentrations of corti-
costerone and glucose in laying hens cadet in groups. British
Poultry Science, 31: 823-829.

Lalev, M., M. Oblakova, N. Mincheva, P. Hristakieva and I.
Ivanova, 2012. Evaluation of productive traits of chicken lines
from the national gene pool. Trakia Journal of Sciences, 10:
38-42.

Marinov, B., 2004. Nutrition for the Backyard Chicken Flock. IFO
design, Sofia, 43 pp. (Bg).

McDowell, L. R. (ed.), 1989. Vitamins in animal nutrition. Com-
parative aspects to human nutrition. In: Vitamin A and E, Aca-
demic Press, London, pp. 10-52, 93-131.

Moura, D. J., L. A. Niis, D. F. Pereira, R. B. Silva and G. A. Ca-
margo, 2006. Animal welfare concepts and strategy for poultry
production: a review. Brazilian Journal of Poultry Science, Sdo
Paulo, 8: 137-147.

Niis, 1. A., 1. C. Paz, M. S. Baracho, A. G. Menezes, K. A.
O. L. Lima, L. G. F. Bueno, M. M. Molo, V. C. Carvalho,
I. C. L. Almeida and A. L. Souza, 2010. Assessing loco-
motion deficiency in broiler chicken. Scientia Agricola, 67:
129-135.

Olsson, I. A. S. and L. J. Keeling, 2005. Why in earth? Dustbath-
ing behaviour in jungle and domestic fowl reviewed from Tin-
bergian and animal welfare perspective. Applied Animal behav-
iour Science, 93: 259-282.

Onderci, M., N. Sahin, K. Sahin and N. Kilic, 2003. Antioxidant
properties of chromium and zinc: in vivo effects on digestibil-
ity, lipid peroxidation, antioxidant vitamins, and some miner-
als under a low ambient temperature. Biological Trace Element
Research, 92: 139-150.

Regulation 44/2006, 2006. Regulation 44/2006 for veterinary
medical requirements of animal rearing facilities. State Gazette,
7 (41 Suppl.): 57-58 (Bg).

Popova-Ralcheva, S., V. Hadjiiliev, D. Gudev, A. Alexandrov
and V. Sredkova, 2002. Ethological and Physiological In-
dices for Well- being in Broilers under Different Systems of
Management. Bulgarian Journal of Agricultural Science, 8:
635-639.

Prasad, A. S., 1997. The role of zinc in brain and nerve functions,
95-111 in Metals and Oxidative Damage in Neurological Dis-
orders. NY: Plenum Press, New York.

Prasad, A. S. and O. Kucuk, 2002. Zinc in cancer prevention.
Cancer Metastasis Review, 21: 291-295.

Puvadolpirod, S. and J. P. Thaxton, 2000 a. Model of physiologi-
cal stress in chickens. 3. Temporal patterns of response. Poultry

Science, 79: 377-382.

Puvadolpirod, S. and J. P. Thaxton, 2000b. Model of physiologi-
cal stress in chickens. 1. Response parameters, Poultry Science,
79: 363-369.

Puvadolpirod, S. and J. P. Thaxton, 2000c. Model of physiologi-
cal stress in chickens. 2. Dosimetry of adrenocorticotropin.
Poultry Science, 79: 370-376.

Sahin, K. and O. Kucuk, 2003. Zinc supplementation alleviates
heat stress in laying Japanese quail. Journal of Nutrition, 33:
2808-2811.

Sahin, K., O. Kucuk, N. Sahin and M. Sari, 2002. Effects of vi-
tamin C and vitamin E on lipid peroxidation status, some serum
hormone, metabolite, and mineral concentrations of japanese
quails reared under heat stress (34°C). International Journal of
Vitamin and Nutrition Research, 72: 91-100.

Sahin, K., N. Sahin, O. Kucuk, A. Hayirli and A. S. Prasad,
2009. Role of dietary zinc in heat-stressed poultry: A review.
Poultry Science, 88: 2176-2183.

Sahin, K., M. O. Smith, M. Onderci, N. Sahin, M. F. Gursu and
0. Kucuk, 2005. Supplementation of zinc from organic or in-
organic source improves performance and antioxidant status of
heat-distressed quail. Poultry Science, 84: 882-887.

Satterlee, D. G., R. B. Jones and F. H. Ryder, 1993. Effects of
vitamin C supplementation on the adrenocortical and tonic im-
mobility fear reactions of Japanese quail genetically selected
for high corticosterone response to stress. Applied Animal Be-
haviour Science, 35: 347-357.

Sherwin, C. M. and A. Kelland, 1998. Time-budgets, comfort
behaviour s and injurious pecking of turkeys housed in pairs,
British Poultry Science, 39: 325-32.

Sossidou, E. N. and H. A. Elson, 2009. Hens’ welfare to egg qual-
ity: a European perspective. World's Poultry Science Journal,
65: 709-718.

Stoyancheyv, K., T. K. Stoyanchev, M. Lalev, D. Yarkov and T. T.
Stoyancheyv, 2006. behaviour of turkeybroilers with and with-
out muscle dystrophy under conditions of animal welfare or
stress. Trakia Journal of Sciences, 4: 509-55.

Yang, J., D. W. Long, N. Inpanbutr and W. L. Bacon, 1998. Ef-
fects of photoperiod and age on secretory patterns of luteinizing
hormone and testosterone and semen production in male do-
mestic turkeys. Biological Reproduction, 59: 1171-1179.

Wojcik, A. and K. Filus, 1997. The behaviour of Turkeys under
the influence of different systems of floor management. Pro-
ceeding of the 9" International Congress in Animal Hygiene,
17-21 August, Helsinki, Finland, 1: 470-474.

Received January, 29, 2017, accepted for printing March, 10, 2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 300
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


