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Abstract: Effect of rearing system on the micro-
biological quality of Pekin P44 and Muscovy
MR71 ducks bowel. In this study, we analyzed
the effect of rearing system of ducks on the
quantitative and qualitative composition of their
gut microflora. 180 ducks and 180 drakes of Pe-
kin 44 and Muscovy MR71 lines were kept in
the intensive system on litter; the same number
of birds was kept in the semi-intensive system.
In the latter, starting from the 3rd week of life
the birds were allowed to use free ranges. After
slaughter of 15 ducks and 15 drakes from each
group, their intestinal digesta was subjected to
microbiological analysis. The possibility of using
the free ranges had a positive effect on the quan-
titative and qualitative composition of intestinal
microflora of these birds. The count of aerobic
mesophilic heterotrophs in the intestinal digesta
of ducks was higher in the case of birds kept in
the semi-intensive system. More beneficial re-
sults were achieved in the case of Muscovy ducks
considering mainly the coli/lacto ratio which was
the lowest (0.08) in this group for both sexes kept
on free range. Noteworthy is also that no patho-
genic bacteria of the genera: Salmonella, Proteus,
Pseudomonas, Staphylococcus, Clostridium per-
fringens and Escherichia coli were found in any
of the analyzed samples.

Key words: Pekin ducks, Muscovy ducks, bowel,
microbiological quality, rearing system

INTRODUCTION

Owing to the ban on the use of antibiotic
growth stimulants in poultry feeding im-
posed on the 1 January 2006 in the EU

Member States, the maintenance of the
appropriate microbiological medium of
the gastrointestinal tract is a prerequi-
site of the production cycle. Intestinal
bacteria have a great impact on effec-
tive utilization of nutrients, functions
of the immune system and, thereby, on
the development of the whole body of
birds (Kohl 2012). Irrespective of spe-
cies, it is assumed that chicks hutch
with sterile gastrointestinal tract that is
next colonized by microorganisms in-
habiting their environment. According
to Cook et al. (2005), Peralta-Sa'nchez
et al. (2010) and Ruiz-De-Castan"eda
et al. (2011), under natural conditions
a great role is ascribed in this process to
hutching behavior of parents and their
microbiological status. In the produc-
tion process, however, the role of adult
birds was limited only to the production
of hatching eggs. As a consequence, the
microbiological status of chicks is in-
fluenced mainly by conditions occur-
ring in the hatching incubator and in the
rearing facility, meaning indirectly by
man’s actions.

Development of methods for the
intensive production of poultry, with



14 K. Damaziak, M. Michalczuk, A. Kurek

the main assumption of as maximal as
possible isolation of the area the birds
are kept at (constant keeping the birds
indoors) from impacts of the external
environment as well as dissemination
of the so-called principles of bio-protec-
tion, have in part created the possibility
of controlling the development of the
appropriate microflora in the gastroin-
testinal tract of poultry. Today, produc-
tion of this type is most frequently con-
demned by animal rights defenders and
consumers as it diminishes the welfare
of birds (Fanatico et al. 2008) and de-
teriorates the quality of finished prod-
ucts (Berri et al. 2005). The rearing of
birds in semi-intensive, ecological sys-
tems which allow the birds to use free
ranges for at least 1/3 of their life span
(Council Directive No 2092/91/EEC on
24 June 1991/Rozporzadzenie Rady nr
2092/91/EWG z dnia 24 czerwca 1991
roku) is becoming an alternative to this
system. A question then arises whether
birds produced via artificial incubation
and kept indoors at least in the initial pe-
riod of life are capable to cope with and
yield effective production results when
allowed to use free ranges. It needs to be
emphasized that even upon the greatest
caution of man, it is impossible to isolate
slaughter poultry from wild fowl and to
control microclimatic conditions, as well
as to avoid changes in the total admin-
istered feed as affected by ingestion of
fresh vegetation by birds at the pasture.

This study was aimed at analyzing
the effect of rearing system (intensive
— IS, semi-intensive — OS) on the micro-
biological quality of bowels of two types
of functional ducks in Poland: Pekin P44
and Muscovy MR71.

MATERIAL AND METHODS

Experimental procedures were approved
by the Ethical Commission (approval
no. 27/2009 of 16 April 2009).

The study was conducted with Mus-
covy ducks (Grimaud, Rossy, France) of
R71 line (MR71) (Grimaud Fréres 2012)
and Polish Pekin ducks of P44 line (P44)
(Kokoszynski et al. 2010). Till the 3
week of life, 360 ducks from each group
(MR71: 180 43 and 180 Q9Q; P44:
180 43 and 180 Q%) were kept in the
intensive system on litter in the same
building (2.9 bird/m?), afterwards half
of ducks and drakes randomly selected
from each group were allowed to use
free ranges (0.08 bird/m?) — Figure 1.
Both sexes of P44 ducks were reared
till the 7" week of life, whereas MR71
ducks till the 10" and MR71 drakes till
the 12" week of life, however chick in-
clusions were made at various terms in
order to synchronize slaughter time. De-
tailed data related to the characteristics
of free ranges, weather conditions oc-
curring when the birds were using free
ranges, nutritive values of feed mixtures
and basic production results including:
growth, feed conversion ratio and mor-
tality, were published in our earlier work
(Damaziak et al. 2014).
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FIGURE 1. Experimental scheme showing the location of pens (—) and runs () for experimental

birds

After slaughter, samples of small in-
testine digesta were collected from 15
ducks and 15 drakes from each groups
(in total: 120 birds) for microbiologi-
cal analyses. Determinations were car-
ried out for: ammonifying heterotrophic
bacteria (nutrient agent without/with the
addition of 5% defibrinated ram blood
at 37°C); bacteria (lac+ and lac—) of the
family Enterobacteriaceae (culture me-
dium according to McConkey’(at 37°C);
bacteria of the genus Pseudomonas
— culture medium according to King B
(28°C); microscopic filamentous fungi
and yeast — culture medium according to
Martin and Sabouraud with the addition
of streptomycin (28°C); lactic fermenta-
tion bacilli of the family Lactobacillus
— solid culture medium according to
Eijkman with glucose, lactose and bro-
mocresole purple and Sabouraud’s me-
dium (without antibiotics) (37°C); and
sulfate-reducing Clostridium perfingens
bacteria — liquid medium and solid me-
dium according to Wilson-Blair (37°C).
The count of bacteria was determined
with the plate method and test tube meth-
od (MPN — most probable number).

Microorganisms were identified based
on macroscopic observations of liquid
and solid cultures and microscopic prep-
arations of life bacteria in a flat droplet,
stained with the Gram’s method and with
acridine orange.

The statistical analysis of results
was conducted using statistical package
SPSS 21.0 (IBM SPSS 2012). Normal-
ity of variables distribution was checked
with Kotmogorow-Smirnow test. The
contribution of ammonifying hetero-
trophs and Enterobacteriaceae family
bacteria (lact) showed normal distri-
bution after logarithmic transformation
(decimal logarithm from the variable
+ 1). The Lac — variable did not show
normal distribution, even after transfor-
mation, hence non-parametric Mann-
-Whitney test was used in its case. The
effect of factors on other parameters,
which showed normal distribution, was
estimated with analysis of variance
(GLM procedure). The model of vari-
ance analyses for variables possessing
normal distribution was as follows:
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Y, =u+P+U+R +(PU)j+ (PR)im+ (UR)m + (PUR)jm + e,

ijmk

where

Yijmk — trait;

U — general mean;

P, —effect of i-th sex, i = 1.2;

U, — effect of j-th housing system;

R, — effect of m-th genotype, m =
=1.2;

(PU)ij  — effect of interaction between
sex and housing system;

(PR)im — effect of interaction between
sex and genotype;

(UR)yjm — effect of interaction between

housing system and geno-
type;

(PUR)ijm — effect of interaction between
sex, housing system and geno

type;
€ — random error.
RESULTS AND DISCUSSION

Based on study results presented in Ta-
ble 1, it was stated that the count of aero-
bic mesophilic heterotrophic bacteria in
small intestinal digesta of ducks was sig-
nificantly (P <0.01) higher in the case of
birds kept in the OS system, compared
to the IS system. This was, probably,
linked with the possibility of ingesting
green vegetation by birds. Gajewska
et al. (2009) demonstrated earlier the
feeding chickens mixtures with the ad-
dition of plant preparations containing
mixtures of various herbs significantly
increased the count of aerobic micro-
organisms. In addition, a reduction was
observed in the count of bacteria of the

k

family Enterobacteriaceae, grown on
McConkey’s medium, in both types of
ducks produced in the OS system (Ta-
ble 1). The use of Sabouraud’s medium
and Eijkman’s medium for the culture
of lactic fermentation bacteria did not
cause any significant differences in bac-
terial counts between ducks kept in dif-
ferent rearing systems. A higher count of
Lactobacillus bacteria was determined
only in the case of MR71 ducks reared
in the OS system, but the significance
was confirmed at P < 0.05 (Table 1). It is
known that the basic microorganisms for
birds are facultative and strict anaerobic
bifidobacteria, Lactobacillus and lactate-
-fermentation bacteria, and Bacteroides
(Yaghobfar et al. 2006).

No pathogenic bacteria of the gen-
era: Salmonella, Proteus, Pseudomonas,
Staphylococcus, Clostridium perfrin-
gens and Escherichia coli were found
in any of the analyzed samples. No fila-
mentous fungi and yeast were either de-
tected with the use of Martin’s medium,
irrespective of the rearing system, origin
and sex of birds (Table 1). According to
Ziotkowska and Tokarzewski (2007), an
increase of infection rate with Salmonel-
la spp., Pasteurella spp., Campylobacter
spp. and Listeria spp., was observed in
geese as a result of progressing intensifi-
cation of the production process and in-
creasing stock density of birds. The lack
of these microorganisms in digesta of
ducks in this study could be due to rear-
ing conditions (OS groups), as well as
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TABLE 1. Total count of aerobic heterotrophs, filamentous fungi and yeast (LSM; SEM) in digesta of
small intestines of Pekin P44 and Muscovy MR71 ducks (1 g d.m.), reared on litter (IS) and on free

ranges (OS)
1 a inb
Housing | Geno- Sabouraud Eijkman Nutrient agar McConkey. Marl'tm
Sex . . Endo lact/ |Enterobacteria-| fungi and
system | type Lactobacillus | Lactobacillus
/lac— ceae yeast
pas M | 248 x10° 1.11 x 10° 3.09 x 107 3.21 x 10* <1.0 x 10?
oS F 3.17 x 10° 2.00 x 10° 3.27 x 107 3.00 x 10* <1.0 x 10?
MR71 M | 2.33x10° 1.02 x 10° 0.12 x 107 5.51 x 107 <1.0 x 10?
F 3.01 x 10° 1.00 x 10° 221 x 107 4.89 x 10° <1.0 x 10?
a4 M | 2.20x10° 1.87 x 10* 2.25 x 10° 2.52x10° <1.0 x 10?
s F 0.66 x 10° 0.36 x 10* 6.67 x 10° 2.40 x 10° <1.0 x 10?
MR71 M | 2.05x10° 43 x10° 3.34 x 10° 1.93 x 10° <1.0 x 10?
F 1.19 x 10* 3.9 x10° 3.23 x10° 2.20 x 10° <1.0 x 10?
SEM 0.20 0.05 0.49 0.75 0.00
Main effects
housing system * NS wok Hok NS
genotype * * Hok ok NS
sex * NS NS * NS
housing system x NS " s . NS
X genotype
housing system x « NS - o NS
X sex
genotype X sex NS NS ok Hok NS
housing system x NS NS - s NS
X genotype X sex

2Nutrient agar with the addition of ram blood; ® filamentous fungi and yeast; NS: P > 0.05, *P < 0.05,

**P <(0.01; SEM — standard error of the mean.

to low stock density and relatively low
number of birds in experimental flocks.
The housing system was observed to
have a significant effect on changes in
the coli/lacto ratio computed based on
the ratio of total count of Enterobacte-
riaceae family bacteria to the count of
LAF bacteria (Table 2). In the case of
both sexes of MR71 ducks, a more fa-
vorable, lower (ca. 8 times lower) value
of the ratio was noted for ducks from the
OS system, compared to birds produced

in the IS system. In the case of P44 ducks,
values of the coli/lacto ratio did not dif-
fer significantly between birds reared in
the IS and OS systems. Similar values
were noted for birds of both sexes. Prob-
ably, the lowest values of the coli/lacto
ratio determined for MR71 ducks pro-
duced in the OS system are linked with
longer rearing period of these birds and,
thereby, with longer period when the
birds could use free ranges, compared to
P44 birds.
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TABLE 2. Values of coli/lacto ratio determined based on counts of Enterobacteriaceae family bacteria
and LAF bacteria (LSM; SEM), present in digesta of small intestines of Pekin 44 and MR71 Muscovy

ducks, reared on litter (IS) and on free range (OS)

Housing Genotype | Sex Endo_lac+ Endo_lac— |Lactobacillaceaec| Coli/lacto
system
a4 M 5.51 x 10¢ 0.01 x 10° 2.30 x 10° 0.52
oS F 1.40 x 107 0.11 x 10¢ 3.12 x 107 0.65
M 2.15 % 10¢ 0.00 x 10° 2.30 x 10° 0.08
MR71
F 2.20 x 10¢ 0.00 x 10° 2.79 x 10° 0.08
P44 M 9.66 x 10° 0.01 x 10° 2.12 x 107 0.66
s F 3.36 x 10¢ 0.01 x 10° 0.57 x 10¢ 0.74
M 2.70 x 10¢ 031 x10° 1.84 x 107 0.59
MR71
F 6.64 x 10° 0.24 x 10° 1.16 x 107 0.54
SEM 0.17 0.00 0.58 0.05
Main effects
housing system ok ok * *ox
genotype *ok NS NS *
sex NS NS NS NS
housing system x genotype *ok *ok NS *ox
housing system X sex *ok *ok * *ox
genotype X sex ** * NS *k
housing system x genotype X o NS NS NS
X sex

NS: P> 0.05, *P <0.05, **P <0.01; SEM — standard error of the mean.

The housing system was observed to
have a significant effect on changes in
the coli/lacto ratio computed based on
the ratio of total count of Enterobacte-
riaceae family bacteria to the count of
LAF bacteria (Table 2). In the case of
both sexes of MR71 ducks, a more fa-
vorable, lower (ca. 8 times lower) value
of the ratio was noted for ducks from the
OS system, compared to birds produced
in the IS system. In the case of P44 ducks,
values of the coli/lacto ratio did not dif-
fer significantly between birds reared in
the IS and OS systems. Similar values
were noted for birds of both sexes. Prob-

ably, the lowest values of the coli/lacto
ratio determined for MR71 ducks pro-
duced in the OS system are linked with
longer rearing period of these birds and,
thereby, with longer period when the
birds could use free ranges, compared to
P44 birds.

In summary, the results obtained in-
dicate that allowing ducks to use free
ranges had a positive effect on the qual-
itative and quantitative composition of
their gut microflora. Of the two genetic
groups of ducks (P44 and Muscovy),
better microbiological parameters were
noted in the case of MR71 OS group,
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which could be due to the longer period
of rearing and using free ranges. In the
future, results of microbiological assays
of intestinal digesta should be confronted
with results of parasitological analyses,
since the risk posed by internal parasites
is one of the major causes postulating
for reduced application of the semi-in-
tensive methods of poultry rearing.
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Streszczenie: Wphyw systemu utrzymania na
jakos¢ mikrobiologicznq jelit kaczek Pekin P44
i pizmowych MR71. W badaniach analizowano
wplyw systemu utrzymania kaczek na ilosciowy
i jakoéciowy sktad mikroflory jelitowej. Po 180
kaczek i 180 kaczoréow Pekin P44 i pizmowych
MR71 utrzymywano w systemie intensywnym
na $cidtce i taka sama ilo$¢ ptakow w systemie
pétintensywnym. W systemie potintensywnym
ptaki od 3. tygodnia zycia mogly korzystad
z ograniczonych wybiegdw. Po uboju 15 kaczek
i 15 kaczoréw z kazdej grupy wykonano analizg
mikrobiologiczna tresci ich jelit cienkich. Mozli-
wo$¢ korzystania z wybiegow miato pozytywny
wplyw na jako$ciowy i ilosciowy sktad ich mi-
kroflory jelitowej. Liczebno$¢ tlenowych mezo-
filnych bakterii heterotroficznych, w tresci jelita
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cienkiego kaczek, byta wyzsza dla ptakow utrzy-
mywanych w systemie potintensywnym. Korzyst-
niejsze wyniki stwierdzono w przypadku kaczek
pizmowych, gldwnie odnos$nie wspoétczynnika
coli/lacto, ktéry byt najnizszy (0,08) u tej gru-
py dla obu plci utrzymywanych na wybiegu. Na
szczegblng uwage zashuguje rowniez fakt, iz nie
stwierdzono obecnosci bakterii chorobotwor-
czych z rodzaju Salmonella, Proteus, Pseudo-
monas, Staphylococcus, Clostridium perfringens
i Escherichia coli w zadnej z badanych prob.
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