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The aim of this study was to determine traits of the digestive system and femur and tibia bone of 
Dworka and Pekin ducks. A study was conducted on 24 Dworka duck (breeding strain D11) carcasses 
and 24 Pekin duck (conservative strain P9) carcasses, 12 male carcasses and 12 female carcasses 
from each strain. The lengths of the intestinal segments were tape measured. The diameters of the 
intestinal segments and leg bone dimensions were measured with an electronic calliper. The results 
obtained differed by genotype and sex for internal organ weights (Dworka male ducks in general 
had heavier organs), for the length of intestinal segments (Dworka male ducks had longer some 
intestinal segments), while for bones the results obtained were similar, regardless of genotype and 
sex. Dworka and Pekin ducks of both sexes differ in the weight of their some internal organs, the 
length and diameter of their intestinal segments and dimensions of their bones. This may be due to 
different growth rates of selected ducks (D11 Dworka) and non-selected ducks (P9 Pekin).
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The digestive system of birds develops proportionally depending on the species. As 
birds grow, the percentage of lean meat and skin with fat increases and the percentage 
of bone content decreases. Fast-growing birds are characterised by rapid growth of the 
digestive system [Wasilewski et al. 2015], which can result in stress on the immature 
skeleton, in turn potentially leading to various skeletal deformities and disorders 
[Cooper et al. 2008, Robison et al. 2015]. In a study by Konarkowski [2006] it was 
shown that in 7-day-old ducks the small intestine is 3.7 times heavier and 1.6 times 
longer than in twice lighter turkeys of the same age. Growth of the small intestine is 
relatively greatest early in the birds’ lives, then it slows down with age [Wasilewski 
et al. 2015]. According to Watkins et al. [2004], the digestive system of Pekin ducks 
reaches morphological and functional maturity after 7 weeks of age. Duggan et al. 
[2015] showed that Pekin ducks (Cherry Valley commercial hybrid) produced for 
meat can reach a body weight of 2.5 kg within 5 weeks. The intestinal tract is a 
very important part of the body’s defence system and the main site for digestion and 
absorption of nutrients from feed [Garro et al. 2018, Chen et al. 2021]. Ducks from 
conservative flocks (e.g.  Danish Pekin - P8 strain, French Pekin - P9 strain, Polish 
Pekin - P33 strain) are more resistant to various diseases and adapt more easily to 
changing environmental and nutritional conditions; however, this negatively affects 
their meatiness and reproductivity [Książkiewicz 2012]. Bone growth is primarily 
influenced by nutrition; however, genetic conditions and production practices also 
have a significant impact. One of the most important trace elements required for 
bone formation in poultry is zinc. Deficiencies of this element affect the feeding 
behaviour of birds and inhibit mineralisation and bone formation [Wen et al. 2019, 
Zhang et al. 2020]. Another important mineral is calcium. Structural bone loss and 
the development of osteoporosis may be related to the source of calcium for eggshell 
formation, therefore it is very important to assess bone quality, especially for laying 
birds [Cui et al. 201]. Phosphorus, together with calcium, are fundamental minerals 
for bone formation. They participate in many biological processes, such as activating 
enzymes, maintaining acid-base balance, being responsible for the synthesis of nucleic 
acids or influencing bone mineralisation [Akter et al. 2016]. In the skeleton, they are 
stored in the hydroxyapatite form and are present at 99% and 80% [Proszkowiec and 
Angel 2013]. Calcium and phosphorus deficiencies further block bone growth, making 
abnormalities most common [Valable et al. 2017]. If these deficits persist over time, 
they have lasting side effects in the form of rickets, particularly in broilers [Shazly 
Soheir et al. 2021]. Studies of the avian skeleton, i.e. its properties and composition, 
identify the age (or body weight) of the bird, at which skeletal problems such as tibial 
dyschondroplasia, femoral fractures or long bone distortions, occur. Therefore, it is 
believed that morphological and densimetric parameters of the tibia are crucial to gain 
a closer understanding of the pelvic limb disorders that ducks suffer from [Zhang et al. 
2019]. These diseases are most often associated with genetic increases in growth [Van 
Wyhe et al. 2012].  In order to better visualise the skeletal structure of birds, various 
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investigative techniques are used, such as X-ray and ultra-sound. These methods allow 
to see the internal structure of the bone [Charuta and Reymond 2007]. In general, bone 
resistance to fracture can be reflected in the level of animal welfare [Krunt et al. 2022]. 
Bone problems in ducks are also reflected in meat quality, among other things causing 
developmental defects in the thoracic muscles, which affects meat texture [Zhang et 
al. 2019]. The available literature lacks information on the digestive traits in Dworka 
ducks (breeding strain D11) and the metric traits of leg bones (femur and tibia bones) 
in conservative strain P9 (French Pekin) and breeding strain D11 (Dworka ducks). In 
the era of the promotion of the free-range housing system, breed assessed ducks are 
gaining in popularity, and the results obtained furthermore add to the current state of 
knowledge concerning these duck populations. The aim of this study was to determine 
the traits of the digestive system and femur and tibia in Dworka and Pekin ducks.

Material and methods

The experiment was conducted with the approval of the Local Ethics Committee 
for Experiments on Vertebrate Animals in Bydgoszcz, Poland (Resolution no.17/2010 
of 23 June 2010).

Carcass collection 

The research material consisted of 24 carcasses of Dworka ducks (breeding strain 
D11) and 24 carcasses of Pekin ducks from the genetic resources herd (French Pekin, 
conservative strain P9), with 12 carcasses of males and 12 carcasses of females from 
each strain. The carcasses were obtained at the age of 113 weeks (after the slaughter of 
the ducks after two reproductive seasons). The timing for the evaluation of ducks from 
the P9 (French Pekin) lineage was in accordance with the regulations of the Polish Duck 
Population Genetic Resources Conservation Program. Male and female ducks of the 
P9 genetic resources are eliminated after two reproductive seasons. For comparison 
purposes, carcasses of Dworka ducks from breeding strain D11 were obtained on 
the same date. During the reproductive season, the ducks from both assessed strains 
were fed the same diet with the same nutritional value (5.1% crude fat, 4.0% crude 
fiber, 3.0% calcium and 0.5% phosphorus) and were kept in the same building with 
similar environment parameters. Depending on the season, the temperature inside the 
poultry house ranged from 8 (winter period) to 20°C (summer period), while relative 
humidity ranged from 60 to 70%. The birds had no access to the enclosure during 
the reproduction period. The length of artificial lighting inside the building in the 
reproductive season  was 14h/d. A commercial complete feed mixture for parent 
ducks was ground and contained 16.13% CP, 11.09 MJ metabolizable energy. The 
time of slaughter was related to the liquidation of duck flocks in accordance with the 
breeding program. Birds originating from the Waterfowl Genetic Resources Station 
in Dworzyska  (Poland) were slaughtered in a poultry processing plant, according to 
applicable regulations in the EU and the Polish poultry industry. 

Digestive system and leg bones of ducks
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Analysis of the carcass, breast and leg muscles, and selected internal organs

Eviscerated carcasses were chilled in a Hendi chill cabinet (Hendi, Gądki, Poland) 
at 4°C for 18 h. Then, the chilled carcasses were individually weighed on electronic 
balance (Radwag, Radom, Poland) to within 0.1 g. Next, eviscerated carcasses were 
dissected in accordance with the method developed and described by Ziołecki and 
Doruchowski [1989]. Gutting included the removal of the gastrointestinal tract and 
other internal organs (e.g. heart, gizzard, proventriculus, liver, spleen, lungs, pancreas). 
The following was determined accurate to 0.001 g with an electronic weight Medicat 
M160: gizzard (without digesta), liver (without gallbladder), heart, and spleen.

Analysis of the digestive system traits and leg bones

The lengths of the duodenum, jejunum, ileum, both caeca, and the colon were tape 
measured accurate to 1 mm. The diameters of the respective intestinal sections were 
measured accurate to 0.01 mm with an electronic calliper. The measurements were 
made at the beginning, centre and the end part. The average diameters of intestinal 
sections were determined on the basis of the measurement results. Leg bones separated 
during dissection were cleaned with hydrogen peroxide (30%), and the morphometric 
characteristics of the bones were subsequently determined. The following parameters 
were measured on the femur bone with an electronic calliper accurate to 0.01 mm: 
greatest length (GL), medial length (ML), greatest breadth of proximal end (GB), 
greatest depth of proximal end (GD), smallest breadth of the corpus (SM), greatest  
breadth of the distal end (GC), and greatest depth of the distal end (GE). The 
following measurements of the tibia were also carried out: greatest length (GL), axial 
length (AL.), greatest diagonal of the proximal end (GD), smallest breadth of the 
corpus (SB), greatest breadth of the distal end (SD), and greatest depth of the distal 
end (DD). Figure 1 shows pictures of the femur and tibia with measurements (a-d). 
All bone measurements were made following the method by Driesch [1976]. The 
characteristics of the digestive tract and other important internal organs, as well as 
leg bones were determined at the Department of Animal Breeding and Nutrition, the 
University of Science and Technology in Bydgoszcz, Poland.

Statistical analysis

Averages and the standard error of mean - SEM (collectively for both strains) of the 
analysed traits were calculated. The computations were performed with the use of the 
SAS software, ver. 9.4. [2014]. The significance of the differences between the  means 
for the recorded traits was verified by Student’s test at p<0.05.The correspondence of 
the empirical distributions for the studied traits to a normal distribution was assessed 
using the Shapiro-Wilk test. The recorded traits  had a normal distribution.

K. Włodarczyk et al. 
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Results and discussion 

Dworka males and females had statistically significantly heavier eviscerated 
carcasses; in addition, differences were observed between males and females in Pekin 
ducks (males were characterised by a heavier eviscerated carcass). The same was 

Digestive system and leg bones of ducks

  

  

a)

c)
d)

b)

Fig. 1. Tibia and femur bone measurements of Dworka D11 and Pekin P9. a) - male Dworka D11; b) - 
female Dworka D11; c) - male Pekin P9; d) - female Pekin P9.
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true for the breast muscle, except that additionally statistically significant differences 
were observed between males and females in the Dworka breed. In the leg muscle, 
significant differences were observed for the same sex between strains. In the gizzard 
significant differences were found between Dworka and Pekin females. In terms of 
liver weight significant differences were observed for each sex between the strains, 
and in addition, statistically significant differences were recorded between males and 
females in Pekin ducks. Heart weight was significantly different in females between 
strains plus between males and females in Pekin ducks. In contrast, spleen weight was 
significantly different between females and males in Dworka ducks (Tab. 1). In a study 
by Lewko and Gornowicz [2016]  in 10 week-old male Dworka ducks (strain D11), 
the weight of the eviscerated carcass without giblets was 2059 g, while that of females 
was 1769 g. In the same study [Lewko and Gornowicz 2016] the breast muscle weight 
in male and female Dworka ducks was higher (379.9 g in males) or lower (312 g in 
females) compared to our study. The same was true for the leg muscles in male and 
female Dworka ducks (246.9 g and 204.9 g). For Pekin P33 ducks of the same age 
the weight of the eviscerated carcass in males was 1821 g, while that of females 
was 1599 g. The breast muscle weight in males and females was 314.3 g and 278.6 
g, respectively (in our study the results were higher in males and lower in females), 
while the weight of leg muscles was 213.3 g (males) and 185.8 g (females), i.e. lower 
in males and females than P9 strain in this experiment. On the other hand, Bernacki 
et al. [2008] reported that the average weight of the eviscerated carcass in 7-week-old 
commercial Dworka (CaA15 hybrid) males was 1860 g, while that of females was 
1594 g. At the same age, breast muscle weights in male and female Dworka ducks 
were 259 g and 212 g, respectively, while leg muscle weights were 264 g (males) and 
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Table 1. Weight of the carcass, breast and leg muscles, and selected internal organs in Dworka and Pekin ducks 

at the age of 113 weeks 
 

Trait 
 Genotype (G) – sex (S)  

SEM 
 p - values  Dworka  Pekin   

 males females  males females   G S GxS 
Eviscerated 
carcass (g) 

mean  2167.2a 2058.0a  1937.0b 1724.6b*  35.8  0.001 0.023 0.358 
sd  179.6 216.2  184.2 188.1       

Breast 
muscles (g) 

mean  361.9a 317.8a*  317.4b 262.1b*  8.3  0.001 0.001 0.678 
sd  32.2 61.8  42.0 44.4       

Leg muscles 
(g) 

mean  238.1a 234.1a  204.9b 192.0b  6.0  0.001 0.488 0.683 
sd  38.7 33.8  49.4 26.4       

Gizzard (g) mean  90.7 95.7a  87.5 85.5b  2.0  0.096 0.719 0.377 
sd  16.2 7.5  15.1 14.7       

Liver (g) mean  56.3a 72.8a  43.5b 57.4b*  2.9  0.015 0.008 0.792 
sd  27.5 17.0  6.7 14.3       

Heart (g) mean  21.0 20.6a  18.7 16.6b*  0.4  0.001 0.144 0.233 
sd  3.0 2.0  2.0 2.6       

Spleen (g) mean  1.5 2.1*  1.3 1.7  0.1  0.199 0.006 0.619 
sd  0.5 0.7  0.5 0.8       

 
a,bp<0.05 – means with different superscripts for the same sex are statistically different between strains. 
*p < 0.05 – statistical differences between males and females in the strain. 
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210 g (females). On the other hand, in a study by Kokoszyński et al. [2020] a lower 
weight of male carcasses (1826 g) and a greater weight of female carcasses (1927 g) 
were obtained from 110-week-old P9 Pekin ducks compared to this study, regardless 
of genotype, depending on sex. A study by Kokoszyński et al. [2019b] showed that 
the gizzard weight in 49-day-old Pekin ducks (P9 strain) was 66 g, liver weight was 
47.5 g, heart weight was 11.4 g and spleen weight was 1.1 g. In terms of sexes, for 
males the weights were 73.9 g, 45.5 g, 11.0 g, and 1.1 g, whereas for females it was 
67.2 g, 41.9 g, 12.2 g and 1.0 g, respectively, i.e. in terms of both genotype and sex in 
our study the results were higher, which may be due to the different ages of the birds. 

For the length of the intestinal segments, statistically significant gender differences 
for each strain were obtained for the duodenum (additionally, Pekin females had a 
significantly shorter duodenum compared to Dworka females), jejunum, ileum, total 
small intestine, total intestine, caeca and colon (in this case, additionally, differences 
were observed between Dworka and Pekin females). In the case of total intestine, 
only the differences between Dworka males and females were significant (Tab. 2). 
In a study by Kokoszyński et al. [2019a] in 49-day-old Pekin ducks (P9), the length 
of the duodenum, jejunum, ileum, caeca and total intestine were smaller than in 
our study; however, colon length was smaller than in our study. In terms of gender, 
differences were noted for the jejunum, ileum and caeca. In this study the results were 
larger; however, the colon was smaller and the duodenum was similar. In a study by 
Włodarczyk et al. [2022] the length of the intestinal segments in 70-week-old Rosa 1 
hens and 62-week-old Ross 308 hens differed for the duodenum (in this study among 
Dworka ducks and in males the results were higher), jejunum (lower values were 
obtained among Dworka ducks and males in our study), total intestine (lower values 
were recorded for Rosa 1 among Dworka ducks and males in our study, and lower 
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Table 2. Length of intestinal segments in Dworka and Pekin ducks at 113 weeks of age 
 

Trait 
 Genotype (G) – sex (S)  

SEM 
 p-values  Dworka  Pekin   

 males females  males females   G S GxS 
Duodenum 
(cm) 

mean  36.2 35.7a  37.4 32.6b*  0.5  0.367 0.006 0.019 
sd  3.1 3.0  3.6 2.4       

Jejunum (cm) mean  89.0 96.4*  87.4 96.1*  3.2  0.155 0.003 0.102 
sd  15.1 8.4  12.9 15.3       

Ileum (cm) mean  87.3 94.2*  87.2 92.1*  0.9  0.553 0.001 0.540 
sd  7.4 3.9  5.3 5.3       

Total small 
intestine (cm) 

mean  212.5 226.3*  212.0 220.8*  2.4  0.778 0.002 0.190 
sd  15.4 13.2  15.7 16.7       

Caeca (cm) mean  39.0 41.6*  37.1 39.8*  0.5  0.049 0.004 0.962 
sd  3.1 2.7  3.0 3.1       

Colon (cm) mean  9.3 11.9a*  9.7 10.3b  0.4  0.431 0.034 0.154 
sd  3.0 0.7  2.0 1.8       

Total 
intestine (cm) 

mean  260.8 279.8*  258.8 270.9  2.7  0.852 0.001 0.151 
sd  15.8 12.1  16.9 19.7       

 
a,bp<0.05 – means with different superscripts for the same sex are statistically different between strains.    
 *p<0.05 – statistical differences between males and females in the strain. 
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values were obtained for Ross 308 by both genotype and sex in our study). Another 
study [Wasilewski et al. 2015]  showed longer total intestine length in 7-week-old 
Pekin ducks (SM3 Heavy and AF51).

For the percentage of intestinal segments, differences were significant only for 
the duodenum (between Dworka and Pekin females and between males and females 
of the same strain) and colon (between Dworka and Pekin females) - Table 3. A study 
by Wasilewski et al. [2015] showed that the percentage length of intestinal segments 
in 7-week-old Pekin ducks (SM3 Heavy and AF51) was similar to those in our study.

Considering the diameter of the intestinal segments, the differences between 
Dworka and Pekin females were significant in the case of the jejunum and colon (here 
the differences were also found between male and female Dworka ducks) (Tab. 4). In 
a study by Kokoszyński et al. [2019a] in 49-day-old Pekin ducks (P9) the diameter of 
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Table 3. Share (%) length of intestinal segments in Dworka and Pekin ducks at 113 weeks of age 
 

Trait 
 Genotype (G) – sex (S)  

SEM 
 p-values  Dworka  Pekin   

 males females  males females   G S GxS 
Duodenum 
(%) 

mean  15.0 12.8a*  14.5 12.0b*  0.2  0.386 0.001 0.113 
sd  1.4 1.0  1.5 1.1       

Jejunum (%) mean  28.7 34.4  33.7 34.0  1.7  0.671 0.887 0.434 
sd  3.5 2.5  2.4 3.2       

Ileum (%) mean  36.3 33.8  33.7 34.0  0.3  0.542 0.935 0.310 
sd  4.5 1.0  1.4 2.3       

Total small 
intestine (%) 

mean  79.9 81.0  81.9 81.5  0.2  0.097 0.684 0.905 
sd  1.3 1.3  1.1 1.0       

Caeca (%) mean  16.2 14.8  14.3 14.7  0.2  0.051 0.887 0.229 
sd  1.7 0.5  0.9 0.5       

Colon (%) mean  3.9 4.2a  3.8 3.8b  0.2  0.558 0.370 0.156 
sd  1.6 0.9  1.5 0.9       

 
a,bp<0.05 – means with different superscripts for the same sex are statistically different between strains.    
 *p<0.05 – statistical differences between males and females in the strain. 
 

 
Table 4. Diameter of intestinal segments in Dworka and Pekin ducks at 113 weeks of age 
 

Trait 
 Genotype (G) – sex (S)  

SEM 
 p-values  Dworka  Pekin   

 males females  males females   G S GxS 
Duodenum 
(mm) 

mean  7.0 7.9  6.9 7.4  0.1  0.481 0.040 0.649 
sd  1.6 0.9  1.6 1.0       

Jejunum 
(mm) 

mean  7.7 7.7b  7.6 8.4a  0.1  0.291 0.197 0.222 
sd  1.1 0.6  1.5 0.7       

Ileum (mm) mean  8.9 8.9  8.7 9.3  0.2  0.735 0.448 0.501 
sd  1.4 1.4  2.1 0.9       

Caeca (mm) mean  8.4 8.4  7.2 7.2  0.3  0.022 0.992 0.953 
sd  1.5 1.2  2.4 1.8       

Colon (mm) mean  10.1 12.0a*  9.8 10.2b  0.3  0.130 0.085 0.232 
sd  2.1 2.0  3.0 1.6       

 
a,b p<0.05 – means with different superscripts for the same sex are statistically different between strains. 
 *p<0.05 – statistical differences between males and females in the strain. 
 



341

all intestinal segments was smaller than in our own study by both genotype and sex. 
The exception is the diameter of the Rosa 1 segments, in which the ileum, caeca and 
colon were similar or smaller. The differences in the intestinal diameter and length 
have an effect on nutrient absorption and the intestinal villus area, which in turn 
influences productive traits in poultry. The intestinal diameter, as well as length are 
considerably influenced by the amount of feed intake, species, health, age, gender, 
body size, breed and physiological status of the birds.

As for significant differences between femur length in the same sex between 
strains, they were recorded for the greatest length, medial length and greatest breadth 
of proximal end (only for females). In turn, significant differences between males and 
females of the same strain were obtained for the greatest length (Dworka), medial 
length (Dworka and Pekin), greatest depth of proximal end (Dworka), greatest breadth 
of the distal end (Dworka) and greatest depth of distal end (Pekin) - Table 5. The femurs 
of birds in terms of their shape resemble those of mammals [Charuta and Reymond 
2007]. In 42-day-old broiler chickens Stęczny and Kokoszyński [2020] obtained similar 
results for the greatest length (GL) of the femur compared to our own study. The results 
differed for females (irrespective of genotype) and Pekin ducks (irrespective of sex). 
For ML, GB, GD, SM, GC and GE the results in our study were lower regardless 
of genotype and sex. In 49-day-old broiler ducks Kokoszyński et al. [2019a] showed 
similar greatest length for Dworka ducks and males from our own study. In contrast, the 
same authors’ study showed greater results for the greatest length in the case of Pekin 
ducks and females. The same was true for GB, GC and GE. In our own study, greater 
results were obtained for GD and SM, while they were similar for ML. 
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Table 5. Femur dimensions of Dworka and Pekin ducks at 113 weeks of age 
 

Trait 
 Genotype (G) – sex (S)  

SEM 
 p - values  Dworka  Pekin   

 males females  males females   G S GxS 
GL (mm) mean  72.4a 70.5a*  69.8b 67.2b  0.4  0.001 0.003 0.594 

sd  1.7 2.0  2.5 1.9       
ML (mm) mean  68.8a 67.0a*  66.8b 64.0b*  0.4  0.002 0.001 0.575 

sd  2.5 1.8  2.6 1.9       
GB (mm) mean  16.7 16.9a  16.9 15.6b*  0.2  0.124 0.118 0.019 

sd  0.8 1.3  1.2 0.9       
GD (mm) mean  12.5 11.1*  11.6 11.7  0.2  0.660 0.055 0.028 

sd  1.6 0.6  0.8 1.3       
SM (mm) mean  6.8 6.5  6.8 6.7  0.1  0.433 0.236 0.597 

sd  0.6 0.4  0.4 0.6       
GC (mm) mean  18.1 17.2*  18.0 16.9*  0.2  0.402 0.001 0.725 

sd  1.0 0.6  0.8 0.5       
GE (cm) mean  9.9 9.8  10.2 9.3*  0.1  0.828 0.052 0.172 

sd  1.3 1.0  0.6 0.5       
 
GL – greatest length, ML – medial length, GB – greatest breadth of proximal end, GD – greatest depth of 
proximal end, SM – smallest breadth of the corpus, GC – greatest breadth of the distal end, GE - greatest depth 
of the distal end. 
a,bp<0.05 – means with different superscripts for the same sex are statistically different between strains. 
* <0.05 – statistical differences between males and females in the strain. 
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In terms of tibia length, significant differences between the same sex between 
strains were obtained in greatest length, axial length and between males in smallest 
breadth of the corpus. In contrast, significant differences between the sexes of the 
same strain were recorded for the greatest length (Pekin) and axial length (Dworka 
and Pekin) (Tab. 6). Stęczny and  Kokoszyński [2020] in their study on 42-day-old 
broiler chickens reported smaller dimensions of GL and AL of the tibia (irrespective 
of genotype and sex), but larger dimensions of GD, SB, SD and DD (irrespective of 
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genotype and sex). Kokoszyński et al. [2019a] in their study on 49-day-old broiler 
ducks obtained similar dimensions for GL, AL (compared to Dworka ducks and males 
in their study, while Pekin ducks and females in general had shorter GL and AL) and 
smaller GD and, SB, while SD and DD were larger compared to our study. Oh et 
al. [2015] showed that dietary and fermented Chlorella vulgaris did not affect tibia 
length; however, it increased tibia resistance. 

Conclusion

In conclusion, the Dworka and Pekin ducks differed in the weight of some 
internal organs, length and diameter of intestinal segments and dimensions of bones. 
Differences were also recorded between the sexes of the birds. This may be due, among 
other things, to different growth rates. In addition, Pekin ducks tend to accumulate fat. 
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Table 6. Dimensions of the tibia in Dworkin and Pekin ducks at 113 weeks of age 
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