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Abstract: The domestication process has had a substantial and varied impact on animals in terms of anatomy, 
physiology, and behaviour. Poultry species are particularly important for humans, with the most significant being 
chickens, geese, and ducks. However, it is not well understood whether, or to what extent selection influences 
the eggshell structure compared to wild ancestors. In the present study, we compared eggshells from three species: 
Red junglefowl and its four domesticated forms: Green-legged partridge, Lohmann Brown, Ko-Shamo, meat type 
breeder (Cobb 500); Greylag goose, and two domesticated breeds: Bilgoraj goose and White Koluda goose, as well 
as Mallard duck and domesticated crossbred KhO-01. The analyses revealed significant differences in the egg-
shell structure both between species (P < 0.001) and between breeds (P < 0.001 for chickens and geese, and 
P = 0.039 for ducks). Domesticated forms tend to have fewer mammillary knobs per mm2 (P = 0.004), which were 
larger (P < 0.001) and they show the smaller coverage of the mammillary knobs (P < 0.001). Analyses showed 
significant correlations of the body mass and egg size with eggshell characteristics (P < 0.001). Considering that 
domesticated forms are usually larger, it cannot be conclusively determined whether changes in structure result 
from the domestication process itself or are physiologically linked to body mass and egg size. The relatively high 
similarity between the eggs of the wild ancestor and the Ko-Shamo breed, which exhibits substantial morphological 
changes but has a body mass similar to that of the Red junglefowl, supports this interpretation.
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Domesticated animals differ from their ancestors. 
Some changes result from planned selection car-
ried out by humans, e.g. increase in egg production 
(Kozak 2019), increase in body size (Kerje et al. 
2003), behavioural changes (Ericsson et al. 2014), 
while others seem to be a side-effect like decrease 
of the brain size (Mehlhorn and Rehkamper 2013). 

At the early stages of domestication, significant dif-
ferences in the biology of the species may arise, 
but when humans start intensive selection, they 
are more probable (Tixier-Boichard et al. 2011).

Man has domesticated relatively few species 
of animals, including birds. The most important 
are chickens (Gallus gallus), geese (Anser anser and 
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Anser cygnoides), ducks (Anas platyrhynchos and 
Cairina moschata) and turkeys (Meleagris gallo-
pavo). Among the first three species, geese have un-
dergone the relatively least changes in the process 
of domestication, but some changes can be seen 
in external appearance, reproductive traits and be-
haviour. Geese have increased their body weight, 
reach sexual maturity earlier and exhibit higher 
prolificacy. According to Kozak (2019), egg pro-
duction of goose breeds has increased 600–1 000% 
compared to the ancestor. Similar changes were 
found in another important poultry species – the 
chicken. As it was domesticated 6 000–10 000 years 
ago (Tixier-Boichard et  al. 2011), the changes 
may be most noticeable. Chickens are distributed 
throughout the world resulting from the creation 
of many breeds adapted to  local environmental 
conditions, ∼100 standard breeds (with ∼200 va-
rieties) and an equal number of bantam (miniature) 
breeds (Delany 2004). This has led to substantial 
variation in body size and shape, plumage, comb 
morphology, etc. Commercial stocks, however, are 
the most numerous due to their economic impor-
tance. Their growth rates (broiler-type birds) and 
reproductive capacity (laying hens) are unusual 
compared to unselected breeds, and the wild an-
cestor. Features favoured by humans usually have 
a negative selective value in the wild, but in captiv-
ity, they persist due to protection from predators 
and assisted reproduction.

The process of domestication has affected genetic 
diversity (Granevitze et al. 2007; Berthouly et al. 
2009) and it has been related to many reproduc-
tion issues (Burrows and Quinn 1939; Mohan et al. 
2018). However, little is known about egg quality 
in domesticated breeds compared to ancestors. 
Nutrition has a great impact on the egg chemical 
composition, but genetic factors play a role as well 
(Surai et  al. 2001). It has been proved that the 
concentrations of antioxidants are higher in eggs 
of wild birds than in domesticated forms (Speake 
et al. 1999; Surai et al. 2001), and in commercial 
duck breeds, the ratio of arachidonic to docosahex-
aenoic acid is higher than in undomesticated forms. 
The authors speculated that this difference was 
influenced not only by captive feeding, but also 
by the domestication process itself (Speake et al. 
2002). Other studies on the domesticated species 
helmeted guinea fowl (Numida meleagris) have 
shown significant differences in eggshell porosity. 
It was found to correlate with incubation length, 

which can be translated into the hatch window 
in incubators. In production, the aim is to narrow 
the hatch window, as chicks that hatch too early 
or too late are of poorer quality. This can lead to the 
unintentional selection of birds whose eggs pos-
sess specific characteristics (Damaziak et al. 2023). 
Domestication also affects shell pigmentation, 
as exemplified by quails (Coturnix japonica), which 
include lines of birds that lay eggs with celadon, red, 
and white shells (Tsudzuki 2008). Therefore, our 
hypothesis was that the genetic selection by hu-
mans focused on increasing productivity, which 
would alter eggshell structure, partly due to the ab-
sence of natural selection pressures, such as preda-
tors and environmental conditions in nests. These 
changes will also vary between breeds due to their 
history and the purpose why they were bred. Our 
aim was to examine and describe these differenc-
es and to analyse the potential underlying causes. 
We focused primarily on the innermost mammil-
lary layer, which is crucial for embryo development, 
and we also measured the thickness of the middle 
palisade layer and the outermost crystalline layer, 
treating them together due to poor visibility of the 
boundaries between them.

MATERIAL AND METHODS

Material collection and preparation. Eggs 
were collected from three species, i.e. Red jun-
glefowl (RJ) and its domesticated breeds: Green-
legged partridge (GP), Lohmann Brown (LB), 
Ko-Shamo (KS) and meat-type breeder Cobb 500; 
Greylag geese (GG) and two domesticated breeds – 
White Koluda (WK) and Bilgoraj geese (BG), and 
Mallard ducks and KhO-01 ducks (hybrids of Khaki 
Campbell with Orpington Fauve). From each wild 
and domesticated form, eleven proper-looking eggs 
(size, shape, pigmentation) were randomly selected. 
Eggs were collected from different females to avoid 
pseudoreplication. Eggs from domesticated birds 
came from individuals that were kept in the aviaries 
of Wroclaw University of Environmental and Life 
Sciences, while from ancestors they were obtained 
from Wroclaw Zoological Garden (RJ), Zoological 
Garden Lubin (GG), and game breeding centre 
in Grodzisko (Mallard). All individuals were fed 
as required by the species and breed, and they were 
kept with permanent access to outdoor paddocks. 
Eggs were not incubated, thus they did not contain 
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Figure 1

any developing embryos that would affect the mam-
millary layer structure of the eggshell.

Eggs were measured (maximum length and 
breadth) with an  electronic calliper and based 
on these measurements, the eggshell surface area 
was calculated according to  the formula devel-
oped by Narushin (2005): S = (3.155 − 0.013 6L + 
0.011 5B)LB, where L is the egg length and B is the 
maximum egg breadth. Egg content was removed 
and the eggshell was cleaned under running water. 
From the equatorial region of each egg, one frag-
ment of the eggshell of about 1 cm2 in size was tak-
en. To remove organic debris, the chosen fragment 
was put in boiling 5% sodium hydroxide solution 
for five minutes (Silyn-Roberts 1983). After that, 
eggshell pieces were rinsed thoroughly in distilled 
water and dried at 25 °C for 48 hours.

Scanning electron microscope analysis. Samples 
were coated with gold using a Scancoat Six Sputter 
Coater with a 300-s program (Scancoat Six Edwards; 
HHV Ltd., Crawley, UK). These prepared eggshells 
were analysed under microscope SEM, EM, Evo 
LS 15 (Zeiss, Oberkochen, Germany). The inner 

eggshell layer was analysed at 150× magnification, 
cross-sections under 45–150× magnification (de-
pending on the thickness of the eggshell, enough 
to make the individual layers visible). Thinner egg-
shells (e.g. RJ and KS) had to be viewed at a higher 
magnification than the thicker eggshells (e.g. goose 
eggs). Three photos of the inner surface and two 
photos of a cross-section of each egg were taken.

The obtained microphotographs were processed 
using Fiji, an extended version of ImageJ (ImageJ 
1.53n; Wayne Rasband, National Institute of Health, 
USA). The number of knobs per mm2 was counted 
in the mammillary layer within the inner surface 
of the eggshells. Furthermore, the area of single 
knobs was measured and the percent coverage 
with knobs of the inner eggshell was determined 
using the Weka trainable segmentation plugin 
(Figure 1). The cross-section microphotographs 
were used to determine the thickness of individual 
layers (mammillary and palisade plus crystalline 
layer) (Figure 2).

Statistical analyses. The Shapiro–Wilk W test 
was used to evaluate the distribution normality 

Figure 1. Sample images after processing in Weka trainable segmentation plugin (A,C) and before (B,C)
Red colour marks knobs surface, green – side of the knobs, violet – spaces between knobs. (A,B) Gallus gallus, Lohmann 
Brown; (C,D) Anser anser, Greylag goose

(A) (B)

(C) (D)
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Figure 2

of dependent variables in each group and Levene’s 
test was employed to  examine the homogene-
ity of variance between them. One-way ANOVA, 
or Welch test in the case of non-homogeneous vari-
ances, with post-hoc Tukey’s HSD test were used 
to test differences in eggshell structure features 
between species and breeds/lines. Additionally, 
two-way ANOVA with ‘species’ and ‘domestica-
tion’ independent variables (factors) including the 
interaction effect (‘species’ × ‘domestication’) was 
applied with post-hoc Tukey’s HSD test to demon-
strate the simultaneous effect of those two factors 
on dependent variables. Spearman’s (ρ) correla-
tions and Spearman’s partial correlations were used 
to investigate the relationships of eggshell structure 
features with each other, mean female body mass 
for breed (as a factor that significantly differen-
tiates the studied breeds) and calculated eggshell 
surface. All statistical analyses were conducted 
in Statistica v13.3 software (1984–2017 TIBCO 
Software Inc, Palo Alto, California, USA) and JASP 
(JASP Team v0.17.2, 2023). Statistical significance 
was set at P < 0.05.

RESULTS

Mammillary layer. There were significant 
differences in  the structure of  the mammillary 
layer between the studied species [Electronic 
Supplementary Materials (ESM) Figures S1–S3]. 
The number of knobs per mm2 differed between 

wild ancestors . Gallus gallus  had the high-
est number of knobs, while Anser anser the lowest 
(P < 0.001; F2.96 = 70.50). The area of the knobs 
also differed between species: Gallus gallus had 
the smallest knobs, while Anser anser the largest 
(P < 0.001; F2.178 8 = 501.38). The knob percent cov-
erage differed significantly between species: the 
highest was observed in Gallus gallus, intermediate 
in Anser anser, and the lowest in Anas platyrhyn-
chos (P < 0.001; F2.96 = 26.88).

Further analyses revealed differences between an-
cestors and domesticated forms (Table 1). In most 
cases, ancestors had more knobs. In Gallus gallus, 
both RJ and KS had more knobs per mm2 than the 
other breeds (P < 0.001; F4.160 = 21.20). In Anser 
anser, GG and BG had more knobs than WK 
(P < 0.001; F2.96 = 10.64), and in Anas platyrhyn-
chos, the Mallard had more knobs than KhO-01 
(P < 0.039; F1.64 = 4.43). The area of the knobs was 
also smaller in ancestor forms and some smaller 
breeds. In Gallus gallus (P < 0.001; F4.296 4 = 308.53) 
the smallest knobs were found in KS followed by RJ. 
In Anser anser ancestor and BG had smaller knobs 
than WK (P < 0.039; F2.186 4 = 10.66), and Mallard 
had smaller knobs than its domesticated form 
(P < 0.001; F1.115 2 = 510.27). The knob coverage 
was higher in RJ and KS than for the other chicken 
breeds (P < 0.001; F4.160 = 24.69). Similarly, in geese, 
both the ancestor and BG had a higher coverage 
of knobs (P < 0.001; F2.96 = 20.20). Only in ducks, 
no statistically significant difference was found 
(P = 0.851; F1.64 = 0.04).
ʽSpeciesʼ as well as  ʽdomesticationʼ factors re-

vealed a  significant impact on  the knob area 
(P  <  0.001). The interaction effect (ʽspeciesʼ × 
ʽdomesticationʼ) was also statistically significant 
(P < 0.001). The strongest effect was observed for 
the ̔ speciesʼ factor (partial η2 = 0.25). Tukey’s HSD 
test showed that the ancestor and domesticated 
breeds of Anser anser did not differ significantly 
from each other. Also, the ancestor of Anas plat-
yrhynchos and Gallus gallus did not reveal any 
significant difference from each other. The great-
est knob area in domesticated forms was found 
in Anser anser, then in Anas platyrhynchos and 
the smallest area was observed in Gallus gallus; 
in the case of ancestors the trend was the same 
except for Gallus gallus, which had the greater knob 
area in this case than Anas platyrhynchos. ̔ Speciesʼ 
and ̔ domesticationʼ factors had a significant influ-
ence on the number of knobs per mm2 but no in-

Figure 2. Layer measurements
On the right mammillary layer with knobs is visible. On the 
left palisade and crystalline layer are visible. The white verti-
cal line marks the boundary of the layers

https://cjas.agriculturejournals.cz/esm/112/2024-CJAS/1.pdf
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teraction effect of those two factors was found. The 
strongest effect was observed for the ʽspeciesʼ fac-
tor again (partial η2 = 0.46). Ancestors of all species 
had a higher number of knobs. The highest num-
ber of knobs was observed for Gallus gallus, then 
for Anas platyrhynchos and the smallest for Anser 
anser. The effects of the ʽspeciesʼ, ʽdomesticationʼ 
as well as ʽspeciesʼ × ʽdomesticationʼ (interaction 
effect) factors were observed in the knob cover-
age of the inner surface. The strongest effect was 
found for the ̔ speciesʼ factor (partial η2 = 0.13). The 
highest values of the knob coverage of the inner 
surface were observed for Gallus gallus, then for 
Anser anser and the lowest for Anas platyrhynchos. 
In the case of the first two above-mentioned species 
ancestors showed higher values of the knob cover-
age of the inner surface but in Anas platyrhynchos 
no significant difference was found (significant 
interaction effect). All these results are presented 
in Figure 3 and in ESM Table S1.

Correlations of mammillary layer structure 
with egg and female traits. Within Gallus gallus, 
where we analysed eggs from ancestor and four 
domesticated forms, we examined the correlations 
between female body weight, egg characteristics 
and eggshell structure. Female body weight was 
positively correlated with the knob area (P < 0.001; 

ρ = 0.367) and negatively correlated with both the 
number of knobs per mm2 (P < 0.001; ρ = –0.327) 
and coverage of knobs (P < 0.001; ρ = –0.369). 
For egg traits: length, breadth, weight, and egg-
shell surface, there was found a positive correla-
tion with the knob area (P < 0.001; ρ = 0.378) and 
a negative correlations with the number of knobs 
(P = 0.004; ρ = –0.221) and knob coverage (P < 0.001; 
ρ = –0.547) (Figure 4). Additionally, correlations 
were observed among the structural parameters 
themselves: the number of knobs was negatively 
correlated with their area (P < 0.001; ρ = –0.596), 
but positively correlated with the knob coverage 
(P = 0.001; ρ = 0.263). Knob area and coverage were 
negatively correlated (P = 0.001; ρ = –0.258).

We also tested whether relationships between 
egg size as  determined by  the eggshell surface 
area and eggshell structural features were consist-
ent across species. There was a significant corre-
lation between knob and eggshell area (P < 0.001; 
ρ = 0.646). Partial correlations of the knob area 
with the eggshell area excluding the effect of knob 
number and knob coverage were also significant 
(P < 0.001; ρ = 0.450). Similarly, significant partial 
correlations of the eggshell surface were revealed 
for the number of knobs (P < 0.001; ρ = –0.692) and 
knob coverage (P < 0.001; ρ = –0.306).

Table 1. Single knob area, mean number of knobs/mm2 and knobs coverage of the inner surface for domesticated 
forms and their ancestors

Species Breed Mean knob area (μm2) 
(n-measures)

Mean 
n knobs/mm2

Coverage inner surface 
with knobs (%)

Gallus gallus

Red junglefowl 2 633c (n = 489) 214.9b (n = 33) 71.9a (n = 33)
Green-legged partridge 3 111a (n = 572) 174.9c (n = 33) 67.5b (n = 33)

Lohmann Brown 3 815b (n = 566) 177.7c (n = 33) 61.2c (n = 33)
Ko-Shamo 2 121d (n = 695) 260.2a (n = 33) 70.5ab (n = 33)
Cobb 500 3 021a (n = 647) 213.2b (n = 33) 63.9c (n = 33)

F test (P-value) 343.6 (<0.001) 12.5 (<0.001) 24.4 (<0.001)

Anser anser
Greylag goose 4 624b (n = 705) 114.4a (n = 33) 67.3a (n = 33)
Bilgoraj goose 4 593b (n = 609) 113.4a (n = 33) 67.7a (n = 33)

White Koluda goose 4 968a (n = 553) 96.8a (n = 33) 59.6b (n = 33)
F test (P-value) 10.8 (<0.001) 2.1 (ns) 9.4 (<0.001)

Anas platyrhynchos
Mallard duck 2 571b (n = 597) 173.8a (n = 33) 62.0 (n = 33)

KhO-01 4 253a (n = 557) 155.2b (n = 33) 61.7 (n = 33)
F test (P-value) 494.9 (<0.001) 5.3 (0.027) 0.2 (0.640)

Tested using post-hoc Tukey HSD; a–cMeans significantly different at the 5% level are identified by different letters within 
each column; P-values always refer to comparisons within species
ns = not significant

https://cjas.agriculturejournals.cz/esm/112/2024-CJAS/1.pdf
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Eggshell thickness and palisade to mammil-
lary layer ratio. Comparing ancestors, the thickest 
eggshells were observed in Greylag goose, inter-
mediate in the Mallard, and thinnest in the Red 
junglefowl (P < 0.001, F2.177 = 818.87). The palisade 
to mammillary layer ratio was comparable in chick-

en and duck, but lower than in goose (P < 0.001, 
F2.177 = 28.71).

Within Gallus gallus, significant differences 
were found in total eggshell thickness (P < 0.001, 
F4.295 = 58.23), as well as in the palisade to mammil-
lary layer ratio (P < 0.001; F4.295 = 21.07). KS had the 

Figure 3. Tukey’s post-hoc test results for two-way ANOVA for eggshell features (n knobs per mm2, knob area, cover-
age of inner surface with knobs, mean thickness of palisade and crystalline layer, mean thickness of mammillary layer, 
palisade to mamillary layer ratio) in domesticated forms and their ancestors
a–dDifferent letters mean significant difference in post-hoc Tukey’s HSD test (P < 0.001)
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highest layer ratio. RJ, as well as GP and Cobb 500 
were most similar in the thickness of layers. In geese, 
significant differences were also observed in egg-

shell thickness (P = 0.006, F2.177 = 5.33) and layer 
ratio (P < 0.001; F2.177 = 10.99). The ancestor had the 
lowest layer ratio while WK had the highest ratio. 

Figure 4. Correlations of body weight and eggshell surface with eggshell structure traits

K
no

b 
ar

ea
 (µ

m
2 )

8 000

7 000

6 000

5 000

4 000

3 000

2 000

1 000

0

Mean body weight (g)
3 

40
0

3 
20

0

3 
00

0

2 
80

0

2 
60

0

2 
40

0

2 
20

0

2 
00

0

1 
80

0

1 
60

0

1 
40

0

1 
20

0

1 
00

0

80
0

60
0

n 
kn

ob
s/

m
m

2

380
360
340
320
300
280
260
240
220
200
180
160
140
120
100

80

Mean body weight (g)

3 
40

0

3 
20

0

3 
00

0

2 
80

0

2 
60

0

2 
40

0

2 
20

0

2 
00

0

1 
80

0

1 
60

0

1 
40

0

1 
20

0

1 
00

0

80
0

60
0

K
no

b 
(%

)

85

80

75

70

65

60

55

50

Mean body weight (g)

3 
40

0

3 
20

0

3 
00

0

2 
80

0

2 
60

0

2 
40

0

2 
20

0

2 
00

0

1 
80

0

1 
60

0

1 
40

0

1 
20

0

1 
00

0

80
0

60
0

K
no

b 
ar

ea
 (µ

m
2 )

8 000

7 000

6 000

5 000

4 000

3 000

2 000

1 000

0

Eggshell surface (cm2)

908580756560555045 70

n 
kn

ob
s/

m
m

2
380
360
340
320
300
280
260
240
220
200
180
160
140
120
100

80

Eggshell surface (cm2)

908580756560555045 70

K
no

b 
(%

)

85

80

75

70

65

60

55

50

Eggshell surface (cm2)

908580756560555045 70



37

Czech Journal of Animal Science, 71, 2026 (1): 30–40	 Original Paper

https://doi.org/10.17221/112/2024-CJAS

In ducks, there were differences in eggshell thick-
ness (P < 0.001, F1.118 = 47.02) but not in the layer 
thickness ratio (P = 0.070; F1.118 = 0.02) (Table 2). 
ʽSpeciesʼ, ʽdomesticationʼ as  well as  ʽspeciesʼ × 
ʽdomesticationʼ (interaction effect) had a significant 
impact on the mean thickness of palisade and crys-
talline layers. The greatest effect was observed for 
the ʽspeciesʼ factor (partial η2 = 0.77). The highest 
values of the thickness of palisade and crystalline 
layers were found for Anser anser but no significant 
difference between its ancestors and domesticated 
breeds was noticed. In the case of Gallus gallus 
and Anas platyrhynchos domesticated breeds had 
greater thickness of palisade and crystalline layers 
than ancestors (significant interaction effect). The 
ʽspeciesʼ factor had a significant strong influence 
on the mammillary layer values (partial η2 = 0.75) 
but no significant effect of the ̔ domesticationʼ factor 
was found. Also ̔ speciesʼ × ̔ domesticationʼ (interac-
tion effect) was significant. The highest values of the 
mammillary layer were found in Anser anser, then 
in Anas platyrhynchos while Gallus gallus revealed 
the smallest values. For Anser anser ancestors the 
individuals showed higher values than the domes-
ticated ones but for Gallus gallus as well as Anas 
platyrhynchos the effect was opposite (significant 
interaction effect). ̔ Speciesʼ and ̔ domesticationʼ fac-

tors had a significant effect on the palisade to mam-
millary layer ratio. Also in ̔ speciesʼ × ̔ domesticationʼ 
(interaction effect) a significant impact was found. 
The strongest effect was observed for the ʽspeciesʼ 
factor (partial η2 = 0.14). The highest values of this 
ratio were found for Gallus gallus, then for Anas 
platyrhynchos, and Anser anser species showed the 
lowest ratio. For Gallus gallus and Anser anser 
the domesticated forms revealed higher values of the 
ratio of palisade and crystalline layer to mammillary 
layer but in Anas platyrhynchos no significant differ-
ence was found (significant interaction effect). All 
these results are presented in Figure 3 and in ESM 
Table S1.

DISCUSSION

The general eggshell structure is consistent across 
avian taxa. It is composed of three layers; the in-
nermost mammillary layer in the form of knobs, the 
middle palisade layer, and the outermost crystalline 
layer, which is usually covered with a thin cuticle 
(Becking 1975). However, in the photos taken, the 
border between the palisade and crystalline layers 
was invisible or so poorly visible that we could not 
distinguish it.

Table 2. Mean thickness of the palisade and crystalline layer, mammillary layer and their radio for domesticated forms 
and their ancestors

Species Breed
Mean thickness 
of mammillary 

layer (μm)

Mean thickness of palisade 
and crystalline layer 

(μm)

Palisade 
to mamillary 

layer ratio

Gallus gallus

Red junglefowl (n = 60) 71.8b 172.9b 2.5c

Green-legged partridge (n = 60) 93.4a 232.0a 2.6c

Lohmann Brown (n = 60) 103.9a 286.6c 2.9b

Ko-Shamo (n = 60) 71.1b 227.8a 3.4a

Cobb 500 (n = 60) 93.9a 241.6a 2.6bc

F test (P-value) 81.3 (<0.001) 36.5 (<0.001) 15.5 (<0.001)

Anser anser
Greylag goose (n = 60) 212.5b 404.2ab 1.9a

Bilgoraj goose (n = 60) 194.2ab 383.6b 2.0a

White Koluda goose (n = 60) 188.8a 417.7a 2.4b

F test (P-value) 11.2 (<0.001) 7.2 (0.001) 8.4 (<0.001)

Anas platyrhynchos
Mallard duck (n = 60) 84.3a 192.8a 2.3

KhO-01 (n = 60) 99.4b 226.6b 2.3
F test (P-value) 38.6 (<0.001) 25.0 (<0.001) 0.0 (0.875)

Tested using post-hoc Tukey HSD; a–cMeans significantly different at the 5% level are identified by different letters within 
each column; P-values always refer to comparisons within species

https://cjas.agriculturejournals.cz/esm/112/2024-CJAS/1.pdf
https://cjas.agriculturejournals.cz/esm/112/2024-CJAS/1.pdf
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It is  known that the eggshell structure varies 
among birds, however the potential impact of do-
mestication on the eggshell structure within spe-
cies has not been investigated. Some breeds may 
lay better quality eggshells than others: e.g. Fayoumi 
eggshells had a thicker palisade layer and a thinner 
mammillary layer than Dandarawi, which also pos-
sesses a higher number of type B bodies (round for-
mations with no contribution to the palisade layer). 
These differences translate into eggshell durability 
(Fathi et al. 2007). It shows that breeds have a dif-
ferent genetic potential for producing eggshells with 
good structural formation. In view of the wide range 
of changes that occur during domestication, changes 
in the eggshell are likely. While early-occurring em-
bryo developmental events seem to be highly evolu-
tionarily conserved, later stages of ontogeny differ 
between breeds (Nunez-Leon et al. 2021). In wild 
birds, reproductive success will be a main selection 
factor, whereas in domesticated forms, emphasis 
may be placed on eggshell strength or eggshell pig-
mentation in some cases. Van Toledo et al. (1982) 
analysed eggshells from two White Leghorn lines – 
one selected for weak shells and the other for strong 
eggshells. The authors found the reduced average 
cross-sectional diameter of  mammillary knobs, 
which resulted in a higher density of knobs per unit 
area in low eggshell strength line chickens. Thus, 
selection can influence the eggshell potentially con-
tributing to breeding success, chick quality, and their 
development. Meat type birds have faster growth not 
only postnatally, but also during embryonic develop-
ment. Consequently, their musculoskeletal system 
must be well developed. Therefore, it was expected 
that the mammillary layer would be more devel-
oped in meat type birds than in other breeds, with 
greater coverage of mammillary knobs, which serve 
as calcium source (Bingol et al. 2016). While the 
number of knobs was comparable to the wild ances-
tor, the percentage of knob coverage was lower than 
in most other breeds or lines. Since meat type birds 
are particularly susceptible to damage to the muscu-
loskeletal apparatus due to their high body weight 
and rapid growth, the observed eggshell structure 
could negatively affect skeletal calcification at the 
time of hatching. Based on the study comparing 
the mammillary layer structure in Galliformes and 
Anseriformes, which indicated that the greater 
coverage of knobs in Galliformes is likely related 
to differences in ossification patterns (Rosenberger 
and Pytlak 2024), it would be appropriate to com-

pare the development of the skeletal system among 
breeds and relate it to eggshell structure. Currently, 
it is unclear how conservative ossification patterns 
are among poultry breeds and how closely they are 
linked to eggshell structure. Higher knob coverage 
may be associated with greater calcium availabil-
ity, which is essential for embryonic development. 
As higher coverage of knobs is related to the greater 
availability of calcium that is necessary for the de-
velopment of the embryo, and chicks of undomes-
ticated birds are more prone to predation, therefore 
they need to be more agile. Among domesticated 
forms Lohmann Brown had the largest knobs but 
the lower total coverage of knobs, supporting previ-
ous observations that such eggshells may be more 
durable (Van Toledo et al. 1982). Laying hens have 
been selected for eggshell strength, but this selection 
may also have occurred in meat type birds possibly 
at the expense of calcium availability for the embryo. 
However, further research needs to be conducted 
to confirm this. Interestingly, the eggs of the an-
cestor closely resembled those of the heavily hu-
man-modified KS. Two hypotheses may explain 
this similarity. The first relates to the body size and 
consequently to the egg size. It is possible that physi-
ological constraints underlie these similarities. The 
second explanation relates to KS selection, which 
was not conducted on production traits, but on be-
haviour and conformation. KS individuals are also 
characterized by a relatively low laying rate, com-
parable to RJ.

It is  known that the eggshell structure may 
have an impact on hatchability, what was proven 
by Olkowski et al. (2015), who found that eggshells 
with a  low-density eggshell matrix were three 
times more likely to be  infected by pathogens. 
Understanding the factors influencing hatchabil-
ity success can help in planning selective breed-
ing programs aimed at improving the profitability 
of poultry production. Other research (Nascimento 
et al. 1992; Liao et al. 2013) has shown that the 
thickness of the mammillary layer was correlated 
positively with hatchability. Because chicken breeds 
exhibit greater variability than waterfowl (including 
body size and breeding purpose), the greatest vari-
ation in the eggshell microstructure was expected 
among chickens. In geese and ducks, there was also 
a trend that the wild ancestors had more knobs 
that were larger.

Domesticated breeds are usually bigger than their 
wild ancestors, they also lay bigger eggs which typi-
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cally have thicker eggshells (Birchard and Deeming 
2009). It  is possible that it  is the size of the egg 
that affects the eggshell structure, as  indicated 
by the correlations found in our study. Thinner 
eggshells have smaller knobs that may be more 
densely packed. This would follow from the ob-
servations that the coverage of knobs in chickens 
was most similar between RJ, whose average body 
weight is 485–1 050 kg (McGowan and Kirwan 
2020), and KS with an average body weight around 
750 g. The knob area followed a similar pattern: 
Cobb 500 eggs had relatively large knobs, while 
KS had the smallest. In ducks, where the domes-
ticated form weighs around 1 900 g and the an-
cestor up to 1 320 g (Drilling et al. 2020), some 
significant differences were also observed. In geese, 
however, no significant differences were observed 
between the ancestor and the BG. This may be re-
lated to the age of the birds the eggs were obtained 
from. BG eggs came from birds in the first year 
of life, and young individuals tend to lay smaller 
eggs (Robertson et al. 2006). This would support 
the hypothesis that egg size is related to eggshell 
structure. Most of our considerations are limited 
to the structure of the mammillary layer because 
it has been shown to be constant within the species 
and breed and line. The thicknesses of the layers 
were more variable and the results difficult to in-
terpret, likely due to strong individual and environ-
mental influences on eggshell thickness.

Conducted research indicates a relationship be-
tween domestication and the eggshell structure. 
However, the underlying cause remains unclear – 
whether it results from selection for productivity 
traits or from the increased body size of domesti-
cated breeds. Further research is needed to clarify 
this issue.

CONCLUSION

Aside from interspecific diversity in eggshell 
structure, there exists intraspecific diversity be-
tween wild and domesticated forms. Ancestors 
typically have more and smaller mammillary knobs, 
resulting in their greater coverage of the eggshell in-
ner layer. This may be a result of the domestication 
process itself, but also a consequence of increased 
body size and related egg size in domesticated 
forms. Selective breeding for certain traits can in-
fluence eggshell structure, so can environmental 

factors. However, given the significant differences 
observed between the studied birds, the influence 
of breed/line cannot be overlooked, as they may 
be associated with predispositions towards forming 
eggshells of particular structures.
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