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The study on the mechanism of deterioration of eggshell quality
dueto age and selection in Tsaiya ducks
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Abstract

The objectives of this study were to
investigate the mechanism of deterioration
of eggshell quality associated with age and
selection. The 1% generation (F1) and 2™
generation (F2) of Tsaiya ducks laying
high eggshell strength (HES) and low
eggshell strength (LES) were produced
through selection. Trial 1: When Fl1
ducks reached 27, 49, and 71 weeks of age,
egg weight, eggshell strength, and eggshell
thickness were collected. Eggs collected
were used to analyze the composition of
eggshell, including contents of calcium,
magnesium, and organic matrix. Proteins
in the eggshell were also analyzed and
compared by electrophoresis.  Trial 2:
The blood and uterine fluid of F2 ducks at
28,49, and 71 weeks of age were collected
to compare pH, Ca and Mg concentrations
in the blood and uterine fluid between
HES and LES ducks.

of uterine fluid and proteins in the uterine

In addition, volume

fluid were also studied.

The results showed that eggshell
strength of eggs from HES and LES were
significantly different for both generations.

The eggshell calcium content was similar

between @ HES and LES populations.
The significantly higher eggshell Mg
content in the LES duck eggshell was
observed throughout this study. Organic
matrix contents in the eggshell of HES and
LES were similar, but they tended to
increase with age. The molecular
weights of eggshell proteins were between
6.5 and 200 KDa as determined by
electrophoresis. Two proteins of them,
80 and 180 KDa, appeared to be associated
The eggshell of
71-week-old ducks seemed to have more
180 kDa protein than that of 27-week-old
ducks.

were able to

with eggshell quality.

Two proteins in the duck eggshell
show cross-reaction with
and
anti-ovocleidin-116, respectively.  Eight
amino acid residues of NKYPKGWL were
obtained through N-terminal sequencing of
the 15 kDa protein in the duck eggshell.
The HES ducks had a trend of higher
blood pH than the LES ones. However,
the LES ducks had higher levels total
blood calcium levels.

hen’s anti-ovocleidin-17

The tendencies for
blood pH and total calcium were similar in
the three ages. Total blood magnesium
levels were similar between HES and LES
ducks.
total magnesium levels
between HES and LES ducks.

total calcium concentrations were higher in

In respect of uterine fluid, pH and
were similar

However,

the HES ducks at some time points than in
the LES ones.

fluid volume was observed in the HES

A trend of higher uterine

ducks in three ages. Two proteins in the

duck’s uterine fluid were able to show
with

cross-reaction hen’s



anti-ovocleidin-17 and anti-ovocleidin-116,
which means non-specific binding existing.
SDS-PAGE of proteins in uterine fluid
showed protein profiles were different
No

significant differences were observed in

among different time points.
proteins of uterine fluid between HES and
LES ducks based on the SDS-PAGE
results. Some eggshell strength-specific
bands were observed through differential
display reverse transcription-polymerase
Two of them had been

cloned and sequenced.

chain reaction.

This study has demonstrated the
difference of contents in the eggshell,
blood, and uterine fluid of HES and LES
ducks. Furthermore, gene expression of
shell gland mucosa of HES and LES ducks
has also been studied. These data would
be helpful to provide some information in
solving the problems of eggshell quality
deterioration.

Keywords: Tsaiya duck, Eggshell strength,
Calcium, Magnesium, Protein,
Gene expression
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Fig. 1 Eggshell strength in ducks after one
generation of selection for eggshell strength.

** P<0.01.
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Fig.2 Calcium content in the duck eggshell
after one generation of selection for

eggshell

strength.
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Fig. 3 Magnesium content in the duck
eggshell after one generation of selection
for eggshell strength. ** P<(.01.
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Fig.4 Organic matrix content in the duck
eggshell after one generation of selection

for eggshell strength.
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low eggshell strength (LES) and high Fig 7 Blood pH value of 28-week-old

eggshell strength (HES), respectively. The  qyucks after two generations of selection for
average eggshell strength for Lanes 1~4 and  ¢ggghell strength.

5~8 were 2.85 and 6.58 kg, respectively.
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Fig. 6 Comparison of proteins in the duck
eggshell of low-eggshell-strength Tsaiya
population at 27 and 71 weeks of age.
Proteins in Lanes 1~4 and 5~8 were from
low eggshell strength population at 71 and
27 weeks of age, respectively. The
average eggshell strength for Lanes 1~4 and
5~8 were 2.85 and 4.58 kg, respectively.
One hundred M g of organic matrix was
applied in each well. Lane 9 is the
molecular weight marker.

Fig. 8 Total plasma calcium concentration
of 28-week-old ducks after two generations
of selection for eggshell strength. * P<0.05.
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Fig. 9 Total Plasma magnesium
concentration of 28-week-old ducks after
two generations of selection for eggshell
strength.
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Fig. 10 pH of uterine fluid of 28-week-old
ducks after two generations of selection for

eggshell strength.
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Fig. 11 Total calcium concentration in the
uterine fluid of 28-week-old ducks after
two generations of selection for eggshell
strength. * P<0.05.
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Fig. 12 Total magnesium concentration in
the uterine fluid of 28-week-old ducks after
two generations of selection for eggshell
strength.




N

[
/N

Volumn of uterine fluid (ml)
N

7 12 17 22
Hr postoviposition

13. 28

Fig. 13 Volume of the uterine fluid of
28-week-old ducks after two generations of
selection for eggshell strength.
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Fig. 14 Electrophoretic profile of proteins
in the uterine fluid in Tsaiya ducks at
different postoviposition stages.

Lane 1~4 refers to proteins in the uterine
fluid in Tsaiya ducks at 7, 12, 17, and 22
hours postoviposition, respectively. Lane
5 represents proteins in the eggshell of
ducks. Twentyp g of protein was applied
in each of Lane 1~4, and 50y g of organic
matrix was applied in Lane 5.
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Fig. 15 Electrophoretic profile of differential display reverse transcription-polymerase
chain reaction for shell gland mucosa mRNA of HES and LES ducks. Anchor primer
FH-T;; A and arbitrary primer H-AP1 were employed. The left and right lane refers to
HES and LES shell gland derived from 28-week-old ducks and ducks were sacrificed 7 hr
postoviposition.
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TAGTCTCTCTGTGTACTTAATATTTTCAGGTGTAGTTTATAATTGCTGGTCATTGTT
TCGGTCATTGATAATGATCAGCATTTGTGATTGTGTCTGACGTGCTTTGCAACTC
TCCTTAATTTCACATGCTGTCTTGTAGCTCTACATGCAAGAAAGAAGAGGAAAG
ATGGCAGAGGCCCACAAGAGAATCAATTGACTTTAGTAGCTGCTTCTCCTTTGT
GCCTGCTTCATGT

16. 15 3
Fig.16 The sequence of the band 3 in Fig. 15.

TTATAAAGTGCCCAAATAATTTTGTAATATATACCTCCCATAGAACTACATAACAA
TTTGGAGCATCTTGTAAAGTATAGATATAAACTGTACATTTTTCTTGATAAACTAA
TGTTGTAAATTAATTTTATTCT

17. 15 6
Fig.16 The sequence of the band 6 in Fig. 15.
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