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Abstract

Five groups of 120 Japanese quails were used to study dietary
calcium (Ca) levels on slected egg parameters, eggshell thickness, egg-
shell porosity and egg weight loss during incubation. egg production,
egg wight, feed consumption and feed efficiency were not significantly
affected by Ca levels. Shell thickness, specific gravity , shape index, yolk
and albumen heights were significantly affected . Loss of egg weight
was significantly affected with increasing Ca level in the first three days
of incubation than during other stages of incubation. No significant ef-
fect of dietary Ca on hatchability of fertile eggs was found. Pore num-
bers and shell thickness were significantly (P<0.05) affected in different
eggshell regions for Late dead (LD) and hatched (H) eggshell types.
Pore numbers decreased significantly with increasing Ca levels for the
different eggshell types . Negative (p < 0.05) correlation between shell
thickness and pore concentration was recorded in LD type allover the
egg regions. Negative correlation (P < 0.05 ) was also recorded in H
type among the equator and small end egg regions.

INTRODUCTION

Eggshell is a major respiratory component of the developing embryo ( Rahn et
al. 1979). Most of the researches in the past have emphasized the importance of the
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physical eggshell qualities (Reichmann and Connor1977, Ousterhout 1980). Little at-
tention has been given to the functional eggshell qualities, especially in the quail ,
which have a gas diffuse across the pores of the shell and determined by pore num-
ber , pore radius and shell thickness (Pore length) (Paganelli 1980, Rahn et al.
1981). A sufficiently high total number of pores in relation to shell thickness is re-
quired to reach the proper total pore area for normal developmet and hatching (Rahn
et al . 1979). In order to hatch , an egg for a wide range of avian species , must lose
12 to 15 % of its weight primarily as water during incubation and maintain proper
vital gas exchange (Beebles 1986). It is well known that the percentage of weight
loss is an important factor in egg hatchability (Christensen and McCorkle 1982).
Furthermore , decreased eggshell porosity has been associated with embryonic mor-
tality and adversely affects hatchability (Beebles and Brake 1985 ). However , in-
creased egg specific gravity is associated with increased pore length and decreased
pore number (Tullet 1978 ).

The point of view of Tortuero and Centeno (1973), is that we could not estab-
lish comparative models for utilizing calcium (Ca) in poultry nutrition or as a factor
affecting eggshell. The publications reflect a lack of agreement and could be due to
different variations.

The effect of various Ca levels on egg weight and egg production for quail has
been studied (Vohra et al . 1979, Keshavarz 1986 ). Also , considerable work has
been presented regarding the effectiveness of dietary Ca supplements on chicken
eggshell quality (Atteh and leeson 1983, Keshavarz 1986) and for quail (Vohra et al.
1979).

This study was undertaken to investigate the effect of different levels of die-
tary Ca on the performance and some egg quality characterisitics in the Japanese
quail . Special emphasis was given to the influence of these levels on regional pore
concentration, pore length with the incidence of embryos on development and hatch-
ability as well as studying the egg weight loss during incubation.

MATERIALS AND METHODS

This study was carried out at the Poultry Experimental Station , Faculty of
Agriculture , Kafr El-Sheikh. A total of 120 laying Japanese quails (10 weeks of
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age) with an average egg prBduction of 60 percent were randomly assigned to bat-
teries with feed and tap water offered ad libitum. Two replicas of 12 birds (8 fe-
males and 4 males ) were used in each of five treatments for the experimental peri-
od of 8 weeks . The composition of basal diet (control), which contains 2.67 % Ca,
as recommended by Woodard et al. 1973, is shown in Table 1. Three increased Ca
diets were formulated by replacing parts of inert sand with limestone, thus result-
ing in diets calculated to contain 3.16 , 3.66 and 4.15 % Ca. The low Ca diet was
formulated to contain 2.17 % Ca.

Throughout the experiment , feed consumption (g / bird / day) and feed effi-
ciency (kg foody / kg eggs ) were calculated biweekly for eight weeks period. Daily
egg production , egg weight and mortality were recorded for every treatment. Nine-
ty egg samples were taken weekly after one month of the experiment for four times
to determine the egg quality. Egg weight to the nearest 0.01 g on Mettler Balance
and specific gravity were determined within 5 hours of collection. The maximum
width and length of each egg were measured to the nearest 0.01 mm with calipers
and their shape indices calculated using the formula : maximum width/maxiumum le-
ngth . These eggs subsequently were broken out to determine the shell thickness at
the equator to 0.01 mm accuracy with a micrometer. The equatorial region was cho-
sen because variability in shell thickness tends to be least at the equator (Romanoff
and Romanoff 1949). Also, albumen and yolk heights in millimeters and shell weight
were recorded.

Additionally , 928 hatched eggs during four subsequnent weeks were incubated
in Egyptian-made forced draft-type incubator, once a week and was operated at
99.5°F dry bulb and 87°F wet bulb . Hatchability and embryonic mortality were de-
termined by macroscopic examination of hatchery residue. Then they were classi-
fied as infertile, ED (0-3 days ) and LD (4.18 days ), and H eggs. A total of 240 eggs
from the four hatches (60 eggs each ) from the different eggshell types were ob-
tained to determine regional shell thickness and pore concentration. Egg contents, in-
cluding the chorioallantoic membrane, were removed leaveing the inner and outer
membranes and shell intact. Methylene blue (0.5 g of 89% dye /1 liter 70 % etha-
nol) was applied to the shell interior and allowed to diffuse through the shell , so
that the pores could be visualized externally (Beebles and Brake 1985 ). Pores were
counted using a dissecting microscope at 2.5x power and expressed as pore number
/ 0.25 Cm? within each eggshell region , large end (LE), equator (EQ) and small end
(SE). Two areas were counted and averaged to determine the mean pore concentra-
tion for each region. Shell thickness without membrane was measured for each re-
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gion. Shell thickness, regional pore concentrations among the various embryonic
types were statistically compared.

For measurements of evaporative egg weight loss, all eggs were numbered
consecutively and weighed to the nearest 0.01 g . before setting in the incubator (0
day) , and again 1on days 3, 7, 14 and 16 of incubation. Rate of egg weight loss was
measured as mentioned by El-Turky et al. (1981). as follows:

9% Rate of Gt loss 0 12 weight of incubated eggs X 100
Réte oF egh iweightlo ( weight of fresh eggs )

The data were subjected to the analysis of variance and correlation coeffi-
cients for shell thickness and pore numbers determination according to Snedecor and
Cochran (1967). Significant differences were determined by the multiple range test
of Duncan (1955).

RESULTS AND DISCUSSION

As shown in Table 2 , Ca level in the diet had no statisticaly significant effect
on egg weight, egg produétion, feed consumption and feed effeciency for the subseq-
unent experimental periods up to eight weeks. It can be observed that such slight in-
crease in egg weight is shown numerically with increasing Ca level to 3.16 and
3.66%, but decreased for 4.17% Ca level and also for those which received the low
level of Ca (2.17 % ). This resuit partly agrees with those reported by Atteh and
Leeson (1983) , and Keshavarz (1986), who revealed that there were no significant
differences in egg weight according to alternate treatments. Increasing Ca in the diet
resulted in a slight numerical increase in egg production with increasing Ca levels.
The difference however, was not statistically significant. This resrult is in agree-
ment with studies conducted by Ousterhout (1980) and Atteh and Leeson (1993) .
They disagreed with the report of Reichman and Connor (1977), who stated that in-
sufficient dietary Ca depressed egg production. Vohra et ., (1979) showed that cal-
cium deprivation causes a drastically reduced production in coturnix.

Feed consumption and feed efficiency were not significantly influenced by die-
tary Ca level . Also, the feed efficiency data closely followed the rate of egg pro-
duction. These results are in agreement with Ousterhout (1980) and Atteh and Lee-
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son (1983) . On the other hand , some researchers have observed that feeding the
highest or lowest levels of Ca resulted in a significant influence of feed consumption
or feed efficiency (Lennards and Roland 1981 and Keshavarz 1986). No mortality
was recorded allover the experimental period.

The data in Table 3 indicate that Ca levels significantly ( P< 0.01) affect shell
thickness. This result is in agreement with the data reported by Ousterhout (1980)
and keshevarz (1986) , who poined out that eggshell thickness as estimated by all
methods was increased with the concentration of Ca in the diet . Vohra et al. (1979)
reported that dietary deprivation of Ca in Japanese quail resulted in reduced shell
thickness . On the other hand, Tyler (1945) found no differences in shell thickness in
6.0 or 3.0 % Ca diets. Table 3 shows also that there were highly significant differ-
ences in egg specific gravity with increasing of dietary Ca levels. The present re-
port is in agreement with Reichmann and Connor (1977), who reported that, as die-
tary Ca is increased, egg specific gravity is improved.

Considering the albumen height as measurement of interior quality , it could
be noted that increasing the dietary Ca improved significantly the quality in the in-
terior of the egg. Imai et al. (1986), reported that albumin height is more suitable
than Haugh unit for expressing interior quality in the quail.

Highly significant differences were also noticed in shape index with increasing
Ca level as shown in Table 3 . This trend was nearly the same as found in specific
gravity and shell thickness . These results were confirmed with the findings of Es-
sary et al. (1977), who noticed a relationship between the length , width ratio and
shell thickness, and Yannakopoulos and Tserveni Gousi (1986) who also found a rela-
tionship between egg shape and specific graveity.

There were significant differences (p < 0.01) in quail egg weight loss percent-
age during the first three days of incubation between Ca treatemetns (Table 4) . High
percentage of weight loss (2.50 % ) with the lowest level of Ca was found. Smilar-
ly, such numerical increase of egg weight loss during different periodé of incubation
(7,14 and 16 days) was noticed with low Ca level . Accordingly , the high percent-
age of loss (13.83 %) recorded on the 16th day could be due to the Ca decrease
(2.17%) . Also, some slight decrease of quail egg weight loss was noticed with in-
creasing levels of Ca . The embryo must change from diffusive gas exchange
(eggshell) to water convection (pulmonary) gas exchange, thus, losing sinificant
amount of water and emerge from the eggshell (Rahn 1984). This process includes
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12% loss of the initial egg weight as water vapour prior to internal pipping, achiev-
ing plateau metabolism prior to internal pipping (Tazawa 1980). Carey (1980), re-
ported that eggs have a requisite loss of 15 % of their initial mass as water vapour
. The 15 % loss must occur because the relative water content of eggs at the end of
incubation must be the same as when the egg was laid. Increasing embryonic mortal-
ity may have bean due to decrease in shell conduct (water vapour loss) Christensen
(1978). Christensen and McCorkle (1982) indicated that eggs with embryos dying
late in incubation have decreased conduct rate.

A significant (P< 0.05 ) reduction in percent hatchability of total eggs due to
Ca deficency (2.17 % ) Wwas observed (Table 5 ) . Also , early dead embryos per-
centage was significantly (P < 0.05 ) affected by the same level of Ca. This increase
of early dead embryos may be the cause of diminishing the hatchability percentage.
Accordingly , we can assume some relationship between the increment of egg weight
loss percentage (Table 4 ) and the same trend of early dead embryos percentage
(Table 5 ) as a result of Ca decrease . As with dietary Ca levels , no significant re-
sponse in fertility, late dead embryos and hatchability of fertile eggs were noticed
(Table 5 ) . From this table also we can observe numerical diminish of early dead
embryos percentage with both Ca levels (3.16 and 3.66 % ) but not with the highest
Ca percentage (4.15 % ) . In agreement with our result, Menge et al. (1977) report-
ed that reduction(P< 0.05) in the percrntage embryonic mortality was observed
with eggs from hens fed 3.34 % Ca. Atkinson et al. (1967) observed no effect of Ca
level on fertility . Also, our results support the previous finding of Mehring (1965),
who showed that high dietary Ca level had not been found to affect hatchability of
chicken eggs. Hatchability of fertile chicken eggs was not significantly affected by
dietary Ca level (Wilson et al. 1980 ). Moreover, Nelson et al . (1964), reported
that there was little or no differernce in fertility , early deaths and late deaths be-
tween Ca treatments for coturnix quail , also the hatchability was variable.

As a trend , there was significant increase of eggshell thickness (P< 0.01)
with increasing Ca levels in different eggshell types (ED , LD and H) except form in-
fertile type (Table 6 ) . The same table also reveals that pore numbers for all egg-
shell types differ significantly (P < 0.01) , and generally diminish with increasing Ca
level . The highest shell porosity was recorded numerically in hatched egg type com-
pared to other eggshell types. Several publications have been reported ccencerning
the relationship betweeen Ca levels and shell thickness and its role in developing em-
bryos and hatchability. For Example Reichman and Connor (1977), Keshavarz (1 986)\
have reported that increasing the Ca levels significantly increased eggshell thick-
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ness, as shown in this study . The present report is in agreement with different re-
ports . Tyler (1945) reported that an increased level of dietary Ca feed decreased
shell porosity. Nestor et al. (1972) have found that supplemented Ca did increase the
amount of shell and reduced shell porosity. Beebles and Brake (1985) have shown
that eggshells form eggs containing ED embryos possesess lower porsoity and thick-
er shells than eggs from LD or hatched eggs.

On the other hand , Titus et al. (1937) reported that dietary Ca levels of
1.2,3.5 and 5.4 percent did not influence porosity of eggshell . Paganelli (1980) has
shown that little attention has been given to the functional eggshell qualities deter-
mined by the number and geometry of the individual pores, but Simkiss (1380) con-
cluded that the importance of eggshell porosity to the embryo may be overempha-
sized. Egg hatchability and embryonic growth have been clearly shown to be
dependent upon the porosity (Burton and Tullett 1983) and they added that the de-
crease in shell porosity may affect the ability of the embryo to breath especially to-
wards the end of incubation period.

Significantly higher concentrations of pores at the large end than in other re-
gions have been found in H and LD types (Table 7 ) . This result is partly in agree-
ment with Beebles and Brake (1985) who reported that only H eggshells exhibited an
increase in pore concenration at the LE relative to other eggshell regions. Higher
concentrations of pores at the LE than in other regions have been found to occur in
eggshell of turkey (Christensen 1983) and the importance of LE porosity to em-
bryonic respiration has been recégnized (Visschedijk 1968 ).

Both same types (LD and H) showing significant differences (P> 0.01) in shell
thickness between the egg regions, and the greatest shell thickness were recorded
at the SE (Table 7 ). The same table also shows no significant differences of shell
thickness and pore concentration among the egg regions of infertile and ED types.

We can observe from this study that , the number of shell pores in the quail is
less than the pore numbers in chicken and turkey. Since the quial is considered rela-
tively semidomesticated, we are likely to observe a less number of pores to fit the
wild life circumstances. The size of the egg could also influence the number of pores
in equal units of area in the light of spectulations by Tullett (1.978).

A compilation of data over the different eggshell types in different egg regions
LE, EQ and SE showed a negative correlation between shell thickness and pore con-
centration in all traits (Table 8 ) . Also negative (P< 0.05) correlation betweem
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shell thickness and pore concentration was recorded in LD type allover the egg
regions (r=-0.441, - 0.445 and - 0.433), respectively. Negative correlations (P<
0.05) were also recorded in H type among the EQ and SE egg regions ( r = - 0.450
and - 0.502 ) , respectively (Table 8 ) . The importance of the relation between
shell thickness and pore numbers has been investigated. Wangensteen et al. (1970/
71) reported that the resistance of the calcite shell to diffusion is the function of the
length and number of pores, and alteration of this relation will affect gas diffusion.
Total functional pore area is inversely proportional to shell thickness (Ar et al.
1974). Tullett (1978) reported that inverse relationship between shell thickness and
column density exists and pore number is inversely related to shell thickness. . Rhan
et al. (1981), showed that a sufficiently high total number of pores in relation to
shell thickness is required to reach the proper total pore area for normal develop-
ment and hatching.

More experiments are needed to evaluate the role of the pigment on quail egg-
shells in masking the pores and its role in the permeability and developing embryos.
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