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The ability of birds to produce quality 
egg shells depends on the availability of 
sufficient amounts of calcium. Therefore, 
dietary calcium intake is the major factor 
in the regulation of their egg shell quality. 
A prospective laying bird makes a 
precautionary preparation as the formation 
of medullary bone and then increase in 
storage and mobilisation of calcium to 
meet the ensuing emergency of an 
increased demand for calcium during egg 
shell formation (Hurwitz and Griminger, 
1960). Perusal of available literature 
indicated that information on the 
physiology of calcium utilisation in egg 
shell formation is meagre in Japanese 
quails. The present investigation was 
undertaken as a pilot study to probe the 
influence of prelaying and layer dietary 
calcium levels on egg shell calcification 
in Japanese quails. The influence of 
dietary calcium levels and age (stage of egg 
production) on the calcium and phosphorus 
profile of plasma was investigated. 

Materials and Methods 

Six hundred and thirty, three-week old, 
egg type strain of Japanese quail female 

chicks of the same hatch procured from the 
Kerala Agricultural University Poultry 
Farm, Mannuthy were divided into three 
groups (GI, GII and G III) and were reared 
in quail layer cages. These were fed quail 
starter ration (Panda, 1990) with three 
prelaying calcium levels of 0.5 per cent, 
0.7 per cent and 0.9 per cent for the groups 
GI,GII and GIII respectively. At sixth week 
of age when the birds started laying, blood 
samples were collected from 30 birds in 
each group by cardiac puncture with 
heparin as anticoagulant and plasma was 
separated. The remaining birds in each 
group were subdivided into three 
subgroups A, B and C (GI A, GII A, GIII 
A; GI B, GII B, GIII B; GI C, GII C, GIII 
C) and reared on quail layer ration (Panda, 
1990) with three levels of dietary calcium 
viz., 2.5 per cent (A), 3 per cent (B) and 
3.3 per cent (C) respectively upto 24 weeks 
of age. As the birds attained 16 and 24 
weeks of age blood samples were collected 
from 30 birds in each one of the nine 
subgroups and plasma was separated and 
stored at -20QC. The estimation of calcium 
content in plasma (1 in 100 dilution with 
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0.1%lanthanum solution) was carried out 
using Atomic Absorption 
Specrophotometry (Perkin-Elmer, 2380). 
The inorganic phosphorus content of 
plasma was estimated by the method of 
Fiske and Subba Row (1925) as given by 
Oser (1965). The data were statistically 
analysed using ANOVA according to 
Snedecor and Cochran (1967). 

Results and Discussion 

1. Plasma calciu»a 
At sixth week of age the quails reared 

on the highest prelaying dietary calcium 
(0:9%), GIII group recorded the highest 
value of plasma calcium (23.269 ± 0.075 
mg/dl) and for GI group reared on the 
lowest (0.5%) prelaying dietary calcium 
had the lowest value (21.031 ± 0.135) 
(Table 1). 

Fable 1. Influence of dietary calcium levels on the plasma mineral profile of 
six week old female Japanese quails - (Mean ± SE) - 30 birds/group 

Groups 

(Prelaying calcium levels} 

Calcium 

(mg/dl) 

Inorganic phosphorus 

(mg/dl) 

GI (0.5% 21.031 ± 0.135' 11.393 ± 0.087Y 

GII (0.7%) 22.360 ± 0.088b 11.063 ± 0.057Y 

GIII (0.9%) 23.269 ± 0.075 10.677 ± 0.092 

Overall means 22.220 ± 0.110 11.040 ± 0.060 

Alphabets a, b, c are for comparing paeans of plasma Ca and x, y, z for plasma P. 

Means with different superscripts in columns differ signifccantly (P<0.01) 

Similar observations were recorded in 
domestic fowl by Hurwitz (1964). During 
the prelaying period pullets evinced 
increased calcium retention, higher plasma 
calcium levels and greater storage of 
calcium in the medullary bone (Hurwitz 

and Griminger, 1960). The results of the 
present study indicated that higher the 
prelaying dietary calcium level, greater was 
the concentration of calcium in the blood 

plasma. Rao and Brahmakshatriya (1976) 
observed that calcium retention and storage 
could be manipulated by dietary levels of 
calcium in prelayers of domestic fowl. 

At 16~h week of age all the birds of 
subgroup A (GI A, GII A, GIII A) reared 
on the lowest level of layer dietary calcium 
recorded the lowest plasma calcium 
content, with an overall mean value of 
21.396 ± 0.113 mg/dl (Table 2). 
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Table 2. Influence of dietary calcium levels on the plasma mineral profile of 
16 week old female Japanese quails - (Mean ± SE) - 30 birds/subgroup 

Groups 

(Pre-laying 

dietary calcium 

Sub-groups (Layer dietary calcium) 
Overall means 

A (2.5% Ca) B (3% Ca) C (3.5°Io Ca) 

Calcium Inorganic Calcium Inorganic Calcium Inorganic Calcium Inorganic 

(mg/dl) phosphorus (mg/dl) phosphorus (mg/dl) phosphorus (mg/dl) phosphorus 

(mg/dl) (mg/dl) (mg/dl) (mg/dl) 

GI (0.5°l0) 21.590' ± 10.896XX ± 25.007°" ± 11.716Yx ± 30.083` ± 10.461XX ± 25.560± 11.024 ± 
0.211 0.254 0.277 0. ] 17 0.338 0.177 0.403 0.122 

GII (0.7%) 21.131'± 10.224Xy± 28.775"°± 11.SSGYX± 30.150`± 11.191Y'"± 26.685± 10.991± 
0.191 0.210 0.437 0.234 0.285 0.160 0.459 0.131 

GIII (0.9°!0) 21.467'± 12.172X=± 26.613°c± 10.770>''"± 30.113`± 10.694>'''± 26.064± 11.212± 
0.182 0.192 0.292 0.212 0.403 0.187 0.415 0.134 

Overall 21.396'± 11.098± 2G.798b± 11.347± 30.115`± 10.782± 26.103± 11.080± 

means 0.113 0.150 0.260 0.120 0.200 0.110 0.250 0.071 

.Alphabets xyz and XYZ are for comparison of means of plasma P 

Means bearing different superscripts in rows (abc, xyz) and columns (ABC, XYZ) differ significantly (P<0.01) 

Alphabets a,b,c and A,B,C are for comparison of means of plasma Ca 

Quails of subgroup B and C reared on 
higher layer dietary calcium levels 
recorded higher mean plasma calcium 
content of 26.798 ± 0.260 mg/dl and 
30.115 ± 0.200 mg/dl respectively. Birds 
of subgroup C had the maximum overall 
mean plasma calcium content. There was 
significant (P<0.01) interaction of 
prelaying and layer dietary calcium levels 
at this age. Among the birds of subgroup 
B, birds of GII B reared on 0.7 per cent 
prelaying and 3 per cent layer dietary 
calcium had the highest plasma calcium 
content of 28.775 ± 0.437 mg/dl (Table 2) 
. Among the birds of subgroup C, birds of 
GII C reared on 0.7 per cent prelaying and 
3.5 per cent layer dietary calcium recorded 
the highest plasma calcium concentration 

of 30.150 ± 0.285 mg/dl indicating that the 
maximum calcium retention in Japanese 
quail layers was achieved when birds were 
maintained on an optimum level of 0.7 per 
cent prelaying dietary calcium. 

At 24~h week of age there was no 
evidence of any influence of prelaying 
dietary calcium on the plasma calcium 
content. However, calcium levels at layer 
stage significantly (P<0.01) influenced the 
plasma calcium content. The highest 
plasma calcium concentration of 30.374 ± 
0.120 mg/dl was recorded in quails of 
subgroup C and all the quails reared on 3.5 
per cent layer dietary calcium (GI C, GII 
C, GIII C) recorded values above 30 mg/ 
dl (Table 3). 
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Table 3. Influence of dietary calcium levels on the plasma mineral profile 
of 24 week old female Japanese quails - (Mean ± SE) - 30 birds/subgroup 

Groups 

(Pre-laying 

dietary calcium 

Sub-groups (Layer dietary calcium) Overall means 

A (2.5% Ca) B (3% Ca) 

_ 

C (3.5% Ca) 

Calcium Inorganic Calcium Inorganic Calcium Inorganic Calcium Inorganic 
(mg/dl) phosphorus (mg/dl) phosphorus (mg/dl) phosphorus (mg/dl) phosphorus 

(mg/dl) (mg/dl) (mg/dl) (mg/dl) 

GI (0.5%) 21.490' ± 11.157x" ± 2G.0526A ± 11.574x ± 30.500° ± 10.627y ± 26.014± 11.119x ± 
0.123 0.159 0.283 0.146 0.235 0.181 0.410 0.102 

GII (0.7%) 21.778'± 11.487x± 28.3816B± 11.882x± 30.474°± 10.896Y± 25.878± 11.422}'± 
0.163 0.186 0.134 0.148 0.213 0.192 0.391 0.110 

GIII (0.9%) 21.782'± 11.814xY± 25.43568± 11.909x± 30.147°± 11.013'± 25.788± 11.579}± 
0. ] 51 0.1 G7 0.1 GS 0.192 0.186 0.184 0.375 0.110 

Overall 21.683•± 1 ] .486X± 25.6236± 11.788x± 30.374°± 10.845}'± 25.893± 11.373± 
means 0.080 0.100 0.120 0.090 0.120 0.110 0.230 0.063 

The plasma calcium content was 

uniformly higher (above 25 mg/dl) in all 

the birds of subgroup B too, indicating a 

positive correlation between layer dietary 

calcium and plasma calcium content. 

Similar pattern of observations were made 

in Japanese quail by Shrivastav et al. 

(1989) and in domestic fowl by Rao and 

Brahmakshatriya (1976). The results of 

the study revealed that there was highly 
significant increase in the plasma 

concentration of calcium in birds reared 

on higher dietary calcium, both during 

prelaying and laying periods. This could 

be due to increased absorption of calcium 

from the GI tract and the consequent higher 

concentration in the blood and egg utilises 

more than 80 per cent of the absorbed 

dietary calcium which was also highlighted 

by Navarro and Murillo (1976) in Japanese 

quails. 

The overall mean plasma calcium 

content of the six-week old quails reared 

on different prelaying calcium levels was 

22.220 ± 0.110 mg/dl (Table 1). At the 

16~" and 24t" week of age, birds reared on 

the lowest layer dietary calcium (2.5%) 
level had the mean plasma calcium content 
of 21.396 ± 0.113 mg/dl and 21.683 ± 

0.080 mg/dl respectively. The highest 

(3.5%)layer dietary calcium fed subgroup 
C at the 16~" and 24~" week of age recorded 
the mean plasma calcium concentration of 

30.115 ± 0.200 mg/dl and 30.374 ± 0.120 

mg/dl respectively indicating that the 

dietary calcium was an important factor in 
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influencing the level of plasma calcium and 

age did not have any influence. Snapir and 

Perek (1970) also noticed that there was 

no influence of age on the blood calcium 

level of laying domestic fowl. 

2. Plasjna inorganic pliospliorus 

The plasma inorganic phosphorus 

concentration was lowest (10.677 ± 0.092 

mg/dl) in six week old quails of GIII group 

reared on the highest (0.9%) prelaying 

dietary calcium level and there was a 

negative correlation between dietary 

calcium and plasma inorganic phosphorus 
level (Table 1). As in the sixth week of 

age, at the 16`h and 24`'' weeks also the 

highest (3.5%) layer dietary calcium fed 

quails insub-group C had the lowest value 

(10.782 ± 0.110 mg/dl and 10.845 ± 0.110 

mg/dl respectively) compared to subgroups 

A and B (Tables 2 and 3). There was 

significant (P<0.01) interaction between 

prelaying and layer dietary calcium levels 

on the plasma inorganic phosphate content 

at 16~' week of age. The variation in plasma 

inorganic phosphate concentration was of 
lesser magnitude with higher levels of 

dietary calcium. Bolden an Jensen (1985) 

could not notice any significant difference 
in the plasma inorganic phosphate content 

in domestic fowl when maintained on 

higher dietary calcium level (3.5%). There 

was no influence of age on the plasma 

inorganic phosphorus concentration and 

the values at the sixth, 16`'' and 24`h week 

of ages were 11.040 ± 0.060 mg/d1; 11.080 

± 0.071 mg/dl and 11.373 ± 0.063 mg/dl 

respectively (Tables 1, 2 and 3}. 

Results and Discussion 

1. Plasma calcium 

At sixth week of age the quails reared on 

the highest prelaying dietary calcium 

(0.9%), GIII group recorded the highest 

value of plasma calcium (23.269 ± 0.075 

mg/dl) and for GI group reared on the 

lowest (0.5%) prelaying dietary calcium 

had the lowest value (21.031 ± 0.135) 

(Table 1). Similar observations were 

recorded in domestic fowl by Hurwitz 

(1964). During the prelaying period pullets 

evinced increased calcium retention, higher 

plasma calcium levels and greater storage 

of calcium in the medullary bone (Hurwitz 

and Griminger, 1960). The results of the 

present study indicated that higher the 

prelaying dietary calcium level, greater was 

the concentration of calcium in the blood 

plasma. Rao and Brahmakshatriya (1976} 

observed that calcium retention and storage 

could be manipulated by dietary levels of 

calcium in prelayers of domestic fowl. 

At 16`'' week of age all the birds of 

subgroup A (GI A, GII A, GIII A) reared 
on the lowest level of layer dietary calcium 

recorded the lowest plasma calcium 
content, with an overall mean value of 

21.396 ± 0.113 mg/dl (Table 2). Quails of 

subgroup B and C reared on higher layer 

dietary calcium levels recorded higher 
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mean plasma calcium content of 26.798 ± 
0.260 mg/dl and 30.115 ± 0.200 mg/dl 
respectively. Birds of subgroup C had the 
maximum overall mean plasma calcium 
content. There was significant (P<0.01) 
interaction of prelaying and layer dietary 
calcium levels at this age. Among the birds 
of subgroup B, birds of GII B reared on 
0.7 per cent prelaying and 3 per cent layer 
dietary calcium had the highest plasma 

calcium content of 28.775 ± 0.437 mg/dl 
(Table 2) . Among the birds of subgroup 

C, birds of GII C reared on 0.7 per cent 
prelaying and 3.5 per cent layer dietary 
calcium recorded the highest plasma 
calcium concentration of 30.150 ± 0.285 
mg/dl indicating that the maximum 
calcium retention in Japanese quail layers 
was achieved when birds were maintained 

on an optimum level of 0.7 per cent 
prelaying dietary calcium. 

At 24`'' week of age there was no 
evidence of any influence of prelaying 
dietary calcium on the plasma calcium 

content. However, calcium levels at layer 

stage significantly (P<0.01) influenced the 

plasma calcium content. The highest 
plasma calcium concentration of 30.374 ± 

0.120 mg/dl was recorded in quails of 

subgroup C and all the quails reared on 3.5 

per cent layer dietary calcium (GI C, GII 

C, GIII C) recorded values above 30 mg/ 

dl (Table 3). The plasma calcium content 

was uniformly higher (above 25 mg/dl) in 

all the birds of subgroup B too, indicating 

a positive correlation between layer dietary 
calcium and plasma calcium content. 
Similar pattern of observations were made 
in Japanese quail by Shrivastav et al. 
(1989) and in domestic fowl by Rao and 
Brahmakshatriya (1976). The results of the 
study revealed that there was highly 
significant increase in the plasma 
concentration of calcium in birds reared on 
higher- dietary calcium, both during 

prelaying and laying periods. This could 
be due to increased absorption of calcium 

from the GI tract and the consequent higher 
concentration in the blood and egg utilises 
more than 80 per cent of the absorbed 
dietary calcium which was also highlighted 

by Navarro and Murillo (1976) in Japanese 
quails. 

The overall mean plasma calcium 
content of the six-week old quails reared 
on different prelaying calcium levels was 

22.220 ± 0.110 mg/dl (Table 1). At the 

16`'' and 24`'' week of age, birds reared on 
the lowest layer dietary calcium (2.5%) 

level had the mean plasma calcium content 
of 21.396 ± 0.113 mg/dl and 21.683 ± 
0.080 mg/dl respectively. The highest 
(3.5%}layer dietary calcium fed subgroup 

C at the 16`'' and 24`'' week of age recorded 

the mean plasma calcium concentration of 

30.115 ± 0.200 mg/dl and 30.374 ± 0.120 

mg/dl respectively indicating that the 

dietary calcium was an important factor in 

influencing the level of plasma calcium and 

age did not have any influence. Snapir and 
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Perek (1970) also noticed that there was 

no influence of age on the blood calcium 

level of laying domestic fowl. 

2. Plasma inorganic pliosphorus 

The plasma inorganic phosphorus 
concentration was lowest (10.677 ± 0.092 
mg/dl} in six week old quails of GIII group 

reared on the highest (0.9%) prelaying 
dietary calcium level and there was a 
negative correlation between dietary 
calcium and plasma inorganic phosphorus 
level (Table 1). As in the sixth week of 
age, at the 16`h and 24~h weeks also the 
highest (3.5%) layer dietary calciurn fed 

quails insub-group C had the lowest value 
(10.782 ± 0.110 mg/dl and 10.845 ± 0.110 
mg/dl respectively) compared to subgroups 
A and B (Tables 2 and 3). There was 
significant (P<0.01) interaction between 
prelaying and layer dietary calcium levels 
on the plasma inorganic phosphate content 
at 16~' week of age. The variation in plasma 
inorganic phosphate concentration was of 
lesser magnitude with higher levels of 
dietary calcium. Bolden an Jensen (1985) 
could not notice any significant difference 
in the plasma inorganic phosphate content 
in domestic fowl when maintained on 
higher dietary calcium level (3.5%). There 
was no influence of age on the plasma 
inorganic phosphorus concentration and 
the values at the sixth, 16~' and 24~' week 
of ages were 11.040 ± 0.060 mg/d1;11.080 
± 0.071 mg/dl and 11.373 ± 0.063 mg/dl 

respectively (Tables 1, 2 and 3). 

Bloom et al. (1958) reported that 

medullary bone resorption during the 

advanced stages of shell calcification 

appeared to be a normal feature of bone 

metabolism in hens, even when a ratio high 

in calcium was fed. Calcium and 

phosphorus soon after their release from 

the medullary bone appear in the blood. 
The addition of dietary calcium increases 

the calcium concentration in the blood to 

a higher level. Part of this calcium may go 
to the shell gland for egg shell calcification 

and part may go to meduallary bone for 
cyclic bone formation and resorption which 

is a normal feature in layers. The reason 

behind higher variation in blood calcium 

compared to the relatively lesser variation 
in inorganic phosphorus can be due to the 

fact that while calcium and phosphorus are 

released simultaneously from the bone 
(medullary bone), calcium alone is being 

continuously utilised for egg shell 

calcification while phosphorus is not 
required for this process. Calcium is being 

continuously absorbed from the diet at an 
increasing rate in order to supplement the 
loss of calcium from the blood for egg shell 
calcification. Vohra et al. (1979) reported 
that calcium absorption in layers fed on 
higher calcium diet was more efficient and 
that the variation in plasma calcium was a 
reflection of its higher absorption from GI 
tract and greater utilization for egg shell 
calcification. Furthermore, plasma 
inorganic phosphorus is liable for more 
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urinary excretion (Paul and Snetsinger, 

1969) which will eliminate phosphorus in 

a steady way so that its blood concentration 

remains less variable. Moreover, Levinsky 

and Davidson (1957) reported that 

parathormone secreted in higher• 

concentration during active egg shell 

calcification is associated with augmented 

renal excretion of inorganic phosphorus. 

Summary 

In Japanese quail layers plasma calcium 

profile was influenced by dietary calcium 

levels and their• was a positive correlation 

between dietary and plasma calcium levels. 

As age advanced especially at 24`h week 

of age, prelaying dietary calcium had only 

negligible influence on plasma calcium 

content when adequate levels of dietary 

calcium was maintained in the layer ration. 

The plasma calcium content in laying 

quails was high ranging from 21.131 ± 

0.191 mg/dl to 30.500 ± 0.235 mg/dl. 

Plasma inorganic phosphate concentration 

was negatively correlated to dietary 

calcium level at the sixth, 16`h and 24`'' 

week of age. Birds fed on the highest 

dietary calcium level (3.5%)had the lowest 

plasma inorganic phosphate content. 

Plasma inorganic phosphorus content 

varied from 10.224 ± 0.210 to 12.172 ± 

0.192 mg/dl in laying quails. Age had no 

influence on the plasma profile of both 

calcium and inorganic phosphate. 
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