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Mannuthy - 680 651, Kerala
Quail is unique in being a prolific
breeder with a short generation gap and
high production potential for good quality
meat and eggs. The ability of hens to
produce good quality egg shell depends on
the steady availability of calcium.
Recorded literature on the physiological
aspects of egg production especially that
of oviductal functions in Japanese quail is
meagre and many lacunae exist in the
knowledge of the mechanisms involved in
the formation of an egg. Alkaline
phosphatase (ALP) and acid phosphatase
(ACP) are primarily associated with the
calcification and resorption of bones in
vivo. According to Kalita et al. (1993) ALP
is one of the most common variants in the
body which acts by releasing phosphate
from many organic phosphomonoesters at
an optimum pH. The present study was
conducted with the objective of
ascertaining the effect of varying levels of
both prelaying and layer dietary calcium
(Ca'+) and age on the phosphatase (ALP

and ACP) profile of shell gland in Japanese
quails.

Materials and methods
Six hundred and thirty, three-week old,
clinically healthy female Japanese quail
chicks of the same strain (egg type) and
hatch were selected at random from the
Kerala Agricultural University Poultry
Farm, Mannuthy. These were divided into
three main groups viz., GI, GII and GIII,

and reared under standard farm conditions
in cage system on quail starter ration
(Panda, 1990) with the three prelaying Cat+
levels of 0.5, 0.7 and 0.9 per cent
respectively. At the sixth week of age when
birds started laying, 30 birds from each

group were sacrificed by decapitation,
oviducts carefully dissected out, cleared off
all adhering tissues and fluid and shell
glands were collected, weighed and
homogenates were prepared using ice cold
double distilled water (1 in 25 for ALP and
1 in 100 for ACP) and stored at -20 QC. The
remaining birds in each group GI, GII and
GIII were subdivided into three subgroups
A, B and C (GI A, GII A, GIIIA; GI B, GII
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B, GIII B; GI C, GII C, GIII C) and reared
on quail layer ration (Panda, 1990) with
three layer dietary Cat+ levels viz. 2.5 per
cent (A), 3 per cent (B) and 3.5 per cent
(C) respectively. As the birds attained 16
weeks of age (peak egg production) 30
birds from each one of the nine subgroups
were sacrificed for shell gland collection
and homogenate preparation. The
remaining birds were reared upto 24 weeks
of age, at the end of which these were
sacrificed and shell glands collected, for
homogenate preparation. The enzymes
ALP and ACP were quantified using the
shell gland homogenata by the method of

Kind and King (1954) and King's method
(King and Jagatheesan,1959) respectively
using enzyme kits provided by Stangen
immunodiagnostics, Hyderabad. The
results were analysed statistically
(Snedecor and Cochran, 1967).
Results and Discussion
Shell gland concentration of ALP at the
sixth, 16~' and 24~'' week of age was not
influenced by age and dietary levels of Ca2~
at prelaying as well as layer rations. The
overall mean ALP content at these ages
were 0.654 ± 0.015, 0.599 ± 0.006 and
0.579 ± 0.003 KA units/g respectively
(Tables 1, 2 and 3).

Table 1. Influence of dietary calcium levels on the shell gland enzyme profile
of six week old female Japanese quails

Groups
(Pre-laying dietary calcium)

Shell gland enzymes KA Units/g tissue
ALP

ACP

GI (0.5% Cat+)

0.642 ± 0.033

19.271 ± 0.115a

GII (0.7% Cat+)

0.661 ± 0.024

19.752 ± 0.170b

GIII (0.9%Cat+)

0.660 ± 0.024

19.892 ± 0.142b

Overall mean

0.654 ± 0.015

19.639 ± 0.090

CD =Critical difference for comparison of means of ACP in groups is 0.280
ab (ACP levels): with different superscripts in columns differ significantly (P<0.01)
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Table 2. Influence of dietary calcium levels on the shell gland enzyme profile (KA units/g) of 16 week old female Japanese quails
Sub-groups (Layer dietary calcium)

Groups
Pre-la ing
(
y
dietary calcium

A (2.5% Caz+)

Overall means
C (3.5% Caz')

B (3% Caz`)
(control)

levels)
ALP

ACP

ALP

ACP

ALP

ACP

ALP

ACP

(0.5°/ot~z+~

0.612 ±
0.020

20.218''` ±
0.159

0.592 ±
0.016

20.179"' ±
0.156

0.608 ±
0.018

20.600"" ±
0.158

0.604±
0.010

20.332' ±
0.092

GII(0.7°lo~z+~

0.577±
0.021

19.588a8±
0.147

0.596±
0.010

20.1316 ±
0.090

0.599±
0.022

20.2746A±
0.186

0.591±
0.011

19.9978±
0.089

(0.9°loCaz+>

0.589±
0.020

19.974'8±
0.164

0.615±
0.021

10.4066A±
0.156

0.604±
0.015

20.4876"±
0.110

0.603±
0.011

20.289^±
0.080

0.592±
0.012

19.927'±
0.100

0.601±

20.239°±

O.G04±

20.4546±

0.599±

20.206±

0.010

0.080

0.011

0.090

0.006

0.050

GI

GIII

Overall smeans

ab AB (ACP profile): Means with different superscript in rows (ab) and columns (AB) differ significantly (P< 0.01)
1.. Critical difference (CD) for comparison of overall mean of 3 groups and 3 layer subgroups each comprising of 90
birds. CD value for ACP is 0.145.
2. Critical difference (CD) for comparison of means of 9 subgroups each comprising of 30 birds. CD value for ACP is 0.250

Table 3. Influence of dietary calcium levels on the shell gland enzyme profile
(KA units/g) of 24 week old female Japanese quails
Sub-groups (Layer dietary calcium)

Groups
Pre-la Y mg
(
dietary calcium

A (2.5% Caz+)

B (3% Caz`)
(control)

Overall means
C (3.5°Io Ca

z+)

levels)

GI

,iII

(0.5°Io~z+~

(0.7%(^az«~

GIII

(0.9°lo~z+>

Overall smeans

ALP

ACP

ALP

ACP

ALP

ACP

ALP

ACP

0.603 ±
0.014

20.526 ±
0.187

0.569 ±
0.007

20.598 ±
0.182

0.589 ±
0.007

20.506 ±
0.170

0.587±
0.066

20.543±

0.573±
0.011

20.675±
0.157

0.575±
0.006

20.722±
0.143

0.574±
0.005

20.732±
0.200

0.574±
0.004

20.710 ±
0.096

0.575±
0.012

20.493±
0.161

0.577±
0.008

20.536±
0.144

0.576±
0.004

20.793±
0.131

0.576±
0.005

20.607±
0.084

0.584±

20.564±

0.574±

20.619±

0.580±

20.677

0.100

0.004

0.090

0.003

0.100

0.579±
0.003

20.620±

0.010

0.103

0.060
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The shell gland ACP content at the
sixth week of age was significantly (P <
0.01) higher (19.892 ± 0.142 KA units/g)
in the 0.9 per cent prelaying dietary Cat+
fed group (Table 1). At the 16th week of
age also, higher layer dietary Cat+ (3.5%)
fed quails (subgroup C) showed the highest
concentration of ACP, 20.454 ± 0.090 KA
units/g (Table 2). Whereas, at 24~h week
of age, shell gland ALP and ACP contents
were not influenced by dietary Cat+ (Table
3). It was also observed that shell gland
ALP was not influenced by the levels of
dietary Cat+ at six, l6 and 24 weeks of age.
Salevsky Jr. and Leach Jr. (1980) and
Darshan and Panda (1987) observed that
the ALP activity of the shell gland was
relatively lower compared to ACP activity.
Results obtained in the present
investigation also revealed a similar
tendency. It is also found that the
concentration of shell gland ALP was
lower than that of plasma. Prabhakar et
al. (1975) and NYS and Delaage (1984)
reported that shell gland ALP content was
lower than the ACP content in domestic
fowl.
The shell gland concentrations of both
the enzymes (ALP and ACP) were seen
not to be influenced by the dietary Cat{
levels at the 24~h week of age, indicating
the absence of any influence of dietary Cat+

at this age. NYS and Delaage (1984) also
reported that the shell gland ALP had no
influence in shell calcification. Salevsky,
Jr. and Leach, Jr. (1980) opined that oviduct
and prostatic ACP were considered to be
similar which were inhibited by sodium
arsenate while serum ACP was not. The
role of shell gland ACP in shell formation
has not yet been clearly explained. It may
be involved in the transfer of Cat+ ions
across the shell gland mucosa, since, its
concentration in shell gland was
comparatively higher, even surpassing that
of ALP. Moreover, the pH in the shell
gland fluid is towards the acidic side of
neutrality especially at the time of shell
calcification. Furthermore, the plasma
concentrations of both ALP and ACP were
increased during active shell calcification
which may be a reflection of augmented
osteoblastic and osteoclastic activity.
However, this type of variation did not
occur in shell gland ALP activity which
registered only very low value and
remained uninfluenced by levels of dietary
Cat+ and age; indicating that it may not be
involved in the Cat+ transport across the
shell gland mucosa. At the same time the
higher shell gland ACP activity observed
at all ages compared to shell gland ALP, is
indicative

of its active role in
transportation/mobilisation of Cat+ across
the shell gland mucosa for the calcification
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of the egg shell.
Summary
Influence of different dietary levels of
both prelaying and layer Cat+ and stage of
egg production (age) on the phosphatase
profile (ALP and ACP) of shell gland in
Japanese quails was investigated. Six
hundred and thirty, three-week old female
Japanese quails were reared upto sixth
week of age on quail starter ration having
three prelaying levels of dietary Cat+ (0.5,
0.7 and 0.9%). At the sixth week of age
birds were subdivided into nine sub-groups
and reared on quail layer ration with three
dietary Ca'+levels (2.5, 3 and 3.5%) upto
the 24~'' week of age. Thirty birds from
each group/sub-group were sacrificed and
shell glands were collected at the sixth,l6~'
and 24°i week of age. The shell gland ALP
and ACP were estimated and a positive
correlation was noticed between the ACP
and dietary Ca'+levels, whereas ALP was
uninfluenced by dietary Cat+ and age. The
activity of ACP was significantly higher
in the highest Ca'+fed group at both sixth
and 16~' weeks of age. Shell gland ACP
might have an important role in the transfer
of Cat± from blood ac:oss the shell gland
mucosa to the egg shell.
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