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There is an increas©d trend in our country to switch ovor from the 
conventional deep litter to cage system of rearing layers for commercial 
egg production. It has been amply domonstrated that the nutrient require-
ments of birds are also influenced by tine system of housing. The require-
ments of energy and protein for caged layors had been assessed 
(Jalalude9n, 1986). In poultry nutrition, minerals are no r~~ore or lass 
important than any other nutrients. The reports on tho requirements of 
calcium for cagod (aye: is conflicting. Reddy and Sanford (19G3) placed 
the requirement as 3.5°-~, of diet. But Mather et al. (1982) opined that 
the calcium requirement of caged layer is ire the order of 2.75`;o v,~hile 
Bray (1975) estimated the requirement as 2.5°0. Therefore, the present 
study v~~as taken up to precisely assess and establish the dietary require-
ments of calcium and phosphorus for cagod lay®rs. 

Materiais and Methods 

Two hundred and fifty-six strain cross (IWN x 11NP) single comb 
White Leghorn X~uilets of 170 days of age were selected at random for 
the experiment. The birds were individual ly wing bodged and housed in 
54 Californian type colony cages with four birds in each providing 
G75 cm` floor area per bird. Four dietary levels of calcium, narnely, 
2.50, 3.00, 8.50 and 4.00 per cent and four levels of total phosphorus 
viz., 0.50, 0.60, 0.70 and 0.80 per cent were employed. Thus, in al l. 
thQre were 1 G treatment combinations and each treatment was replicated 
four times and sacl~ repl icate lied four birds. The allotment of pullets to 
different it©atment groups as well as to the different cages were made rat 
random. The basal ration contained 18 per cent crude protein and 2600 K 
cul M.E. par kg of diet (Jalaiudeen 1986) Table 1 . Calcium and phosphorus 
levels were varied by adjusting th© quantitios of Oystor shell meal, 
diculcium phosphate and inert-material (dry sand) in the diets. Ai l the 

test diets were isocaloric and isonitrogenous. The proximate composition, 
calciur~~ and phospi~orus described in A.O.A.C. (1910), Food and ~nrater 

* Part n. the Ph.D. thesis submitted to thQ Kerala Agri ~.;ultural University n~, tfie first 

autl~~r, in 1986. 
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were provided ad /ib. The meteorological variables of macroclimata 
such as temperature and relative humidity of the location where the 

experiment was conducted were recorded periodically. The observations 
were recorded over ten 28-day periods. The data on egg weight was 
based on the weight of all eggs collected on the last three days of 
each 28 day period. The data collected were subjected to statistical 
analysis (Snedecor and Cochran, 1967). 

Results and Discussion 

Environment. 

The maximum temperature ranged from 32.1 °C to 37.3°C, while the 
minimum temperature ranged from 24.6°C to 28.3°C. The relative 
humidity ranged from 55 to 75 per cent. The values are typical of hot-
humid climatic profile (Somanathan and Rajagopalan, 1983). For major 
part of the year, this region experien.,es temperatures of 32°C and above. 

Egg production: 

The highest level of per cent hen-day egg production (Table II) 
was recorded for groups fed 4.00 per cent calcium which was significantly 
(P~0.01) different from all other dietary levels of calcium. It also revealed 
that the differences observed among 2.50 through 3.50 per cent calcium 
levels were not statistically significant. Bray (1975) reported that 2.50 
per cent calcium in the diet of caged layers was inadequate for optimum 
production. Reddy and Sanform (1963) opined that the calcium require-
ment of laying hens reared in cages is 3.00 per cent or above. Mathur 
et a/. (1982) reported that the dietary level of calcium for caged layers is 
in the order of 2.75 per cent. Calcium requirement is influenced by egg 
production and also indirectly by environmental temperature. Thus, 
Tortuero and Centeno (1973) noted that when temperature was higher 
than 30°C, levels of calcium in excess of 2.68 per cent in the diet is 
required for optimum production. Thus, considering the rate of egg 
production and the environmental temperature to which the birds were 
exposed to during the experiment, the indication of 4.00 percent as dietary 
level of calcium seems logical. This finding is in tune with those observed 
by Miller and Sunde (1975) and Cleaves and Salim (1978) for caged layers. 

The absence of any statistically significant influence on egg 
production due to varying levels of phosphorus (0.50 through 0.80%) 
suggests that the dietary phosphorus requirement for optimum egg pro-
duction is 0.50 per cent or lower. This finding is in agreement with those 
reported by many workers (Hamilton and Sibbald 1977; Edward and 
Suso, 1981 and Mathur et al. 1982) 
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Level of mean daily feed intake (Table Ill) is normal as indicated 
by earlier studies in this labaratory (Jalaludeen, 1986). Eventhough there 
were numerical differences in the maan daily feed intake data due to 
calcium and phosphorus (evets, the statistical analysis revealed that neither 

Table 1 

Composition o! basal diet 

Ingredients Parts (kg) 

Yellow maize 

Rice Polish 

Ground nut oil cake 

Fish meal 

1Mineral mixture 

Common salt 

°Dicalcium phosphate 

30yster shell meal 

Dry Sand 

52.00 
12.00 
19.00 

6.00 
1.00 
0.50 

4.10 

5.40 

100.00 

Feed additives 

'Rovimix 4B2D3 (g) 30
Rovimix E-25 (g) 10 

6Liv, 52 (g) 200 
Analysed value: Protein (%) 17.56 

ME K Ca[/kg 2560 
C4lcium (%) 2.52 
Total phosphorus (%) 0.49 

1 Poultryman (Arias Agro-Vet Ind.~stries private Ltd.) contained calcium (Min) 
32.00%., Phosphorus (Min) 6.00% Copper (Min) 100 ppm, Cobalt (Min) 60 ppm, 
Manganese lMin) 2700 ppm, Iodine 100 ppm, Zinc 2600 ppm, Iron 0.1%and 
Magnesium 1000 ppm. 

2 Dicalcium phosphate (Kerala Chemicals and Protein Ltd) contained calcium 
29.00% and phosphorus 17.40%. 

3 Oyster shell meal: contained calcium 37.45% 

4 Rovimix AB2D3 (Roche products Ltd) contained Vitamins A, B2 and D3 at levels 
of 40,000 I.U., 20 mg end 5,000 I.0 per g, respectively. 

5 Rovimix E-25 (Roche products Ltd) contained Vitamin E 250 I.U. per g of 250 mg 
d1-tocopherylacetate, 

G Liv-52 powder (The Himalayan Drug Co) 
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of these minerals at levels employed in this experiment influenced feed 
intake. 1Vlany workers hav© reported an absence of influence on feed 
intake with calcium levels upto 5.00 per cent (G leaves et a/. 1975; 
Andre~Jvs and Berg, 1977 and Hamilton and Sibbald, 1977} 

Comparison of the mn3ns of f$ed efficiency in terms of feed per 
dozon egg (Table I V) due to levels of calcium and phosphorus indicated 
that only the level of cafcium significantly (P~0.01) influenced this 
trait. The Officiency was bQsi with cafcium levels of 3.00 and 4.00 per-
cent. Whereas, it was poorest with 2.50 per cent calcium diets. How-
ever, the difference betwLan 3.00 and 3.50 per c©nt calciurrr levels was 
not statistically significant. Improvement in feed efficiency as a conse-
quence of increased calcium levels in the diets has been reported by 

Table II 

Per cent hen -day egg production of layers fed varying levels of calcium 
and phosphorus 

Calcium (%) _ Phosphorus (%) Mean 

0.50 0.60 0.70 0.80 

2.50 69.33 67.84 76.36 67.68 70.308

3.00 72.72 74.30 70.08 74.14 72.81 R 

3.50 69.48 75.58 73.20 72.80 72.77a 

4.00 73.39 78.78 76.27 79.79 77.06' 

Mean 71.23 7 .13 73.98 73.61 

Value bearing the same superscript do not differ significantly. 
Significant (PL0.01 } 

Table I I I 

Peed intake of layers fed varying I©vels of calcium and phosphorus 
(g/bird/day) 

Calcium (%) _ Phos_ph_o_ru_ s (%) 1V1ean 

0. ~0 0.60 y 
~ 

0.70 0.80 

2.50 106.86 109.22 112.15 107.48 108.93 

3.00 105.08 102.24 104.81 106.38 104.63 

3.50 107.06 107.15 113.38 109.95 109.39 

4.00 111.12 109.42 107.28 109.63 109.36 

Mean 107.53 107.01 109.41 108.36 
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many workers (Damron and Harms, 1980; and Hamilton and Cipera, 1981). 
t_ikewise, Brister et a/, (1981); Mikelian and Sall (1981); and Rodriguez 
c:~t a/., (1982) also reported that the feed efficiency was not affected by 
c!iatary phosphorus levels. Reporting interaction effects between calcium 
end phosphorus levels, Ousterhot et al., (1980) and Gaffer et al. (1981) 
©mploying levels of calcium from 2.75 to 4.75 per cent and phosphorus 
levels of 0.35 and 0.45 per c9nt could not notice differences in feed 
efficiency due to varying levels of calcium and phosphorus. 

While, evaluating the efficiency of production in terms of feed 
required per kilogramme of egg (Tabu V) it was observed that tl~e trend 
is more or less similar to the one computed with ihs egg number as 
criteria. Thus, calcium level alone was found to influence tine feed per 
kilogramme of ©gg. Delineating the magnitude of difference among the 
mean values due to calcium Ipvels, it was observed thst the efficiency 
was significantly superior with diets containing 3.00 and 4.00 per cent 
calcium when compared to 2.50 and 3.50 por cent. 

Table IV 

Feed efficiency of layers fad varying levels of cafcium and p'~osphorus 
(Feed/dozen eggs) 

Phosphorus (%) Mean 

0.50 0.60 0.70 0.80 

2.50 1.89 1.95 1.77 1.97 1.90 
3.00 1.77 1.68 1.81 1.74 1.75g~ 
3.50 1.90 1.72 1.88 1.87 1.84v 
4.00 1.84 1.69 1.70 1.66 1.72a 
Moan 1.85 1.76 1.79 1.81 

Values bearing the same superscript do not differ significantly. 
Significant (PL0.01) 

7abie V 

Feyd efficiency of layers fed varying levels of cafcium and f~hosphorus 
(Feeds kg of egg) 

Calcium ("/°) 
0.60 

Phosphorus (%) Mean 

0.50 0.70 0.80 

2.50 2.86 2.95 2.74 3.04 2.90 
3.00 2.69 2.58 2.65 2.63 2.64b 

3.50 2.94 2.67 2.82 2.86 2.82 
4.00 2.73 2.58 2.61 2.54 2.62b 

Mean 2.81 2.70 2.71 2.77 

Values bearing the same superscript do not differ significantly. 
Significant (PL0.01) 
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~~Thus, considering the fend efficien;,y data computed both in terms 
of egg number and egg weight, the pres9nt study indicated a level of 
4.00 per cent calcium and 0.50 per cent phosphorus as the dietary require- t' 
meets for caged layers. 

The statistical analysis of the data on mean egg weight (Table VI) 
revealed that neither calcium nor phosphorus levels employed in this experi-
ment influenced this trend. The results are in agreement with those 
reported by Bistor et al. (1961), Hamilton and Cipera (1981), Mathur eta/. 
(1962) Roudriguez eta/. (1982), Said and Sullivan (1982), Waldroup and 
Hollwig (1982). Thus, it appears that dietary requirements of calcium and 
phosphorus for acceptable egg weight (around 54 g/egg) is 2.05 per cent 
calcium and 0.50 per cent phosphorus. 

Egg specific gravity: 

The statistical analysis of the specific gravity data (Table VII) 
revealed that only dietary calcium levels significantly (P~0.01) influenced 
these values. Whereas, the dietary levels of phosphorus employed in this 
study had not exerted any significant influence on specific gravity. Absence 
of significant influence on specific gravity due to phosphorus levels in the 
diets had been reported by Arscott et al. (1962) and Waltor and Aitken 
(1962). Comparing the magnitude of differences among the mean speci-
fic gravity values of eggs fed varying levels of calcium it was observed that
the specific gravity values were statistically homogeneous among 3.00, 
3.50 and 4.00 percent calcium levels. Likewise, the differences between 
2.50 and 3.00 per cent and above is sufficient to produce eggs with 
superior egg shell quality. Improvement in specific gravity with calcium 
levels above 2.50 per cent has been reported by Ademosun and Kalango 
(1973), Hobort et al. (1976), Hussoini et al. (1981) and Angulo et al. 
(1982}. Thus, it can be surmised that the requirements of dietary calcium 
and phosphorus is 3.50 per cent and 0.50 per cent for caged layer chicken 
judged on egg specific gravity informations. 

Table VI 

Mean egg weight of layers fed varying levels of calcium and phosphorus (g) 

Calcium 
(%) 

Phosphorus (%) 
- --~~~--~ 

0.80 
~ Mean 

0.50 x.60 0.70 

2.50 55.04 55.26 23.80 54.01 55.53 
3.00 54.50 54.38 56.99 55.03 55.25 
3.50 53.93 53.87 55.69 54.52 54.50 
4.00 56.07 54.57 64.42 54.38 54.86 
Mean 54.91 54.52 55.23 54.49 
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Table VI( 
Mean specific gravity of egg of layers fod varying levels of calcium and 

phosphorus 

Phosphorus (%) 
Calcium (%) ------

0.50 
.- -.-- _ ._ 

0.60 
._ __--- -.. . 

0.70 
__ ____ Mean 

0.80 

2.50 1.093 1.094 1.094 1.095 1.094 
-.w 

3.00 1.095 1.095 1.095 1.095 1.095Aa 
3.50 1.09 6 1.09 6 1.09 5 1.09 6 1.096~i 
4.00 1.095 1.096 1.096 1.096 1.096 
Mean 1.095 1.095 1.095 1.096 

Values bearing the same superscript do not differ significantly. 
Significant (P~O,Oi ) 

Table VIII 
Mean egg shell thickness of layers fed varying levels of calcium and 

phosphorus (mm) 

Phosphorus (%) 
Calcium (%) Mean 

0.50 0.60 0.70 0.80 

2.50 0.365 0.363 0.367 0.358 0.363 
3.00 0.370 0.369 9.370 0.374 0.3;1 ~ 
3.50 0.369 0.369 0.368 0.366 0.368a 
4.00 0.367 0.369 0.367 0.372 0.369 
Moan 0.368 0.368 0.369 0.368 

Values bearing the same superscript do not differ significantly 
Significant (P~0.01) 

Egg shell thickness: 
The statistical analysis of data on egg shell thickness (Table Vlli) 

revealed that only the calcium levels employed in the experiment influenced 
this trait, whereas, the phosphorus levels did not. Mikaelian and Self 
{1931) also could not show any significant changes in egg shell thickness 
due to increasing phosphorus levels from 0.40 to 1.00 per cent. Improve-
ment of shell thickness due to increases in calcium levels in the diets has 
been reported by Ousterhot (1980) and Husseini et al. (1981). In the 
present study also it was revealed that increasing the calcium levels 
improved egg shell thickness. The values obtained from 3.00 to 4.00 
per cent were not statistically different and were statistically superior 
(P~0.01) to that obtained with the diets containing 2.5 per cent calcium. 

Per cent egg shell; 
The statistical analysis of data on mean per cent egg shell (Table IX) 

.revealed that the trait is influenced by dietary calcium levels, whereas, it is 
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not influenced by phosphorus levels. When the mean per cent egg shel t 
measured du© to effect of calcium were compared it was seen that the egg 
produced by hens fed dietary level of 2 50 per cent had significantly 
(P~0.01) lowest per cent shell; while the highest was from eggs laid by 
hens fed 3.50 per cent calcium. The values between 2.50 and 3.00 percent 
calcium levels were statistically not significant. Similarly, that between 
3.50 and 4.00 as well as that between 3.00 and 4.00 per cent were also 
not statistically significant. Similar results on positive influa nce of incre-
asing per cent shell due to increase in calcium levels have been reported 
by Ousterhout (1980), Hussoini et al. {1981) and Mather et al. (1982). 

Table IX 
Mean percent egg shell of layers fed varying levels of calcium and 

phosphorus 

Phosphorus (%) 
Calcium (%) Mean 

0.50 0.60 0.70 0.80 

2.50 9.16 9.19 9.35 9.08 9.20t~ 
3.00 9.22 9.35 9.36 9.32 9.31na 

3.50 9.40 9.52 9.27 9.50 9.4 5~ 
4.00 9.20 9.43 9.31 9.49 9.36r>~ 
Mean 9.27 9.37 9.32 9.35 

Values bearing the same superscript do not differ sigrlificant~y. 
Significant (P~0.01 j 

Summary 

A 4 x 4 factorial arrangement employing dietary calcium levels of 
2.50, 3.00, 3.50 and 4.00 per cent and phosphorus levels of 0.50, 0.60. 
0.70 and 0.80 per cent in al I combinations with 256 single Comb White 
Leghorn strain cross pullets (IWN x IWP) was conducted to determine the 
dietary requirements of calcium and phosphorus for caged layers. The 
results indicated that the per cent hen-day egg production and feed effici-
ency (both on egg number and egg mass) were significantly (P~0.01) 
superior in birds tad 4.00% dietary calcium. The dietary levels of phos-
phorus had not exerted any influence on lien-day egg production and feed 
efficiency (both on egg number and egg mass) was significantly {P~0.01) 
superior in birds fed 4.00% dietary calcium. The dietary levels of phos-
phorus had not exerted any influence on hen-day egg production and feed 
efficiency. The feed intake and egg weight wire not influenced either by 
the dietary levels of calcium or phosphorus. The egg shell quality (Speci-
fic gravity, shell thickness and percent shell) was significantly (P~0.01) 
baiter in eggs laid by hens fed 3.50 and 4.00 per cent dietary calcium. The 
egg shell quality was significantly (P~0.01) poor with 2.50% calcium. 
The dietary phosphorus levels had not exerted any significant influence on 
egg shell quality. 
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