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cage system (multi-deck cage system) under Indian condi­

tions are insufficisnt and, therefore, there is need to 

undertake scie~tific studies of this nature. 

The present study was undertaken to study the 

effects of twa stocking densities and the influence of 

cage level on the following parameters: 

1. Age at 50 % pro duct i on 

2. Body weight 

3. feed con sump ti on 

4. Egg production 

5. Egg quality 

6. Mo~tality 

7. Alkaline phosphate level in bio ad pI asma 
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IN TRDD UCTI aN 

The system of rearing birds in cages is gaining 

popularity, because of the advantag.os like 
~ .... economy in 

space, disease prevention and control~ savings in feed, 

laying efficiency, and production of cleaJl eggs. It 

makes pedigree breeding easy and avoids the laborious 

trapnestir'lg. The dustiness in poultry houses is consi­

derably reduced which may caUse significant decrease in 

respiratory ailments. This system of housing is regarded 

" 
as super intensive system of poultry rearing compared to 

deep litter intensive system. 

The poultry farming is more concentrated around 

metropolitan cities because of ready availability of 

market for poultry and poultry products. However, tne 

cost of land ~eaI' such citias is quiet high 'Which compels 

the farmers to reduce the floor space per bird. A method 

is needed by. which this can be done without having signi­

ficant effect on the performance of birds. On this accaunt 

the poultrymen express the idea of the use of multi-deck 

cage system for layers. Scientific records about these 

ideas are available on the basis of work carried out in 

foreign countries where the climatic conditions are ~uch 

di fFerent than those in India. E\len after long Use of 

cages by cart ain Farmers, there aI'8 still un certainties 

about the proper shape, den sity and deck sy stem .. · The 

research reports to give sci enti f i c data f or the use of 
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REVIEW DF LITERATURE 

Effect of Cage space on Body ~eight 

Lowe and Heywang (1964) in 3 different experiments 

conducted during three successi ve years provided 8 n x18 11 

and 10 ll x1S u space to individual birds. These workers also 

provided 12 11 x1S u and 24"x1S Il space far 2 and 5 birds t rss-

pectively. They observed that gain s in body weight were 

greater in multiple caged birds although the floor space 

was less in individually caged birds • 
• 

Wilson at ala (1957) in two experiments pravided 

a"x1s 11 and 10"x1S" space to one, two and three birds per 

cage and reported that an increase in bird density resulted 

in smaller body weight gain during 19-65 weeks of age. 

Ruggles (1961) conducted two experiments concurrently 

to study the effect of bird density, light intensity and 

dietary energy level on the reproductive characteristics 

of sex-linked hen s in a lJindowless cage house. A signifi-

cant decrease in IJsight gains resulted from increase in 

bi 1'd den si t y. 

Dorminey and Arscott (1971) conducted three trials 

by housing 4,6,8 and 10 hens per 61x61 em cage, 1,2 and :3 

hens per 30.5x45.7 COl cage and 3 and 4 hens per 30.5X45 .. 7 
• 

em cage. Body ,-,eight gain Was significantly less wi th 10 

hen s per cage than with other densities. 

Grover et a1. (1972) provided 30.5x45.7 em floor 
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space for 2 and 3 birds and observed that greater bird 

den sity depressed body weight gain. 

Hill (1977) reported the productivity and profitabi-

lity of two commercial strains of WLH lIleasured simultane­

ously at space allowan~e of 0.0310, 0.0367 and O.0464m 2 per 

bird and in groups of 3,6 and 12 birds per cage. In both 

tests there were significant increase in body weight uith 

increasing space allowance. Pullets in groups of three 

were also heavier than those in groups of 6 and 12. In 

both tests single birds given O.0619m2 were the heaviest • 
.. 

Johri and Sharma (1978) in an experiment with 1,2,3 

and 4 bird per cage provided 1222, 611, 564 and 616 cm 2 of 

floor area per bird, respectively. They observed that 

density in cages do not affect the body uei9ht in the layers. 

Mathel.J et al. (1979) provided 900 t 600 and 450 cm
2 

floor area per bird with density level 2,3 and 4 birds 

per cage. It was reported that the birds provided 900 cm 2 

space each had significantly higher body ~eight than their 

cage mates at other densities. 

Robinson (1979) reported that body weight gain was 

19 per cent higher at higher floor area allowance (0.046 m2/ 

bird) than at lower floor area allowance (0.035 m2/bird). 

Cunningham and Ostrander (1981) observed that increas-.. 
ing the bird number per cage (reducing floor space) res~lted 

in significant reductions in final body weights of birds 

kspt in deep or shallow cages. 
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Ramos ~s1.. (1986) reported that hens housed at 

464 cm 2 of floor area/hen had significantly lower weight 

gain than those housed at 348 cm 2• 

Rao (1986) in an experiment provided 0.50 f 01) 62 and 

0.75 sq. ft. of floor area per bird ,and the density was 

kept 3, 2 and 2 birds/cage. He observed that body weights 

were not influenced by floor area per bird. 

Davami. d alIt (1987) studied the effect of two treat­

ments viz. 5 hans/cage with 420 crn 2 floor space per hen 

and 7 hems/cage yith 300 cm
Z floor space per hen. As the .. 

cage space allowance increased, lJ2ight gains were higher. 

Effect of Cage level (deck) on Body weight 

Grover £i. al. (1972) conducted two experiments to 

study the effect of ca9B level on body ueight of heavy 

type chicken. Body weight gains were higher in upper cage 

row 91'0 up s. 

Cunningham (1983) reported the results of experiments 

conducted during 1979 to 19B1 to compare the layer perfar-

manee at different 1e\l81s in tri-deek cage system. No 

significant differences for cage level were observed fa~ 

any of the performance traits e.g. body weight. He sugges-

ted that ~ith good management cage level should not be a 

factor in performance of birds. 

Effect of Cage space on feed cansumptioll 
• 

Lowe and Heywang (1964) in three different experiments 
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conducted during th . 
ree s U cceSSlve years provided 811x18" 

and 1QII)(.18 11 t 
space a individuals birds and also provided 

12"x18~ and 24"x18" space t 2 o and 5 bi rd s, re spe ctivel y. 

No signi f icant . d iff-eren cs was ob d t serve among hese groups 

in tot al feed con sumpti on. 

Ruggles (1967) conducted 2 concurrent experiments 

with bird densities of one, two, three and four per 12ux1811 

cage. He did not found significant differences in feed 

con sumption of bird s of di Fferen t gro up s. 

Dorminey and Arscott (1971) on the basis of three .. 
studies reported that the bird density did not have any 

consistent effect on feed consumption. 

Grover ~~. (1972) housed 1, 2, 3 and 4 birds per 

cage (1393, 697, 465 and 368 cm
2 per bird). It was found 

that the bird density effects on feed consumption were not 

detected. 

Asriyan (1975) reported that the pullets reared at 

higher densities tended to have lower feed consumption than 

those reared at lower densities. Cnnnor and Burton (1975) 

reported that increasing bird numbers per cage or stocking 

density had little effect an feed consumption. 

Hill (1977) simul tan Bously measU red the p roducti vi ty 

and profitability on 2 commercial strai2s of W.L. at a space 

2 
allowance of 0.0310, 0.0387 and 0.0464 m per bird and in 

group s of 3, fi and 12 bi rd sl cage. A sp ace alla wan te of 

0.0310 m2 per bird resulted in increased feed consumption. 
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Robinson (1979) provided a cage area of 0.035 m2 and 

0.046 m
2
/bird and the cOlony size was 2, 3, 4 and 6 birds/ 

cage. He observed that Feed intake per hen "I 
were sim~ ar at 

both the floor areas. 

Reddy ('981) in an experiment provided a floor space 

of 0.75,0.62 and O.SQsq. ft./bit'd. Birds given 0.50 sq.ft./ 

bird re suI t ed in 5igni f icant ly less feed con sumption than 

thOse of ot her two group s. Rao & al. (1983) provided 0.4 

and 0.5 sq.ft. of floor space/bird and observed that floor 

space allo~ance had no sffect on feed consumption# 

• 
Adams and Craig (1985) publi shed a review of research 

conducted during 1971 to 1983 on the effects of ctowding 

and cage shape on perfotmance of layers. The ovetall results 

suggested that reducing the floor space per hen f~om an 

average of 387 cm
Z 

(medium) to 310 cm 2 (high) decteased 

feed consumption by "1.9 gm/hen/day. 

Rao (1986) provided 0.50,0.62 and 0.75 s~ft. of 

floor space per bird keeping the density at 3, 2 and 2 birds 

per cage. He observed that floor space allowance did not 

appear to influence feed consumption though lower space 

allowance tended to restrict feed consumption. 

Effect of Cage level (deck) on Feed consumption 

l 

Grover at al. (1972) reported a higher feed con sumption ' --
" 

in upper cage row groups than in lower, in double deck 

batteries. Cunningham (1983) did not report any -effect of 

cage level on feed consumption in tri-deck cage system. 
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Effect of Floor space on Egg production 

Lowe and Heywang (1964) in three different experiments 

conducted during successive years provided Bflx18 u and 

10 1'x18 11 space to individual, 121'x1B '1 and 24 11 x18" space for 

2 and 5 birds, respectively. It ~as found that increasing 

bird density resulted in reduced hen housed and hen day 

egg production. 

Wilson (1967) conducted two experiments with 8"x18 1' 

and 10ttx18" cages. One, two and three pullets per cage 
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Graver ~ ale (1972) conducted two experiments and 

stocKed 1, 2, 3 and 4 birds per cage .. g.lv.lng a space of 

1393, 697, 465 and 368 cm
2 

per bird in the first and 2 and 

3 birds per cage in the second experiment giving a space 

of 697 and 465 cm
2 

per bird. In experiment I highly sig­

nificant depression in eg9 production due to greater bird 

d en si t y was n ot e d • The d e I' . f f t P ess~ng e ee on egg production 

\das associated with increase in the number of birds/cage 

and Was found to be more severe when four bird density 

treatment Was compared with either the two or three bird 

densities than when the latter tre-atments were compared 

with single bird treat~ent. 

Samalo and Sathe (1974) provided a floor space of 160 

and 80 sq. inches/bird. There was slight but non-significant 

adverse effects of density on eg9 production. Connor and 

Burton (1975) reported that increasing bird numbers per 

cage or stocking density decreased egg production. Furuta 

(1975) reported that housing density had no effect on egg 

production. 

Sefton (1976) observed that when number of birds per 

cage Was held constant and the space per bird increased 

from 460 to 575 cm 2 , there Was no significant difference 

iA egg production. When area per bird decreased and number 

of birds per cage increased, there wa~ significant reduction 

in egg production. 

Hill (1977) measured productivity of 2 commercial 

strains of W. L. at space allowances 0.0310, 0.0387 and 
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0.0464 m
2
/bird and in 

groups of 3,6 and 12 birds/cage. A 

space allowance of 0.0310 m2 
per bird adversely affected 

the prodUction. 

Jhori and Sharma (1978) housed 1, 2, 3 and 4 birds/ 

cage with sPace allowance 1222, 611, 564 and 616 cm 2 and 

studied the effect of stocking density on egg production. 

The percentage of hen-day - egg prodUction Was significantly 

higher in birds kept singly in cages (1222 cIJI 2/bird) as 

camp ared to 2, 3 and 4 bi I'd 51 cage. 

Mathew .!i'&. (1979) housed 2, 3 and 4 birds per cage 
• 

(45 em X 40 cm) providing 900,600 and 450 cm 2 floor area 

per bird. Birds housed at different densities did not 

differ significantly in their production performance. 

Reddy (1981) provided 0.75,0.62 and 0.50 sq.ft. of 

f 10 or sp ace par bird. 8i I'd s \Ji th floor space al10 wanee of 

0.62 sq. ft./bird did better than either 0.75 or 0.50 sq. ft. 

Quart and Adams (1982) housed 3 and 4 birds ps'r cage 

(516 cIll
2 

and 387 cm
2
/bird) and observed that decreased 

population and concomitant increased floor area per bird 

increased hen-day (3.4%) and ben housed (3.5%) egg production. 

Roush at a1. (1983) in a study in which 3, 4 or 5 birds --
were placed in a 12"x20 U cage (30.5xSO.B em) with 80,60 and 

. , 

48 sq. inches of floor area reported that egg production 
~ 

declined as the area per hen LJas reduced .. 

. 
Rao et ale (1983) reported that birds provided with --

0.4 sq.ft./bird of space in cage gave significantly better 
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production than birds with 0.5 sq. ft. space per bird. 

Jongenburger (1983) made a comparison between birds given 

.350, 400 and 500 cm
2 

floor area per bird and reported that 

hen-housed e9g production Was significantly higher in birds 

given 450 cm
2 

than in those given 350 Dr 400 cm 2• 

Roush ~~. (1984) placed 3, 4 and 5 birds/cage 

(30.5xSO.B em) with 5Hi, 387 and 310 cm 2 of floor al:'ea per 

hen. Egg production declined as the area per hen was 

reduced. 

Adams and Craig (1985) revie~ed the research published 
• 

between 1971 and 1983 on the effects of croyding and reported 

that reducing floor space per hen from an average 387 cm 2 

to 310 cm 2 reduced the number of eggs per hen housed to 

16. 6. Reduction in floor space from 516 to 387 2 
em , reduced 

the agg production by 7.B eggs per hen housed. 

Ramgs (1986) reported that hens housed at 464 cm 2 of 

floor a~8a/hen in cages had significantly higher hen-housed 

egg production than those housed at 348 c~2. Rao (1986) 

reported that birds housed ~ith the density of 3, 2 and 2 

birds/cage with floor area 0.50,0.62 and 0.75 sq.ft.jbird 

resulted in marginal increa~e in egg production at lower 

space allowance tban at higher allolJance. 

Oavami ~,sl... (1987) housed birds with the density 

of 5 and 7 hens/cage with 420 and 300· cm
2 

as floor area 

par hen, respectively. It was observed that inc~ease in 

population sizB reduces floor area per hen and resulted in 

significant decline in per cent egg production. 

-... 
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from the above revisy of literature it can be seen 

that conclusive results of effect of density of birds in 

cages an egg production are not available. The studies 

carried out in our country, where climatic conditions are 

di ff erent on thi s aspect are al sa f ebl. 

Efr.ect of Cage level (deck) on Egg production 

Jaeger (1967) made trials with 4 rows of 10 n x16 11 

triple decked cages and semi-stair step cages. Differences 

between certain rows and decks were noted in the first 

trial. There WeI'S no s.gnificant differences between any 
• 

of the house segments in the second trial. 

Hurnick ~ sl. (1974) reported higher egg production 

from birds housed in the upper tier than in the lower tier. 

Sefton (1976) rep art ed th at hen s hou sed in the top tier 

of cages layed at a lower rate than those housed in the 

bottom tier. Cunningham (1983) did not observe any signifi­

cant difference in egg production of birds housed in a tri-

deck-cage sy stem. 

Saras\Jat (1979) housed birds in 3 tier cages and 

ed. 
reco rd/ t hei r fir st 100 day s egg production from sexu a1 

maturity. The egg production and analysis of variance indi­

cated that egg production of birds in cage I of each tier 

(where light and ventilation \Jas equal/same in all the tiers) 

\.las sam e. 
Reduction in egg productiort of birds of lower 

tier in cages II, Ill, IV, which were away from window was 

noted down and it was considered to be due to variation in 

the availability of light to bottom tiers. 
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Jackson and Waldroup (1987) conducted an experiment 

3 tier conventional cages (30.5x45.7 cm) or 4 tier 

reverse cages (40.6)( 35 cm). Th e top tier of each cage was 

wi th 

at the same height. It was Observed that tier played a 

very signif icant role in a ffecting egg production. The 

laying was adversely a ffected progressing from batt am to 

top ti er. 

Effect of Cage space on Mortality 

Lo we and Heywan g (1964) in thr ee di ff erent exp eriment s 

conducted during three successive years provided a"x18 d and 

10 ll x1S li space to individual birds~ 1211X18 11 for 2 and 24 11 x1S" 

and 24d X16 11 space for 5 birds, respecti.velY. rlortality, due 

mainly to vent picking averaged about 34 per cent in the 

groups with 5 birds/cage. Average mortality was about 16 

per cent in the groups with 2 birds per cage and less than 

B per cent in the groups with 1 bird/cage. 

Ruggles (1967) conducted two experiments concurrently 

to study the effect of bird density on mortality_ Bird 

densities of one, two, three and four birds per 12"x1S tl 

cage were studied. Significant increase in mortality resul-

ted from increase in bird density. 

Wilson ~ al. (1967) in two experiments provided Slt X1S
lf 

. 
and 10"x1S lt space to · one, · two and three birds per cage and 

report~d that mortality was incrBased'by placing more than 1 

The -increase was partly due to cannibalism. bird per cage. ... 

Dorminey and Arscott (1971) conducted three trials by 

housing 4, 6,8 and 10 hens per 61x61 em cags; 1,2 and 3 

uith 
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hens per 30.5x45.7 cm cage and 3 and 4 birds per"! 5 
.JO. x4S.7 

cm cage. Mortality was not significantly affected by bird 

density in any experiment. 

Grover _et ale (1972) d t can uc ad twa experiments 

concurrently, in one of these they hoUsed pUllets at the 

densities of 1, 2, 3 and 4 birds/cage (1393, 697, 465 and 368 

cm
2
/bird). Mortality was found to increase with increased 

density. Within the four density treatments the effect 

was highly significant. 

Sam ala and Sathe (1974) conducted experiments to 

• 
study the effects of increasing bird density and protein 

level on the performance of layers kept an floor and cages. 

In cage s the sp ace gi ven was 160 and 80 sq. in ches per bi rd. 

There was no appreciable effect of treatments an mortality. 

Cgnnor and Burton (1975) reported that increasing 

bird numbers per cage increased mortality. Cannibalism was 

a significant caUse of death. Johri and Sharma (1978) 

housed one, two, three and four birds/cage. The floor space 

area provided was 1222, 611, 564 and 616 cm
2

• There was no 

mortality in treatment 1 and 2 (1 and 2 birds/cage) \Jhereas 

3 and 4 birds in treatment .3 and 4, sholJing an increase in 

mortality percentage in higher densities of birds per cage. 

Mathew et al. (1979) housed birds 1.olith 2, 3 and 4 birds/ --
cage cell. Each cage cell measured 4~ x 45 cm, SO floor 

space per bird was 900,600,450 cm
2

, respectivel~. A higher 

rate of mortality was encountered for the highest cage den-

Bity groups. 
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Reddy .!tt al. (1981) provided 0.75, O.GO and 0.50 

sq. ft. of floor space per bird in cages. the differences 

in the overall liability at the end of the experiments 

und8~ different floor space allowances were statistically 

n on- signi f i cant. 

Roush £i. ji).. (1983) in a study in \Jhich 3, 4 or 5 birds 

\Jere placed in a 12"x20 fl cage with BO, 60, and 48 sq.inches 
-

of floor space per bird found that the mortality was sig-

nificantly related to the increased hen nurnber pel' cage 

area. 

• 
6ell (1983) summarized 27 cage space experiments 

-

comparing hens with more than 70 sq. i.nches of floor space 

to hens \Jith less than 70 sq. inches of floor space. The 

results showed a difference of 5.6 per cent mortality in 

favour of the greater floor space. The recently completed 

North-caro-li~a Random Sample Test compared 72 with 54 sq .. 

inches of floor space in three types of cage housing and 

wi ttl 12 st rain s of chi cken s. A di f f erence of 5. 1 per cent 

mortality was observed between the two floor spaces. 

Jangenburgsl' (1983) repoI:'ted that in 2 trials con-

ducted, the mDrtality did not differ significantly bet~8en 

birds housed at a density of 3, 4 or 5 birds/cage. Roush 

.2.t A\l.. (1984) placed 3, 4 or 5 hens per cage (30.5xSO.B em) 

~ith 516, 387 and 310 cm 2 of floor area per hen, respectively. 

Mortality "'as significantly related to a reduction in cage 

area per hen. 
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Adams and Ct'aig (1985) reviebled research pUblished 

between 1971 and 1983 on th~ ff t 
~ e ec s of crowding and cage 

shape OJ) performance of layers. R educing floor space per 

han from an average of 387 cm 2 (medium) to 310 cm 2 (high 

increased mortality by 4.8% (PLP.01). Oata from comparisons 

of 516 cm
2 (lo~) Vs 387 cm

2 
(m:dium) showed that increase 

in crowding increased mortality by 2.8 per cent. 

Ramo S ~ ale (1966) reported that hen housed rate of 

1 ay, ma t't a1 it y, lJei ght gain, feed conv e r sian an d f Bath e r 

scores WeI'S significantly affected by bird density. Rao 

(1986) in an experiment (Experiment II) pro\Jided 0.5 and 
- ~ 

0.4 sq. ft. of floor area per bird in cages. He observed 

that la.yer house mortality ~as not influenced by floor area. 

Davami ~ al. (1987) compared 420 cm 2 t.lith 31)0 cm 2 of floor 

area/hen housed in cages. ~s the cage space allowance 

increased the mortality was lowered. 

Effect of Cage level (deck) an ~ortalit~ 

Grover n. al. (1967) conducted two exp eriment s con­

currently. In first experiment pullets were housed at 1, 2, 

3 and 4 birds per cage (1393, 697, 465, 368 cm 2 per bird) in 

double deck batteries. In second experiment birds were 

housed at 2 and 3 birds per cage. In thi s experiment also 

double deck batteries were used. In first experiment the 

single and t l,Jo ... bird densi ties suffel;'~ highet mar-tali ty in 

the upper raw of cages \Jhe~e-as the three and four bird 
• 

density treatments experienced higher mortality in th"e lower 

Cage ro w. The cage level effects on mortality in experi-

ment second were found to be in agreement with the results 

l 
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single and t l,Jo-bird densi ties suffel;'~ highet mortali ty in 

the upper raw of cages whe~e-as the three and four bird 
• 

density treatments experienced higher mortality in th"s lower 

cage ro Ial. The cage level effects on mortality in 8xpe~i-

mant second were found to be in agreement with the results 

l 
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obtained in fir st experiment. Sefton (1976) rep or-ted 

th t l'Vb'l't . 
a lJa ~ ~ y .ln pUllet s was not significantly influenced 

by cage tier. 

Cumnin gham (1983) in an e xp eriment condu cted in 3 

deck batteries with deep cages of dimensions (1~x2DII) at 

twa shallolJ design cages (24"x141t ·and 24"X12.5 lt ) with 

population densities of 4, 5 and 6 birds ' per c~ge did not 

fi~d any significant differences for level for any of the 

performance traits. 

Jackson and IJaldroup (1987) reported that tier pl.ayed 
• 

a very significant role in affecting mortality. It was 

adversely affected progressing from bottom to top tier in 

either 3 tier high conventional cages or 4 tier high reVerse 

cages. 

Effect of floor space on Age at 50~ production 

McClung et ale (1971) studied the performance of a --
mini strain (M), an intermediate strain in size (1) , and a 

strain (N) near average in size of commercial W.L.H. types 

upto 52 weeks. Cage densities of 2 and 3 birds per allx16" 

and 3, 4, 5 and 6 birds per 16u x'\6 11 cages !..dere studied. 

fifty par cent production was reached at 156, 158, 197 

day s in cages, respectively for (N), (I) and (M), respectivel 

Red d Y li ale (196 1) in an e xp e rim ~~ t p I' a vi d ed O. 75, 
., 

0.62 and 0.50 sq.ft. floor area per bird. He reported 

that there !alas no difference in age at 50 per ceot produc­

tion in the three different floor space allowance and it 

was 148 days. 
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Effect of Cage space on £99 9ualit~ 

Wilson .§i & .. (1967) conducted two experiment 6 with 

tWD commercial strains (HyLine (A) and H N(8) of leghorn 

pUllets which ~ere weighed and randomly housed into S»x1SH 

nd 10" 18" 1 . . a x deep ayer cages \J~th Dna, two and three pull et 5 

per gage* The experiments started when the pullets were of 

the age or 19 weeks. Twelve replications of six birds each 

were used for each bird density in each size cage_ The 

:r epl i cat e s were di v id ed e qu all y bet ween th e 2 str ain s. In 

first experiment egg quality measurements were made at 225 

and 400 days of age and in the secohd experiment at 200 and 

350 day s of age. Egg qual i ty characteri sties (Haugh Uni t) 

ware affected little by treatment and major differences 

were due to strain effects. Differences in shell quality 

(sp. graVity) were small and showed no definite trends. 

~a~eks at al. (1970) in an experiment housed 50 birds --
in on e-bi I'd cages (25 x 45 em) with 1125 cm

2 
of floor space 

per bird, SO birds in 25 tlalo ... bird cages (25 )( 45 em) · with 

562 cm 2 of floor space per bird and 50 birds in five-bird 

cages '50 x 45 em) with 450 cm
2 

of floor space per bird. 

No significant difference \Jas observed for Haugh Units due 

to different cage densities. 

lJolferd and TaoJ:lka (1970) reported that housing den~Jity 

on a. litter floor or in cages had no ~gnificant effec:t on 

egg ~hell thickness or sp. gravity. Christmas llll. (1973) . 
in ~~ experiment maintained birds in cages at the rate of t~o 

or three birds per 25.4 x 45.7 em cage. Cages housing 2 

birds produced eggs with significantly better snell Quality 
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than the cages 1.·n h· h 3 . W l.C bl.rds were housed. 

Relationship between Alkaline phosphatase levels in 
~lood-plasma of layers and E99 la~in~ -

19 

Auchinachie and Emslie (1934) reported that plasma 

phosphatase activity of strictly normal hens may be little 

affected by egg laying. Common (1935) studied the serum 

phosphatase activity in normal birds from hatching to matu­

rity, laying birds receiving Vit. 0 supplement in the ration 

and laying birds receiving high and low calcium rations. • 

The serum phosphatase of 32 normal laying hens varied from 

3.6 to 40.2 Bodansky units. There. Was no significant 

difference between laying and non-laying hens. Administration 

of \lit. 0 concentrate did not reduce the range of serum 

phosphatase in laying birds. 

Gut owska ~.lle (1943) in an experiment with group s 

of single comb RIR laying hens reported highest phosphatase 

activity 13.60 _ 15.25 K.A. unit per 100 ml of blood plasma 

with an average of 14.17 uni ts in good producers of · eggs 

with strong shells. The lowest phosphatase activity 10.60 

to 11.90 K.P.. units with an average 11.48 units \Jas found 

in poor producers and having poor shelled eggs. 

stutts et ale (1957) reported the relationship between --
plasma phosphatase activity and egg production and found 

that there was no significant difference in phosphatase 
"' 

activity of laying and nan-laying hens. They did not 

observe a simple relationship between phosphatase activitias 

in June and number of eggs produced during subsequent 53 

days. Age had no significant influence on phosphatase 

activity in mature females. 

than the cages in which 3 birds were housed. 
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8ell (1960) .r:eported about 50 per cent increase in 

the average 1 evel s of pI a5ma en zymi c activity of hen when 

about 50 per cent of the birds come into 'iay. In same 

hens a fairly steady level of activity with small fluc­

tuations was obtained after first two months of intensive 

egg' production • .other birds, however, continued to shot.! 

very large fluctuations in PAP activity with no apparent 

tendency to the establishment of homeo-statis with respect 

to this enzyme. The massive temporary increase in plasma 

phosphatase activity sholJn by laying hen talas believed to 

reflect a stimulation of the osteo.blastic recalcification 

process called into action by the drain on skeletal calcium 

required for egg shells. 

Bell and Siller (1962) in a pathological study of 40 

cases of cage layer fatigue among heavy-laying W.L.H. 

pullet s reported that the plasma shoW'ed abnormally high 

alkaline and acid pbosphatase activities. 

Sn apir and P erek (1970) in an e xperimen t with ten 

white leghorn (WLH) and ten white plymouth Rock (WPR) seven 

months old hens of similar production status. They did not 

observe any correlation between egg production rate and 

alkaline phosphatase activity. Shell quality values of the 

eggs laid by the (WPR) Yere significantly higher than those 

of WL H but no signi f i can t di ff erenc e s bet ween breed s were 
,\ 

noted lIJhile comparing PAP and carbonic anhydrase activities. 

Engh and Wilcox (1971) reported that starch gell 

electro-phoretic studies utilizing 14 egg production strains 
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that plasma alkaline phosphatase decreased markedly ~ith 

age but increased significantly (p LO.01) in summer in 

all the 3 age group s. The value s were 3.49 j;, o. 08 2; 4.025 ± 

0.096 and 5.493 .± 0.196 (K. AU/100 ml) in 3 age groups. 

The higher values indicate the ability to retain more 

'caloium in medullary bone possibly by increasing 

osteblastic activity. 
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MATE~IALS AND METHDDS 

Three hUndred fifty (350) straight run white leghorn 

day old chicks were reared together on deep litter upto 8 

tJeek s of age. 1111 t h h' k 
n e c 1. c 5 were v accin ated ag ai n st New 

Castle and Marek's diseases. Oebeaking was performed at 

the age of 10 days. The chicks were again vaccinated for 

the prevention of New Castle and Fowl Pox diseases at the 

age of 8 weeks. The cackerals Were separated at 15 weeks 

of age and the females were reared upto 20 weeks an the 

floor. During this period the birds were provided starter 

(0-8 ~eeks) and grower (8-20 weeks) rations. The composition 

of rations is given in Table 1. 

At 20 weeks of age 108 pullets were randomly selected, 

leg-banded, weighed and di stributed in four, 3 tier batte-

ri e s each h avin 9 18 indi V i dual camp artrnen t s of 30 x 30 em _ 

each. The detailed manner of distribution of birds in 

these four batteries has been presented in Table 2. 

The layer mash (Table 1) was fed ad-libitum to all the 

birds during the experimental period. Daily mortality ~as 

recorded. However, the dead birds were replaced from simi­

lar extra birds to maintain a constant stocking density 

during the first two 28-day periods i.e. 20-2.4 and 24-28 

weeks of age. A 16 hour daily common light schedule was 

followed for all the birds after 20 t.$eks of age. The 

experiment was condUcted upto 52 ~eeks of age of birds. The 

following observations were recorded; 
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Table 1~ Composition of rations fed to birds at 
difFerent ages 

Ingradients 

Mai ze 

Rice Poli sh 

G. N. C .. 

Fish meal 

Min 8ra1 mi xture wi th 
salt 

Shall Grit 

Rovimi x. 

ME (K. ca1./ kg) 

CP (%) 
cr (%) 

1) .. 8 \.leek s 

40. 000 

06. 000 

40~QOO 

12.000 

02. 000 

00.02& 

. 
8 ... 20 \.daeks 

54.500 

34.000 

10. 000 

01.500 

00.025 

Calculated values 

2703 

23.13 

5. 148 

• 297B 

22.89 

4.709 

24 

After 20 
weeks 

55.000 

15. 000 

19.500 

01.000 

01-500 

04.500 

00.025 

2820 

15. 9 60 

4.672 

Table 2: Random distribution of birds to v ari ou s t reat-
ments (2 different floor spaces and 3 heights 
(decks) of cages) 

T atal number 8attery rloor space Oeck Number of 
Number per bi rd birds per of birds/ deck 

comlt,artment 

Upper 1 6 
A 900 

2 Middle 1 6 em 
Lower 1 6 

Upper 1 6 
B 900 2 Middle 1 6 em 

l. ower 1 6 

Upper 2 12 
C 450 

2 Middle 2 12 em 
2 12 1.ower . \ 

~ppe~ 2 12 

450 
2 Middle 2 1'2 0 em 

12 lower 2 

-



1 0 ' 1 • a1 yegg production of each cage cell. 

2. teed consumptiQn rlu~in9 2G-24, 24-28
t 
2~-12 

32-36, 36-40, 40-44, 44-48 and 49-52 weeks. ' 

3. Body Ldeight of birds at 20, 24, 28, 32, 36, 
40, 44, 48 and 52 weeks of age. 

4 .. J?lasnra alkaline phosphatase level of blood of 
birds at 20,24,26,32,36,40,44,48 a.nd 
52 \Jseks of age. 

5. £g~ quali t y t rai ts Ii ke Haugh unit, shell 
ttllckness, yolk height and yolk ~dth . 
of egg s 1 aid during the 1 ast 3 con secutive 
days of the different period (20-24, 24-28, 
28-32, 32-36, 36-4~, 4Q-44, 44-48 and 
48-52 weaks). 

25 

f rom the se ob ser~ ati on 5 the f allowing parameter s 

\aJera calculated: 

1. Age at 50% productio~ 

The age upto the first day when 50 per cent birds 

in each repli cat e of the tr-eatment 5 1 aid at a time was 

considered as age at 50 per cent production. 

2. Egg guali t y 

(a) Haugh UniJ.: Thi 5 was recorded directly by a ~augh 

meter. TIJo observations were taken on both sides between 

the edge of the yolk and tne outer edge of thicK albumen. 

The meaO of the 2 ~eadings was considered as the Haugh Unit 

of tne ag9t~ 

( b) Yolk index: The width of the yolk Was measured 

with the help of vernier calliper and'~he height of the 

yolk by a spherometer. The yolk index was calCulated by 

the following f ormula~ 

Yolk lJidth 
x 100 
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(c) Shell thickne 5S: Thi 5 was measured wi th the 

help of shell thickness gauge. The shell membranes were 

removed before the measurement of shell thickness. 

Alkaline phosphatase 

This was measured by AMES BLOOD ANALYZER using 

Reagent Kit For quantitative determination of plasma alkaline 

phosphatase. The detailed procedure has been presented in 

App endi x 1. 

statistical methods 

The means and standard error~ loIere calculated by 

using the following formula: 

Mean ~ 
= n -------

S .. E. = 

n-1 

The an aly $1 s of varian ce was run u sin 9 the folloving 

mathematical model: 

Where, 

Y ij k = fL + ai +bj +< ab) ij +eij k 

Yijk = Kth observation in the jth floor space and 
ith deck of the 3 tier battery 

~ = Overall mean 

ai = Effect of two stocking densities (i = 1,2) 

bj = Effects of :3 decks (j = 1.:2 & 3) 

(ab) ij = Effect of interactions of decks and stocking 

den sities 

eijk = Random error 
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Dn preliminary analysis using method '.1 of Henderson 

(Harvey, 1960) the interaction effects were found non­

signi f i cant. The an a1 y si s was, th eref ore, redon e i gn oring 

the effects of interaction. 

As the number of observations between two treatments 

(two floor spaces) !Jere small It' test was used to test 

the significance of these treatments. The effect of floor 

space in most of the Cases was also non-significant 

(p 4 0.05). In cases where the deck effect was non-

si gn1 f i cant no fu rth er an al y si s Was needed. However, in 

Cases where the deck effect was significant (p Lo.oS) 

multiple mean comparison test was run using Duncan's 

mul t ipl e range te st (Sn edecor and Cochran, 1968). 

for testing the significance of mortality Chi-square 

test of goodness of fit was applied (Snedecar and Cochran, 

1968) • 
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RESULTS AND DISCUSSIDN 

Effect of cage sPace an body weight 

The means and standard errors for body weight of birds 

gi ven 900 and 450 cm 2 of cage 
space during 20 to 52 weeks of 

age have been presented 1.·n Table 3. T able 5 presents the 

effect of cage space on body IJeights. From this table it 

was found that the differences 1."n body " we~ghts of birds 

lJere non- slgnl f1 cant. 

The 2D lJeeks body lJeight and 32 lJeeks body lJeight of 

2 
birds provided 450 em of space IJas.lolJer than those provi-

ded 900 cm
2 

of space. At all other ages the birds provided 

lesser floor space IJere heavier than their counter-parts. 

The birds getting lesser floor space in cages get less 

exercise and are expected to be heavier than those given 

more cage space. Thus, the observations of this experiment 

are within expectations. Although the differences are 

statistically non-significant, yet a definite trend as 

menti on ed above is vi sibl e from the ab ov e re suI t s. La we and 

Heywang (1964) and Ramos at sl. (1986) al so observed an 

increase in body lJeight IJi th increase in dan si ty. However, 

Johri and Sh arma C 1978) and Rao (19B 6) found that den sit y 

has no effect on body Weight of layers. In the present 

study the non-significant differences in body weights of 

layers are in agreement with the findi~gs of Lowe and 

Heywang (1964) and Ramos at .at. (1986). Many workers like . 
Wilson at ale . (1967), Ruggles (1967), Grover &t.d. (1972), --
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Hill (1977), Mathew ll.2l. (1979), Robin son (1979), 

Cunningham and .ostrander (1981) and Davami ~ al .. (19B7) 

Obtained results contrary to above findings. The different:e 

.in results with the present study may be mainly due to 

difference in the amount of Space provided and the season 

during which the studies were carried out. The present 

experiment was conducted during summer when the environmental 

temperature Was very high. As growth inhibition of birds 

at high environmental temperatures has been observed by 

Huston and Edwards (1961) so it is expected that if the 

same experiment is conducted during winter better results 
• 

Can be obtained. The body weight of laye['s also varies 

with the level of production which can be another reason 

for difference between results of this stUdy with the above 

workers. 

Effect afdeck an body weight 

Means and standard errors for body weight of birds 

kept in different decks of 3 deck batteries have been 

presented in Table 4. These neither revealed any signifi­

cant difference between each other (Table 5) nor presented 

any trend that can lead to any definite t:onclusion in this 

regard. Cunningham (1983) on the basis of experiment 5 

conducted during 1979-1981 suggested that with good manage­

ment the cage level should not be a factor in perfarmQnce 
., 

of birds. Grover II sl. (1972) on the other hand found, 

higher \..lsi ght gain s in chi cken of upper cage row group s. 

However, the results are not directly comparable with the 
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32 

present studies as his experimental b;rds "ere ... ... heavy type 

chickens because of different genetic material compared to 

white leghorn lay . t ers ~n he present Case. The effect of 

cage level on body weight has nat been thoroughly investi_ 

gated and significant number of earlier reports \Jere not 

avail abl e fa r making camp ari 60n sand drawing valid can cl u­

sian s. 

from the above results it can be inferred that the 

body lJeight of W.l. H. layers during 20 to 52 weeks of age 

is n at affected by cage level (in tri deck cages) or floor 

2 
Space upto 450 cm per bird. • 

Effect of cage space on feed consumption 

The means and standard errors for feed cunsumption of 

bi I'd 5 gi ven 900 and 450 em 
2 

of cage sp ace durin 9 20-5~ week 5 

of age have been presented in Table 6. Table 8 presents 

the effect of cage space on feed consumption. from this 

table, it was found that the differences in feed conslJmption 

of birds were significant only during the periods 28-32, 

32-36, 44-48 and 48-52 weeks but on an overall review of 

the performance of the birds during the whole experimental 

period (eight 28 day periods) it is observed that reduction 

in cage space per bird decreased the feed consumption. This 

decrease in feed consumption lJas, however, not same through-

out the Bxperimental period. , 

By in creasing the den sit y the movement of the bird s 

and avail abili t Y of the f seder sp ace gat s reduced. Thi 5 

perhaps leads to reduced feed consumption of birds given 
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2 
450 cm f 100 I' area. 

Moreover, the birds getting lesser 

floor space get less . 
exerC1se and their maintenance require-

ment is reduced which leads to 
reduced feed consumption.ihe 

int en si t y of reducti on in feed 
consumption during different 

periods may be attributed to the fluctuations in the envi­

ronment al temperature. 

Asriyan (1975) and Reddy (1981) also observed that 

decrease in floor space leads to 1 f d esser ee consumption. 

However, Lowe and H~ang (1964), Ruggles (1967), Dorminey 

and Arscott (1971), Grover II ale (1972), Robin son (1979), 

Rao et ale (1983), Adams and Craig (1985) and Rao (1986) 

found that density has no effect on feed consumption of 

1 ayers. 

Hill (1977) obtained results contrary to the present 

findings. He reported that decreased floor space per bird 

leads to increased feed consumption for which the author 

attributed the reason as interaction between the birds. 

The differences in results of Hill (1977) may be due 

to hot season during which the present studies were conducted. 

Effect of deck on feed con sumption 

Means and standard erro~ for feed coostamption of birds 

kept in different decks of 3 deck batteries did nat reveal 

any significant difference except during 32·":36 weeks of age 

(Table 7 and 8). During this period (3~-36 weeks) birds in 

upper cage row (upper deck) consumed lesser feed th~n birds 

in other two decks. Cunningham (1983) suggested that there 

is n a effect of cage level on feed con sumption t however, 
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However, Lowe and H~ang (1964), Ruggles (1967), Dorminey 
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The differences in results of Hill (1977) may be due 

to hot season during which the present studies were conducted. 

Effect of deck on feed consumption 

Means and standard erro~ for feed consumption of birds 
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is no effect of cage level on feed consumption, however, 
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Graver (1972) reported higher feed cOAsumption in upper 

cage row groups. 

Effect of cage space and deck on age at 50% production 

The means and standard errors for age at 50% production 

of bi rd s p r ov ided 900 and 450 cm 2 floo r aI'e a per bird sand 

kept in different decks of batteries have been presented in 

Table 9. The birds provided more floor space (900 cm2jbird) 

reached age at 50% production 3 days earlier than those \"Ihieh 

were provided lesser floor space (450 cm
2
/bird) but this 

difference was not statistically significant (Table 10)~ This 

difference may be related with the feed consumption. The 

birds provided 900 cm 2 floor space consumed mOre feed than 

their counter-parts. 

Body lJeight 5 of birds provided 900 and 450 cm
2 

floor 

area did nat differ significantly, as has already been 

di seU ssed. Since the relation ship bet ween age at sex.ual 

maturity and body weight has been reported in the literature 

and has become an establi shed fact, such result s can be 

expected. The results of our studies indicate that birds 

can be given half the space than the usual being used at 

pre sent without any adv ar sa sf fect s on body weight s or age 

at sexual maturity. 

So for different decks arB concerned. birds housed in 

top decks reached age at 50 per cent pro<iuction 2 days earlier 

than the birds housed in other two deckS. The analysis of 

variance of the data (Table 10) revealed that this difference 

36 
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can be given half the space than the usual being used at 

present without any adverse effects on body weights or age 

at sexual maturity. 

So for different decks arB concerned, birds housed in 

top decks reached age at 50 per cent proGuction 2 days earlier 

than the birds housed in other two decks. The analysis of 

variance of the data (Table 10) revealed that this difference 
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is statistically non-significant. H Owever, thi s minor 

difference may be due to more ventilation or more light 

available in top tiers. 

EfFect of cage space on e99 production 

The means and standard 8"'1'01'5 fa'" egg d t .. ... pro uc ion of birds 

9 i van 900 and 450 cm
2 

of cage space during 20-52 weeks of age 

have been presented in Table 11. The birds provided 900 cm 2 

space in general laid at a higher rate than those provided 

450 cm
2 

at all ages except 36-40 weeks of age. The analysis 

of variance of the data for egg production (Table 13) for the 

2 housing conditions viz. 900 and 450 r::m 2 , hOiJever, did not 

reveal any significant difference Bxcept during 2~-32 a~d 

48-52 weeks of age. The overall egg production d~ring 20-52 

lJeeks (Per cent hen day basis) also reveal significant 

difference between the two treatments. During these periods 

the birds provided more floor space laid at a higher rate 

2 than those provided 450 em space per bird. 

DormiAey and Arscott (1971), Wells (1971), Samalo and 

Sathe (1974), Furuta (1975) and Mathew ~ ale (1979) reported 

that birds housed at different densities did not differ 

significantly in their production performance. However, Lowe 

and Heywang (1964), Wilson (1967), Huggles (1967), Grover 

!i.sJ... (1972), C:Jnnor and Burton (1975), Sefton (1976), Hill 

(1977), Johri and Sharma (1978), Reddy (~981), Quart and Adams 

(1982), Jongenburger (1982), Roush et .,si- (1984) J ~dams and 

Craig (1985), Ramos (1986) and Oavami ~ &. (1987) reported 

that by decreasing the floor area per hen, decrease in eg9 

p rodu cti on was ob served. 
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difference may be due to more ventilation or more light 

available in top tiers. 
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that birds housed at different densities did not differ 
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Craig (1985), Ramos (1986) and Dav ami ~ &. (1987) reported 

that by decreasing the floor area per hen, decrease in egg 

production was observed. 
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Table 9: Means and standard errors for age at 50% 
production of birds given different floor 
space and kept in different decks of 
batteries 

Space in 
cage cm 2 

900 

450 

Age at 50% 
production 

(days) 

149.33 

152.83 

5.E.. 

4.27 

4. 11 

Deck 

Upper 

Middle 

LOlJer 

Age at 50%' 
producti on 

(day 5) 

149 .. 75 

1Si.1S 

151.75 

Differences between 2 floor Spaces and among 3 decks of 
oatteries \Jere non-significant at P 71 0.05. 

Table 10: Analysi s of vari ance showing the eFfect of 
floor space and deck on age at 50% 
production 

Source of variation df WS 

Bet wean treatment s 1 37 

Bet ween decks 2 5.50 

Treatment )( deck interaction 2 30.50 

Error 6 17 .. 33 

s. E .. 

6.02 

\).95 

5.50 
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is statistically non-significant. However, this minor 
difference may be due to more ventilation or more light 

available in top tiers. 

Effect of cage space on 899 production 

The means and standard e~ro"'s for egg d t 
... J. pro uc ion of birds 

gi ven 900 and 450 em 2 of cage sp ace d ur ing 20-52 week S of age 

have been presented in Table 11_ The birds provided 900 cm 2 
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2 

at all ages except 36 ... 40 weeks of age. The analysis 

of variance of the data for egg production (Table 13) for the 

2 hau sing condi t ian 5 vi z. 900 and 450 ~m 2 , however, did nat 

reveal any significant difference except during 28-32 and 

48-52 weeks of age. The overall egg production during 20-52 

weeks (Per cent hen day basis) also reveal significant 

di ff eren CB bet ween the t wo treatment s. During these peri ods 

the birds provided more floor space laid at a higher rate 

2 than those provided 450 em space per bird. 

Dorminey and Arscott (1971), Wells (1971), Samalo and 

Sathe (1974), Furuta (1975) and Mathew gt~. (1979) reported 

that birds housed at different densities did not differ 

significantly in their production performance. However, Lowe 

and Hey wan 9 (1964), lJil son (1967), Ruggle s (1967), Grover 
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38 

is statistically non-significant. However, this minor 

difference may be due to more ventilation or more light 

available in top tiers. 

Effect of cage space on e99 production 

The means and standard e~ro"'s for egg d t 
.... J. pro U cion of bi I'd s 

given 900 and 450 cm
2 

of cage space during 20-52 weeks of age 

have been presented in Table 11. The birds provided 900 cm 2 

space in general laid at a higher rate than those provided 

450 cm
2 

at all ages except 36-40 weeks of age. The analysis 

of variance of the data for egg production (Table 13) for the 
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41 , 
Rao ~ ai· (1983) and Rao (1986) found that the birds 

provided lesser floor space allowance gave better production 

than their counter-parts. Th 
e difference between the present 

findings and the findings of the above t. 
men l.oned authors may 

be due to difference in season because during winter if the 

density is increased, heat loss fram the body of the bird is 

decreased because of the warm environment of the house and 

perfoI'lliance of the bird remains better. 

!Dn the basis of the present findings the desir~bility of 

P roviding 450 cm 2 of floor space w'th t h . 1 ou av~ng any significant 

affect on egg production of W. L. H. layel:s cannot be ruled out. 

The present experiment LJas conductrad during April to November 

when the temperature is generally high and we know ovulation 

is most easily affected by both external and internal influ-. 

ences. The extreme heat of late SUmmer decreases the rate of 

ovulation and the egg production declines. 

Reddy (1986) reported that the ideal temperature for 

optimum egg producti on lies between 1Q-150C (50 -60°f) but 

the bird remains comfortable even from 2O-25Q C. Panting is 

normally initiated at about 29°0 but it is affected by rela­

tive humidity. When the ambient temperature is higher, more 

tJater is consumed by the birds which leads to wet droppings 

and this in turn leads to increased humidity uith the result 

there is decreased evaporation from the surface of lungs and 

the bird remains under heat stress. Laiers have greater 

difficulty in adjusting the temperature changes than non­

layers. Exposure to heat sends the hen into a state resembling 

a partial moult. Laying is reduced to about once a week. 
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Deaton gt,at. (1982) reported that heat stress (390C) 

resulted in i °fO 1 
a 5 gn~ ~cant y greater reduction in egg 

product i on. 

Since some interaction between high environmental 

temperature and cage ° 1 8p ace ~ s a \..lay s expect ed, therefor e, 

it can be suggested that the effect of this temperature is 

expected to be more when cage space is less. Also when the 

hen is disturbed as she is about to lay, the egg is retained 

and oVulation is delayed. This condition may be mor~ common 

in cage s in whi c'h 2 hen s have been kept in each cage' cell 

2 that is why birds provided 450 em flo<lr area laid at a 

lower rate. Hughes (1975) reported that crowding hens 

reduces egg numbers. Kiley (1977) interpreted this pheno-

menan as an effect of increased social stress. 

Effect of deck on eg9 production 

The averages for egg production of birds kept in 

different decks of 3 deck batteries have been presented in 

Table 12. The an aly sis of \I arian ce of the data (T able 13) 

did nat reveal any significant difference in egg production 

of birds kept in different deck of batteries. In this 

regard, Jaeger (1967), Cunningham (1983), Sarasuat (1979) 

did not observe any significant difference in egg produc­

tion of birds housed in differe~t decks of batteries. ~ow­

ever, Hurnik 21. al. (1974) reported high"er egg produ~tion 

in upper tiers than in lower tier. Sefton (1976) reported 

t hat hen s in top tier of cages 1 ayed at lower rat _e than in 

those in the bottom tieI'. Jack son and Waldroup (1987) 
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observed that laying . Was adversely affected progressing 

from bottom to top tier. 

These differences in results of differE:1i\t authors may 

be due to difference in housing conditions like availability 

of equal light, in different decks, ventilation, environmental 

temperature, humidity and their interaction. 

Effect of cage space on Haugh Uni~ 

The meaDs and stanDarD BrrorS for Haugh Unit of eggs 

laid by birds given 900 cm
2 

and 450 cm 2 of cage space during 

20-52 weeks of age has been presented in Table 14. The 

analysis of variance of' the data for Haugh Unit (Table 16), 

far the 2 housing conditions did not reveal any significant 

difference which indicates that the birds getting lesser 

cage space (450 cm 2) and consuming lesser feed than their 

counter-parts, lay eggs which are in no ~ay inferior in 

albumen quality to those laid by birds getting 900 cm
2 

cage space and con suming more feed. 

Wilson ~ &. (1967) observed that characteristics 

lik.e Haugh Unit were Ii ttle affected by cage space per bird. 

rlarBk's at al. (1970) also reported that no significant --
difference is observed for Haugh Units due to different 

cage densities. 

Averages for Haugh Unit of eggs laid by birds kept in 

different decks of 3 deck batteries also-do not reveal any 

significant difference between each other (Table 15 and 16) 

which indicates that even if we use multi deck (3 deck 
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batteries) batteries for rearing poultry, the egg Quality 

(Haugh Unit) will nat be adversely affected .. 

Effe~t of cage space On shell thickness 

The means and standard errors for shell thickness of 

2 
birds given 900 and 450 em of floor area have been presented 

in Table 17.. The birds prDvided 900 cm2 floor area laid 

eggs with higher shell thickness than those p~ovided 450 cm2 

floor area at all ages. The analysis of variance of the data 

far shell thickness (Table 19), however, revealed that the 

difference in shell thickness for the 2 housing conditions 

lJere significant only at 32 and 40 weeks of age. 

Christmas & &. (1973) observed that a decrease in 

bird density resulted in better shell quality. Wilson ~~. 

(1967) reported that the difference in shell quality due to 

different densities were small and showed no definite trends. 

These ob ssrv ation 5 are in agreement \di t h the p resent finding s. 

The shell thickness of eggs laid by birds in both the 

housing conditions was found lesser than l'eported in the . 

literature which may be due to high environmental temperature 

as exposure of birds to high environmental temperature 

leads to decrea.sed shell thickness. Warren and Schnepel 

{1940) suggested that egg shell thickness deteriorated when 

the hens lJere subjected to 3SoC for an extended period. 

Hadi and Sykes (1982) reported that thermal panting results 

'" in respiratory alkalosis in laying hens exposed to 35, 38 

and 4'oC and this alkalosis may decrease the amount of . 
carbonate available fOt egg shell formation and thus 

46 

batteries) batteries for rearing poultry, the egg Quality 

(Haugh Unit) will nat be adversely affected .. 

Effec::t of cage space On shell thickneU 

The means and standard errors for shell thickness of 

2 
birds given 900 and 450 em of floor area have been presented 

in Table 17.. The birds prDvided 900 cm2 floor area laid 

eggs with higher shell thickness than those p~ovided 450 cm2 

floor area at all ages. The analysis of variance of the data 

far shell thickness (Table 19), howeve~, revealed that the 

difference in shell thickness for the 2 housing conditions 

lJere significant only at 32 and 40 weeks of age. 

Christmas & &. (1973) observed that a decrease in 

bird density resulted in better shell quality. Wilson ~~. 

(1967) reported that the difference in shell quality due to 

different densities were small and showed no definite trends. 

These observations are in agreement \dith the present findings. 

The shell thickness of eggs laid by birds in both the 

housing conditions was found lesser than l'eported in the . 

literature which may be due to high environmental temperature 

as exposure of birds to high environmental temperature 

leads to decrea.sed shell thickness. Warren and Schnepsl 

{1940) suggested that egg shell thickness deteriorated when 

the hens lJere subjected to 3SoC for an extended period. 

Hadi and Sykes (1982) reported that thermal panting results 

'" in respiratory alkalosis in laying hens exposed to 35, 38 

and 4'oC and this alkalosis may decrease the amount of . 
carbonate available fOt egg shell formation and thus 



T
a
b

le
 

1
9

: 
A

n
a
ly

si s 
o

f 
v

a
ria

n
c
e
 

sh
o

tJin
g

 
th

e
 

e
ffe

c
t 

o
f 

flo
o

r 
s
p

a
c
e

 
an

d
 

d
e
c
k

 
on 

s
h

e
ll 

th
ic

k
n

e
s
s
 

o
f 

e
g

g
s 

la
id

 
b

y
 

b
ird

s
 
a
t 

d
iffe

re
n

t 
a
g

e
s
 

S
o

u
rc

e
 

o
f 

2
4

 
,",esk

s -
2

8
-

w
e
e
k

s 
3

2
 

w
e
e
k

s 3
0

 lJ
e

e
k
s
 

4
0

 
w

e
a

k
s
 

4
4

 
w

e
e

k
s
 

4
8

 
w

e
e

ks 
5

2
 

w
eek

s 
v a

ri a
ti on 

d
f 

M
S

 
d

f 
M

S
 

d
f 

M
S

 
d

f 
M

S
 

d
f 

M
S

 
d

f 
M

S
 

d
f 

M
S

 
d

f 
M

S
 

«-
* 

B
e
t \Jeen 

1 
0

.0
0

2
1

 
1 o. 0

0
0

3
 

1 
0

.0
0

1
6

 
1 

0
.0

0
0

8
 

1 
0

.0
0

1
2

 
1 

0
.0

0
0

1
 

1 
~
O
 

1 
0

.0
0

0
7

 
tre

a
tm

e
n

ts
 

B
etw

een
 

2 
0

.0
0

1
5

 
2 

0
.0

0
0

8
 

2 
0

.0
0

0
1

 
2 

0
.0

0
0

1
 

2 
0

.0
0

0
 1 

2 
0

.0
0

1
0

 
2 

0
.0

0
0

3
 

2 
0

.0
0

0
1

 
d

e
c
k
s
 

T
re

a
tm

e
n

t 
2 

0
.0

0
0

7
 

2 
0

.0
0

0
2

 
2 
~
O
 

2 
0

.0
0

0
1

 
* 

2 
0

.0
0

0
8

 
2 

0
.0

0
0

4
 

2 
O

. 0
0

0
1

 
2 

0
.0

0
0

1
 

X
 

d
e

c
k
 

in
 te

ra
c
ti on 

E
.rro

r 
1

0
7

 
0

.0
0

1
4

 
6

4
 
0

.0
0

1
0

 
6

1
 

0
.0

0
0

3
 

3
4

 
0

.0
0

0
5

 
2

2
 
0

.0
0

Q
2

 
1

4
 
0

.0
1

3
2

 
4

1
 

::;:::::; 
a 

29 o. 000:3 

*
S

ig
n

ific
a
n

t 
~
t
 

P <
 
0

.0
5

. 
~
 

.s::­
tD

 



49 

contribute tOlJards thin shells which 
are frequently seen in 

hot climates. Itt ( 
za L a1. 1985) reported that shell thick_ 

ness Was thinnest in spring and summer when the temperature 

was 32.2
o

C inside the house and it Was thickest during fall 

\alhen the temperature reached 15.6oC inside the house. 

Averages for shell thickness of eggs laid by the birds 

kept in different decks of batteries (Table 18) did not 

reveal significant differences bet\Jeen each other (Table 19). 

Effect of cage space on yolk index 

The means and standard errors for yolk index of eggs 

laid by birds given 900 and 450 cm2 floO'r area have been 

presented in Table 20. from these results it can be seen 

that in the beginning (24 weeks) and at the last phase of 

the experiment (4.8 and 52 \Jeeks of the age of' birds) the 

trend is towards larger yolk index of birds kept on 450 cm 2 

floor area per bird. At 32, 36, 40 and 44 ~eeks of age, the 

2 
birds provided 900 em floor area showed greater yolk index 

than the birds with 450 cm 2 floor area per bird. This 

difference in the trend of yolk index values in the beginning 

and at the end of the experiment seamed to be related lJith 

the high environmental temperature rather than cage floor 

area. During 32 to 44 weeks of age the birds getting lesser 

floor area might have felt the h~at stress greater than their 

counter-parts resulting in reduced synthesis of yolk material 

in liver. 

Averages of yolk index of eggs laid by birds k~pt in 

diFferent decks of batteries also did not reveal any signifi-

cant difference oat~eeo each othar except at 40 weeks of age 
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(Table 21 and 22). At 4 o weeks of age birds kept in middle 

decks showed greater yolk index than the birds kept in other 

t'-lO decks Dr batteries. Th' ~5 difference is hard to explain. 

Effect of CaQ8 1 level and' space on p 85ma alkaline phosphatase (PAP) 
l.ts relationship \.lith. egg p~oduction 

The means and standard errors for pla~ma alkaline 

phosphatase levels of birds provided 900 ano 450 cm
2 

floor 

arBa per bird have been presented in Table 23. The analysis 

of the data (Table 25) revealed that the dif'ference for 

floor space of this trait was significant only at the age 

of 40 week s. However, on critical revie~ of Table 23 it 
.. 2 

could be seen that the birds provided 900 ern floor a~ea 

showed higher levels of plasma alkaline phosphatase than 

their cOlJnter-parts with 450 cm
2 

floor arBa at the age of 

20 and 24 week s. Aft er 24 week s of age the trend reversed. 

This difference in PAP levels between the t~o housing con-

ditions continued upto the end of the experiment. 

Plasma alkaline phosphatase is an enzyme and is under-

stood to originate in bones, particularly in the osteoblasts. 

This enzyme is directly related with recalcification of the 

'bones. During this process the osteoblast~ produce higher 

concentrations of this enzyme which is an effective pyrophos­

phatase. Pyrophosphate form a significant amount of the 

phosphate of the osteoid. The alkaline phosphatase liberates 

the phosphate ion from pyrophosphate and liakes it available 

for corobin ati on with cal ci um and at her ion s to f arm the bone 

crystals. 
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Different workers have shown the significance of PAP 

in different ways but no reference could be traced in which 

this enzyme would have been studied in relation to different 

cage densities. The"e f 
4 are so many actors ~ich effect the 

PAP levels in birds and the number of eggs laid is one among 

them. The present findings indicated that the PAP levels 

~8re not only related with egg production but also with the 

calcium intake. The perusal of Table 11 and Table 23 revealed 

that birds provided 900 cm 2 floor area laid at a higher rate 

during 20-24, 24-28 and 28-32 weeks of age than their 

count er-part 5 get ting 450 cm2 floor area but the PAP level s 

were higher in these birds on 900 cm2 rioor area at 20 and 

24 weeks only .. 

During 20-24, and 24-28 weeks there was little diff-

erenee in feed consumption between the birds kept in the 2 

housing conditions and the birds laying at a higher rate 

sho~ed higher levels of PAP but during 28-32 weeks of age 

although the egg production continued to be higher in birds 

with 900 cm 2 floor area, the feed consumption by the birds 

provided 450 cm 2 floor area comparatively decreased leading 

to decreased calcium intake and finally to elevated PAP 

levels. During 28-32 1Jgeks of age the birds with 450 cm 2 

laid eggs at a lOLler rate but the calcium intake was sa low 

that the birds had to utilize their own calcium resources 

. 2 
more extensively than their caunter-parts_w~th 900 em floor 

area which perhaps resulted in the higher PAP levels in 

these birds. 
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During 32-44 weeks of age there was little difference 

in egg production in birds placed in two housing conditions 

but still PAP level s 1 2 \,Jete e euated in 450 em floor area. 

group of birds. Lesser feed consumption leading to redUced 

calcium intake may be one of the probable reasons, for these 

higher values of PAP in this group of birds. From 44-52 

weeks of age the birds with 900 cm 2 floor area laid at a 

higher rate but showed lower PAP levels than the birds provi­

ded 450 cm
2 

sp ace during thi 5 period. The reason being that 

2 
the birds getting 450 em floor area consumed lesser feed 

resulting in the redUced calcium intake and higher PAP levels • 
.. 

from these findings it appeared that PAP are probably 

more related with egg production and calcium intake by birds 

than with the floor area per bird. Environmental temperature 

also appeared to be a factor ~hich affects PAP levels indirec-

tly by a1 t ering the feed con surnption by the birds. 

Auchinachie and Emslie (1934) reported that PAP 

activity of stI'ictly normal hens may be little affected by 

egg laying. These workers suggested that conditions not 

optimum for Ca and P metabolism of the bird show abnormally 

high PAP activity_ Common (1936) reported that the serum 

phosphatase activity of 32 normal laying hens varied from 

3.6 to 40.2 80dansky units. ThaI's was no significant diff­

erence betlJeen laying and non-laying hens. Snapir and Perek 

(1970) did not observe any carr-elation bet'Wssn egg production 

rate and PAP activity. Engh and Wilco~ (1971) reported that 

egg production is not directly related to the isozyme frequency 
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Kansal and Gangwar (1994) reported that the higher values 

of PAP levels during summer indicate the ability to retain 

more calcium in medullary bone possibly by increasing 

osteoblastic activity. The low c~lcium level in blood in 

summer and less intake of feed might increase the level of 

alkaline phosphatase in summer 9 Similar findings have been 

reported by Hurwitz and Gringar (1961) by feeding low calcium 

diet. Thus, the higher levels of alkaline phosphatase 

indicate more stress due to low calcium level. The findings 

of all these workers support the findings/results of the 

PI' esen t exp eriment. Howev ar, Gutowska ll.21.. (1943) report ad 
.. 

that good producer hens with strong shells showed higher 

level s of PAP than poor producet'hen s having poor shelled eggs. 

Singh ~.sl.. (1983) observed that PAP activities were 

higher in pullets selected for higher production. They 

suggested that increased alkaline phosphatase activity is 

thought to indicate stimUlation of the osteoblastic activity 

to meet the calcium demand for production. They further 

reported that the activities of this enzyme was significantly 

higher in caged birds at 35 and 50 weeks of age than birds 

on floo r which may be due to cage st ress. 

1n the present experiment since the cage stress vas 

more in birds which were provided lesser floor area and this 

could be enother reason for higher PAP levels in these birds 

especi ally aft er 24 week s of age when the t.envi ronment a1 

temperature was very high. 
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Effect of d k ee on alkaline phosphatase activity 

The means and standard errOrs for PAP activity of 

birds kept in different decks of b tt ( a aries 3 deck batteries) 

have been presented in Table 24. Analysis of v ari an ce of 

the data (Table 25) reveal ed that there is no signif icant 

difference in PAP levels in birds kept in different decks 

except at 40 weeks of age. At thi 5 age bi rd 5 in the rniddl e 

decks showed lower value of PAP than the birds housed in the 

other two decks. Perhaps the reason seems to be lesser 

egg production by birds in the middle decks during this 

period .. 

Effect of cage space on mortality 

The average per cent mortality of birds provided 900 

and 450 cm 2 floor area have been p resent ad in T abl e 26. The 

Chi-square (X2) values for making statistical comparison 

bet~een mortality in different treatments, which is an all 

or none trait have been provided under the same table. 

The difference in mortality percentage between two 

housing conditions (1 bird per cage and 2 birds/cage) were 

n~ significant except during 36-40 weeks of age when the 

birds provided 900 cm 2 floor area showed a higher percentage 
2 

of mortality than the groUpS kept on 450 em floar area per 

bird. 

birds 

area 

The mortality in general was higher~in loosely housed 

2 
(900 em 

(450 cm
2 ) 

floor area/bird) than these given lesser floor 

except during 40-44 weeks. During thfs period 

some of the birds in 45Dcm 2 floor area developed leg 
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abnormalities (layer ft' ) t 
a 19ue t hey were not able to remain 

.in standing position and take feed and water. Their death 

occurred due to starvation Afte~ 44 "e k th 
• 4, ... e sere lJaB no 

mortality in either of the treatments. 

L owe and Hey wang (1964), Ruggl e 5 (19 67), Wil son ~ £!... 

(1967), Connor and BUrton (1975), Johri and Sharma (1978), 

Mathe w ~ sl.. (1979), Bell (1983), Roush ~ sl.. (1983), 

Adams and Craig (1985), Ramos d,.al. (1985), Oavami ~ 21.. 

(1987) reported that increase in bird density t'esulted in 

increased mortality. Dn the other hand Dorminey and 

Arscott (1971), Samala and Sathe (1974), Reddy ~ si. (1981), 

Jangenburger (1983), Rao (1986) found that layer house 

mortality was not influenced by floor area. 

The findings of the former authors are contrary to 

the present findings but these results agree with the 

results of the later workers. Such a ~ide difference in 

results of different workers may be due to the reasons that 

the mortality percentage appear to be dependent more on 

factors other than housing. The climatic conditions and 

quantity of feed consumed are 80me of such factors. The 

2 higher per cent mortality in birds provided 900 cm floor 

area dUring 24-36 weeks of age can probably be the result 

of higher feed consumption by birds of this group during 

thi s pe riod. 

Effect of cage level on mortality 

The average per cent mart ali ty of birds kept in. 

different decks of batteries has been presented in Table 27. 
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The statistical analysis of the data re\lealed that the 

differences in per cent mortality among different decks 

loiBl'S not significant except during 28-32 and 40-44 weeks 

of age. During 28-32 weeks the birds in the middle and 

lower decks SUffered higher mQrtality than the birds kept 

in Upper deck. During 40-44 weeks birds in upper and lower 

decks suffered higher mortality than those of the middle 

deck. 

Grover ~.al. (1967) in two experiment s reported that 

the single and two bird densities of the birds suffered 

higher mortality in upper row of cages where as the 3 and 4 
• 

bird density treatments experienced higher mortality in 

lower cage row. Jackson and Waldroup (1987) reported that 

position of tier played a significant role in affecting 

mortality. It Was adversely affected progressing from 

bottom to top tier in either 3 or 4 tier batteries. Sefton 

(1976) and Cunningham (1983). however, reported that the 

mortality waS not affected significantly by cage level. 
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SUMMARY AND CUNCLUSIDN 

The poultry farming is concentrated around metropolitan 

cities because Qf ready availability of market. The land 

cost in these places is quite high so there is need to 

develop a system with less space for keeping birds. The 

three tier cage system is one of the methods by which the 

sp ace r 8 quir ament s Can be reduced. I t has been reported 

that cage system may caUss managemental problems parti5ularly 

during summer season. Therefore. the present experiment Was 

undertaken to explore the possibilities of using three tier 

battery cages in white leghorn layers bygroviding them 

less space. 

At 20 weeks of age 108 pUllets were randomly distri­

buted in four (three tier) batteries each having 18 individual 

compartments of 30x30 cm each. The birds \Jere provided 450 

and 900 cm 2 floor spaces and were kept in 3 different tiers 

(Upper, Middle and Lower) of batteries. The following 

salient results were obtained: 

The body weight of white leghorn layers during 20-52 

weeks of age ~as nat affected by caga level or floor area 

(450 or 900 em 2/ bi rd) • 

2 
The reduction in cage space per bird from 900 to 450 em 

floor area resulted in reduced feed consumption. The effect 

of deck on feed consumption of birds lJas nO(l-significant • 

The reduction in floor space to half than the us~al 

(900 cm2) being used at present dOBS not adversely affect 
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salient results ware obtained: 

The body weight of white leghorn layers during 20-52 

weeks of age was not affected by cage level or floor area 

(450 or 900 cm
21 bi rd) • 

2 
The reduction in cage space per bird from 900 to 450 em 

rloor area resulted in reduced Feed consumption. The effl;!ct 

of deck on f sed con sumpti on of bi I'd 5 Was n 0(1-si9ni f icant. 

The reduction in floor space to half than the usual . 
(900 cm2) beiRg used at present does not adversely affect 
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the age at sexual maturity of birds. The effect of the 3 decks 

on age at sexual maturity lJas non ... significant. 

The birds provided 900 cm 2 floor area in general laid 

at a higher rate than those provided 450 cm 2 floor area. No 

effect of deck level was observed on this important trait. 

Barring a feu exceptions the effect of two spaces in 

cage s and the cage levelon egg quality trait 5 like Haugh Unit, 

shell thickness and yolk index were non ... significant. 

The plasma alkaline phosphatase levels of birds remained 

unaffected by cage space and cage level except at 40 weeks 

of age. 

The birds provided 900 cm 2 floor area per bird showed 

a higher percentage of mortality than the groups kept on 

450 cm 2 floor area pel' bird. The cage level also did not 

affect the mortality percentage with some exceptions. 

The above results arB suggestive of using 450 cm
2 

floo~ area per bird. 
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APPENDIX - r 

Method of Estimation of Alkaline Phosphatase 

8lood samples of 3-4 ml each were drawn from the 

bra~chial vein in the hepI:in rinsed syringe 9 times at 4 

\Jeeks intervals during the experimental peri.od. All the 

samples were drawn between 10-11 A.M~ 

The tubes containing the blood samples used to be 

carried in ice (Ice box) from farm to laboratory and Was 

centrifuged in the refrigerator centrifuge at BOC at 2000 

r.p.m. for 20 minotes. The plasma was then poured in the 

starlized plasma "~a1.s and stored in the deep f:teeza till 

it was used for qdle.nti tat i ve an a1 y si s. The estimati on was 

carried out by AMES ~LOOD ANALYlER which gives values as 

r .. U./Litre and th~n accordingly values as PAP IU/100 ml 

of plasma were calculated. 

Methode -
Principle: Alkalx~e phosphatase hydrolyses p-nltrophenyl 

phosphate (PNPP) into p-nitro?henol and phosphate at the 

alkaline pH of the buffered medium. The reaction is stopped 

by adding sodium ~ydroxide and the yellow colQur developed 

is measured at 405 nm (400-420 nm). The intensity of the 

colour developed ~s proportional to the alkaline phosphatase 

actiU'ity. 

Sampl a: Pl asma 

Reagent 5 

1 Buffer 

1A Substr,te (Tablets) 

2 Sodium "hydroxide 

Preparation of da+ly working solution 

Solution 

of Rea 9 en t 1. 

1: .. - Dissolve on8 tablet (Reagent 1A) in 20 ml 

Crush the tablet with a glass~rod and mix yell 

until completely dissolved. The solution will be light 

yellow in colour. 



Reagent 2: It is ready for use. 

Active ingradients of the Reagents 

Sodium p-nitrophenyl phosphate 

Oi et han 01 amin e 

Magnesium chloride 

Sodium hydroxide 

II 

Solution (1) is stable for about J days at 2_8 oC and 

one day at 20-25
0

C when protected from direct light. 

General Instructions: 1. Use clean and dry glass ware 

2. Reagents should be at room 
temperature before us e. 

Procedure for Ames Blood Analyzer 

1. Connect the instrulllent to the mains and switch on 

the electrical power • . Put the instrument switch in the 

stand-by position. Allow 10-15 minutes warm up time to 

enable the inCUbator to attain the temperature of 37. SoC + 

° 0.5 C. 

2. Put the i~ strument switch to the 'ON' position from 

• at and-by I • In sart the Hemoglobin-Sera-pak di al scale, pI ace 

the sealed Hemoglobin colour standard in the test well as far 

as it will go and ' calibrate to the centre triangle using 

calibration contra:.!. Remolla the colour standard and place. a 

clean glass cuvette-one half filled with distilled laIater. If 

reading is net '0' then adju st it l.Ii th the baCK panel SLOPE 

control. Put the ' in strument in the stand-by mode. 

3. Remove the Hemoglobin/Sera-Pak. Scale and properly 

in sert th e Alkalin e pho sphat ase/ Sera-Pak dial scale. 

4. Mark clJvetts properly as Blank and Test for each 

sampl e. f or each sample prepare a sapat-ata blank. 

s. Pip et t e 1.0 ml of saluti on (1) in aach cuvett e. 

6. Insert the cuvetts in the incubator and incubate for 
',' 

about 5 minutes. 

7. Add 50 UL (0.05 ml) of the sample in the cuvette 

marked Test only. Covar the cuvette t.Jith stopper and comple­

tely invert twice to mix. 

Reagent 2: It is ready for use. 

Active ingradients Df the Reagents 

Sodium p-nitrophenyl phosphate 

Oiethanolamine 

Magnesium chloride 

Sodium hydroxide 

II 

Solution (1) is stable for about J days at 2-8 0 C and 

one day at 20-2SoC when protected from direct light. 

General Instructions: 1. 

2. 
Use clean and dry glass ware 

R.eagents shOUld be at room 
temperature before us e. 

Procedure for Ames Blood Analyzer 

1. Connect the instrurtlent to the mains and switch on 

the electrical power • . Put the instrument switch in the 

stand-by position. Allow 10-15 minutes warm up time to 

enable the incubator to attain the temperature of 37.SoC + 
o 

0.5 C. 

2. Put the in strument switch to the IJN' position from 

'stand-by'. Insert the Hemoglobin-Sera-pak dial scale, place 

the sealed Hemoglobin colour standard in the test well as far 

as it loIill go and, calibrate to the centre triangle using 

cali brati on cant role Remove t he colour standard and pI ace· a 

clean glass cuvette-one half filled with distilled loIater. If 

reading is net 'G)I then adjust it with the bacK panel SLOPE 

control. Put the ' instrument in the stand-by mode. 

3. Remove the Hamoglobin/Sel'a-Pak. Scale and properly 

insert the Alkaline phosphatase/Sera-Pak dial scale. 

4. Mark cLJvetts properly as Blank and Test for each 

sampl e. f or each sample p rep are a sepat-ata b1 ank. 

S. Pipette 1.0 ml of solution (1) in ooch cuvette. 

6. Insert the cuvetts in the incubator and incubate for .... 
about 5 minutes. 

7. Add 50 UL (0.05 ml) of the sample in the cuvette 

marked Test only. Cover the cuvette tolith stopper and comple­

tely invert twice to mix. 



III 

8. Insert the cuvettes in the incubator and set the 

time at 15 minutes. 

9. Remove the cuvettes from the incubator when the 

timer sounds and add 2.0 ml of reagent 2 immediately to 

both cuvettes and mix. 

10. Add 50 UL (0.05 ml) of the sample to the cuvette 

marked Blank and mix. 

11. Put the instrument to the 'BN' position from 

stand-by wipe the cuvette containing the Blank, insert in 

the test well as far as i t wi 11 go an deal i brat e tor e ad 

zero lUll on the Alkaline phosphatase/Sera-pak scale. 

Remove the cuvette. 

12. Wipe the test cuvette and in sert in the test well 

as far as it will go. Read the result in~IU/L. The colour 

of the reaction is s:able for 30 minutes. 

III 

8. Insert the cuvettes in the incubator and set the 

time at 1S minutes. 

9. Remove the cuvettes from the incubator when the 

timer sounds and add 2.0 ml of reagent 2 immediately to 

both cuvettes and mix. 

10. Add 50 UL (0.05 ml) of the sample to the cuvette 

marked Blank and mix. 

11. Put the instrument to the 'DN' position from 

stand-by wipe the cuvette containing the Blank, insert in 

the test well as far as it will go and calibrate to read 

zero lUlL on the Alkaline phosphatase/Sera-pak scale. 

Remove the cuvette. 

12. Wipe the test cuvette and in sert in the test well 

as far as it will go. Read the result in·IU/L. The colour 

of the reaction is ftable for 30 minutes. 
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