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INTRODUCTION

The dietary requirement of various farm animals for oalcium, in terms of

total ration, is about 0.29 per cent for the laotating oow, 0.2^5 per oent for

the sow, and 0*23 per oent for the ewe, according to Mitchell and LicClure

(1937)* The level of dietary caloium that will sustain a high level of egg

production, promote good hatchability and satisfactory shell texture has been

set at 1.65 per cent by Norris et al (193U), 2.25 per oent or less by Miller

and Bearse (I93k)» ejxd U»5 per oent by Bird (1937).

Although it is quite apparent that the oalcium requirements of laying

hens are considerably greater than those of other farm animals, the findings

of the various investigators show wide disagreement. Undoubtedly these dif-

ferences are due to variations in the fowls and in the experimental procedures

used, variations existing in number of factors studied, sources of caloium,

duration of test, and possibly others. The value of these experiments in

establishing the minimal level of caloium required by the laying hen must be

questioned, however, because no consideration has been given to the changes

which occur in the caloium stores during the period of egg production.

That the changes in caloium stores must be considered in an attempt to

arrive at the caloium requirements of laying hens was first suggested by

Hainan (1925), as quoted by Russel and McDonald (1929), when he reported that

birds in heavy production may be in a negative caloium balance, or in other

words drawing on their oalcium stores to obtain oalcium for shell formation.

Similar results have been reported by Russel and McDonald (1929) and by

Common (1935, 1936, 1938)-

The extent to whioh a laying bird may deplete her oalcium stores has been

studied by a few investigators. Deobald et al (1936), Edin and Andersson
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(1937)* and Common (1938) h&v© employed different experimental procedures In

arriving at values of 10, 20, and 25 per cent respectively as the amount of

body calcium nhioh a bird may withdraw for shell formation*

The present experiment was conducted to determine by r.ieans of calcium

balance studies the amount of calcium which a bird xaay withdraw for shell for-

mation, and to study the effect of varying levels of calcium intake on the

calcium balance, shell thickness, and blood calcium level of laying pullets.

It was hoped that the data obtained would present more evidence concerning

the calcium requirements of laying hens.

REVIEW OF LITERATURE

Evidence has been presented by Common (1933* 1936, 1938)* Morgan and

Mitchell (1938), Deobald, Lease, and Hart (1936), and Edin and Andersscn

(1937) whioh suggests that chickens in production may use the calcium stored

in their skeletons for egg shell formation

Common (1933< 1936) showed that calcium was retained or stored in the

bone as trioaloium phosphate and that it was lost from the body also as a cal-

cium phosphate salt. His data confirm the view that when the calcium carbon-

ate Intake is sufficiently high, lime is transferred directly from the gut to

the oviduct via the blood stream and that no extra phosphorus excretion

occurs under these conditions* VJhen the calcium carbonate intake is low, an

insufficient amount of dietary calcium is available during the period of

shell formation to provide calcium for an egg shell. Under these oonditiona

phosphorus excretion was accelerated. This would indioate that in lieu of

dietary calcium, previously stored oaloium in the form of trioaloium phos-

phate was utilised for shell formation and this accentuated the excretion of
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the liberated phosphorus. These results were confirmed by Morgan and Mitchell

(1938). They concluded also that the ability of a hen to utilise calcium

seems to be an individual matter, the higher producing hens as a rule utilis-

ing the greater percentage of the ingested calcium.

Hainan (1925) as quoted by Russel and McDonald (1929) concluded that

oaloium was not stored to any great extent in advance of sexual maturity and

that the bird's need for calcium after the onset of laying was almost com-

pletely met by the increased utilization of calcium from the available food

supply. Negative oaloium balances were recorded during periods of heavy egg

production* Common (1938) noted, however, that as much as 9»3k8 grams of

calcium was stored during the 20-day period just preceding the laying of the

first egg when a ration containing approximately 3*0 per cent oaloium oxide

was fed.

Russel and McDonald (1929) obtained a few slightly negative but ohiefly

slightly positive balances with laying pullets an a 1.2, per cent oaloium ra-

tion for a period of five weeks. The birds, however, were in comparatively

low production. Morgan and Mitohell (1938) $ however, demonstrated by balance

studies that laying birds consuming liberal quantities of oaloium in the form

of oyster shell could have cumulative negative oaloium balances as great as

9.246 grams at the conclusion of 10 fifteen-day periods.

The differences in the oaloium intake and calcium outgo through egg

shells of birds receiving a low calcium diet have been studied by Edin and

Andersson (1937)* They concluded that birds may withdraw 20 per cent of

their body calcium for shell formation before production decreases to the

point where the intake and outgo are the same.

Deobald, Lease, end liart (1936) found that 10 per oent of the oaloium of

the bone could be used for egg shell formation since the percentage ash contort



of the breast bones and tibiae of Brown Leghorn hens on a low calcium diet

was 10 per cent less than that of the control groups receiving adequate

•mounts of calcium. It must be pointed out, however, that while a decrease

in the percentage skeletal ash can serve as a measure of calcium loss from

the skeleton, an accurate measurement of the loss can be made only by deter-

mining the total amount of calcium present in the body before and after de-

pletion* The conclusion of Deobald end coworkers is valid provided that

(l) the initial percentage of ash was the some for both birds and (2) the

control bird neither stored nor lost oaloium.

Common (1933) conducted oaloium balance studies with White Wyandotte pul-

lets using high and low levels of dietary calcium. Data were obtained for

calcium retention (total oaloium intake during the experiment less total cal-

cium voided in eggs and the excreta). Over a period of 73 days one of his

birds on the low calcium diet (.365 per cent CaO) had a negative oaloium ox-

ide balanoo of 9^3kk grams. A slight positive or negative balance was main-

tained by the birds on the high oaloium diet. At the conclusion of the bal-

ance trials the carcasses of the birds were analysed for calcium content, and

from the values obtained, together with the balance data, he was able to cal-

culate the initial amount of calcium in the bodies of the birds at the begin-

ning of the experiment. A knowledge of the initial body oaloium and the gain

or loss of oaloium made it possible to determine the percentage loss or gain

of body calcium during the experimental period. On the basis of the data ob-

tained for his birds I2Q. and LUL). he concluded that laying birds may utilise

25 per cent of their body calcium for shell formation, and this within a sur-

prisingly short period of time. As Common points out, however, the data for

one of his birds may not be of great value in determining the maximum possible

loss of body oaloium. This bird had not been laying for some time before she



killed and -tiierefbre had stored calcium to replace that whioh she had lost.

EXPERIMENTAL PROCEDURE

Balance studies -were conducted on a plan similar to that used by

(1958). However, all birds were kept on the experiment for 30 days, and the

calcium balance was determined by three-day periods. As a result, it was

possible to calculate the maximum loss or gain rather than the loss over the

entire experimental period.

Experimental data were obtained for 18 Single Comb fthite Leghorn pullets

of the Kansas State College flock* In order that the birds might become ac-

customed to the environmental conditions peculiar to the experiment, and in

order to determine the date on which the birds laid their first egg, those

pullets used were taken from the range and placed in the experimental cages

a short time previous to sexual maturity.

The cages used in the experiment consisted of a series of 16 hen batter-

ies separated each from the other by solid partitions. Individual feces con-

tainers were placed under each bird. Feed and water containers were con-

structed in such a manner as to minimise the loss of feed.

The birds were led an all mash basal ration consisting of ground yellow

corn 35 parts, ground wheat 25, ground oats 10*3, wheat shorts 10.3, wheat

bran 8.23, dehydrated alfalfa 2.6, meat and bone meal 2,6, fish meal 2.6,

soybean oil meal 2.6, salt 0.5, and cod liver oil1 0.25* To three lots of

the basal ration, which contained 0*562 per oent calcium, was added suffi-

cient calcium carbonate2 to increase the calcium content of the three diets

*The ood liver oil used contained I4OO A.O.A.C. units of vitamin D and 3,000
U.S.P. units of vitamin A per gram.
2Limeolith, a preoipitated calcium carbonate analysing 99»i»3 P«r oent caloium
carbonate, was used.



to I.II42, 2.111, and J.17U por oent respectively. The rations contained 0.70

per oent phosphorus and 370 p.p.m. of manganese. Although the calcium to

phosphorus ratio was different in each diet it waa believed that there was

sufficient vitamin D in the rations to insure the proper utilization of the

oaloium and phosphorus regardless of the ratio of the two.

Sixteen pullets, which were divided into four lots of four birds each,

were started an the experiment. Lot 1 was fed the basal ration only. Lot 2

received the diet containing 1 per cent calcium, Lot 3 the diet containing 2

per cent oaloium, and Lot k received the 3 per cent calcium ration. The ra-

tions, in pellet form, and distilled water wero before the birds at all

times. One bird in each of Lots 1 and h ceased egg production entirely and

were killed before the duration of the study. Two other birds were subse-

quently placed on experiment to replace these two birds.

A feces marker consisting of approximately 1 gram of iron oxide, given

by means of a capsule, was used to determine the beginning of the balanoe

study. Data for computing the oaloium balance of each bird were obtained

periodically for ten 3-day periods. Collection of data began with the first

egg and during the period immediately following. Data on calcium intake and

the calcium outgo, through egg shells, egg contents and feces, were obtained.

Caloium oxide in the shells was determined by ashing the shells in oov-

ered poroelain dishes. A white ash of caloium oxide with constant weight

was obtained by heating to 900° C. for three hours.

The weight of contents of the egg was determined by subtracting the

weight of the damp shell and membranes, which had been wiped as free as pos-

sible from all adhering albumin, from the total weight of the egg. A 2-gram

sample of a mixture of the contents of all eggs laid by each bird during

each three-day period was analyzed for oaloium. In analyzing, the sample
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ashed, the ash dissolved in 2 oo. of concentrated HC1 and diluted to 50 oc.

with distilled water. Calcium was deternined on a 5 oo. aliquot by the Wang

(1935) method for determining the calcium of preoipitated whole blood.

The collected feces were placed in 12-inch porcelain evaporating dishes

and dried in a forced-draft electric oven at 100° C. for 2U hours. The

dried feces were then ground in a Wiley mill and a two-gram sample taken for

analysis. The calcium in the feces and also in samples of the feed was

determined by the Association of Official Agricultural Chemists (lSfyO)

method for calcium oxide in mineral feeds.

At the conclusion of the balance study the birds were killed and the

flesh oarefully removed from the skeleton- In an endeavor to determine if

the loss of calcium from the skeleton of the birds on the low caloium diet

was from any particular portion of the skeleton or was lost equally from all

portions, the skeleton was divided into its appendicular and axial parts.

The bones were ground with a food chopper, ashed, the ash dissolved in 200

cc. of 1-3 EC1 and diluted to 10 liters with distilled water. Calcium was

determined on a 25 cc. aliquot by the same method used for analysis of the

feeds. In view of the fact that Mitchell, Card and Hamilton (1931) have

shown that the total calcium of both the flesh and feathers of four-pound

White Leghorn pullets amounts to only 2 per cent of the total body caloium,

and that Common (1933) has shown that the calcium in the flesh of birds on

both high and low calcium intake is virtually the same, the oalcium in the

flesh and feathers of the birds was not used in calculating the percentage

loss of body caloium.

Blood caloium was determined by a slight modification of the Wang (1935)

method, the modification being made in order to take into consideration the

difference in blood calcium between laying birds and man.
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Shell thickness was determined for eaoh shell with membranes intact by

means of a micrometer caliper calibrated to thousandths of an inch. Four

measurements were taken near the equatorial plane of each shell. Body

weights were recorded at the end of every six days.

Warren and Schnepel (19^) end Conrad (1939) reported that temperatures

greater than 90° F. will adversely affect egg shell thiokness and the blood

calcium level of fowls. For this reason the temperature of the room in which

the birds were kept was maintained as nearly as possible between 70 and 75

degrees Fahrenheit. Temperatures were recorded on a Tyoos thermograph.

EXPERIMENTAL RESULTS

Calcium Balance Studies

The balance data which are presented in Tables 7 to 2k of the appendix

show that the birds whioh received 0.5 or 1.0 per cent oalcium in the diet

were in negative cumulative oalcium balance, whereas all birds receiving the

2 and 3 Ver C6irt calcium diets, with the exception of Nos. 56(1) and 59 > were

in positive cumulative oalcium balance.

Table 1 presents a summary of the balance data for each lot. The birds

in Lot 1 had an average negative balance of 7*556 grams and withdrew an aver-

age of 146.7 per oentx of their skeletal calcium for shell formation. Indi-

vidual withdrawals varied from J4I to 51 P©r cent. The birds la Lot 2

utilized an average of 3«U«38 per oent of their skeletal calcium, and had

average negative calcium balances of 5-618 grams. Individual variations

from 27 to JUU per cent. In Lots 3 and k positive balances of 1.817 grama

^Percentage loss or gain of skeletal calcium was determined from loss or gain
from period of greatest negative or positive cumulative balance and not from
total balance for 10 periods.



9

and 2.858 grams respectively were maintained. This represents gains in

skeletal calcium of 12.28 and 21.56 per cent respectively. In Lot 3 the

variations were from -O.ij. to +28 per cent, and in Lot I* from —21+ to +50

per cent. The bird on negative balance in Lot h was Ho. 58(1) and she ceased

laying after four periods and was killed.

Figures 1 and 2 show that the average rate of withdrawal of skeletal

calcium in Lots 1 and 2 was rapid. The maximum withdrawal in Lot 1 had been

nearly reached by the end of the fifth period. Figures 3 and k, however,

show that the rate of deposition of skeletal oaloium in Lots 3 and k was slow

and was distributed over the entire experimental period.

Table 1. The balance data for groups of birds receiving varying amounts of

calcium.

Lot 1 Lot 2 Lot 5 Lot k

Av. Total Ca Intake, grans 18.575 140.266 59.618 71.979

Av. Ca in Shells, grams 17.181* 32.831 3i+.26l 29.01*0

Av. Ca in Egg Contents, grama .2*4.3 »^90 .1*92 «381

Av. Ca in Feoes 8.70U 12.563 23.CAjB 39-720

Av. Ca Outgo 26.131 I45.88U 57.801 69.IJ4I

Av. Ca Balance -7*556 -5.618 +1.817 *2.838

Av. Percentage Loss or Gain

of Skeletal Ca* -1*6.71*. -5l*.38 +12.28 +21.36

Percentage loss or gain of skeletal calcium was determined from loss or gain

from period of greatest negative or positive cumulative balance and not from

total balance for 10 periods.

That 1|6»7 per cent is not the maximum skeletal calcium which fthite Leg-

horn pullets may withdraw is indioatod by the fact that in most oases when

the birds in Lot 1 started laying after having been out of production for a

few days they withdrew more calcium for the formation of egg shells than that

which they had stored while out of production. The faot that some of the

birds on the basal diet were still laying at the close of the experiment sug-

gests that further depletion might be possible.
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The average percentage lows of calcium for the birds in Lot 1 is much

greater than that reported by Bdin and Andersscn (1937), Beobald ot al (1936),

or Conaon (1930)* Th» results of the present oxporlment are in variance with

thniit of Deobald ot al end Edln and ^ndersaon probably due to differences in

experimental methods and methods of statiatioal analysis enployed. These

differences Ixavc been preriously enumerated. The faot that the percentage

lose in the present study was calculated fran a point not more then three

days froBi which the bird was in its greatest negative balance, rather than

from the lose resulting during the entire experimental period is probably re-

sponsible for a withdrawal value nearly twioe that reported by Canaan. The

procedure followed in the present study eliminated the factor of calcium stor-

age which results when birds are not laying. In the ©rent that laying was

not resumed so as to afford an opportunity to convert the stored calcium into

egg shell the extent of withdrawal would be greatly obscured. That the stook

need by Conaon was inferior with respect to egc laying ability is suggested

by the fact that two birds on the low oaloiun diet produced only 13 and 11

eggs in 73 end 1*9 days respectively end hence had little opportunity to de-

plete their body reserves of calcium. In the present experiment the birds

produced an average of 12 eggs in 30 days even though losing more skeletal

caloium than did the birds of Common. The level of oaloiun in the diet may

also have been a factor since the diet used by Cocoon contained only 0.261

per cent calcium* It is possible tlmt this level of calcium in the diet was

so low as to provide insufficient calcium for the normal physiological pro-

ceases of the birds. This oould result in reducing the rate of lay, ahioh

in turn would make it impossible to determine the amount of caloium actually

susceptible of being withdraw.

Bl
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That the skeletal oaloium of the birds in negative calcium balanoe

withdrawn equally from all portions of the skeleton is shown by the data

presented in Table 2.

Table 2. Percentage oaloium in appendicular and axial skeleton of

birds reoeiving varying amounts of oaloium.

Percentage Calcium Percentage Calcium
Lot Ho. Bird No. Appendicular Axial

1 57 57-2 42.8
71 58.7 41.3

73 57.4 42.6
77(1) 5U.1* 45.6
77(2) 54.1 45.9

Average 56.1+ 43-6

2 55 57.7 42.3
60 56.7 43.3
61 54-9 45.1
78 59.0 41.0

Average 57.1 42.9

3 56 55.8 44.2
59 55.7 y»!
62 55.5 44.5
76 56.0 i<4.o

Average 55.8 1*4.2

h 58(1) 56.4 43.6
58(2) 55.4 su
72 54-7 45.3

41.475 58.6

79 57.2 42.8
Average 56.5 43.5

The ratio of calcium in the axial or appendicular skeleton to the total

calcium present in the skeleton was approximately the same for all birds, the

average ratio of all skeletons being 43*6 per cent axial and 56.4 per cent

appendicular. This indicates that calcium is withdrawn from and stored in

both divisions of the skeletal structure at the same rate.
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Egg Production

The effect of a low oaloium diet on subsequent laying performance was

studied in growing pullets by Massengale and Piatt (1930)* A diet unsupple-

mented by calcium was fed during the first ten weeks . Two per oent of lime-

stone was added to tho ration for the next eight weeks following which the

limestone was again removed from the ration. The average production of this

group at 33 weeks of age was 0.5 egg per bird, whereas birds vihioh liad re-

ceived 4 per oent or more of oyster shell in the ration for a corresponding

period laid an average of 20.8 eggs per bird,

Buokner and Martin (1920) observed that the feeding of limestone or

oyster shell ad lib increased egg production 69-1+ per oent over a control

group of pullets receiving an unsupplemented diet. The birds fed no mineral

supplements continued to lay eggs until there was a general depletion of mag-

nesium, phosphorus, and calcium in their bones, the breakdown occurring in

about six months • These results were confirmed by Buokner, Martin and Peter

(1923, 1925). In 1925 they observed that the production of yearling hens

which were fed a low calcium diet for two months and then given oaloium oar-

bonate ad lib for 31 days increased the rate of production from 11 to 58 per

cent.

Deobald, Lease, and Hart (1936) have reported that birds virtually

ceased laying within 12 days after the abrupt removal of calcium supplements

from their diet. Similar results had previously been reported by Buokner

and associates (1930) . They fed liVhite Leghorn hens for II4. days on a diet

consisting of yellow corn, skim milk, end oaloium carbonate fed ad lib and

then removed the oaloium carbonate from the diet of half of the birds, the

other half being continued on the calcium supplemented diet. In a period of
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six weeks the production of the birds deprived of oaloium carbonate decreased

78 per cent while birds kept on the calcium supplemented diet increased 30

per cent in production. Likewise, Buokner, Martin, and Peter (1925) ob-

served that when oyster shell was removed from the diet of confined hens hav-

ing received it for six months, egg production decreased 50 per cent within

3 months. Birds which had access to range and were suddenly deprived of the

calcium oontinued to lay at a satisfactory rate. Apparently sufficient min-

eral matter was obtained from the range to maintain good egg production.

The addition of oyster shell to the diets of hens not having received any

calcium supplements for six months trebled egg production within 3 months.

Inability to consume and utilise sufficient oalcium to maintain a posi-

tive balance of calcium was shown by Morgan and Mitchell (1938) to result in

a cessation of laying.

Edin and Andersson (1937) reported that when the body oalcium of a bird

on a low calcium intake has decreased to 60 per cent of normal, due to loss

of calcium through egg shells, egg production decreases. Deorease3 in pro-

duction of from 65 to 8 per cent were noted within 25 days.

Common (1938) observed that the normal egg laying cycle is markedly

interfered with from the outset in birds on low oaloium diets where dietary

oaloium must be supplemented with body oalcium for egg formation. He sug-

gests as a reason for this the more rapid mobilisation of ingested oalcium

as oompared with the mobilization of skeletal oaloium for egg shell forma-

tion.

The results of the present study show that the average production per

bird in Lots 1, 2, 3, and k for the 30-day period was 12, 21, 20, and 15

eggs respectively.
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All birds in Lot 1, whioh received the 0.5 per cent calcium diet, ceased

production for periods of at least 5 or more days one or more times during

the experiment. The average number of days that the birds were on experiment

before production ceased was 13 with "the greatest number of days for any in-

dividual bird before production ceased being 16. The results obtained with

birds 57, 71, and 73 as shown in figures 5* 6, and 7 of the appendix indicate

that after the birds ceased laying, they stored calcium and when sufficient

was stored, egg production continued until there was a depletion of the accu-

mulated reserve. In some instanoes a return to the laying condition resulted

in a withdrawal of calcium whioh exceeded the ecaount stored during sexual in-

activity. Normal egg production was maintained by all the birds in Lots 2

and 3« Ihe average production of Lot 2 was increased due to the high pro-

duction of bird 61. The lower average production of the birds in Lot k is

difficult to understand. The fact that bird 75 laid 20 eggs, and that other

non-experimental birds kept under identical conditions, except for experi-

mental handling, and fed the 3*0 per cent ration laid at a satisfactory rate

indicates that the low production was due to some factor such as an unfor-

tunate choice of birds.

These results suggest that rations containing as little as 1*0 per oent

caloium will maintain satisfactory egg production for a period of at least

30 days following date of onset of sexual maturity.

Egg Shell Thickness

Buokner and liartin (1920) reported a decrease in shell weight from 5*1

grams to 2*9 grams when hens were limited for a period of six months to the

calcium naturally occurring in the food* However, the percentage of calcium

and phosphorus in the egg shells remained constant thus indicating that there



19

is a stable equilibrium between the two elements . These results were con-

firmed by Buokner and coworkers (1930) when they observed that feeding a non-

calcium supplemented diet decreased shell weight 21 per cent in a period of

six weeks. Deobald et al (1936) reported a gradual diminution of the COg

free ash of the eggshells until the ash content of the shell was less than

25 per cent of normal when birds were abruptly deprived of the calcium in

the ration. However, they were unable to obtain any shell-less eggs before

production ceased.

The results obtained by Common (1936) also show that birds on a low cal-

cium diet (O.365 per cent calcium oxide) lay eggs whose shells become pro-

gressively thinner. His data show that a bird on a low calcium ration will

lay two or three eggs which oontain about two grams, or a normal amount of

calcium oxide, and then may decrease as much as from 2*039 grams to 0.711+

grams.

Edin and Anc ersson (1937) observed that when the ealcium content of the

diet of laying birds was abruptly reduced, a decrease in the relative cal-

cium content of the eggs is noticeable even the day after reduction of cal-

cium in the feed. They report a deorease of I4B per cent in the calcium

oxide content of eggs within a period of 25 days.

Riddle and Hanke (1921) observed in their studies on egg-laying ring

doves that thin-shell eggs cannot be attributed to an inadequate supply of

calcium in the feed.

In the present experiment the quality of the eggshell is expressed in

terms of (l) measured shell thioknese, and (2) the milligrams of calcium

present per square oentimeter of surface area of eggshell. These methods

should provide a more accurate measure of shell quality than total shell

weight or weight of calcium in the shell because variability due to differ-



20

enoes in egg sice is eliminated.

A summary of the measured shell thickness (in thousandths of an inoh)

and also calculations of the amount of calcium per square centimeter of sur-

face area of the shells is presented in Table 3* Surfaoe area of the shells,

expressed as square centimeters, was computed by the formula U.*6fSr^^, where

V la the weight of the egg in grams. This method for determining surface

area has been shorn by Mueller and Scott (19^0) to yield a smaller standard

error than methods previously presented by Marshall and Cruiokshank (1938)

and Edin and Andersson (1937)*

Table 3* Shell thickness of eggs from birds receiving varying amounts of
calcium-

Lot 1* Lot 2* Lot 3* Lot k

Av. Shell Thickness,
thousandths of an inch,

Period 1 12.0 12.1 11.4 12.1
Av. Shell Thickness,

thousandths of an inch,

Period 10 9.2 10.0 12.0 13.2
Av. mg. Ca per sq. cm*,

Period 1 26.1 26.8 25.6 28.5
Av* mg. Ca per sq. cm.,

Period 10 20.3 22.8 27.9 30.1;

*Data for Lots 1, 2, and 3 begin with the period during which birds were
first placed an their respective diets. It does not include Period 1 when
on 3 P°r cent calcium.

Increases in average shell thickness of 5*3 and 9*1 per oent were ob-

tained in Lots 3 and k respectively. The increase in Lot I4. was made even

though Bird 79 of the lot had a considerable decrease in shell thickness. A

decrease in shell thickness of 17*3 per oent resulted in Lot 2.

In Lot 1 the average decrease in thickness was from 12 to 9.2 thousandths

of an inch. This represents a decrease of 23*3 per oent. Individual shells

only 7*4 thousandths of an inch in thickness were obtained but in no oase

were shell-less egg6 obtained before production ceased. This confirms the



21

results of Deobald et al (1936)

•

The actual average thickness and amount of calcium per square oentimeter

of surface area also show that the level of dietary calcium affects the

composition of the eggshells. The amount of oaloium per unit of surface area

increased slightly on diets containing 2.0 and 3.0 per cent calcium. Sig-

nificant decreases in calcium were secured on the 0.5 and 1*0 per cent levels

of intake. The mean milligrams of calcium per square centimeter was 20.3,

22.8, 27.9, and 3O.J4. for Lots 1 to k respectively.

That shell thickness tends to increase and decrease as skeletal calcium

and blood calcium increase and decrease is shown in Figs* 1 to 22.

Calcium in Egg Contents

That the level of calcium in the ration does not appreciably affect the

percentage of protein nor the percentage of calcium in the white and yolk of

the egg was shown by Buckner, Martin and Peter (1925)* Common (1936) and

Buckner et al (1923) were unable to show any notioeable effect of dietary

calcium an the amount of calcium oxide in the egg contents.

Data for the milligrams of calcium per gram of egg contents as obtained

in the present study are shown in Table U« The amount of calcium per gram

of egg contents varies in many cases from period to period, and there is con-

siderable variation between the averages of birds within the same lots.

Lot U, however, had an average of II4. per cent more calcium in egg contents

than did Lot 1. Lot 2 averaged 5*2 per oent more oaloium in egg contents

than Lot 1, Lot 3 averaged 2.3 per oent more than Lot 2, and Lot ij., k»k P*r

oent more than Lot 3- An analysis of the varianoe of the oalcium in the egg

contents of the eggs produced by the birds in the different lots is presented
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in Table 5. An F value, Snedecor (1938, P* 18U), of 8.8 is highly signifi-

cant with the degrees of freedom represented in the analysis.

Table 5. Analysis of variance of calcium in egg contents of eggs of 18 birds

classified by individuals and lots.

Degrees of

Source of variation freedom Sum of squares Mean square

Total Ii4.9 .801

Between Ca levels 3 .114 .038

Between birds within Ca levels 2I4. .121

Within birds 132 .566 .00ii3

P .038/.0043 • 8.8

Blood Calcium

Buokner and associates (1930) studied the effect of varying the level of

calcium intake on the blood calcium of laying hens. They found that birds

which were kept on a diet of yellow oorn, skim milk, and calcium carbonate ad

lib for six weeks maintained a constant blood calcium level, whereas the

blood calcium of birds which were deprived of the calcium oarbonate decreased

from 20.9 mg. to 16.1 mg. per 100 co. of blood.

Deobald et al (1938) demonstrated that as long as the calcium content of

the ration was suboptimal and inhibited egg production, the blood calcium

shows regular, almost oyolio, variations which are quite characteristic for

each individual hen. When the calcium was removed from the ration of heavily

laying pullets, laying continued for about ten days with the blood calcium

content decreasing from 16 mg. to a level of about 10 mg. per 100 co. of

whole blood.

The effect of fasting upon the calcium content of blood plasma of laying
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hens was investigated by Laskowski (193U) • Short fasts of 2 to h days did

not interrupt egg laying or plasma oalcium while fasts of k to 6 days inter-

rupted egg laying for several days and reduced the plasma caloiuia level to

that of non-laying birds.

In the present experiment all data for blood calcium are presented as

milligrams of oalcium per 100 oc. of whole blood. Data are not available for

sozne periods because of difficulties arising in experimental procedure.

Results obtained for individual birds are presented in Tables 7 to 21* of

the appendix. A summary of the results is presented in Table 6.

Table 6. Influence of different levels of calcium intake on blood oalcium.

Lot No.

1 2 5

Mean mg. blood Ca, Period 1 17.315 19.385 19.1la 16.6H*

Moan mg. blood Ca, Period 10 9.356 13.761* 15.1*81 16.992

Blood oaloium values decreased from I7.8 mg. to 9.1* mg., from 19.7 mg.

to 13.8 mg., and from 19.1 mg. to 15«5 mg. on diets containing 0.5, 1.0 and

2.0 per cent oalcium respectively. Three per oent oaloium in the diet

enabled the hens of Lot J* to maintain a high level of blood calcium, a slight

increase being noted. The blood calcium for all birds in Lot 1 decreased

from the first to the last period. In Lot 2 the blood caloium of all birds

except No. 6l decreased. The records show that "this bird consumed consider-

ably more feed than the other birds in the lot. This would increase the oal-

cium intake, making it possible to maintain a high level of blood caloium.

The blood oalcium of all individual birds in Lot 3 deoreased. In two instances

slight decreases in blood oaloium were noted in Lot 1* birds. The remaining

three birds of this lot showed slight inoreases in blood oalcium.
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Of particular interest are the increases in blood caloium associated

with periods of non-layia£ and positive oaloium balanoes. That variations

in blood calcium nay be related to periods of withdrawal and storage of cal-

cium is suggested by the present study. This is clearly shown in Figs. 1 to

22 where it will be noted that the blood oaloium curve tends to parallel the

curve representing changes in skeletal calcium.

DISCUSSIOH

The data obtained in this experiment show that the level of calcium in

the diet has a definite effect on the calcium balance, egg production, shell

thickness, calcium in egg oontents, and blood oaloium level of laying

pullets. Diets of 0.5 and 1.0 per oent oaloium did not furnish sufficient

calcium to meet the needs of the birds whereas 2.0 and 3*0 per cent calcium

in the diet were sufficient to E»et the requirements for the physiological

processes studied except that 2.0 per oent oaloium was insufficient to main-

tain the blood calcium level.

The present study has shown that laying birds are capable of storing

dietary calcium in their skeletons and of drawing upon their skeletal calcium

for shell formation. It was also shown that the amount of dietary oaloium

available to the bird determines whether oaloium is stored or withdrawn and

the rate at which those changes take place. Birds receiving a diet contain-

ing only 0.5 par oent oaloium withdrew an average of I4.7 per cent of their

skeletal calcium for shell formation and did so within about 15 days. Birds

receiving 1.0 per oent calcium utilized an average of 3k per cent of thoir

skeletal calcium and required an average of about 25 days to withdraw the

greater portion of this. The birds fed 2.0 and 3»0 per oent oaloium diets

increased in skeletal calcium by 12 and 21 per cent, respectively.
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Limiting the caloium in the diet fed to pullets just entering produc-

tion to that occurring in feed materials with no oalcium supplements has been

shorn in the present study to cause at least a temporary cessation of laying

within 13 days. That birds can continue production for some time while in a

negative oalcium balance has been demonstrated, however. Birds with a cumu-

lative negative caloium balance of 9 grams obtained over a period of 30 days

oontinued satisfactory egg production during the entire period. Ko doubt,

however, the birds which were in negative balance for the entire experiment,

but continued to lay at a satisfactory rate, would have ceased laying,

temporarily at least, when they had withdrawn all of their skeletal calcium

which was available for shell formation.

A diet containing 0.5 per cent calcium decreased shell thickness from

•012 inch to .0092 inch. A 1.0 per cent oalcium diet likewise caused a de-

crease in shell thickness. Increases in shell thickness, however, resulted

from feeding 2.0 and 3*0 per cent oalcium diets. The average thickness of

the shells obtained on the 3*0 per oent oalcium diet was greater than the

average thickness of those obtained on the 2.0 per cent caloium diet. The

rate of increase in shell thickness during the experimental period, however,

was practically the same in the shells obtained by feeding the two higher

levels of calcium.

Although previous workers were unable to show an effect of dietary cal-

oium on the amount of calcium in the egg contents, the results of the present

study show significant differences as a result of varying the Ca level of the

diet. The fact that a difference of H4. per oent between birds receiving 0.5

and 3*0 per oent caloium was noted and that graded increases in dietary cal-

cium caused corresponding increases in the amount of calcium in the egg con-

tents suggests that the level of dietary calcium influences the calcium found



in the egg oontents.

Although 2.0 per oent oaloium in the diet was sufficient to maintain a

positive skeletal oaloium balance and shell thickness it was not sufficient

to maintain the blood calcium level of the birds of this experiment. Feed-

ing diets containing 0.5 and 1.0 per oent oaloium likewise caused decreases

in blood oaloium. The greatest deorease occurred in the birds fed 0.3 per

cent oaloium, in which case the deorease in blood calcium tended to follow

the withdrawal of skeletal oaloium until the blood calcium content reached

the level for non-laying birds, which resulted when they had withdrawn as

much skeletal oaloium for shell formation as possible. Three per oent cal-

ciura in the diet was sufficient to maintain normal blood oaloium values.

On the basis of the results obtained it nay be concluded that the cal-

cium requirement of laying hens as measured by (l) balance studies, (2) egg

production, (3) shell thickness, and (I4.) blood oaloium, and under the con-

ditions described, rests between the 2 and 3 P9 ** °«n* level.

1. The effeot of varying levels of dietary oaloium on the oaloium bal-

*> «g£ production, shell thickness, calcium in egg contents, and blood

calcium of White Leghorn pullets has been studied.

2. Laying pullets reoeiving O.56 and l.llj. per oent dietary caloiua

were in negative calcium balanoe whereas birds receiving 2.11 and 3. 17 per

cent oaloium were in positive oaloium balance.

3. Data are presented which show that laying birds may utilize at

least I4.7 per oent of their skeletal oaloium for shell formation.

J4.. Satisfactory egg production was maintained for a period of 30 days

by birds receiving 1, 2, and 3 P®** 0°°* oaloium. Birds receiving only 0.5



per cent calcium in the ration ceased production temporarily at least after

a period of 13 days.

5» Shell thickness decreased 23 and 17 ]?or cent respectively in the

lots where 0.5 and 1*0 per cent oaloium were fed and increased slightly in

lots where 2 and 3 per cent calcium were included in the ration.

6. A difference of II4. per oent in the amount of calcium in the egg con-

tents of eggs produced on the 0.5 and 3*0 per cent oaloium rations was ob-

served.

7. Blood calcium levels of birds receiving 0.5, 1.0, and 2.0 per cent

oaloium were decreased. She decrement was in direct relation to the amount

of calcium in the diet. Three per oent calcium in the diet was sufficient

to maintain the blood oaloium level.

8. The oaloium requirement of laying pullets confined to laying oages

can be met by the inclusion of slightly more than 2.1 per oent calcium (5.2

per oent calcium carbonate) in the ration.
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