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SUMMARY

At about 16 mg. zinc per 100 gm of diet feed con-
sumed by laying hens increased until a level of 2.0%
dietary calcium. Increasing the dietary calcium to
2.0% also stimulated more egg production. When
less than 2.0% dietary calcium was fed more feed
was required (0 produce a dozen eggs and the eggs
were of smali sizes. The egg shell strength and the
bone calciurn were improved when at least 2.0%
dietary calcium was given to the laying hen. These
results were correlated with tissue accumuilation of
zinc thus estgblishing that for profitable egg produc-
tion in the tropics 2.0% dietary calcium is required
when 16 mg zinc per 100 grains of feed is given,

INTRODUCTION

The relationship between calcium and
phosphorus in the utilisation of foods and
feeds has been well documented.
However, dietary zinc has also been im-
plicated with the physiological utilization
of caicium. Thus Tucker and Salmon
(1955) described the incidence of
parakeratosis in pigs as a result of calcium
— zinc imbalance. Also Morrison and
Sarrett (1958) found that the addition of
0.5 to 1.0% calcium to chicks rations
reduced weight gain while increasing the
incidence and severity of hock disorder
was normally associated with zinc defi-
ciency. Since then interests have been
stimulated in the utilisation of calcium
and zinc by birds. Conflicting reports ap-
pear in the literature on this interrelation-
ship. Turks, Sunde and Hokstra (1959)
reported that chicks hatched from hens
fed 9 p.p.m. zinc in a soybean protein diet
were zinc deficient and that raising the
calcium content of the ration up to 4%
aggravated the deficiency. On the other
hand, Turk (1965) observed that dietary
zinc had no profound effect on the zinc

content of yolks and that dietary calcium
did not alter the concentration of zinc in

eggs.

Studies on tissue analysis also revealed
similar conclusion. Lewis, Hoekstra and
Grammer (1957), found that differences
in zinc content of some tissues were statis-
tically significant while little or no change
in zinc concentration due to calcium in-
take occurred in others. As the high pro-
ducing layers currently reared intensively
need calcium for strong egg shells as well
as bone formation, dietary calcium re-
quirement of hens is constantly reviewed.
Thus, Scott, Nesheim and Young (1969)
proposed dietary levels of calcium at vary-
ing rates of egg production. This study
seeks te establish the result of such varia-
tions on the composition of poultry pro-
ducts from three strains of laying hens
available in Nigeria.

MATERIALS AND METHODS

An experimental design using the ran-
domised block was applied to five
treatments with three replicates. A total
of 210 layers consisting of equal numbers
of Harco, Amo Kathline and White
Plymouth Rock birds that had been in
production for between three and five
weeks were selected. The birds were kept
in battery cages with feed supplied ad
libitum as shown in Table 1. Water was
available to the birds at all times. The
calcium content of the rations were varied
by including oyster shell at varying levels
in the diets. After 10 days of preliminary
period, records of feed intake were made
for the next 22 weeks.

The feeds were analysed for calcium
and zinc with an atomic absorption spec-
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trophotometre after a wet digestion.
Phosphorus was determined by the
phospho-vanadomolybdate method of
Kitson and Mellon (1944) while the crude
protein in the feeds was determined by the
A.0.A.C. method (1970).

Egg production was recorded and the
feed/dozen eggs was calculated. The egg
weights were obtained daily and the egg
shell weight as well as the egg shell
thickness were determined by the method
of Carter (1974). The calcium content of

absorption spectrophotometry.

After 22 weeks of experimentation, 10
birds from each of the treatments were
killed and the zinc concentration of the
oviduct, kidney and egg yolk .were deter-
mined while the femur calcium was
estimated with the atomic absorption
spectrophotometre after wet- digestion.
The tissues were analysed as they aregen-
sitive indicator of zinc status. The regults
were analysed statistically by the analwsis
of variance and the Duncan’ s mulgiple

the egg shell was also obtained by atomic range test. * *
TABLE 1 o
1 Percentage Composition of Experimental Rations M’:“
R

Components ... 1 2 3 4 5
Maize 66.0 65.6 65.2 64.8 64.4
Groundnut cakc 20.0 20.0 20.0 20.0 20.0
Rice bran 3.0 3.0 3.0 3.0 3.0
Palm Oil 3.0 3.0 3.0 3.0 3.0
Yeast... 3.0 3.0 3.0 3.0 3.0
DCP . 4.5 4.5 4.5 4.5 4.5
Salt ... 0.4 0.4 0.4 0.4 0.4
Minerals and Vztamms (Ad Vl[ forlayers) 0.5 0.5 0.3 0.5 0.5
Methionine L. L. g 0.5 0.5 0.5 0.5 0.5
Oyster shell — 0.4 0.8 1.2 1.6

RESULTS AND DISCUSSIONS

Results of feed analysis and consump-
tion in Table 2 show that the dry matter
the energy and protein in the feed were
relatively constant and that the calcium
level varied at constant dietary zinc level.
Feed consumption values showed that for
the Harco and Amo Kathline birds, intake
increased from low calcium level of 1.7%

to a level of 2.1% and a gradual decline in
consumption accompanied raising dietary
calcium to 2.31%. The analysis of
variance showed significant differences in
feed intake as being due to both the breed
and the rations. Generally the White Rock
hens tended to consume more feed than
the other two strains of layers.

TABLE 2
Feed Data and Consumption

Ration Numbers

1 2 3 4 5
Dry matter (%) 83.0 82.0 82.0 81.6 81.4
Crude protein (%) .. 17.5 173 17.5 17.4 17.4
Metabolizable energy (Kcal/kg ) 2565.3 2551.6 2537.9 2524.1 2510.2
Calcium (%) . 1.7 1.85 2.0 2.16 2.31
Zinc (mg/ lOOg) 16.0 16.0 is 16 15
Phosphorus (%0) sz 1.1 1.2 1.3 1.1 1.3
Av. daily dry matter mtake (gms)
Harco : wa b o 66b 55a 73b 70ab 68a
White Rock 76¢ 73b 79b 75b 76b
Amo ... 59a 60a 65a 69ab 63a

Values denoted by the same alphabet in a vertical line are statistically insignificant at 5% level.
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The different measurements taken on
the eggs produced @:¢ shown in Table 3.
The birds fed ration 1 that had no addi-
tional source of calcium produced the
lowest number of eggs. This was par-
ticularly noticed in both the Harco and
Amo Kathline birds. When the result for
birds in group with 1.84% dietary calcium
was considered an improvement especially
for Amo Kathline and the White Rock
was observed. [Increasing the dietary
calcium to 2.0 and 2.16% in rations 3 and
4 stimuiated more ege production. A look
at both Tables 2 aitd 3 revealed that at low
dietary calcium lesel feed consumption
was low and total cgg production was also
low especially in the Amo birds.
Howzver, increased egg production ac-
companied increased feed consumption.
Also at 2.31% dietary calcium feed con-
sumption and egg production were not
improved over 2.16% dietary calcium.

This observation agrees with those of
Nevalainen (1969); Roland, Sloan and
Harms (1972), that high supplementation
of dietary calcium tends to depress feed
intake and that dietary 2.5% calcium
stimulated more feed consumption in
hens than 3.5%.

Feed efficiency was measured in terms
of feed required to produce a dozen egg.
Birds on low lévels of, dietary calcium
especially those in group 1 had high feed/
dozen egg values thus indicating a low
feed efficiency in this regard. It is con-
ceivable that the hens had to withdraw
calcium from more feed for deposition in
the egg as the calcium level of the feed was
low. However, since feed consumption.:
was low, the egg production was corres-
pondingly low and inefficient. Higher
levels of dietary calcium at constant zinc
level of 16mg/100gm of feed improved
feed efficiency for egg production.

Tapie3
tgg Introduction and Quality of Eggs From the Experimental Birds

Strain*

Treatrments

! 2 3 - 4 5
Av. egg production pet bird for 22 weeksH 62a 65a 88b 106¢ 87b
w 77a 92k 96b 99bce 107b
A 40a 85b 90be 94c 79b
Feed/deren eous (ky) . s ; v H 2.64a 2.39¢ 1.67¢ 1.62¢ 1.22d
W 2.32a 1.94t 1.64¢ 1.66¢ 1.32d
A 3.27a 1.63t: 1.80¢ 1.62b 1.50d

Ay, egg weight (gms) .. L. ...H 57.97 58.40 58.60 56.65 61.71

W 52.19 55.94 55.71 55.62 54.58

A 50.93 56.89 60.46 63.26 58.73
Av.eggsheliwoieht(gms) ...  ...H 4.29a 4,76k 5.04c 4.94¢ 5.12¢
W 4.70a 4.53h 5.33b 5.35b 5.36b
A 3.85a 5.00b 5.54¢ 5.43bc 5.35b
Mean egg shell thickness (mm). .. : wsk¥ .276a 312k 315b .328¢ .348d
W .284a 314k .370¢ .363¢ .378¢
A .265a .326b .345¢ +335¢ .343¢

*H = Harco, W = White Rock and A = Amo Kathline.

The results for the egg weights showed
that lighter eggs were produced when
1.7% calcium and 16 mg/100gm of zinc
were fed. The difference between 1.85,
2.0, 2.16 and 2.31 calcium at the same
level of zinc used in the experiment were
not statistically significant. Also eggs
from the Amo Katheline and the Harco
birds tended to be heavier than those from
the Whiie Plymouth Rock aithough the
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differences were statistically insignificant.

The study of average egg shell weight
showed that it increased until 2.0%
calcium was present in the ration. The
highest value of 5.54gms was obtained for
the Amo birds on ration 3 (2.0% calcium
while the lowest value 3.85 was also for
the Amo birds on 1.7% calcium diet ra-
tion 1). Thus differences existed as a
result of both breed and dietary calcium
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at 16mg zinc per 100gm diet. The Dun-
can’s multiple range test revealed that ra-
tions 3, 5 and 2 were significantly dif-
ferent from ration 1 but no differences
were observed between rations 3, 4 and 5.
This observation agreed with that of
Bragg, Floyd and Stephenson (1970) that
dietary calcium restriction result in redu-
ced egg shell weight.

Measurement of the egg shell thickness
showed that increasing the levels of
dietary calcium at the level of zinc used
resulted in. improvement of shell
thickness. Statistically significant dif-
ferences were obtained between the ra-
tions and the breeds while the Duncan’s
multiple range test revealed that calcium
levels of 2.0, 2.16 and 2.31% aided better
egg shell thickness than 1.7 and 1.85%
dietary calcium. Also the muitiple range
test showed significant differences bet-
ween White Rock and the Harco birds
especially at 2.0% calcium and above.

Table 4 shows the amount of calcium
deposited in the egg shell and in the
femur. High dietary calcium increased the
egg shell content of the mineral and birds
given 1.7gm of calcium had the least
amount of the mineral in the shell. The

analysis of variance showed differences
between the Rations and from the Dun-
can’s multiple range test it was shown that
dietary calcium levels of 2.0, 2.16 and
2.31% were significantly different {rom
1.7 and 1.85%. Furthermore, it was clear
that optimum dietary calciumn needed by
the laying hen would be about 2.0% and
that higher levels do not improve the shell
quality further, indeed wastage would en-
sue.

plemented diets had lower meisture con-
tent (25-~29%) than those of the unsup-
plemented group. The levelggt calcium in
the bone can be explained usin@'the obser-
vation of Mueller, Schraer and Schraer
(1964) that depletion of the femur calcium
accompanies deficiency of dietary calcium
in the laying hen, Thus the more adequate
the ration is with respect to calcium the
higher, within limits the caicium content
of the femur. This phenomenon could be
observed in the experimentai groups of
birds and it is thus confirmed that dietary
calcium supplies only part of the calcium
needed for egg shell as obscrved by Drig-
gers, Shirley, Davis and Mehrhoff,
(1951).

Tasix 4
Calcium Deposition in the Egg Shell and Femur (gms)

Strain Rations
2 3 4 5

Egg shell calcium ..H 1.73a 2.03b 2.19¢ 2.14¢ ™ 2.24d

W 1.86a 2.0la 2.28b 2.19b 2.27

A 1.53a 2.05b 2.37¢ 2.35¢ 2.361
Calcium in Femur . .H 0.89a 1.23b 1.38¢ 1.10b 1.29b

w 0.85a 1.13b 1.09b 1.49¢ 1.49¢

A 0.91a 1.34¢ 1.21b 1.10b 1.29bc

The amount of zinc present in selected
organs of the experimental birds are
shown in Table 5. The liver zin¢ concen-
tration was expressed as a fraction of the
fresh weight of the liver. The differences
between ‘the calcium levels and zinc ac-
cumulation in the liver were not signifi-
cant but differences occurred as a result
of the strain of the laying hen. In most
treatments, the Amo Kathline birds
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deposited more zinc in the liver than the
White Rock which also had more liver
zinc than the Harco birds. This finding
did not agree with those of Lewis,
Hoekstra and Grammer (1957) that in-
creasing dietary calcium depleted liver
, calcium. The contrast could be due to the
low level of zinc (3.5—7.0mg/100g
sample) fed by earlier workers when in-
creasing dietary zinc in the liver of zinc



Zn/Ca RATIO IN LAYERS MASH

deficient birds. -

In the kidneys, increasing levels of
dietary calcium résulted in reduction of
zinc accumulation. The differences were
significant for the rations regardless of
the strain of laying birds. This was similar °
to the result of Bronner and Thomson
(1961) who observed that the kidney
resorbs about 98% of the filtered calcium
but excretes the zinc more than the liver
does. Like the kidney, inverse relationship
existed between dietary calcium and the

total zinc of the oviduct. There was no
breed effect on these differences. Inverse
relationship also existed between the
dietary calcium level and the egg yolk zinc
especially above 2.0% dietary calcium.
This agreed with the observation of
Kienholz (1961) that dietary calcium had
no profound effect on the zinc content of
the egg yolk when adequate calcium was
fed but that high levels of dietary calcium
aided appreciable decline of zinc in the
egg yolk.

TABLE §
Zinc in Qrgans of Laying Hens Fed Graded Calcium

Strain Rations
Total liver zinc (fraction of fresh wt. 1 2 3 4 5
R H .063 .047 .049 .042 .041
piliver) w 056 059 045 062 043
A 067 077 051 .076 061
Totat kidney zinc (fraction of fresh wt.). H .055a 051b .046¢ .048¢ .042¢
W .056a .052a .049b 041c .036¢
A .054a .050a .054a .043b .031
To:al Oviduct {fraction of freshwt.) ... H 04la .023b .029¢ .022b .021b
W .024a .037b .028b 0276 .027b
A .055a .033b .024¢ 030b ,022¢
Egg volk zinc {mg.) .H 1.180a 1.123a 1.283b 0.880c 1.000¢
w 1.183a 1.245b 0.973¢ 1.118a 1.110a
A 1.155a 1.153a 1.055b 1.335¢ 1.283¢
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