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Efttects of calcium, protein and fat on dietary selection,

growth rate and bone development of the choice fed broil-

er chick.

M.M. Kiael X

INTRODUCTION

A complete diet based on the average nutrient requir-
ement of a whole flock is commonly fed to poultry which
preclude self selection of nutriets. It is formulated
and balanced to meet the average nutrient requirements
of the birds, for the period during which the food 1is
used.

A balanced diet 1s defined as a diet on which birds

can satisfy their nutritional requirements as efficien-
tly as possible. The nutrients have therefore to be pro-
vided in the correct proportions for the birds.

Nutrient requirements are influenced by strain, age,
sex, environmental temperatures and rate of growth/egg
output. For instance, within and between breeds, 1ndivi-
dual birds grow at different rates and fast growing
birds require more protein per unit of enexrgy in their

diets than slow growing birds. With complete diets aill

* Department of Animal Nutrition and Breeding, Faculty

of Veterinary Medicine, University of Tehran.



Gi‘:};'“ldgd !S:n.L)f:A_L?_w 2y

birds have to receive the same proportions of protein a
and energy which are based on the average requiréments
of the flock.

Under these conditions rapidly growing birds will
have a shortage of protein or amino acids, and the slow
growling birds will have excess.

Environmental temperature 1s another factor which

influences the optimum balance of energy and protein.At
low environment temperature birds have a higher require-
ment for enerqgy, and feed intake 1ncreases accordingly,
consequently protein intake 1s also increased. Ideally
the level of dietary protein should be related to envi-
ronmental temperature, so that protein intake 1s consta-
nt at any temperatures. This, however, would not be pra-
cticable. The problem then 1s how to feed poultry effici-
ently when there is such wvariability in the optimum nu-
trient concentration reqguired for growth and other forms
of production.

It has been suggested (Michie, 1977) that the problem
would be solved by giving birds a choice of two types of
food, one higher in protein, and the other higher in en-
ergy, and allowing them to balance their intake accordi-
ng to thelr requirements. From the economic point of
view, free choice feeding offers certain benefits to
producers. Karunajeewa (1978) reported that feed proces-
sing costs were reduced when a whole cereal was used as
a source of energy and the birds' own grinding mechanism

was utilized. There was no reduction 1n egg output with
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this system of feeding. It has been shown that free choi-
ce feeding of grain and a higher protein feed may permit

a more efficient feeding of nutrients in poultry (Emmans,

1975).

This system of feeding was popular many years ago
but was abandoned in favour of complete feeds, probably
because 1t was easier to automate the delivery of one
feed to birds.

From the foregoing discussion, i1t can be generally
concluded that free cholice feeding has several advanta-
ges. Emmans (1979) has gone as far as concluding that
this particular feeding system i1is the only way of improv-
ing on the present methods of feeding (complete diet
given ad libitum).

However, 1t appears that the full potential of choice

feeding cannot be exploited until 1t 1s fully understood.

There are apparently many factors which i1nfluence diet
selection by poultry, some of which are largely unknown.
It was for these reasons that the present study was unde-
rtaken.

The purpose of this study was to investigate the ef-
fect of dietary calcium and protein levels and fat sour-

ces on diet selection, growth rate and bone development

of the female broiler chicken.

Material and Methods:

S1xX hundred day old Ross 1 female broiler chickens

were reared as one group, on wood shaving litter 1n a
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windowless, controlled environment house.
Two brooder units were used as a source of heat.
Each unit had two electrically heated tiers. The initial
brooding temperature was 33Oc. reduced by 3Oc weekly un-

til 1t remained constant at l7oc.

The chickens were fed on broliler starter crumbs (208

g crude protein and 12.0 MJ ME/kg) .Initially 10 small

feeders (starter trays) and 12 drinkers were used; at 7
days old an extra automatic drinker was added and feeders
were changed to a bigger size.

The photoperiod was adjusted to 23 hours and 30 minu-
tes each day.

At 21 days of age 540 chickens were selected, wing
banded, transferred to the second controlled environment
house, and distributed between 36 rearing cages (15 birds
1n each cage) according to a randomized plan.

The house had two stacks of three tier cages, of
which each tier was divided into six sections, to give
twelve groups at each tier level 1n the house.

A randomized block design was used, and each of
twelve Treatment (according to the twelve diets)alloca-
ted randomly to the groups 1n each tier level, which thus
Formed the block.Each replicate contained 15 chickens.

Three levels of calcium (7.5, 15 and 22.5 g/kg),two
levels of protein (205 and 300 g/kg), two sources of fat
(saturated (S) and unsaturated (U), and two levels of
fat (0 and 50 g/kg) were used to formulate twelve diets.

The levels of other nutrients were adegquate(Table 1).
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The twelve diets and treatments were as follows:

Diet(and treatment)no. Fat Protein Calcium
(g/kg)  (g/kq) (9/kg)
1 0 205 7.5
2 O 205 15
3 0 205 22.5
4 50u(l) 205 7.5
5 50u 205 15
o 50u 205 22 .5
7 508 (2) 205 7.5
38 508 205 15
9 505 205 22.5
10 50u 300 7.5
11 50u 300 15 ’
12 50u 300 22.5

(1) unsaturated, (2)

saturated

The drinkers were automatic. Balancer was supplied

at the central food trough,

and whole wheat at the side

food troughs in each cage. The birds had free access to

both food troughs and were allowed to select their own

diet 1n a two-choilice situation between whole wheat and

balancer.

Both food and water were supplied ad libitum.

Regulated quantities of flint grit were supplied initial-

ly on food starter trays and then from 21 days of age

in each food trough.

The birds were weilighed at 3,4,5,6,7 and 8 weeks of



Lssﬁt}ﬁldgadiijldg% 6__;,

age. Food consumption and mortality were recorded and
consumption was adjusted for mortality.

At 8 weeks of age 3 chickens were taken at random
from each cage and slaughtered. The muscular layers cove-
ring the tibia were removed, as closely as possible,with
a scalpel, then x-rayed; their length and midshaft diame-

ter were measured directly from x-ray film. Connective

and soft musculax tissues were finally removed by boiling
the bone in a 1% solution of sodium hydroxide, for about
ten minutes, then the tibia was thoroughly washed, dried
ln an oven at lOOOC overnight. The cooled tibla was wel-
ghed and ashed at about 6OOOC. The weight of the ash was

expressed as a percentage of the weight of the dried
t;bia.
Statistical analysis

An analysis of variance was carried out for the body
weight, food intake, growth rate, food conversion ratio,
whole balancer 1ntake, whole wheat i1ntake, percentage
whole wheat intake of total food intake, protein intake,
calcium intake, length, width and ash percentage of the
bones, at 8 weeks old. Comparisons among treatments were

tested using L.S.D. test. Either one factor or more were

included in the analysis of variance table appropriate.
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wheat 250

Grcund
Taize

whiite fish
T2

164L4.2

Sova Toan

Corn oil -
Tallow -

b | " Fy J
P4amin/

v
mineprn

1
supp (1)

Lyeine

ME (MJ/ke) 11.5

Crude

protein 20h .4

(s/ke)

calcliun

(&/Ks) [k
. |

Ayallable P

(s/ k) 6.7

rat

Calcium

Ynosphorus

1557.1

171.4

L2 .8

90.0

Table 1
3 L
571.4 {L472.8
164 .2 71 .4
171 .4 71 .42
U5.7Y 1234 .42
- 50
7.1k 7 .14
- 0.551
- 12 .14
31.0 0.371
1l.47 1.L2
7.67; 78,323
11.5 11.5
205.L4 | 205.4
22 <5 7.5
6.7 6.7

L4L82.85
71.42
114 .28

168 .57
50

7.1

0.342

6.74

16.57
1.42
8C,66

11.5

205.4

15.0

209.8

63.7
12.5
8.6

(1) Concentrations (per kg vitamin-mineral supplement) :

Vit A 10 miu

Vit D 2 miu
Vit E 5 g
Vit B2 4.5 g
Vit B 8

12 -
Vit K 2 g

Nicotinic acid 24 g

Pantothenic acid 9 g

Choline chloride 320 g

Thiamine 0.5

g

Pyrodoxine (Vit B6) 0.5 g

Treatment

6 7 8 9 10
LB2.85 498,28 (508.0 508.0 2L .0
71.L2] 71.42 71.4L42 f1.42 71.L2
114.281 71.L2 (114.28 [114.28 71.42
168 .57 {228.57 (162 .85 (1€2.85 495,14

50 - - - 50

- 50 50 50 ~
7141 7.14 7 .14 7.104 7.104
0.28 0.528 O.31lL 0.314 1.42
6.74 | 12.07 6.71 6.71 9.71

8.0 O.414j 16.61 38.0 0.0714

1.2 1.42 1l.42 1.42 -
59.30 | 58.73 | €1.25 | 39.86 | 19.67
11.5 11.5 11.5 11.5 11.5
205.4 | 205.4 205.4 205.4 300.0
22 .5 7.5 15.0 22.5 7.5
6.7 6.7 6.7 6.7 6.7
20l.4 | 211.4 2C2 .6 204 .4 290.1
63.5 61.3% 68 .4 69.32 71.7
1€ .4 10.2 13.5 25.9 8.4
8.6 9.4 9.6 9.7 9.6

Folic acid 0.25 g
Zzinc 50 g,

Manganese 80 g,

Cobalt 1 g,

ITron 30

1g'

Methionine 600 g

Composition of experimental foods

Iodine 1.5 g,

1l

1283.57

71.L2
114 .28

429 .52
50

.14

1.214

L4.28
16.28

22 .39

11.5

300.0

15.0

270.5

6L .3
13.6

Copper 10 g,

Selenium 0.1 g,

Antioxidant + Pyzone (nitrovain) 10 g

Zinc Bacteracin 10 g

12

283.57
71.42
114.28

L4L29.42
50

7.14

1.214

L .28
3772

0.95

287 .2

70.5
29.5
10.5




RESULTS

FF values are given 1in Tables 2 and 3. Comparisons

between treatment means are given in Tables 4 and 5 for

the following variables: final body weight (FBW) at 56 d

of age, growth rate (GR), total food intake (TFI), food
conversion ratio (FCR), balancer intake (BI), proteiln
intake (PrI), calcium intake (CaIl), whole wheat Intake
(WI) and percentage of wheat 1n total food Intake (pWI)
for the period 21-56 4. Bone ash percentage (B. Ash),
bone length (B. length) and bone width (B. width) at

the end of the period are also included. The analyses
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for Tables 2 and 4 involve the calcium and fat treatments,
Tables 3 and 5 calcium and protein, and Table 6 presents
a comparison of all treatments.

Figures 1,2 and 3 show the body weight of the chicke-
ns weekly from 21 to 56 days of age for the different
treatment according to the levels of protein (Fig. 1),
fat (Fig. 2) and calcium (Fig. 3). Figures 4,5 and ©
show whole wheat intake as a percentage of total food
intake on a weekly basis according to the levels of die-

tary protein (Fig. 4), fat (Fig. 5) and calcium(Fig.6).

Initial body weight
There were no significant differences in body weight
between chickens 1n the different treatments when the

experiment started at 21 d of age (Table 0).

Final body weight

It 1s shown 1in Tables 2 and 3 that there were no
significant differences in final body weight between
treatments at 506 d of age except treatments which recei-
ved saturated fat in their balancers (Table 4). Their
final body weight was significantly higher than treatme-

nts with no added fat in their balancers.

Growth rate
All treatments appear to have an i1dentical effect

on growth rate, except those which received saturated

!

fat in their balancers (Tables 4 and 5). Their growth

rate was significantly higher than treatments with no
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added fat in their balancers.

Total food intake

The level of protein in the balancer significantly
affected total food intake (Table 3). The birds in low
protein balancer (LPB) had a significantly higher intake
than those on the high protein balancers (HPB) (Table 5).

There were no significant differences between treatments

which involved balancers with different levels of calcium

and different sources of fat (Tables 4 and 5).

Food conversion ratio
Different balancers significantly affected FCR.

Treatments with high levels of calcium under different
sources of fat (DF) had higher FCR than medium and low
levels of calcium (Table 4). No significant differences
were observed between treatments with different levels
of calcium under different levels of protein (DP) (Table
5) .Treatments with HPB gave more efficient feed utilisa-
tion Than LPB (Table 5). There were no significant dif-
ferences between saturated and unsaturated fats and both

were significantly better than treatments which -received

balancers without fat (Table 4).

Total balancer intake

Tables 2 and 3 show that different levels of calcium
in both conditions (different levels of protein and dif-
ferent sources of fat) significantly affected TBI. No

significant differences were found between treatments
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with low and medium levels of calcium (under differentm
sources of fat) which were significantly higher than high
calcium treatments (Table 4). Also, no significant differ-
ences were observed between high and medium calcium trea-
tments (under different levels of protein), which were
significantly lower than low calcium treatments(Table 5).

Although TBI was higher 1n low protein than high pro-
tein treatments, there were no significant differences
between them (Table 5).

Treatments with saturated fat had a significantly
higher TBI than treatments with unsaturated fat.However,
there were no significant differences between treatments

wlith no fat and treatments with saturated or unsaturated

fat (Table 4).

Total wheat i1ntake

As 1s shown in Table 4, no significant differences

were found between treatments with low and medium levels
of calcium (under different sources of’fﬁﬁj*which were
significantly lower than high calcium treatments. Also
no significant differences were observed between medium
and high calcium treatments (under different levels of

protein) which were significantly higher than low calci-

um treatments (Table 5).
TWI for low protein treatments was significantly
higher than for high protein treatments (Table 5).

Treatments with saturated fat gave a significantly

lower TWI than treatments with unsaturated fat.However,
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there were no significant differences between treatments
with no fat and treatments with saturated or unsaturated

fat.

Whole wheat 1ntake as a percentage of total intake
The type of balancers given to the birds significan-

tly affected PWI at P 0.001 (Tables 2 and 3). There were

no significant differences between treatments with low

and medium calcium (under different sources of fat) ,which
were significantly lower than treatments with a high
level of calcium (Table 4). Also no significant differen-
ces were observed between treatments with medium and

high level calcium (under different levels of protein)
which were significantly higher than low calcium treatme-
nts (Table 5).

Although PWi was higher with low protein treatments,
there were no significant differences between them
(Table 5).

PWI for treatments with unsaturated fat was signific-
antly higher than with saturated. There were no signifi-
cant differences between treatments with no fat, and

treatments with saturated or unsaturated fat (Table 4).

Total protein intake

The treatments affected the protein intake(Tables 2
and 3). Under different sources of fat, no significant
differences were found between low and medium calcium
treatments (Table 4).

Under different levels of protein, no significant
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differences were found between medium calcium and high

calcium treatments, which were significantly lower than

low calcium treatments (Table 5).

TPI for high protein treatments was significantly
higher than for low protein treatments (Table 5).

Treatments with saturated fat gave a significantly
higher TPI than those with unsaturated fat or no fat.No

significant differences were observed between treatments

with unsaturated fat and treatments with no sources of
fat.

Total calcium intake

Type of choice offered significantly affected calcium
intake at P 0.001 (Tables 2 and 3).

With either different sources of fat or different
levels of protein, high calcium treatments had the high-

est calcium i1ntake, which was significantly higher than

with medium and low calcium treatments. Also in the medi-
um calcium treatments (under both conditions) the calcium
intake was significantly higher than the low calcium
treatments (Tables 4 and 5).

Different sources of fat and different levels of

protein appear to have had identical effects of calcium

intake (Tables 4 and 5).

Bone ash

Different levels of calcium (under different levels
of protein or different sources of fat) appear to have

had an identical effect on bone ash. Bone ash with the
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TABLLE 6 A summary of the results between 21-56 davs of s
MMW the different treatments treatment menns

2

s *a

Fat O Fat O Fat U Criticsal
Diets cp L CP L CP L differences
Ca L Ca M Ca H
AHnua»mH bodyweight {(kg/b) 0.564
| ﬁmwnmw bodywelight (kg/b) 2.230
lm | Growth rate (g/b/q4) 47.53
Mu ' Total food intake (g/b/d) 126.68 |
=) | | Food converston ratio 2.663 2.52 2.53 | 0.0299 C.062 o
| Balancer intake (g/b/d) 55 .86 53 .95 53.12 | L.247 8.79 “he
Whole wheat intake (g/b/d) 76.61 63.933 | 65.23 | L.272 8.84 “os
Whole wheat intake (1) 55.90 s, .21 55.1 3,336 6.9 Ty
mn mwﬂoﬂman intake (g/bv/d) (2) 22 .83 22.71 | 0.609 126 e
_ﬂwo Calcium intake (g/b/d) (2) 0.83 y .02 1 0.071 0.1L8 e
Bone ash (U4) 51 .30 50.37 |1.21 2 .50 | n.s.
Bone length (5) 11.11 11.21 ]0.195 0 .40 I N.S.
Bone width (6) 7.27 7.5 ]13.8 7.88 N.S.

(1) Percentage of total food intake

(2) Asscssed frem calculated values

(3) NS (not atatisticelly mhmn:_pnmz@. * = P 0,05, «* = P < 0,01, *** = P { 0,001 -~
(4) Fercentage of dry bone weight, (5) centimeters, (6) millimeters

Ammowﬁnwcnmvﬂoﬁmw:v.om Mnmwn»cav- oﬁuozmcwvwmambﬁnnhmﬁu.cﬁs:mmﬁﬂﬁmﬁn&wmﬁu.mﬁmmﬁcﬂmanﬁhmﬂv.
L (low), M {(medium), H (high)
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low protein treatments was significantly higher than

high protein treatments (Table 5). Bone ash for the trea-
tements with unsaturated fat was significantly higher than
than for the treatments with saturated. However, no signi-
ficant differences were found between treatments with no

fat and treatments with saturated or unsaturated fat

(Tables 4 and 5).

Bone length and width

There were no significant differences in length and

width of the bones, between treatments (Tables 4 and 5).

DISCUSSION AND CONCLUSION

Comparing the factors examined calcium level of the
balancers had the greatest effect on food preferences.An

interesting point on diet selection 1s that the birds

react to change in dietary calcium level by eating a
higher proportion of whole wheat as the calcium level
increases (Tables 4 and 5). This 1s consistent with the
birds' avoiding to some extent excess calcium intake, a
result in agreement with the finding of Wood-Gush et al
(1966) That chicks are able to form a specific appetite
for calcium.It also supports Emmans(1979) ,who found that
with pullets given a choice between whole barley and a
complete diet given a choice between whole barley and a
complete diet(three calcium levels x two protein levels),
the percentage of total food intake consumed as whole bar-

ley increased as the level of calcium of the complete diet
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increased.

It appears that choice fed birds on the medium calci-
um (M. Ca) treatment utilized their food more efficiently
than those on the low calcium (L. Ca) and high calcium
(H. Ca) treatments. This is true under both conditions,
different levels of protein and different sources of fat

(Tables 4 and 5). The birds on L. Ca had to consume more

balancer to compensate for calcium levels, and birds on
H. Ca had to consume more wheat to change the calcium
level of the diet, which resulted i1n a poorer food con-
version in both cases.

Birds choice fed on H. Ca decreased their balancer
intake and this was reflected i1n a poorer protein intake
than with L. Ca treatments. When H. Ca and L. Ca treatme-
nts are compared with M. Ca, 1t can be seen that balancer
consumption by the birds on L. Ca was insufficient to
give an adeguate intake of calcium, as i1t was 1n M. Ca
treatments, while the birds on H. Ca overconsumed calcium

It seems that the birds have formed a specific hung-
er for calcium, but this 1s not the only factor influen-
cing their food selection.

Dietary calcium at highest level was not adversely
affected on welight gain and it could be reduced to the
lowest level without depressing growth rate (Fig. 3).
Tables 4 and 5 indicated that despite differences in
calcium intake, there were no significant differences
in bone mineralization and development. This result 1is

in agreement'with the finding of Lillie et al (1964) ,who



"W—23J Vet Fac. Univ Teheran, Iran 43(1,2,3, and 4) :1988

reported no significant differences in the percentage of
bone ash of the tibia in broillers receiving different

levels of dietary calcium.

It can be concluded from the results obtained that
a calcium intake of 0.5 g/b/d is sufficient to support
maximum growth and calcification of the bone as well as
calcium intake up to 1.3 g/b/d in the broiler chicks.

Birds choice fed on whole wheat and low protein
balancers (LPB) and birds on whole wheat and high protein
balancers (HPE) appear to have similar growth rates.
Chickens on the low protein feeds selected diets which
allowed them to maintain growth rate as high as those
on high protein. They consumed more food than those on
HPB which was due to higher wheat intake, and reacted to
a higher protein content by eating a lower proportion of |
wheat (Fig. 6). This finding confirms the earlier report

of Emmans (1979).

It seems that birds on LPB have to increase their
balancer i1ntake to compensate for the low protein concen-
tration of the balancer, but at the same time they have
to increase their whole wheat intake to alter the calci-
um level owing to their higher intake of balancer (Table
5). This is reflected - in a higher total food intake,and

significantly poorer FCR than with the HPB treatments

(Table 5).

Despite the influence of protein levels on the pro-
portion of balancer and wheat intake 1t appears that

calcium levels play a more effective role in dietary
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selection by chicks.

As 1llustrated (Table 5) there is no difference
between bone growth characters at different levels of
protein exXxcept bone ash, which is higher on low protein

than high protein. Although 1t might be contrary to the
general finding that calcium absorption is most efficient

when the diet contains an adequate level of well-balanced

protein. The result supports Biliely et al (1966) who found

that the bone calcification of the broiler chicks was
greater on low protein diets than on high protein. They
concluded that the higher calcification at the lower
level of protein 1s associated with the lower efficiency
of feed conversion and the consequently greater amounts
of calcium ingested per unit 1ncrease 1n body weilght.
However, 1in this case no relationship between calcium
ingestion and bone ash are found and the reason for dif-
ferences 1n bone ash percentage at different levels of
dietary protein 1is not clear.

When the birds which received no fat in their balan-
cers (OFT) are compared with other treatments receiving
either unsaturated fat (UFT) or saturated fat (SFT) ,bir-
ds on SFT grew most rapidly and birds on OFT grew most
slowly (Fig. 2). Thils result shows rather clearly the
differences in the ability of various fats to promote
growth 1n the chickens. It appears that birds on SFT
and UFT utilize food more efficiently than birds on OFT
(Tables 2 and 4). It also supports the finding of Edwar-
ds et al (1960) that fat supplemented foods are used
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more efficiently than unsupplemented food, when given to
chicks. However, there were no significant differences
between groups fed the wvarious sources of fat.

From the dietary selection point of view, 1t seems
that the birds prefer saturated fat to unsaturated fat
supplemented diets. They also prefer supplemented fat to
non-supplemented diets, by eating a higher proportion of
balancer while no significant differences 1in total food
intake are observed. The second part of the result is 1n
agreement with Lewils et al (1955) who found that when
birds were offered a basal diet and one supplemented
with either oil or lard, the supplemented diet was gener-
ally preferred. When the birds were given a choilice betwe-
en lard and corn oil supplemented diets, no significant
differences were observed and consumption of each diet

was approximately equal. However, the first part of the

present result does not support this finding.

The lack of significant differences in bone growth
characteristics under different sources of fat, except
bone ash which on SFT was significantly lower than on
UFT, is illustrated in Table 4. This may be due o the
lower calcium absorption and storage because of the pre-
sence of saturated fat in the diet, as Givens and Mendel
(1917) reported. They found that the absorption and
storage of calcium was decreased when saturated fat was
added to the diet.

In general, food selection 1s apparently governed

by the birds' seeking to satisfy a requirement for calci-
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um by eating a higher proportion of balancer as the calci-
um level decreased and vice versa.

Birds on the LPB treatments had to increase balancer
intake to compensate for the low protein concentration
of the balancer. This was reflected in a high calcium
intake, and consequently an increased wheat intake to
change the dietary calcium level.

It can be concluded that female broiler chicks given
a choice of food are able to select food according to
their requirement for both protein and calcium to achieve
maximum growth rate and to satisfy their physiological
requlirements. However, dietary calcium levels have a
dominant effect on food selection and birds consume in

response to their calcium requirement rather than protein
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