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INTRODUCTION

Poultry production, in India, has gain all through the previous six decades consequently
it has taken a shape of industry. The poultry industry has emerged asthe most dynamic and
fast expanding segment with a growth rate of8.51% inegg and 7.52% in broiler production,
(BAHS,2019) compared to 2.9% for agriculture crops (Economic survey-2019-20). According
to the All India Poultry Breeders Association, poultry adds USD 17.31 billion to India’s total
gross value and tends to give income and employment to a large group of individuals approx.
50 million people. The high growth has placed India at third position, after china and
USA with aproduction of 103.3 billion eggs and fourth after USA, China and Brazil with
a production of4.1 million tons of broiler meat (BAHS, 2019). The increase in consumer
demand for chicken, which is driven by both income and consumption, is one of several
important drivers supporting the recent expansion of the Indian poultry market. Changes in the
price of chicken meat in comparison to other items. Production costs, marketing margins, and
consumer poultry meat pricing have all decreased as a result of vertical poultry production
integration and suitable marketing methodology. Poultry feed holds an important place in the
global meat industry as it is an essential contributor to the overall growth of poultry. According
to the Alltech feed study, commercial feed output in the nation reached approximately 39
million metric tonnes in 2019, with poultry feed accounting for nearly 24.9 million metric tonnes
having the highest shares and Ruminants came in second with 11.6 million metric tonnes and
2.5 million metric tonnes share includes aquaculture, swine and others. Feed account over
65- 70 % of the total cost of poultry production and the major means of manipulating poultry

profitable. Because feeding costs are the most significant limitation in the chicken industry,
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every effort is made to preserve feed quality, keep feed costs as low as possible, and convert

every last bit of feed into food for people.

Turkey (Meleagrisgallopavo) occupies an important position after Chicken, Duck,
Guinea fowl, and quail contribute the fastest-growing industry, which helps to improve the
nutritional and economic status of a diverse population. Turkey farming is quite suitable for
economic and social up-liftment of small and marginal farmers as the birds can be easily reared
in free range or intensive system with minimal investment for housing, equipment and
management. In India, turkey farming is a viable alternative to the production of chickens. And
nowadays gaining popularity in India which is suitable for commercial meat production and it
can be also raised for egg production and as a pets. Meat of turkey well-known for its
leanness, delicacy among the domestic poultry species. There are some limiting factors like
non availability of high yielding germplasm for rural people, availability of low cost feedstuffs
and lack ofknowledge to prepared least cost feed formulae. Turkey meat productivity can be
measured not only by live body weight, growth performance, and feed conversion, but also by

slaughter features such as slaughter yield and weight of edible components. (Oblakova, 2004).

Because of improved performance, variations in nutrient availability, interactions of
different nutrients at sites of absorption and metabolism, and generating specialized designer

products, maximizing and updating poultry nutrient requirements is a continuous struggle.

Calcium (Ca) is a major element found in the body in largest quantity. About 99% of
body calcium is present in bones as structural component of skeleton system, while remaining
1% calcium is present in soft tissues and body fluids. Calciumis involve in various physiological
functions like helps in coagulation ofblood and liberation of insulin, regulate acid-base balance,
excitability of nerves, permeability of cell membrane, heart beat and muscle tone and activates
digestive enzymes. It is essential component of eggshell in laying hens. A dietary deficiency of
calcium causes growth retardation, reduced feed intake, increased BMR, rickets or
osteoporosis, abnormal posture and gait, decreased activity and sensitivity, susceptibility to
internal hemorrhages, reduced life span, increased urine volume, tetany, decreased egg
production and reduced shell thickness which may bring to huge economic losses in the turkey

production.

Effect of feeding varying dietary calcium and phosphorus levels on the growth performance and.... 6
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Similarly, phosphorus (P) is a critical and highly expensive mineral in poultry diet which
is extremely important in several bio-functions such as acid-base balance, cell-oxidative
phosphorylation, egg shell formation, energy transfer mechanism, skeletal development etc. A
dietary deficiency of phosphorus causes loss of appetite, weakness, growth failure and rickets

as in calcium or vitamin D deficiency.

With change in genetic make-up and the managemental practices for the fast growing
and high yielding turkey, it is possible that the requirement of calcium and phosphorus for
modern rapidly growing genotypes are higher than in the past. Efforts have been made by
several researchers to define the calcium and phosphorus requirement for growing turkey but
with variable results. Calcium and phosphorus requirement-related studies have been concerned
with birds maintained under temperate conditions and it is quite possible that these results may

not be applicable to the birds reared in tropical environments .

It is therefore, considered worth-while to undertake the present work on effect of
feeding varying dietary levels of calcium and phosphorus on growth performance and skeletal
health of CARIVIRAT growing turkey with following objectives.

> To optimizing dietary calcium(Ca) and phosphorus (P) requirements of
CARIVIRAT growingturkey considering growth and skeletal health.

> To study the blood biochemical characteristic variables or parameters as
influenced by different dietary calcium and phosphor usconcentration in growing

turkey.

&5 25 25
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REVIEW OF LITERATURE

When nutritionists consider the need for mineral supplementation, they must consider
anumber of factors, each of which may need modifications in the birds’ requirements. Breed,
sex, Managemental practices, developmental growth of the birds, stress, and diseases are
some ofthese elements. Nutrients, energy levels, manufacturing, storage and mineral sources
are all aspects that affect the feed. Only a few studies have been conducted to estimate the
ideal levels of calcium and phosphorus for growing turkeys, compared to other nutrients, and
there is a wide difference in their requirements. Most ofthe levels recommended by the NRC
(1994) were based on previous studies that were conducted under controlled conditions and
used the minimal levels to avoid deficiency signs, rather than evaluating the optimal performance
under field challenge situations. Furthermore, current breeds have faster growth and production
rates, as well as higher dietary needs, in order to fully express their genetic potential. Other
parameters, including as immunity, animal welfare, carcass features, and so on, are currently
being evaluated to establish calcium requirements. Several investigations have been undertaken
on the requirement of Ca & P in diet of growing turkey particularly for birds reared in temperate
zone of the world but such reports seems to be relatively meager for growing turkey under
tropical climate. Amassing of the scattered literature into one string has been tried and presented

briefly here under.
2.1. Requirements

Diet formulating to meet the minimum requirement of calcium and phosphorus for

growing turkey is a complex task, which needs a large number of interacting factors to be
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considered, otherwise any one of which can influence the bird’s calcium and phosphorus

requirements.

NRC (1994) has stated that 1.2 and 1.0% calcium and 0.6 and 0.5 % phosphorus
required in the diet of growing turkey during 0-4 and 5-8 weeks, respectively, for optimum
growth performance. Similarly, ICAR (2013) stated that 1.2 and 1.0% calciumand 0.55 and
0.50% phosphorus required in the diet of growing turkey during 0-6 and 7-12 weeks of age,
respectively for optimum growth performance. Motzok and Slinger (1948) reported that
considering growth and bone ash in growing turkey during 0-5weeks ofage, the best results
were obtained when the ration contained approximately 2.0% calcium and 1.0% phosphorus.
Nelson et al. (1960) reported that diet fed containing 0.8% Ca and 0.8% P were found
sufficient for maximum growth performance of female turkey during 8-24 weeks of age. Formica
et al.(1961) reported that when fed a diet containing 0.81 percent calcium and 0.65 percent
phosphorus, day old broad breasted bronze turkey poults grew normally to 8 weeks of age
and had normally calcified bones. From 8 weeks to market age, broad breasted bronze turkeys
developed normally on a ration containing 0.83 percent calcium and 0.56 percent phosphorus.
Authors also suggested that addition of minerals to the growing ration did not improve
performance. Sanders et al. (1992) conducted two experiment to determine Ca and phosphorus
requirements of very young turkey by response surface analysis and reported that Ca of 12.5
g/kg was determined to be optimal for growth. and phosphorus requirements were estimated
10.0 g/kg feed , during 0-16 d growth periods. Authors also reported that for maximum bone
ash in the regression analysis indicates13.0 g Ca/kg and 10.2 g total phosphorus were required
for 0-16d growth periods. Atia et.al.(2000) reported that growing turkey during 4-16 weeks
ofage required 1.0 % calcium with 0.37% available phosphorus and 500 FTU/kg phytase
enzyme for optimum growth performance. Hocking et.al.(2002) reported that maximum body
weight of growing turkey was obtained with a dietary calcium concentration of 10 g/kg and an
available phosphorus concentration of 3 g/kg from4 — 13 wks of age. Tatara et.al.(2011)
suggested that dietary calcium needs of growing turkey is 1.02 and 0.85 % during 0-4 and 5-
8 weeks respectively for optimum growth performance. Similarly, for maximum bone ash

dietary calciumrequired 1.26 and 1.05% during 0-4 and 5-8 weeks respectively.

Effect of feeding varying dietary calcium and phosphorus levels on the growth performance and.... 6
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2.2. Effect on growth performance

The impact of dietary Ca and P on the growth performance of developing turkeys has
been investigated by many workers. Motzok and Slinger (1948) conducted three experiments
on calcium and phosphorus requirement in the diet of growing turkey from 0-5weeks of age
and fed variable dietary calcium and phosphorus levels in the diet in (Expt-1 constant Ca level
(1.6%) with variable P (0.7 to 1.7%), Expt.2 variable Ca (0.9 to 2.3%) and constant P level
(0.7%) and Expt.3 variable Ca (1.2 to 2.0%) and constant P level (1.0%). Based on the
results of 3 experiments authors suggested that considering growth and bone ash in growing
turkey during 0-5 weeks of age, the best results were obtained when the ration contained
approximately 2.0% calcium and 1.0% phosphorus. Sullivan et al. (1959) reported that the
optimum growth performance were obtained when diet fed 1.55 % calcium with 0.70 to
0.80% and 0.75 to 0.85 % total phosphorus to female and male growing turkey, respectively.
Nelson et al. (1960) reported that diet fed containing 0.8% Ca and 0.8% phosphorus were
found sufficient for optimum growth performance of female turkey during 8-24 weeks of age.
Formica et al. (1961) reported that turkey poults of day old broad breasted bronze grow
normally up to 8 wks of age with diet fed containing 0.81% Ca and 0.65% phosphorus and
from 8 wks to market age, turkey broad breasted bronze developed normally with diet
containing 0.83 % Ca and 0.56% phosphorus. Sanders et.al.(1992) reported that the requisites
for optimal development in the very young turkey are Ca 12.5 g/kg and total P 10.0 g/kg diet,
respectively. Atia et al. (2000) reported that growing turkey during 4-16 weeks ofage required
1.0 % calcium with 0.37% available phosphorus and 500 FTU/kg phytase enzyme for optimum
growth performance. Hocking et al. (2002) reported that maximum body weight of growing
turkey was obtained with a dietary calcium concentration of 10 g/kg and an available phosphorus
concentration of 3 g/kg from 4-13 weeks of age. Tatara et.al.(2011) suggested that dietary
calcium needs of growing turkey is 1.02 and 0.85 % during 0-4 and 5-8 weeks respectively

for optimum growth performance.
2.2.1 Waeght gain, feed efficiency and survivability:

Pensack and Stockstad (1960) stated 0.6 -0.8 % Ca and 0.6% P, good development
and appropriate chick calcification could be achieved. Sanders et.al. (1992) reported that

Effect of feeding varying dietary calcium and phosphorus levels on the growth performance and.... 6
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feeding variable levels of dietary Ca (0.8,10.0,12.0 and 14.0 g/kg) and TP (7.0,9.0,11.0 and
13.0g/kg) to very young growing turkey had little effect on body weight and efficiency of feed
utilization and concluded that 12.4 Ca g/kg with 10.2 TP g/kg are adequate for optimum
growth performance from 0 to16 days ofage. Hocking et.al.(2002) reported that diet fed
with variable levels of Ca (6,10,14 and18g/kg) and Av P (3, 5, 7 and 9 g/kg) to large white
male turkey from 4-13weeks of age had no influenced on feed intake and efficiency of feed
utilization and authors concluded that the maximum body weight at 7, 10 & 13 Wks ofage
was obtained with 1.0 % Ca and 0.3% available phosphorus. Tatara et al.(2011) reported
that no significant effect on body weight was observed when diet fed 0.99-1.33 and 0.85-
1.10 % calcium and 0.79- 1.06 and 0.71-0.93% total P during 0-4weeks and 5-8weeks of
age, respectively. Skinner et al. (1992) conducted a trial by feeding of maize-soybean diets
supplemented with 0.12% non-phytate P and 0.06, 0.12, 0.24, 0.36, 0.48 and 0.60% Ca or
0.2% non-phytate P with 0.16, 0.24, 0.36, 0.48 and 0.60% Ca to male broilers (42-56 d)
and reported that in terms of mortality, there were no changes between broilers fed
supplemented and control diets (0.35% non-phytate P and 0.8% Ca). Scheideler et al. (1995)
indicated that dietary interventions had no effect on total mortality in Trial 1 (100 and 140%
NRC Ca and P for 0-7 wk; 140% NRC Ca and P for 0-3 wk followed by 100% NRC Ca
and P for 4-7 wk) and Trial 2 (85, 100 and 140% NRC Ca and P for 0-7 wk), but In Trial 3,
there was a substantial increase, where Ca was provided at greater amounts in the diet. (85%
NRC Calcium and Phosphorus for 0-9 wk; 100% NRC Cal and 85% NRC P for 0-9 wk).
They further mentioned that the sudden death syndrome (SDS) mortality was significantly
increased by higher dietary Ca and P in Trial 1 and 3. Average SDS mortality was 2.61, 2.39
and 2.52% for Trial 1, 2 and 3, respectively.

2.2.2 Legabnormality

The nutritional abnormalities resulting in avian rickets are usually related to alteration
in dietary levels of Ca, P or vitamin D3 and errors in feed formulation or mixing (Wise, 1975).
Sanders et al. (1992) there was little tibial dyschondroplasia (TD) in young poults, despite
considerable variations in dietary Ca and P concentrations, and the researchers concluded

that there was no link between dietary Ca, total P, and TD. Hocking et al. (2002) reported
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that there is no evidence that dietary changes have a major impact of Ca or available P on
culling or walking ability when diet fed variable levels of Ca (6, 10, 14 and 18g/kg) and
available P (3,5,7 and 9 g/kg). Hocking et al. (2002) Variable dietary Ca (6, 10, 14, and 18
g/kg)and Av P (3, 5,7, and 9 g/kg) had no impact on the prevalence of the lesion, except in
turkeys fed a diet containing 6 g Ca/kg, where body weight and tibial dyschondroplasia incidence
were low. As per authors low dietary Ca was also linked to lower tibial plateau angles at 10 -

13 wks ofage,
2.3. Immune response

Kidd (2004) reported that sub nutrition impaired the bird’s ability to mount an effective
response in natural and acquired immunity. Emami et al. (2013) noticed that broiler fed diets
low in NPP supplemented with phytase @ 500 unit/kg and 0.2% commercial organic acid,
significantly improved immune response to SRBC as compared to non-supplemented phytase
and organic acid. Hofmann et al. (2021) reported that dietary calcium is correlated with
changes in several immune parameters irrespective of strain, hens fed the Ca diets had lower
numbers of immune cells, especially T cells and -subsets, in blood and cecal tonsils. Authors
also suggested that higher P availability was associated with enhanced immune function. Makola
etal. (2021) reported that nano-dicalcium phosphate substitution in broiler diet at levels of
40% and 50% could broiler chicken immunological response and intestinal morphology will

be improved.
2.4. Blood biochemical parameters

Many factors, including genetics, nutrition, minerals, and vitamins, climate, rearing
technique, age and other physiological factors can all play a role in altering the blood constituents.
Hocking et al. (2002)conducted an experiment involving large white male turkey from heavy
commercial male line were fed sixteen diets, containing four concentration ofCa (6,10,14 and
18 g/kg) and available P (3,5, 7 and 9g/kg) in a factorial experiment. Dietary calcium was
favourably related with blood Ca and Ca ion concentrations, but had no influence on blood
phosphorus, according to the findings. Available phosphorus was linked to higher blood

phosphorus levels and lower calcium ion concentrations, but showed no effect on total calcium
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levels. High quantities of dietary calcium with low available phosphorus resulted in low alkaline
phosphatase activity, whereas low calcium and high available phosphorus diets resulted in
higher activity. McMurtry et al. (1983) reported that Plasma ionised calcium was 35% of total
calcium in poults, and it was affected by a food withholding and feeding regimen. The link
between ionised and total calcium, according to the author, would be the ideal index for relating
calcium homeostasis and physiological state. Fernandes et al. (1999) reported an increased
plasma alkaline phosphatase (ALP) 6674 vs8693 units/litre by addition of incremental dietary
AP (0.8 vs 0.16 % from different sources in control diet containing 0.23% AP. They further,
suggested that supplementing diet with agriculture and feed grade phosphates caused elevation
0f9617 and 6136 unit/lit ALP activity, respectively. Deo etal. (2006) reported that serum
ALP and calcium (Ca) significantly increased as decreasing dietary AP levels and serum
phosphorus concentration were increased as increasing dietary AP levels. Edward (1993)
reported that the addition of graded level inorganic P (0, 0.10, 0.20 and 0.30 %) to the basal
diet containing 0.40 %TP resulted in lower plasma calcium and higher plasma dialyzable
phosphorus concentration. Author also suggested that the addition of either phytase or 1, 25-
dihydrocholecalciferol alone had no effect on either plasma Ca or dialyzable P. Rama Rao €t
al. (2007) reported that the concentrations of Calciumé& Phosphorus in serum influenced
significantly by feeding different levels of Ca, AP and vitamin D, in broiler diets. Nakagi et al.
(2013) reported that with increased phosphorus levels from 0.21 to 0.45 %NPP in broiler
diets there will be serum tartrate-resistant acid (ACP) and ALP activity decreased. Author’s
also suggested that phytase supplementation significantly decreased ALP values in lower
phosphorus levels indicating inorganic P depletion induces a significant increase in alkaline
phosphatase synthesis, suggesting that the function of this enzyme is down regulated by
phosphorus.

2.5. Bone morphometry

Despite years of research, the bone disorders leading to leg weakness or lameness
remain significant contributor to concern in turkey production. Among them the rickets and
tibial dyschondroplasia (TD) are the most commonly encountered skeletal deformities, of Ca

and P deficiency. Skinner et al. (1992)opined that the diet with 0.56 % Ca and 0.12 % NPP
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content affected length oftibia adversely on comparing to those fed with control diet containing
0.80 % Ca and 0.35 % NPP. Similarly, Deo et al. (1996) were unable to observed any
significant influence ofthe Ca ,p and vitamin D, contents on the length of tarsometatarsal bone
ofbroiler chicks. On the other hand, length of'tibia was reduced as a result of low P content in
diet ofbroiler chicks (Moran and Todd, 1994). Mohamed (1998) reported that the length of
tibia was not affected by reducing levels 0f0.4% NPP in starter and 0.2 % NPP in finisher diet

i broiler chicks.

Lalpanmawia et al. (2014) reported that tibia bone length and proximal epiphysis was
significantly higher when diet fed low in NPP with phytase supplementation and normal NPP
diet to the broiler chicks. Rama Rao et al. (2007) reported that enhanced levels of either Ca
or NPP significantly increased bone length in broilers given the lowest dose of vitamin D3 (200
IU/kg diet). Similarly, Broilers given a feed with greater amounts of vitamin D3 had non-linear
increases in bone length at the various combinations oftested Ca (0.5 and 0.6 %) and NPP
(0.25 and 0.30 %) in the diets. Deo et al. (2001) reported that significant increase in width at
long axis oftibia bone was noticed with an increment in dietary P levels (0.2 , 0.25, 0.30,0.35
,0.40,0.4 0.50 and 0.55 % AP), whereas no such effect could be noticed on bone length and
width at short axis. Tatara et al. (2011) reported that Boosted calcium supply in the diet
increased skeletal system features, which were increased and created the most desirable traits
such as bone weight, length, and volume in turkey consuming 95, 105, and 115 percent of the
NRC calcium requirement. Hocking et al. (2002) reported that increasing dietary calcium
consumption tibial radiodensity, cortical density, and cortex and proximal tibiotarsus widths

have all risen.
2.6. Bone mineralization

The bone ash has been the principal criterion of evaluating dietary Ca and/or P contents
for poultry in numerous studies (Fritz et al., 1969; Shrivastava et al., 1996a). Waldroup et al.
(1963) stated that the bone ash values were more responsive to Ca and/or P levels than body
weights. Increasing the Ca content above 0.5% in broiler diet reduced the tibia ash percentage

(Halley et al., 1987). Shafey et al. (1990b) observed 41.2, 40.4 and 38.9% tibia ash in 17-
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d old chickens fed diets with 1.2, 2.2 and 3.2% Ca levels respectively and reported that the
tibia ash content reduced as the dietary Ca level was increased. Similar depression in bone ash
values was seen by Scheideler (1991) in chickens fed the diet containing 1.8% against 1.0%
Ca. Tataraetal. (2011) reported that In turkey receiving 95, 105, and 115 percent of the
NRC calciumrequirement, increased calcium supply in the diet boosted skeletal system features,
which were increased and created the most desirable traits such as volumetric bone mineral
density and cortical bone mineral density. Authors also suggested that the biggest beneficial
impact was found in the group that received 105 percent of recommended dietary calcium.
Hocking et al. (2002) conducted an experiment on turkey involving 16 diet in a factorial
manner containing 4 levels of Ca (6,10,14 and 14g/kg) and 4 levels of AP (3,5,7 and 9g/kg).
Results suggested that the proportion of ash, calcium, and phosphorus in the bones declines
with age, especially between 10 and 13 weeks, although the proportion of bone calcium to

phosphorus was unaffected by dietary therapy or age.
Bonestrace minerals

Rao etal. (2003) found that decreased concentrations of zinc, manganese and iron in
liver with increased calcium and phosphorus in diet suggesting reduced availability of these
minerals at disproportionate or higher levels of Ca and available phosphorus in the diet. Tibia
Copper and manganese concentration were increased with increasing dietary Ca levels in the
diets. Whereas, tibia iron concentration was significantly reduced with increasing dietary

concentration of Av.P.
Mineral retention and excretion

The supplementation of com-soybean meal diets deficient in P with vitamin D, increases
the retention of phytate P (Roberson, 1994). The addition of 5 ug/kg of vitamin D, or 600 units
of phytase /kg of feed replaces approximately 0.1% inorganic P in young broiler chicks (Mitchell
and Edwards, 1996b). Lalpanmawia et al. (2014) reported that supplementation of commercial
phytase @ 500 FTU/kg in low P diets (0.32% during 0-21d and 0.28% during 22-42d),
significantly improved Ca and P utilization in broiler chicks as compared to those birds fed diet

with low P without phytase supplementation. The phytase supplementation can reduced p
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excretion up to 50% which will not only reduced environmental pollution but also save inorganic
P (Vohra et al., 2006). Mitchell and Edwards (1996b) suggested that phytase and 1,25-
(OH), D, are equipotent in increasing the utilization of phytate P. They also indicate that there
may be a synergistic effect ofthese supplements when used in combination. Rao et al. (2003)
reported that increasing the dietary levels of Ca and P, significantly increased Ca and P excretion
because the excess quantity of Ca and P consumed beyond the absolute requirement might
have been excreted. Increased utilization of minerals by supplementing the metabolites of
cholecalciferol in broiler diet was reported by (Biehl and Baker, 1997), which in turn might
have resulted in reduced excretion of Ca and P. Sebastian (1996) who suggested that the low
P diet reduced the Ca retention at 17-d of age of birds. Similarly, Shafey (1993) who also
observed that increasing dietary levels of P reduced Ca availability in the intestinal lumen and
this stimulated PTH secretion which increased bone resorption consequently reducing the

bone ash.

&5 25 25
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MATERIALSAND METHODS

In order to achieve the objectives detailed earlier, experiment was carried out to
study the effect of feeding varying dietary calcium and phosphorus levels on the growth
performance and skeletal health of turkey poults in terms of growth, immune response, serum
biochemical parameters and skeletal growth. The experimental procedure and analytical
techniques employed during the course of study at the division of Avian Nutrition and Feed
Technology (AN & FT), Central Avian Research Institute (CARI), [zatnagar, Bareilly- 243122

are briefly discussed as under.
3.1 Experimental design

An eight week biological experiment was conducted in a factorial (3x3) manner. Nine
dietary treatments were used in the experiment with three levels of Calcium (1.0/0.8, 1.2/1.0
and 1.4/1.2%) with three levels of available phosphorus (0.5/0.4, 0.6/0.5 and 0.7/0.6%)
during 0-4/5-8 weeks of age which were evaluated with quadruplicated group of 8 growing

turkey poults, accommodating 32 growing turkey poults per treatments.
3.2 Procurement of dietary ingredients

Sufficient quantities of the required practical feed ingredients and feed supplements for
formulation of experimental diets were procured from the feed storage and processing section
(FS&PS) of CARI, Izatnagar. The practical feed ingredients included maize, soybean meal
(SBM) and guar korma (GK), whereas the supplements included lime stone powder (LSP),
dicalcium phosphate (DCP), common salt, DL.-methionine, lysine, vitamin premix, trace mineral

premix, choline chloride, coccidostat and toxin binder.
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Dietary Treatmentsduring 0-4 and 5-8weeks of age

Treatments 0-4 weeks 5-8weeks
Calcium %  Av. Phosphorus %  Calcium % Av.Phosphor us%

Tl 1.0 0.5 0.8 0.4
T2 1.0 0.6 0.8 0.5
T3 1.0 0.7 0.8 0.6
T4 1.2 0.5 1.0 0.4
T5 1.2 0.6 1.0 0.5
T6 1.2 0.7 1.0 0.6
T7 1.4 0.5 1.2 0.4
T8 1.4 0.5 1.2 0.5
T9 1.4 0.5 1.2 0.6

3.3 Determination of proximate principlesof feed ingredientsand diets

The representative samples of practical feed ingredients and test diets used in the
study were analyzed for moisture, crude protein (CP), total phosphorus (TP) (AOAC, 1990);
calcium (Talpatra et al., 1940).

TP estimation (AOAC, 1990) in feed ingredients and diet was made by
spectrophotometer at 400 nm. The P percent in feed ingredients and diet was calculated using
formula:

TP % in feed O.D. of sample x conc. of standard x total volume made x 100
Ingredients/diets =

O.D of'standard x aliquot taken x wt. of sample x 100

3.4 Preparation of experimental diets

Nine experimental diets will be prepared with practical feed ingredients with adequate
concentration of crude protein, metabolizable energy, lysine, and methionine with variable
concentration of calcium and available phosphorus in the diet of growing turkey for two growth
phase 0-4 and 5-8wks of age. The feed ingredients and nutrients composition of different
experimental diet for 0-4 and 5-8 weeks of age have been presented in Table 3.1 and 3.2,

respectively.
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3.5 Experimental birds

In order to carry out a 8 weeks experimental study, desired number of day old turkey
chicks had been hatched out from the fertile eggs collected from the flock of CARIVIRAT
maintained at the experimental turkey farm and set in Experimental Hatchery at the CARI. The
entire hatch out turkey chicks were transferred to experimental nutrition shed of AN & FT
Division. All the turkey chicks were wing banded and weighed individually on the same day
and 288 healthy turkey chicks were distributed at random into 32 groups of 8 turkey chicks
each depending upon their uniform body weight and discarding the heavier and lighter body
weight ofturkey chicks.

3.6 Housing and management

The experimental birds were housed group wise in randomly allotted cabins or tiers of
electrically heated battery brooders with the provision of wire-mesh floor, feeder and waterer

located in a well-ventilated shed with 24 hours light and uniform management.
3.7 Feeding and watering

Weighed amount of each test diet used during the growth phase (0-4wks) and (5-
8wks) were offered daily in quadruplicate lot of 8 turkey chicks each to ensure ad lib feeding
at all the time, but with care to avoid spillage and wastage of feed. The clean and fresh water

was always made available in suitable troughs to all the birds during the study period.
3.8 Response criteria

The data in relation to several parameters as affected by different dietary levels of
calcium and phosphorus listed below were collected with reference to growth performance,
immune response, serum blood biochemical parameters and bone morphometric and

mineralization traits.

3.8.1 Growth performance
3.8.1.1 Body weight (BW) and body weight gain (BWG):

Body weight changes were recorded periodically during the experimental period to

ascertain the biweekly and overall body weight gain.
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3.8.1.2 Feed intake (FI)

A weighed quantity of respective diet was offered ad-lib daily to quadruplicate groups
of'each dietary regimen in the morning and the residue was weighed at biweekly interval in

order to arrive at biweekly and overall feed intake.
3.8.1.3Feed conversion ratio (FCR):

Based on the data pertaining to the FI and BWG, the bi-weekly and period wise FCR
of birds was determined by the method described by Fritz et al. (1969) using following equation;

Total feed intake (g)
FCR=

Final body weight- initial body weight (g)
3.8.1.4 Skeletal health

The experimental birds were monitored daily on individual basis for the occurrence of

any skeletal defects and the observation if any, were properly recorded.
3.8.1.5Mortality/ Livability

Daily monitoring and recording on individually basis had been carried out to study the

livability/mortality of the experimental birds used in the present investigation.
3.8.2Immuneresponse

The immune response of growing turkeys fed different supplemental Ca and P levels
were analyzed by humoral immune response (haemagglutination- HA titer to Sheep red blood
corpuscles-SRBC) and cell mediated immune (CMI) response (foot web index to
Phytohaemagglutinin, lectin from Phaseolus\Vulgaris- PHAP) on completing 5 wk ofage.

For this 72 poults (8 poult per treatment) were selected.

3.8.2.1 Humoral immuneresponseto sheep red blood cell (HA titreto SRBC)
A) Preparation of reagents

Alsever’s solution and phosphate buffer saline (PBS) were prepared as per the

composition given bellow:
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)] Alsever’ssolution
Dextrose 205¢
Tri sodium citrate dehydrate 0.80¢g
Sodium Chloride (NaCl) 042¢g
Citric acid 0.055¢g
Distilled water 100 ml

The pH of the solution was adjusted to 6.5 by addition of citric acid and stored in

refrigerator at 4°C.

i) Phosphatebuffer saline

Sodium chloride (NaCl) 80¢g
Potassium chloride (KCI) 020g
Potassium dihydrogen phosphate (KH,PO,) 020¢g
Disodium hydrogen phosphate (Na,HPO,.2H,0) 144 ¢
Distilled water 1000 ml

The pH of the solution was adjusted to 7.2
i) Preparation of sheep red blood cell suspension

Blood from jugular vein of healthy sheep was collected in Alsever’s solution. The
blood was centrifuged at 2500 rpm for about 10 minutes. The supernatant was discarded and
the red blood cells were washed thrice in PBS. Suspension of SRBC (1% v/v) in PBS was

prepared and stored in refrigerator at 4°C until its use.
iv) I mmunization and Harvesting of immuneserum

At 35" day post-hatch 1.0 ml suspension of SRBC was injected intravenously to
eight-birds/treatment to study the primary antibody response to SRBC. At 41" day (5days
post-immunization), 2 ml blood was collected from the jugular vein. The blood was allowed to
clot, the serum was collected, and frozen (-20°C) until analyzed for the antibody titers to

SRBC.
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V) Haemagglutination test (HA test)

The antibody titer was determined by haemagglutination (HA) test methods (Siegal
and Gross, 1980 and Vander Zijpp, 1983). Micro titer plates (U bottom) were used.

Procedure
Step-1 : 50 ulof PBS was distributed in each well ofthe microtitre plate.
Step-2  : 50 pl of serum was added in the first well.
Step-3  : Two fold serial dilutions were made up to 11" well, 12" wellbeing the
control.
Step-4 : 50 pul of 1% SRBC was added in each well and mixed by gentle tapping
Step-5 : The plates were covered and then kept at 37°C for 1 hr for incubation.
Step -6 : The plates were read under bright light.
Step-7 : Thereciprocal of the highest dilution showing clear agglutination was the

end titer. The titers were expressed as log,.
3.8.2.2 Cell mediated immuneresponse

The CMI response was assessed by cutaneous basophilic hypersensitivity test invivo
by using PHA-P as per Corrier and Deloach, 1990). At 28™ day post-hatch, eight birds from
each treatment were selected and the toe thickness of both left and right foot at 3™ and 4 inter
digital spaces were measured by micrometer. Immediately after measurements 100 mg of
PHA-P suspended in 0.1 ml of phosphate buffer saline (PBS) and 0.1 ml of PBS was injected
into right and left foot (acted as control), respectively. The web swelling of both the feet was
measured 24 hours after injection by micrometer. The in vivo response to PHA-P was

expressed as web index. Foot web index (FWI) was calculated as follows.

CMIR = (R2-R1)-(L2-L1) where,

R2 = Thickness after 24 h of PHA-P injection
R1 = Thickness before injection of PHA-P
L2 = Thickness after 24 h of PBS injection
L1 = Thickness before injection of PBS
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3.8.2.3 Weight of immuneorgans

The development of immune organs was studied at 56 days of age. The following
immune organ weight on individual basis of 72 birds (8birds/treatment) was calculated on the

% live weight (pre-slaughter) basis as shown below.

Weight of spleen (g)
1. Spleen % = x 100

Pre slaughter live weight (g)

Weight of bursa (g)
2. Bursa % = x 100

Pre slaughter live weight (g)

Weight of thymus (g)

3. Thymus % = x 100
Pre slaughter live weight (g)

3.8.3 Serum biochemical parameters

At the end of feeding trial, blood samples from 8 birds/ treatment (2 birds/ replicate)
were randomly collected into sterile glass test tube without addition of anticoagulant. Test
tubes containing the blood were kept in slanted position at room temperature for halfan hour
to facilitate separation of serum. Serum was separated by centrifugation at 3000rpm for 10
minutes and serum was decanted into plastic vials and then stored at -20° for estimation of
serum alkaline phosphatase (ALP), total protein, albumin, globulin, glucose, Calcium and

Phosphorus.

3.8.3.1SerumALP

The procedure of Kind and King (1954) was adopted for the estimation of ALP in
serum. Span diagnostic kit was used for the estimation of serum ALP. The following protocol

was used:
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Blank Standard Control Test

Working Buffered substrate 500 pl 500 pl 500 pl 500 pl
Purified water 1500 pl 1500 pl 1500 pl 1500 pl

Mix well and incubate at 37°C for 3 minutes
Serum - - - 50 ul
Phenol standard - 50 ul - -

Mix well and incubate at 37°C for 15 minutes
Chromogen Reagent 1000 pl 1000 pl 1000 pl 1000 pl
Serum - - 50 pl -

The contents were mixed well and O.D of standard (S), control (C) and test (T) were
measured against blank (B) on a spectrophotometer at 510 nm. The serum ALP concentration
was calculated by using the following formula:

0.D Test — O.D Control
Serum ALP (KA units) = x 10

0O.D Standard — O.D Blank

3.8.3.2Serum Total protein

The total protein was estimated by modified biuret and BCS dye binding method
(Vatzidis, 1977). Test tubes were labelled as blank (B), standard (S), test (T).The further

steps as follows:

Blank Sandard Test
Biuret reagent I ml Iml 1 ml
Protein standard - 10 ul -
Serum - - 10 ul

The contents were mixed well and immediately placed at 37°C in a water bath for 5
minutes. The absorbance of'test (T) and standard (S) were measured against blank (B) on a
spectrophotometer at 578nm. The total protein concentration was calculated by using the

following formula:

Total protein (g/dl) = Absorbance oftest (T)/Absorbance of standard (S) x6.5
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3.8.3.3SerumAlbumin

The serum albumin was estimated by modified Bromocresol Green method

(Guastaffson, 1978). Test tubes were labelled as blank (B), standard (S), test (T) and further

steps were as follows:

Blank Sandard Test
Albumin reagent I ml Iml 1 ml
Albumin standard - 10 ul -
Serum - - 10 ul

The contents were mixed well and incubated at room temperature (15-30°C) for 1
minute. The absorbance of test (T) and standard (S) were measured against blank (B) on a
spectrophotometer at 630nm. The total albumin and globulin concentrations were calculated

by using the following formula:

Total albumin (g/dl) = Absorbance of test (T)/Absorbance of standard (S) x4
Globulin (g/dl) = Total protein— Total albumin

3.8.3.4 Serum Glucose

The procedure of Tietz (1976) was adopted for the estimation of glucose in serum

samples. Span diagnostic kit was used for the estimation of serum glucose. The following

protocol was used:
Blank Sandard Test
Serum - - 10 ul
Glucose standard - 10 ul -
Working glucose reagent 1000 pl 1000 pl 1000 pl
Mix well and incubate at 37°C for 10 minutes
Purified water 1500 pl 1500 pl 1500 pl

The absorbance of test (T) and standard(S), against blank (B) was measured on
spectrophotometer witha green filter at S05nm. The serum glucose concentration was calculated

by using following formula:
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Glucose in (mg/dl) = Absorbance oftest (T)/ Absorbance of standard (S) x100
3.8.3.5Calcium

The O-cresolphtalein Complexone method described by Baginski(1973) was followed
for estimation of serum calcium (Ca). Accordingly, the Ca in alkaline medium reacts with O-
Cresolphtalein complaxone to form purple coloured complex whose absorbance is proportional
to the Ca concentration. The interference due to magnesium and iron is estimated by using the

8 hydroxy-quinoline. Span diagnostic kit was used for the estimation of calcium. The following

protocol was used:

Blank Sandard Test
Serum - - 20l
Calcium standard - 20 ul -
Working calciumreagent 1000 pl 1000 pl 1000 pl

The contents were mixed thoroughly and incubate at room temperature (15- 30°C)
for 5 minutes. The absorbance of'test (T) and standard(S), against blank (B) was measured on
spectrophotometer at 578nm. The serum Calcium concentration was calculated by using

following formula:
Serum Ca (mg/dl)= Absorbance oftest (T)/Absorbance of'standard(S) x 10
3.8.3.6 Serum Phosphorus

Modified metol method described by Morin and Prox (1973) was used to estimate
the serum phosphorus content. The P reacts with the ammonium molybdate under acidic
conditions to form the phosphomolybdate complex which is reduced to blue coloured complex
by metol. The absorbance of colour developed by is proportional to the inorganic P
concentration . The span diagnostics kit was used for the estimation of serum phosphorus. The

following protocol was used:
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Blank Sandard Test
Serum - - 10 ul
Phosphorus standard - 10 ul -
Molybdate reagent 1000 pl 1000 pl 1000 pl

The content was mixed thoroughly and incubated at 370C for 5 minutes. The absorbance
of'test (T) and standard(S), against blank (B) was measured on spectrophotometer at 340nm.

The serum phosphorus concentration was calculated by using following formula:

Serum inorganic phosphorus (mg/dl) = Absorbance of test/Absorbance of standard x5

3.8.4 Bonemorphometry

At the end of 56 day of experimental period, 72 birds (8 birds /treatment) were
sacrificed for evaluation of osteomorphometry. During the slaughter, the left tibia bone ofeach
selected bird was collected. The bone were identified individually for each separate treatment
and their adhere muscles together with connective tissues had been thoroughly removed manually
by the help of scissors. The bones were dipped in boiling water for 5 minutes to remove
remaining pin and soft tissues. For the measurement of bone length and width the method
described by Collins and Moran (1999) was followed. Maximum width of the mid shaft and
each epiphysis (proximal and distal width), as well as the total length of the tibia bone was

measured with vernier calipers.
3.8.5 Bonemineralization

In order to study the bone mineralization, the left tibia bone collected from 72 birds (8
birds/ treatment) used for observation of morphometry were subjected to study of bone
mineralization. Each tibia bone was defatted by dipping them for 16 hrs in petroleum spirit
(boiling point 60-80 °C) using the Soxhlet apparatus and dried before ashing. The following

attributes were measured.
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3.8.5.1 Boneweight (Fresh and Dried)

The weight of each tibia bone was recorded before and after drying in hot air oven for
overnight and the bone moisture percentage was estimated as per (AOAC, 1990). The dried
and defatted bones were used to study bone ash, calcium, phosphorus and trace minerals (Zn,

Mn, Cu and Fe).
3.8.5.2Boneash

The dried and defatted tibia bone was ash (dry ashing) in muffle furnace at 550°C for
3 hrs and the bone ash percentage was estimated (AOAC, 1990).

3.8.5.3BoneCalcium

The Calcium content was estimated in each tibia bone sample as per following the

method described by Talpatra et al. (1940).
3.8.5.4Bonephosphorus

The bone phosphorus content in each tibia bone sample was determined as per the

method AOAC (1990) described earlier in this chapter.
3.8.5.5Traceminerals(Zn, Mn, Cu and Fe)

The trace minerals (Zn, Mn, Cu and Fe) content in each tibia bone sample was
determined as per the method described by AOAC (1990) using AAS (Varian Spectra AA
220 Modd).

3.8.6 Mineral Retention

A 3-d balance study was conducted from 54-56 days of age during which the net feed
consumed by each bird in the respective dietary group was recorded and the dropping voided

over the same period were collected quantitatively.

After completing 53-d of age, all the birds were starved for a period of two hrs (ie
from 8 to 10 AM), during which the preliminary preparations such as cleaning of feed and
faecal trays, provision of fresh drinking water and weighing of required quantity of feed into

respective feeders were carried out. Exactly at 10 AM the respective feeder and faecal trays
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were introduced into cages housing and weighed quantity of feed was offered to all the birds.
The dropping of respective dietary group ofall the birds was collected separately once daily
and transferred into pre-weighed aluminium dishes, weighed again and placed into the forced

draft hot air oven at 60+5°C during all the 3-d of collection.

On the last day, the feeders were removed at 10 AM to determine the net feed intake
and faecal trays were removed to collect the faeces in alluminium dishes. The droppings collected
were dried for 4-5 d in oven at 60+5°C till a constant weight was attained which represented

the net dried faecal output.

The dried and pooled feed and excreta samples were ground and stored in air tight
containers for further analysis for Ca (Talpatra et al., 1940) and P (AOAC, 1990). The excreta
moisture, the intake, excreted and retained amount of Ca and P were calculated (g/b/d) basis

and % retention of Ca and P were calculated on the basis of total intake.
3.7 Satistical analysis

The data pertaining to various parameters were analyzed statistically by the methods
of'Snedecor and Cochran (1989). The significant mean differences were tested as per Duncan’s

multiple range test (DMRT) described by Duncan (1955).

&S S S
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RESULTS

An investigation was undertaken at the Division of Avian Nutrition and Feed Technology,

CARLI, Izatnagar in order to study the effect of feeding varying dietary levels of calcium and
phosphorus on growth performance and skeletal health of CARIVIRAT growing turkey poults.
The data obtained on growth performance, immune response, blood biochemical parameters
and skeletal status were analyzed statistically, for treatment effects and their results have been

presented in this chapter.
4.1 Growth performance :

The data pertaining to growth performance and allied traits as influenced by different

levels of calcium and available phosphorus in growing turkey poults are elucidated here under.
4.1.1 Body weight and body weight gain (BW and BWG)

Data pertaining to bi-weekly BW (0 day-8 wks) of age in different dietary groups
have been presented in Table 4.1 and its analysis of variance (ANOVA) in Table 4.2. The
mean bi-weekly BW (g/b) differed significantly due to interaction between Ca and Av.P levels
at second (P<0.05), fourth (P<0.01), sixth (P<0.01) and eight (P<0.01) weeks of age. At
second week ofage significantly (P<0.05), higher BW were observed in a dietary combination
0f'1.0-0.8% Ca with 0.5-0.4% Av.P than those recorded in a dietary combinations of 1.0-
0.8% Cawith 0.6-0.5% Av.P, 1.2-1.0% Ca with 0.5-0.4% Av.P and 1.4-1.2 % Ca with 0.5-
0.4% Av.P. However, in other dietary combinations, the body weight recorded at second
weeks age was found intermediary. At fourth of age significantly (P<0.01), higher BW were
observed in a dietary combination of 1.0-0.8% Ca with 0.5-0.4% Av.P followed by 1.2-1.0
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% Cawith 0.7-0.6% Av.P than those recorded in other dietary combinations. At six and eight
weeks of age significantly (P<0.01) higher BW were observed in a dietary combination of
1.0-0.8% Ca with 0.5-0.4% Av.P than those recorded in other dietary combinations. The
mean BW at fourth, sixth and eighth weeks of age differed significantly due to different dietary
levels of Ca in the diet. At fourth, sixth and eighth weeks of age, significantly (P<0.01) higher
BW was recorded at 1.0-0.8% Ca than those recorded in other levels of Ca in the diet. The
mean BW at fourth week ofage was found significantly (P<0.01) higher at 0.5-0.4% Av.P
than that recorded at 0.6-0.5 % Av.P. However, body weight recorded at 0.7-0.6 % Av.P was

found intermediary.

Table 4.1: Biweekly body weight (g/b) of growing turkeysfed diet variablelevels of
calcium and available phosphorus

Treatments Biweekly Body Weight (g/b)
Calcium Av.Phosphor us
(Ca%) (AP%) Oday 20wk 4wk 6" wk 8wk
I nter action effect (CaxAP)
1.0-0.8 0.5-04 49.73 124.12¢ 267.43¢ 546.47 909.62¢
0.6-0.5 4812 113.01® 233.39:%¢ 461.75% 789.08>
0.7-0.6 49.17 120.25 237.86 462.03 818.31°
12-1.0 0.5-04 4834 109.66° 217.00° 396.41° 681.97°
0.6-0.5 50.30 117.53%  231.78% 419.41® 713.02:®
0.7-0.6 48.50 118.09%< 249.78 470.75° 77741
14-1.2 0.5-04 5044 115.67% 239.23% 458.44% 780.48>
0.6-0.5 4837 112.19® 222.67® 451.73% 790.03
0.7-0.6 4897 116.25% 229.05® 435.87%¢ 781.11%
Pooled SEM 0.26 0.94 2308 5.72 9.58
Main effect
Calcium levels 1.00.8 49.01 119.129 246.23 490.08" 839.00°
12-1.0 49.05 115.094 232.85™ 428.85™ 724.13™
14-1.2 49.26 114.703 230.32m 448.68™ 783.87°
AP levels 0.5-04 49.50 11648 241.224 467.10 790.69
0.6-0.5 4893 114.24 229.28r 44429 764.04
0.7-0.6 48.88 118.20 238.89m 456.22 792.28
Probabilities
Interaction NS P<0.05 P<0.01 P<0.01 P<0.01
Calcium NS NS P<0.01 P<0.01 P<0.01
AP NS NS P<0.05 NS NS

abc(Interaction), mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age
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Table4.2: Analysisof variancefor biweekly body weight of growingturkeys fed diet
variablelevesof calcium and available phosphorus

Sour ceof variation Mean Sum of Squares

o Oday 20wk 4wk 6" wk 8wk
Calcium levels 2 1.76™ 57643 7015.98** 93702.98** 316880.73**
AP levels 2 11.50™ 37747 3847.82%  12498.52™  24159.44
CaXAP 4 41.76™ 752.63*%  8982.40%* 57229.25%* 89556.76**
Error 279 20.00 246.62 1371.54 8124.74 23461.60

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

Data pertaining to bi-weekly body weight gain (BWG) from 0-8wks of age in different
dietary groups have been presented in Table 4.3 and Fig. 1 its analysis of variance (ANOVA)
in Table 4.4. The mean bi-weekly BWG (g/b) differed significantly due to interaction between
Ca and Av.P levels at second (P<0.05), fourth (P<0.01) and sixth (P<0.01) and weeks of
age. At second week of age significantly (P<0.05), higher BWG were observed in a dietary
combination of 1.0-0.8% Ca with 0.5-0.4% Av.P than those recorded in a dietary combinations
0f1.0-0.8% Ca with 0.6-0.5% Av.P, 1.2-1.0% Ca with 0.5-0.4% Av.P, 1.4-1.2 % Ca with
0.5-0.4 % Av.Pand 1.4-1.2 % Ca with 0.6-0.4% Av.P. However, in other dietary combinations,
the body weight gain recorded at second weeks of age was found intermediary. At fourth
week ofage, significantly (P<0.01) higher BWG was observed in dietary combinations of
1.0-0.8% Ca with 0.5-0.4% Av.P followed by 1.2-1.0% Ca with 0.7-0.6% Av.P than those
recorded in other dietary combinations. At sixth week ofage, significantly (P<0.01) higher
BWG was observed in a dietary combination of 1.0-0.8% Ca with 0.5-0.4% Av.P than those
recorded in other dietary combinations. The BWG did not differed significantly due to interaction
of Caand Av.P in the diet. The mean BWG at second (P<0.01), fourth (P<0.01), sixth (P<0.01)
and eighth (P<0.01) weeks ofage differed significantly due to different dietary levels of Ca in
the diet. Significantly higher BWG was recorded at 1.0-0.8 % Ca than those recorded in other
levels of Ca in the diet during second, fourth and sixth weeks of age. At eighth week of age,
significantly (P<0.01) higher BWG was recorded at 1.0-0.8 and 1.4-1.2% Ca than that recorded
at 1.2-1.0% Ca. At fourth week ofage significantly (P<0.01) higher BWG was observed at
0.5-0.4% Av.P than those recorded in other levels of Av.P in the diet. Non-signcant differences
was recorded on BWG due to different Av.P levels in the diet during second, sixth and eighth

weeks ofage.
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Table 4.3: Biweekly body weight gain (g/b) of growingturkeysfed diet variablelevels
of calcium and available phosphorus

Treatments Biweekly Body Weight (g/b)
Calcium Av.Phosphor us
(Ca%) (AP %) 20wk 4wk 6" wk 8wk

I nter action effect (CaxAP)

1.0-0.8 0.5-04 74.39° 143.314 279.03¢ 363.15
0.6-0.5 64.89® 120.38:* 228.36° 327.32
0.7-0.6 71.08 117.61% 224.17° 356.28
1.2-1.0 0.5-04 61.31° 107.34 179.41* 285.56
0.6-0.5 67.23% 114.25® 187.62® 293.61
0.7-0.6 69.59 131.69+ 220.96° 306.66
14-12 0.5-04 65.23® 123.56" 219.20% 322.05
0.6-0.5 63.81® 110.58® 229.05° 33831
0.7-0.6 67.28% 112.80® 206.82:< 345.23
Pooled SEM 0.85 1.671 3.88 4.892
Main effect
Calcium levels 1.0-0.8 70.12" 127.10 243.85° 348.92"
1.2-1.0 66.04™ 117.76™ 196.00™ 295.28™
14-12 65.44™ 115.61™ 218.35 335.20
AP levels 0.5-04 66.98 124.74" 225.88 323.59
0.6-0.5 65.31 115.04° 215.01 319.75
0.7-0.6 69.32 120.70m 217.32 336.06
Probabilities
Interaction P<0.05 P<0.01 P<0.01 NS
Calcium P<0.05 P<0.01 P<0.01 P<0.01
AP NS P<0.05 NS NS

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age

Table 4.4 : Analysis of variance for biweekly body weight gain of growing turkeys
fed diet variablelevelsof calcium available phosphorus

Sour ceof variation Mean Sum of Squares

o 20wk 4wk 6" wk 8wk
Calcium levels 2 621.32* 3579.95%* 55039.16** 74559.66**
AP levels 2 388.77" 2280.09* 3147.64" 6978.11M
CaXAP 4 518.04* 5342.53** 23080.14** 6375.65"
Error 279 200.05 708.25 3716.70 6415.26

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant
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Data on cumulative body weight gain (BWG) from (0-4wks), (5-8wks) and (0-
8wks) of age in different dietary groups have been presented in Table 4.5 and Fig. 2 its
analysis of variance (ANOVA) in Table 4.6. The mean BWG (g/b) during (0-4), (5-8) and (0-
8) weeks ofage differed significantly due to interaction between Ca and Av.P levels in the
diets. Significantly (P<0.01) higher BWG was observed in a dietary combinations of 1.0-
0.8% Ca with 0.5-0.4% Av.P followed by 1.2-1.0 % Ca with 0.7-0.6%Av.P than those
observed in other dietary combinations during 0-4wks of age. During 5-8wks of age,
significantly (P<0.05) higher body weight gain was recorded in a dietary combinations of 1.0-
0.8% Ca with 0.5-0.4% Av.P followed by 1.0-0.8% Ca with 0.7-0.6% Av.P than those
observed in other dietary combinations. During 0-8wks of age, significantly (P<0.01) higher

body weight gain was recorded in a dietary combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P

Table4.5: Overall gaininbody weight (g/b) of growing turkeysfed diet variable
levelsof calcium and available phosphorus

Treatments Biweekly Body Weight (g/b)

Calcium Av.Phosphor us

(Ca%) (AP%) 0-4 wks 5-8 wks 0-8wks

I nter action effect (CaxAP)

1.0-0.8 0.5-04 217.71¢ 642.19¢ 859.89¢
0.6-0.5 185.274%¢ 555.69° 740.59bc
0.7-0.6 188.69% 580.45¢ 769.14c

12-1.0 0.5-04 168.66" 464.97° 633.62°
0.6-0.5 181.48* 481.23® 662.72:®
0.7-0.6 201.28« 527.62% 72891

14-1.2 0.5-04 188.80 541.25 730.05"
0.6-0.5 174.30* 567.36° 741.66>
0.7-0.6 180.08* 552.06° 732.14>

Pooled SEM 221 7.96 9.52

Main effect

Calcium levels 1.00.8 197.22 592.78° 789.99°
12-1.0 183.80™ 491.28 675.08™
14-1,2 181.05™ 553.56 734.61°

AP levels 0.5-04 191.72 54947 741.19

0.6-0.5 180.35 534.76 715.11
0.7-0.6 190.02 553.38 743.40

Probabilities

Interaction P<0.01 P<0.05 P<0.01
Calcium P<0.01 P<0.01 P<0.01
AP NS NS NS

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to4-5 to 8 wks age
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Table 4.6: Analysisof variance for cumulative weight gain of growing turkeys fed
diet variablelevelsof calcium and available phosphorus

Sour ceof variation M ean Sum of Squar es

of 0-4wk 5-8wk 0-8wk
Calcium levels 2 7179.14%* 251509.03** 317056.10%*
AP levels 2 361040 9253.30™ 23762.06™
CaXAP 4 8453.00** 46791.46* 88687.65**
Error 279 125236 16242.28 23138.10

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

than those observed in other dietary combinations. Significant differences were observed in
mean cumulative BWG due to different levels of Ca in the diets. Significantly (P<0.01) higher
BWG was observed at 1.0-0.8% Ca than those recorded in other levels of Ca in the diets
during 0-4, 5-8 and 0-8wks ofage. No-significant differences were noticed on BWG due to

different levels of Av.P in the diets.

4.1.2 Feedintake(Fl)

Data on bi-weekly FI (first to eighth wks) of age of growing turkey poults in different
dietary groups have been set out in Table 4.7 and its analysis of variance (ANOVA) in table
4.8. The mean bi-weekly FI (g/b) during 0-2 wks (P<0.05), 3-4 wks (P<0.01) and 5-6 wks
(P<0.01) of age differed significantly due to interaction between Ca and Av.P levels in the
diets. However, during 7-8 wks of age FI did not differed significantly due to interaction
between Ca and Av.P levels in the diets. During 0-2 wks of age significantly lower FI was
recorded in a dietary combination of 1.2-1.0% Ca with 0.5-0.4% Av.P than those recorded in
a dietary combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P, 1.2-1.0% Ca with 0.6-0.5%
Av.P, 1.4-1.2% Ca with 0.5-0.4% Av.P and 1.4-1.2% Ca with 0.7-0.6 % Av.P. However FI
observed in other dietary combinations were found intermediary. During 3-4wks of age,
significantly lower FI was recorded in dietary combinations of 1.0-0.8% Ca with 0.6-0.5 and
0.7-0.6% Av.P than those recorded in other dietary combinations. During 5-6 wks of age,
significantly higher FI was observed in a dietary combination of 1.0-0.8% Ca with 0.5-0.4%
Av.P than those recorded in other dietary combinations. FI was differed significantly due to

different levels of Ca in the diets during 3-4 and 5-6 wks of age. Significantly (P<0.01) lower
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FI was recorded at 1.0-0.8% Ca than those recorded in other levels of Ca in the diets during
3-4wks of age. Significantly (P<0.01) lower feed intake was recorded at 1.2-1.0% and 1.4-
1.2% Ca than that recorded at 1.0-0.8% Ca in the diet during 5-6wks of'age. Significantly
(P<0.05) higher FI was recorded at 0.5-0.4% Av.P than those recorded at other Av.P levels in
the diets during 3-4wks of age. During 5-6 wks ofage, significantly (P<0.05) higher FI was
recorded at 0.5-0.4% Av.P than that recorded at 0.7-0.6% Av.P. However, FI recorded at
0.6-0.5% Av.P was found intermediary.

Table 4.7: Biweekly feed intake (g/b) of growing turkeysfed diet variable levels of
calcium and available phosphorus

Treatments Biweekly Body Weight (g/b)
Calcium Av.Phosphor us
(Ca%) (AP %) 0-2wk 3-4wk 5-6 wk 7-8wk

I nter action effect (CaxAP)

1.0-0.8 0.5-04 136.000° 307.857* 566.765¢ 992.200
0.6-0.5 127.717® 256.720¢ 489.8974 913.472
0.7-0.6 131.407* 259.925¢ 469.910>¢ 898.807
1.2-1.0 0.5-04 123.062 291.812° 409.720:> 882.470
0.6-0.5 136.547° 311.245¢ 405.562® 895.005
0.7-0.6 131.782% 296.867* 464.212 933.725
14-1.2 0.5-04 134.765 294.140° 477.972« 946.207
0.6-0.5 128.440* 298.620™ 450.187>¢ 908.175
0.7-0.6 134970 302.785% 374310 941.695
Pooled SEM 1216 3467 11.049 10.165
Main Effect
Calcium levels 1.0-0.8 131.708 274.834™ 508.857" 934.827
1.2-1.0 130.464 299.975 426.498™ 903.733
14-12 132.725 298,515 434,157 932.026
AP levels 0.5-04 131.276 297.937 484.819¢ 940.292
0.6-0.5 130.902 288.862 448.549m 905.550
0.7-0.6 132.720 286.526 436.144¢ 924.742
Probabilities
Interaction P<0.05 P<0.01 P<0.01 NS
Calcium NS P<0.01 P<0.01 NS
AP NS P<0.05 P<0.05 NS

abc(Interaction),mno (Ca),pqr (AP),Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age
Value bearing different superscripts within a column differ significantly (P<0.05), (P<0.01), NS-Non-
significant
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Table4.8: Analysisof variancefor biweekly feed intake (g/b) of growing turkeys
fed diet variablelevelsof calcium and available phosphorus

Sour ceof variation Mean Sum of Squares

of 0-2wk 3-4wk 5-6 wk 7-8wk
Calcium levels 2 15.386™ 2389.950%* 24843.794%* 3550.211™
AP levels 2 11.064™ 436.038* 7677.30% 3634.212™
CaXAP 4 149.996* 1663.608** 9291.634** 5519.262™
Error 27 44.867 105.260 1911.189 3472.611

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

Data on cumulative feed intake (FI) during (0-4wks), (5-8wks) and (0-8wks) of age
in different dietary groups have been presented in Table 4.9 and Fig. 3 its analysis of variance

Table4.9: Cumulativefeed intake (g/b) of growing turkeysfed diet variablelevels
of calcium and available phosphorus

Treatments Biweekly Body Weight (g/b)
Calcium Av.Phosphor us
(Ca%) (AP %) 0-4wks 5-8 wks 0-8wks

I nter action effect (CaxAP)

1.0-0.8 0.5-04 443.855° 1558.962° 2002.822°
0.6-0.5 384.437° 1403.370? 1787.802°
0.7-0.60.5-0.4 391.327° 1368.717° 1760.047°
1.2-1.0 414.877° 1292.190? 1707.065*
0.6-0.5 447.792¢ 1300.567° 1748.355*
0.7-0.6 428.650* 1397.937° 1826.585*
14-12 0.5-04 428.907* 1424.172* 1853.080?
0.6-0.5 427.055% 1358.362° 1785.417°
0.7-0.6 437.752% 1316.002° 1753.755*
Pooled SEM 4.101 18473 19.596
Main effect
Calcium levels
1.0-0.8 406.540™ 1443.683" 1850.224"
1.2-1.0 430440 1330.231™ 1760.668™
14-12 431.283" 1366.179™ 1797.417™
AP levels
0.5-04 429.213 1425.108 1854.322
0.6-0.5 419.761 1354.100 1773.858
0.7-0.6 419.243 1360.886 1780.129
Probabilities
Interaction P<0.01 P<0.05 P<0.05
Calcium P<0.01 P<0.05 P<0.05
AP NS NS NS

abc(Interaction),mno (Ca),pqr (AP),Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age
Value bearing different superscripts within a column differ significantly (P<0.05), (P<0.01), NS-Non-
significant
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Results...

Table4.10: Analysisof variancefor cumulativefeed intakefed diet variablelevels
of calcium and available phosphorus

Sour ceof variation M ean Sum of Squar es

of 0-4wk 5-8wk 0-8wk
Calcium levels 2 2363.710%* 40340.799* 24318.585*
AP levels 2 378.007" 18425.521™ 24036.912™
CaXAP 4 2535.219%* 24174.803* 35814.761*
Error 27 206.111 7991.318 9032.986

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

(ANOVA) in Table 4.10. The mean cumulative FI (g/b) during (0-4), (5-8) and (0-8) weeks
of age differed significantly due to interaction between Ca and Av.P levels in the diets. Significantly
(P<0.01) higher FI was observed in a dietary combinations of 1.0-0.8% Ca with 0.5-0.4%
Av.P followed by 1.2-1.0 % Ca with 0.6-0.5% Av.P than those observed in other dietary
combinations during 0-4 wks of'age. During 5-8 and 0-8wks ofage, significantly (P<0.05)
higher FI was recorded in a dietary combination of 1.0-0.8% Ca with 0.5-0.4% Av.P than
those observed in other dietary combinations. Significant differences were observed in mean
cumulative FI due to different levels of Ca in the diets during 0-4, 5-8 and 0-8 wks of age.
Significantly (P<0.01) higher FI was observed at 1.2-1.0% and 1.4-1.2% Ca than that recorded
at 1.0-0.8% Ca in the diet during 0-4 wks ofage. During 5-8 wks of age, the cumulative FI
was significantly (P<0.05) higher at 1.0-0.8 % Ca than those recorded at other levels of Ca in
the diets. Significantly (P<0.05) higher FI was recorded at 1.0-0.8% Ca than 1.2-1.0% Ca in
the diet during 0-8wks of age. However cumulative FI observed at 1.4-1.2% Ca during 0-8
wks of age found intermediary. No-significant differences were noticed on cumulative FI due

to different levels of Av.P in the diets during 0-4, 5-8 and 0-8wks of age.
4.1.3 Feedconversonratio(FCR)

Data on bi-weekly FCR of growing turkey poults as influenced by feeding different
dietary levels of Ca and Av.P from first week to eighth week of age have been mentioned in
Table 4.11 and its analysis of variance (ANOVA) in Table 4.12. The results revealed that there
was a significant difference was observed on mean bi-weekly FCR during 3-4wks ofage due

to interaction between Ca and Av.P levels in the diets. Significantly (P<0.05) lower and better
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Table4.11: Biweekly feed conversion ratio (g feed/ g gain) of growing turkeysfed
diet variablelevelsof calcium and available phosphorus

Treatments Biweekly Body Weight (g/b)
Calcium Av.Phosphor us
(Ca%) (AP %) 0-2wk 3-4wk 5-6 wk 7-8wk

I nter action effect (CaxAP)

1.0-0.8 0.5-04 1.832 2.152¢ 2.030 2.735
0.6-0.5 1.981 2.136 2.151 2.829
0.7-0.6 1.852 2217 2.110 2519
1.2-1.0 0.5-04 2.011 2.739° 2.300 3.098
0.6-0.5 2.031 2.738° 2.163 3.053
0.7-0.6 1.899 2276 2.106 3.067
14-12 0.5-04 2.071 2.384 2.177 2.945
0.6-0.5 2.019 2.720° 1.977 2.703
0.7-0.6 2.029 2.702° 1.821 2762
Pooled SEM 0.025 0.052 0.033 0.050
Main Effect
Calcium levels 1.0-0.8 1.888™ 2.168™ 2.097™ 2.695™
1.2-1.0 1.980™ 2.585" 2.190 3.073"
14-12 2.039" 2.602" 1.991™ 2.803™
AP levels 0.5-04 1.972 2425 2.169 2.926
0.6-0.5 2.010 2.531 2.097 2.862
0.7-0.6 1.926 2.398 2.012 2.783
Probabilities
Interaction NS P<0.05 NS NS
Calcium P<0.05 P<0.01 P<0.05 P<0.01
AP NS NS NS NS

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to4-5 to 8 wks age

Table4.12: Analyssof variancefor biweekly feed conversion ratioof growingturkeys
fed diet variablelevelsof calcium and available phosphorus

Sour ceof variation M ean Sum of Squares

of 0-2wk 3-4wk 5-6 wk 7-8wk
Calcium levels 2 0.069* 0.724%* 0.118* 0.455%*
AP levels 2 0.021 0.060 0.074 0.062
CaXAP 4 0.014 0.188* 0.054 0.052
Error 27 0.021 0.043 0.031 0.072

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant
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FCR was observed in a dietary combination of 1.0-0.8% Ca with 0.6-0.5% Av.P followed by
1.0-0.8% Ca with 0.5-0.4% Av.P, 1.0-0.8% Ca with0.7-0.6% Av.P, 1.2-1.0% Ca with 0.7-
0.6% Av.P and 1.4-1.2% Ca with 0.5-0.4% Av.P than those recorded in other dietary
combinations. However, during 0-2, 5-6 and 7-8 wks of FCR did not differed significantly
due to interaction of Ca and Av.P levels in the diets. Bi-weekly FCR during 0-2, 3-4, 5-6 and
7-8 weeks of was differed significantly due to different levels of Ca in the diets. During 0-2
wks of age significantly (P<0.05) better feed conversion efficiency was observed at 1.0-0.8
and 1.2-1.0% Ca than that recorded at 1.4-1.2% Ca in the diets. During 3-4 wks of age
significantly (P<0.01) better FCR was noticed at 1.0-0.8% Ca than other two levels of Ca in
the diets. Significantly (P<0.05) better FCR was observed at 1.4-1.2% Ca than that recorded
at 1.2-1.0% Ca in the diet during 5-6 wks of age. However, FCR recorded at 1.0-0.8% Ca
was found intermediary. During 7-8wks ofage significantly (P<0.01) better FCR was recorded
at 1.0-0.8 and 1.4-1.2% Ca than that recorded at 1.2-1.0% Ca in the diet. No-significant
differences were recorded on FCR due to different levels of dietary Av.P during different

growth phases.

Data on cumulative feed conversion ratio (FCR) during (0-4wks), (5-8wks) and (0-
8wks) of age in different dietary groups have been presented in Table 4.13 and Fig. 4 its
analysis of variance (ANOVA) in Table 4.14. Results revealed that the mean cumulative FCR
ofturkey poults was differed significantly due to interaction between Ca and Av.P levels in the
diet during 0-4wks of age. However, during 5-8 and 0-8wks of age, cumulative FCR was not
differed significantly due to interactions between Ca and Av.P levels in the diets. Significantly
(P<0.05) lower and better FCR was observed in a dietary combination of 1.0-0.8% Ca with
0.5-0.4% Av.P than those recorded in other dietary combinations during 0-4wks of age.
However, cumulative FCR recorded in dietary combinations of 1.0-0.8% Ca with 0.6-0.5%
Av.P, 1.0-0.8% Ca with 0.7-0.6% Av.P and 1.2-1.0% Ca with 0.7-0.6% Av.P was found
intermediary. Cumulative FCR was differed significantly due to different levels of dietary Ca
during 0-4, 5-8 and 0-8 wks of age. Significantly (P<0.01) lower and better FCR was observed
at 1.0-0.8% Cathan those observed in other levels of Ca in the diets. During 5-8 and 0-8 wks
ofage, significantly lower and better FCR was recorded at 1.0-0.8 and 1.4-1.2% Ca than
that observed at 1.2-1.0% Ca in the diets. No-significant differences were recorded on

cumulative FCR due to different levels of dietary Av.P during 0-4, 5-8 and 0-8wks of age.
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Table4.13: Cumulativefeed conversion ratio (g feed/ g gain) of growing turkeys
fed diet variablelevelsof calcium and available phosphorus

Treatments Biweekly Body Weight (g/b)
Calcium Av.Phosphor us
(Ca%) (AP %) 0-4wks 5-8 wks 0-8wks

I nter action effect (CaxAP)

1.0-0.8 0.5-04 2.041° 2427 2329
0.6-0.5 2.076® 2.547 2427
0.7-0.60.5-0.4 2.079 2.359 2289
1.2-1.0 2.464° 2.789 2.700
0.6-0.5 2.472¢ 2.705 2.641
0.7-0.6 2.137% 2.664 2516
14-12 0.5-04 2.273% 2.632 2.539
0.6-0.5 2.462¢ 2402 2416
0.7-0.6 2.448° 2403 2411
Pooled SEM 0.036 0.037 0.031
Main effect
Calcium levels 1.0-0.8 2.065™ 2.444m 2.348™
1.2-1.0 2.358" 2719 2.619"
14-12 2.359" 2479 2.455™
AP levels 0.5-04 2260 2616 2.523
0.6-0.5 2.337 2.551 2495
0.7-0.6 2221 2475 2405
Probabilities
Interaction P<0.05 NS NS
Calcium P<0.01 P<0.01 P<0.01
AP NS NS NS

abc(Interaction),mno (Ca),pqr (AP),Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Calevels: 0to 4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age.

Table 4.14: Analysis of variance for cumulative FCR of growing turkeys fed diet
variablelevelsof calcium and available phosphorus

Sour ceof variation M ean Sum of Squar es

of 0-4wk 5-8wk 0-8wk
Calcium levels 2 0.390** 0.268** 0.223**
AP levels 2 0.042™s 0.059™ 0.045™
CaXAP 4 0.075* 0.032™ 0.016™
Error 27 0.020 0.037 0.025

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant
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Results...

4.1.4. Mortality/Survivability

The data with respect to survivability of growing turkey poults reared under different
dietary regimens from 0-8wks of age have been set out in Table 4.15. The total number of
birds at the start of experiment was 288 and each dietary treatment had 32 birds. One bird
died from each dietary regimen having 1.0-0.8% Ca with0.5-0.4 Av.P, 1.0-0.8% Ca with
0.6-0.5 Av.P, 1.4-1.2% Ca with 0.5-0.4 SAv.P and 1.4-1.2% Ca with 0.6-0.5Av.P. Two
birds were died from each dietary regimen having 1.0-0.8% Ca with 0.7-0.6% Av.P, 1.2-
1.0% Ca with0.5-0.4% Av.P, 1.2-1.0% Ca with 0.6-0.5% Av.P and 1.4-1.25 Ca with 0.7-
0.6% Av.P. Three birds were died in a dietary combination of 1.2-1.0% Ca with 0.7-0.6%

Av.P. The overall mortality of the present experiment was observed 5.20 per cent.

Table4.15: Mortality of growingturkeysfed different levelsof calcium and phosphorus

Treatments No.of poultsdied during differ ent phasesin the experiment
Calcium Phosphorus  Total No. No. of No. of No. of Total
(Ca%) (P%) of birds birdsdied birdsdied birdsdied Mortality

(0-4wks) (5-8wks) (0-8wks) (%)

I nter action effect (CaxAP)

1.0-0.8 0.5-04 32 3 1 4 12.5
0.6-0.5 32 4 1 5 15.625
0.7-0.6 32 5 1 6 1875
12-1.0 0.5-04 32 1 1 2 6.25
0.6-0.5 32 3 1 4 12.5
0.7-0.6 32 2 1 3 9.375
14-12 0.5-04 32 1 0 1 3.125
0.6-0.5 32 4 0 4 125
0.7-0.6 32 6 1 7 21.875
Total 288 29 7 36 Av. 125

4.1.5 Skeletal health

Daily monitoring by physical examination ofthe individual birds of present experiment
reared under different dietary regimens from 0-8 wks period was made to evaluate the overall
health of birds. All the experimental birds appeared quit normal and apparently healthy but for
variable body growth. No marked clinical sign of illness and skeletal defects were observed in
the flock due to feeding different levels of Ca and Av.P. Even the slight extent of lameness,
deviated toe, and swollen hock joint and general depression had been unnoticed due to various

dietary regimens.
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4.2 Cellular and Humoral |mmunity and I mmune or gans weight

The results pertaining to cellular and humoral immune response as affected by feeding
different levels of Ca and Av.P have been presented in Table 4.16 and Fig. 5, 6 its analysis of
variance (ANOVA) in Table 4.17. The mean cellular immune response (Foot web index) was
differed significantly due to interaction between Ca and Av.P levels in the diets. Significantly
(P<0.01) higher cellular immune response foot web index to PHAP was recorded in a dietary
combination of 1.2-1.0% Ca with 0.6-0.5% Av.P than those recorded in other dietary
combinations. However, foot web index to PHAP recorded in dietary combinations of 1.0-
0.8% Ca with 0.7-0.6% Av.P, 1.2-1.0% Ca with 0.5-0.4% Av.P, 1.2-1.0% Ca with 0.7-
0.6% Av.P and 1.4-1.2% Ca with 0.5-0.4% Av.P were found intermediary. Cellular and humoral

Table4.16: Cdlular and humoral immunity of growing turkeysfed diet variablelevels
of calcium and available phosphorus

Treatments Cellular and humoral immunity
Calcium Av.Phosphor us Foot web index HA titer (log,)
(Ca%) (P%)

I nter action effect (CaxAP)

1.0-0.8 0.5-04 0.583¢ 2.84
0.6-0.5 0.961* 3.50
0.7-0.6 1.607< 3.11
1.2-1.0 0.5-04 1.215b 3.51
0.6-0.5 1.750¢ 3.57
0.7-0.6 1.365% 3.59
14-1.2 0.5-04 1.376% 343
0.6-0.5 1.120% 3.59
0.7-0.6 0.962* 343
Pooled SEM 0.071 0.050
Main effect
Calcium levels 1.0-0.8 1.050™ 3.15™
1.2-1.0 1.443" 3.56"
14-12 1.153m 348"
AP levels 0.5-04 1.057 3.26°
0.6-0.5 1.277 3.554
0.7-0.6 1312 3.38m
Probabilities
Interaction P<0.01 NS
Calcium P<0.05 P<0.01
AP NS P<0.05

abc(Interaction),mno (Ca),pqr (AP)
Value bearing different superscripts within a column differ significantly (P<0.05), (P<0.01), NS-Non-
significant

Effect of feeding varying dietary calcium and phosphorus levels on the growth performance and.... é
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Results...

Table4.17: Analyssof variancefor cdlular and humoral immunity of growingturkeys
fed diet variablelevelsof calcium and available phosphorus

Sourceof variation  df. M ean Sum of Sguares

Foot web index HA titer (log,)
Calcium levels 2 0.997* 0.016**
AP levels 2 0.454~s 0.007*
CaX AP 4 0.003%** 0.001™
Error 63 0274 0.139

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

immune response was differed significantly due to different levels of Ca in the diets. Significantly
(P<0.05) higher cellular immune response (foot web index to PHAP) was recorded at 1.2-
1.0% Cathan 1.0-0.8% Ca in the diet. However, (foot web index to PHAP) recorded at 1.4-
1.2% Ca was found intermediary. Humoral immune response (HA titre to SRBC) was recorded
significantly (P<0.05) higher at 1.2-1.0 and 1.4-1.2% Ca than that recorded at 1.0-0.8% Ca
in the diet. Humoral immune response (HA titre to SRBC) was recorded significantly (P<0.05)
higher at 0.6-0.5% Av.P than that recorded at 0.5-0.4% Av.P. However, humoral immune
response (HA titre to SRBC) was recorded at 0.7-0.6% Av.P was found intermediary. No-
significant differences were recorded on cellular immune response (foot web index to PHAP)

due to different levels of Av.P in the diets.

Data on immune organ weight in relation to body weight of growing turkey poults as
influenced by feeding different level of Ca and Av.P at 56 days of age have been presented in
Table 4.17 and Fig. 7 its analysis of variance (ANOVA) in Table 4.18. The mean immune
organ weight such as bursa and spleen at 56 days of age did not differed significantly due to the
interaction between Caand Av.P levels in the diets. However, significant difference was observed
on thymus weights at 56 days of age due to the interaction between Ca and Av.P levels in the
diets. Significantly (P<0.01) higher thymus weight was recorded in a dietary combination of
1.2-1.0% Ca with 0.5-0.4% Av.P than those recorded in other dietary combinations. Various
immune organs weight was also differed significantly due to different levels of Ca in the diets.
Significantly (P<0.05) higher bursa weight was recorded at 1.2-1.0% Ca than 1.4-1.2% Ca
in the diet. However, bursa weight recorded at 1.0-0.80% Ca was found intermediary.

Significantly (P<0.05) higher spleen weight was observed at 1.2-1.0% Ca than 1.0-0.8% Ca

Effect of feeding varying dietary calcium and phosphorus levels on the growth performance and.... é
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Table4.18: Immuneorgan weight at 56d of age of growingturkeysfed diet variable
levelsof calcium and available phosphorus

Treatments Organ weight (% body wt.) at 56 days
Calcium Av.Phosphor us
(Ca%) (AP%) Bursa Spleen Thymus

I nter action effect (CaxAP)

1.0-0.8 0.5-04 0.134 0.143 0.065
0.6-0.5 0.176 0.164 0.120%
0.7-0.6 0.166 0.166 0.092
1.2-1.0 0.5-04 0.200 0.225 0.223¢
0.6-0.5 0.195 0.173 0.153¢
0.7-0.6 0.153 0.205 0.100%
14-12 0.5-04 0.163 0.195 0.080®
0.6-0.5 0.151 0.175 0.078®
0.7-0.6 0.118 0.180 0.065
Pooled SEM 0.006 0.008 0.008
Main effect
Calcium levels 1.0-0.8 0.158™ 0.157™ 0.092m
1.2-1.0 0.183" 0.201" 0.159"
14-12 0.144™ 0.183™ 0.745™
AP levels 0.5-04 0.166 0.188 0.123
0.6-0.5 0.174 0.171 0.117
0.7-0.6 0.146 0.181 0.108
Probabilities
Interaction NS NS P<0.01
Calcium P<0.05 P<0.05 P<0.01
AP NS NS P<0.05

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age

Table4.19: Analysisof variancefor immuneorgan weight at 56d of ageof growing
turkeysfed diet variablelevelsof calcium and available phosphorus

Sour ceof variation M ean Sum of Squar es

of At 56 days
Calcium levels 2 0.009 0012 0.047
AP levels 2 0.005 0.002 0.010
CaXAP 4 0.004 0.003 0.014
Error 63 0.002 0.003 0.002

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant
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Results...

in the diet. Whereas, spleen weight observed at 1.4-1.2% Ca was found intermediary.
Significantly (P<0.05) higher thymus weight was observed at 1.2-1.0% Ca than those recorded
at other two levels of Ca in the diets. Significantly (P<0.01) higher thymus weight was recorded
at 0.5-0.4 and 0.6-0.5% Av.P than that observed at 0.7-0.6% Av.P. Bursa and spleen weight
did not differed significantly due to different levels of Av.P in the diets.

4.3 Serum biochemical parameters

The results pertaining to various blood biochemical parameters as affected by feeding

different levels of Ca and Av.P have been presented in Table 4.20,22 and its analysis of variance

Table4.20: Serum biochemical parametersof growingturkeysfed diet variable
levelsof calcium and available phosphorus

Treatments Serum biochemical parameters
Calcium Av.Phosphor us ALP Calcium Phosphor us
(Ca%) (AP %) (UL) (mg/dl) (mg/dl)

I nter action effect (CaxAP)

1.0-0.8 0.5-04 193.37 10.65 5.59
0.6-0.5 170.87 10.53 5.86
0.7-0.6 148.12 10.68 6.06
1.2-1.0 0.5-04 179.62 11.04 5.56
0.6-0.5 161.5 11.21 5.56
0.7-0.6 138.72 11.57 5.98
14-12 0.5-04 175.87 12.19 5.98
0.6-0.5 167.25 12.48 54
0.7-0.6 150.25 12.63 5.64
Pooled SEM 221 3.82 0.12
Main effect

Calcium levels 1.0-0.8 170.79 10.62™ 5.84
1.2-1.0 159.95 1127 5.70
14-12 164.45 12.43° 5.67
AP levels 0.5-04 182.954 11.30 5.71
0.6-0.5 166.544 11.41 5.61
0.7-0.6 145.700 11.63 5.89

Probabilities
Interaction NS NS NS
Calcium NS P<0.01 NS
AP P<0.01 NS NS

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to4-5 to 8 wks age
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Table4.21: Analysisof variancefor serum biochemical parametersof growingturkeys

Sour ceof variation M ean Sum of Sguar es
of ALP Calcium Phaosphor us
(UL) (mg/dl) (mg/dl)
Calcium levels 2 712.12 20.26%* 0.19
AP levels 2 8367.25%* 0.68 0.50
CaXAP 4 22347 0.17 0.55
Error 63 878.68 0.40 0.34

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

Table4.22: Serum biochemical parametersof growing turkeysfed diet variablelevels
of calcium and available phosphorus

Treatments Serum biochemical parameters
Calcium Av.Phosphor us Total  Albumin (A)Globulin(G)  A/G Glucose
(Ca%) (AP %) Protein (mg/d1) (mg/d1) Ratio

I nter action effect (CaxAP)

1.0-0.8 0.5-04 7.0725 1.7963 5.2725 0.3425 100.0063
0.6-0.5 7.0488 1.4438 5.6050 0.2638 158.6513
0.7-0.6 7.1750 1.7213 5.4550 0.3213 115.3150
1.2-1.0 0.5-04 7.2375 1.5450 5.6925 0.2763 113.4763
0.6-0.5 7.1675 1.5788 5.5900 0.2850 189.0975
0.7-0.6 7.1363 1.5363 5.6000 0.2838 144.3663
14-12 0.5-04 7.2250 1.8713 5.3538 0.3750 133.0975
0.6-0.5 7.2063 1.7613 5.4425 0.3338 120.6288
0.7-0.6 7.2888 2.1238 5.1638 04313 109.0500
Pooled SEM 0.05660 0.04602 0.07341 0.01317 6.99535
Main effect
Calcium levels 1.0-0.8 7.0988 1.6538™ 5.4442 0.3092™ 124.6575
1.2-1.0 7.1804 1.5533m 5.6275 0.2817™ 148.9800
14-12 7.2400 1.9188" 5.3200 0.3800" 120.9221
AP levels 0.5-04 7.1783 1.7375 5.4396 0.3313 115.5233rp
0.6-0.5 7.1408 1.5946 5.5458 0.2942 156.12584
0.7-0.6 7.2000 1.7938 5.4063 0.3454 122.9104°
Probabilities
Interaction NS NS NS NS NS
Calcium NS P<0.05 NS P<0.05 NS
AP NS NS NS NS P<0.05

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age
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Table4.23: Analysis of variance for serum biochemical parameters of growing
turkeysfed diet variablelevelsof calcium and available phosphorus

Sour ceof variation Mean Sum of Squar es
o Total  Albumin(A)Globulin(G)  AG Glucose
Protein (mg/dl) (mg/dl) Ratio
Calcium levels 2 0.121™ 0.855% 0.574 0.062*  5571.136™
AP levels 2 0.022" 0.253™ 0.128"s 0.017%  11225.584*
CaXAP 4 0.025™ 0.152 0.1417 0.008%  4448.784"
Error 63 0254 246.62 0406 0.11 3155.023

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

(ANOVA) in Table 4.21,23.The various blood biochemical parameters namely serum total
protein, albumin, globulin, albumin/globulin ratio, glucose, Serum alkaline phosphatase (ALP),
serum calcium and phosphorus did not differ significantly due to interaction between Ca and
Av.P levels in the diets. The serum albumin and albumin/globulin ratio differed significantly
(P<0.01) due to different levels dietary Ca. Significantly higher albumin and albumin/globulin
ratio were recorded at 1.4-1.2% Ca than those recorded in other dietary levels of Ca in the
diets. Significantly (P<0.01) linear increased in serum Ca as increasing Ca levels from 1.0-0.8
to 1.4-1.2% in the diet. Significantly (P<0.01) higher glucose value was recorded at 0.6-0.5%
Av.P than those recorded in other dietary levels of Av.P in the diets. Significantly (P<0.01)
higher alkaline phosphatase activity was recorded at 0.5-0.4% Av.P than those recorded in
other levels of Av.P in the diets.

4.4 Bone mor phometry

Data on tibia bone morphometry of growing turkey fed diet varying in dietary Ca and
Av.P, days from 0-56 days of age are presented in Table 4.24 and Fig. 8-9 and its analysis of
variance (ANOVA) in Table 4.25. The mean tibia bone morphometry at 56 days of age in
term of proximal width (mm), midshaft width(mm) and distal width(mm) of growing turkey did
not differed significantly due to interaction between Ca and Av.P in the diets. However, mean
tibia bone length was differed significantly due to interaction between Ca and Av.P in the diet.
Significantly (P<0.05) higher tibia bone length was observed in a dietary combinations of 1.0-
0.8% Ca with 0.5-0.4% Av.P followed by 1.0-0.8% Ca with 0.6-0.5% Av.P, 1.4-1.2% Ca
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with 0.5-0.4% Av.P, 1.0-0.8% Ca with 0.7-0.6% Av.P, 1.2-1.0 % Ca with 0.7-0.6%Av.P
than those observed in other dietary combinations. The tibia bone length (P<0.01), midshaft
width (P<0.05) and distal width (P<0.01) differed significantly due to different dietary Ca
levels in the diets. Significantly (P<0.01) higher tibia bone length was recorded at 1.0-0.8%
Ca than those recorded at other levels of Ca in the diets. Significantly (P<0.05) higher tibia
bone mid shaft width was recorded at 1.0-0.8% Ca than that recorded at 1.2-1.0% Ca in the
diet. However, tibia bone midshaft width recorded at 1.4-1.2% Ca was found intermediary.
Significantly (P<0.01) higher tibia distal width was recorded at 1.0-0.8 and 1.4-1.2% Ca than
that recorded at 1.2-1.0% Ca in the diets. Non-significant differences were recorded on
various bone morphometry parameters due to different levels of dietary available phosphorus

i the diets.

Table4.24: Bonemorphometry of growingturkeys fed diet variablelevelsof calcium
and available phosphorus

Treatments Bonemor phometry

Calcium Av.Phosphor us Length Proximal width ~ Mid shaft Distal width

(Ca%) (AP%) (mm) (mm) (mm) (mm)

I nter action effect (CaxAP)

1.0-0.8 0.5-04 105.74¢ 2040 7.19 16.72
0.6-0.5 102.00° 1947 6.77 16.65
0.7-0.6 100.964 19.66 6.81 16.60

12-1.0 0.5-04 92.56* 19.10 6.27 1541
0.6-0.5 96.35% 18.71 649 15.86
0.7-0.6 99.72b 19.05 6.85 15.29

14-1.2 0.5-04 101.4254 20.31 6.82 17.16
0.6-0.5 96.89% 19.43 6.76 16.40
0.7-0.6 95.25% 19.60 6.67 16.65

Pooled SEM 0.77 0.19 0.06 0.17

Main effect

Calcium levels 1.0-0.8 102.907 19.84 6.92" 16.66"
12-1.0 96.21m™ 18.95 6.53 15.52m
14-1.2 97.85™ 19.78 6.75™ 16.74"

AP levels 0.5-04 99.91 19.94 6.76 16.43
0.6-0.5 9841 19.21 6.67 16.30
0.7-0.6 98.64 1944 6.78 16.17

Probabilities

Interaction P<0.05 NS NS NS
Calcium P<0.01 NS P<0.05 P<0.01
AP NS NS NS NS

abc(Interaction),mno (Ca),pqr (AP),Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age
Value bearing different superscripts within a column differ significantly (P<0.05), (P<0.01), NS-Non-
significant
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Table4.25: Analyssof variancefor bonemorphometry of growing turkeysfed diet
variablelevelsof calcium and available phosphorus

Sour ceof variation Mean Sum of Squares
o Length Proximal width Mid shaft Distal width
(mm) (mm) (mm) (mm)
Calcium levels 2 201.51%* 5.94 0.90* 11.12%*
AP levels 2 15.54 333 0.07 0.39
CaXP 4 109.75* 0.33 0.53 0.79
Error 63 1.30 2.70 0.26 1.87

*Significant ((P<0.05), ** Significant ((P<0.01), NS-Non-significant

451 Bonemineralization

The effect of feeding different levels of dietary Ca and Av.P on tibia bone mineralization
of growing turkey was studied in terms of tibia bone weight, moisture percentage, ash weight,
ash percentage, calcium (Ca) and phosphorus (P) in tibia bone collected at end of 56 days of
age. The tibia bone mineralization parameters are summarized in Table 4.26 and Fig. 10 its
analysis of variance (ANOVA) in Table 4.27. Significantly (P<0.01) higher dry tibia bone
weight and ash weight were observed in a dietary combinations of 1.0-0.8% Ca with 0.5-
0.4% Av.P than those recorded in other dietary combinations. Significantly (P<0.01) higher
ash weight was observed in a dietary combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P
followed by 1.4-1.2% Ca with 0.5-0.4% Av.P, 1.0-0.8% Ca with 0.6-0.5% Av.P, 1.2-1.0%
Ca with 0.7-0.6% Av.P,1.4-1.2 Ca with 0.7-0.6% Av.P and 1.4-1.2% Ca with 0.6-0.5%
Av.P than those recorded in other dietary combinations. The various traits of tibia bone
mineralization such as fresh bone weight, dry bone weight, bone moisture content, bone ash
weight and bone Ca content differed significantly due to different levels of Ca in the diet.
However, bone ash % and bone phosphorus content in tibia bone did not change significantly
due to different levels of Ca in the diets. Fresh bone weight was significantly (P<0.05) higher
at 1.0-0.8% Ca than that recorded at 1.2-1.0% Ca in the diet. However, fresh bone weight
recorded at 1.4-1.2% Ca was found intermediary. Significantly (P<0.05) higher bone weight
and ash weight were recorded at 1.0-0.8 and 1.4-1.2% Ca than that recorded at 1.2-1.0%
Ca in the diet. Bone moisture content was significantly (P<0.01) higher at 1.2-1.0% Ca than

those recorded at other levels of Ca in the diets. Linear improvement (P<0.01) in tibia bone
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Ca content was observed with increase Ca concentration in the diet from 1.0-0.8 to 1.4-1.2
%. Significant changes were recorded on tibia bone moisture, bone Ca content and phosphorus
content in tibia bone due to different levels of dietary available phosphorus in the diets.
Significantly (P<0.05) higher tibia bone moisture was recorded at 0.6-0.55 Av.P than that
recorded at 0.5-0.4% Av.P. However, bone moisture recorded at 0.7-0.6% Av.P was found
intermediary. Linear decreased (P<0.01) in tibia bone Ca content was observed with increase
Av.P concentration in the diet from 0.5-0.4 to 0.7-0.6 %. Significantly (P<0.01) higher tibia
bone phosphorus was recorded at 0.6-0.5 and 0.7-0.6 % Av.P than that recorded at 0.5-
0.4% Av.Pin the diet. The other tibia bone mineralization traits did not differed significantly due
to different levels of Av.P in the diets.

45.2 Bonestrace minerals

The effect of trace minerals content in tibia bone of growing turkey fed diet variable in
Ca and available phosphorus are summarized in Table 4.28 and Fig. 11-12 its analysis of
variance (ANOVA) in Table 4.29. The copper and manganese content in tibia bone differed
significantly due to interaction between dietary Ca and Av.P in the diet. Significantly (P<0.01)
higher copper content in tibia bone was observed in a dietary combinations of 1.4-1.2% Ca
with 0.6-0.5% Av.P than those recorded in other dietary combinations. Significantly (P<0.05)
higher manganese content in tibia bone was recorded in a dietary combination of 1.2-1.0% Ca
with 0.5-0.4% Av.P than those recorded in other dietary combinations. Significantly (P<0.01)
linear increased in copper content in tibia bone was recorded as increasing dietary Ca
concentration from 1.0-0.8% to 1.4-1.2% during 0-4 - 5-8wks ofage. Significantly (P<0.05)
higher tibia manganese content was recorded at 1.2-1.0% Ca than 1.0-0.8% Ca. However,
tibia bone manganese content observed atl.4-1.2% Ca was found intermediary. Significantly
(P<0.01) higher tibia copper content was noticed at 0.6-0.5% Av.P than those recorded in
other levels of dietary Av.P. Significant (P<0.01) gradual decreased in tibia iron content as
increasing the dietary Av.P in the diet from 0.5-0.4% to 0.7-0.6% Av.P during 0-4 — 5-8wks

ofage.
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Table4.28: Trace mineralsin growing turkeys fed diet variable levels of calcium
and availablephosphorus

Treatments TraceMinerals
Calcium Av.Phosphor us Cu Zn Mn Fe
(Ca%) (AP%)

I nter action effect (CaxAP)

1.0-0.8 0.5-04 3.7313 160.8850 6.8225° 149.4338
0.6-0.5 37175 136.0975 7.5100° 116.0038
0.7-0.6 3.5475 139.9050 7.0250° 100.7313
1.2-1.0 0.5-04 4.4400° 144.7150 9.0925%® 153.8063
0.6-0.5 4.4100° 149.1150 7.5050° 119.6950
0.7-0.6 4.0625® 164.6450 74575 98.6375
14-12 0.5-04 4.5800° 160.3625 7.5650° 145.0675
0.6-0.5 6.3600° 167.4925 7.3725* 1154338
0.7-0.6 4.7200° 145.6800 7.7650 96.3488
Pooled SEM 0.11542 152.0997 7.5683 121.6842
Main effect
Calcium levels 1.0-0.8 3.6654™ 145.6292 7.1192™ 122.0563
1.2-1.0 43042 152.8250 8.0183° 124.0463
14-12 5.2200° 157.8450 7.5675™ 118.9500
AP levels 0.5-04 4.25044 155.3208 7.8267 149.4358
0.6-0.5 4.8292" 150.9017 7.4625 117.04424
0.7-0.6 4.1100r 150.0767 74158 98.5725°
Probabilities
Interaction P<0.01 NS P<0.05 NS
Calcium P<0.01 NS P<0.05 NS
AP P<0.01 NS NS P<0.01

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to4-5 to 8 wks age, AP levels: : 0 to 4-5 to 8 wks age

Table 4.29 : Analysis of variance for Trace Minerals in growing turkeys fed diet
variablelevelsof calcium availablephosphorus

Sour ceof variation M ean Sum of Squares

o Cu Zn Mn Fe
Calcium levels 2 29.308** 1809.656™ 9.702% 316.645™
AP levels 2 6.975%* 381.688™ 2.4298 31820.010**
CaXAP 4 9.571%** 6202.369™ 14.040%* 151.356™
Error 279 22251 38763.051 85.376 5168.129

*Significant ((P<0.05), ** Significant ((P<0.01), NS-Non-significant
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4.6 Calcium retention

The observation on Ca intake, excreted, retained and percent Ca retention by growing
turkey in different dietary treatments as influenced by feeding different dietary levels of Ca and
Av.P during metabolic trial (54-56 d of age) have been presented in Table 4.30 and its analysis

ofvariance (ANOVA) in table 4.31.

Table4.30: Calcium intake, excreted, retained and percent Caretention of growing
turkeysfed diet variablelevelsof calcium and available phosphorus

Treatments CaRetention
Calcium Av.Phosphor us Caintake Caexcreted Caretained Caretention
(Ca%) (AP %) (g/b/d) (g/b/d) (9/b/d) (%)

Interaction effect (CaxAP)

1.0-0.8 0.5-04 0.89 0.37 0.51 57.81
0.6-0.5 0.86 0.37 0.5 57.58
0.7-0.6 0.87 0.38 0.49 56.62
1.2-1.0 0.5-04 0.94 043 0.51 53.83
0.6-0.5 0.98 0.46 0.52 5311

0.7-0.6 1.01 042 0.59 582
14-12 0.5-04 1.18 0.53 0.64 54.66
0.6-0.5 1.14 0.56 0.58 50.62
0.7-0.6 1.34 0.55 0.79 58.63

Pooled SEM 0.03 0.13 0.02 0.77

Main effect
Calcium levels 1.0-0.8 0.87m 037m 0.50m 5734
1.2-1.0 0.98n 0.44n 0.54m 55.04
14-12 1.220 0.550 0.67n 54.64
AP levels 0.5-04 0.59 0.39 02 3428
0.6-0.5 0.59 0.39 0.19 3352
0.7-0.6 0.6 04 02 34.56
Probabilities

Interaction NS NS NS NS

Calcium P<0.01 P<0.01 P<0.01 NS

AP NS NS NS NS

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant
Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to4-5 to 8 wks age
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Table4.31: Analysisof variancefor Caintake, excreted, retained and percent Ca
retention of growingturkeys fed diet variablelevelsof calcium available

phosphorus
Sour ceof variation M ean Sum of Squares
of Caintake Caexcreted Caretained  Caretention

(g/brd) (g/b/d) (9/b/d) (%)
Calcium levels 2 0.379%* 0.094** 0.096** 25.430™
AP levels 2 0.001™ 0.000™ 0.000™ 2.031
CaXAP 4 0.015™ 0.001™ 0.015™ 2321
Error 27 0.006 0.001 0.007 18.785

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant

The mean values of Ca intake (g/b/d), excreted (g/b/d) and retained (g/b/d) and percent
Caretention did not differed significantly due to interaction of Ca and Av.P in the diet. However,
mean values of Ca intake (g/b/d), excreted (g/b/d) and retained Ca (g/b/d) differed significantly
due to different levels of calcium in the diet. Calcium intake was significantly (P<0.01) linear
increased with increased concentration of Ca in the diet. Similarly, Ca excretion was also
significantly (P<0.01) increased linearly as increasing the dietary concentration of Ca in the
diet. The absolute retained value of Ca was significantly (P<0.01) higher at 1.4-1.2% Ca than
those recorded at its lower levels of Ca in the diet. None- significant differences were recorded
on Ca intake, excreted, retained and percent Ca retention due to different concentration of

Av.P in the diet.
4.7 Phosphorus retention

The observation on phosphorus (P) intake, excreted, retained and percent P retention
by growing turkey in different dietary groups as influenced by feeding different dietary levels of
Ca and Av.P have been presented in Table 4.32. The differences among mean values have
been analyzed and summarized in Table 4.33. The mean values of P intake (g/b/d), excreted
(g/b/d), retained (g/b/d) and percent P retention did not differed significantly due to interaction
between Ca and Av.P in the diet. Significant effect was seen on P intake and absolute retained
value of P due to different levels of dietary Ca. Significantly (P<0.05) higher P intake was

observed at 1.4-1.2% Ca than those recorded at its lower levels of Ca in the diet. Significantly
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Table4.32: Phosphorusintake, excreted, retained and per cent Pretention of growing
turkeysfed diet variablelevelsof calcium and available phosphorus

Treatments P Retention
Calcium Av.Phosphorus Pintake P excreted Pretained Pretention
(Ca%) (AP %) (g/bld) (g/b/d) (g/b/d) (%)
1.0-0.8 0.5-0.4 0.50 0.30 0.20 40.68
0.6-0.5 0.59 0.39 021 34.63
0.7-0.6 0.69 0.50 0.19 27.54
12-1.0 0.5-04 0.49 0.30 0.19 39.29
0.6-0.5 0.57 0.38 0.19 3241
0.7-0.6 0.70 0.49 0.18 28.86
14-12 0.5-04 0.51 0.30 0.20 39.79
0.6-0.5 0.60 0.39 021 3441
0.7-0.6 0.70 0.50 0.20 2827
Pooled SEM 0.01 0.01 0.01 1.11
Main effect
Calcium levels 1.0-0.8 1.00° 045 0.56" 5543
12-1.0 1.00° 0.46 0.53" 53.77
14-12 1.07" 045 0.62" 57.82
AP levels 0.5-0.4 0.50° 0.30° 0.19 39.92"
0.6-0.5 0.58" 0.39" 0.19 33.82°
0.7-0.6 0.69' 0.50 0.20 28.22°
Probabilities
Interaction NS NS NS NS
Calcium P<0.05 NS P<0.05 NS
AP P<0.01 P<0.01 NS P<0.01

abc(Interaction),mno (Ca),pqr (AP), Value bearing different superscripts within a column differ significantly
(P<0.05), (P<0.01), NS-Non-significant Ca levels: 0 to 4-5 to 8 wks age, AP levels: : 0 to4-5 to 8 wks age

Table 4.33: Analysis of variance for P intake, excreted, retained and percent P
retention of growingturkeys fed diet variablelevelsof calcium available

phosphorus

Sour ceof variation M ean Sum of Squares

of Pintake Pexcreted Pretained Pretention

(g/b/d) (g/b/d) (g/b/d) (%)

Calcium levels 2 0.022%* 0.001™ 0.027* 49.728"8
AP levels 2 0.115%* 0.120** 0.005™s 6.94%*
CaXAP 4 0.000™ 0.458™ 0.141™ 0.200™
Error 27 0.001 0.000 0.001 26407

*Significant (P<0.05), ** Significant (P<0.01), NS-Non-significant
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(P<0.05) higher absolute retained value of P was recorded at 1.4-1.2% Ca than that recorded
at 1.2-1.0% Ca. However, absolute retained value of P recorded at 1.0-0.8% Ca was found
intermediary. P intake and P excreted were significantly (P<0.01) increased linearly with
increasing dietary concentration of Av.P in the diet. Percent phosphorus retention was significantly
(P<0.01) decreased linearly with increased dietary concentration of Av.P in the diet. However,
absolute retained value of P did not change significantly due to different levels of Av.P in the

diet.
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DISCUSSION

The discussion of the present experiment conducted at the Division of Avian Nutrition
and Feed Technology, CARI, Izatnagar in order to study the effect of feeding varying dietary
levels of calcium and available phosphorus on growth performance and skeletal health of

CARIVIRAT growing turkey poults have been discussed under this chapter.

5.1. Growth performance
5.1.1 Body weight and body weight gain (BW and BWG)

Diet formulating to meet the minimum requirement of calcium and phosphorus for
growing turkey is a complex task, which needs a large number of interacting factors to be
considered, otherwise any one of which can influence the bird’s calcium and phosphorus
requirements. The impact of dietary Ca and P on the growth performance of developing turkeys
has been investigated by many workers. NRC (1994) has stated that 1.2 and 1.0% calcium
and 0.6 and 0.5 % phosphorus required in the diet of growing turkey during 0-4 and 5-8
weeks, respectively, for optimum growth performance. Similarly, [CAR (2013) stated that 1.2
and 1.0% calcium and 0.55 and 0.50% phosphorus required in the diet of growing turkey
during 0-6 and 6-12 weeks of age, respectively for optimum growth performance. In the
present finding significantly (P<0.01) higher BWG was observed in a dietary combinations of
1.0-0.8% Ca with 0.5-0.4% Av.P followed by 1.2-1.0 % Ca with 0.7-0.6%Av.P than those
observed in other dietary combinations during 0-4wks of age. During 5-8wks of age,
significantly (P<0.05) higher body weight gain was recorded in a dietary combinations of 1.0-
0.8% Ca with 0.5-0.4% Av.P followed by 1.0-0.8% Ca with 0.7-0.6% Av.P than those
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observed in other dietary combinations. During 0-8wks of age, significantly (P<0.01) higher
body weight gain was recorded in a dietary combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P
than those observed in other dietary combinations. The maximum body weight gain was obtained
in a dietary combination of 1.0-0.8% Ca with 0.5-0.4% Av.P during 0-4, 5-8 and 0-8wks of
age. It seems that dietary level of Ca and Av.P in the diet of growing turkey poult during 0-4,
5-8 and 0-8wks of should be 1.0-0.8% Ca with 0.5-0.4% Av.P. Present results get support
from earlier observation reported by Tatara et.al.(2011) suggested that dietary calcium needs
of growing turkey is 1.02 and 0.85 % during 0-4 and 5-8 weeks respectively for optimum
growth performance. However, slightly higher levels of available phosphorus were suggested
by ICAR (2013). In contrary to present finding Sullivan et.al.(1959) reported that the optimum
growth performance were obtained when diet fed 1.55 % calcium with 0.70 to 0.80% and
0.75 to 0.85 % total phosphorus to female and male growing turkey, respectively. Similarly,
Motzok and Slinger (1948) conducted three experiments on calcium and phosphorus
requirement in the diet of growing turkey from 0-5weeks of age and fed variable dietary
calcium and phosphorus levels in the diet in (Expt-1 constant Ca level (1.6%) with variable P
(0.7 to 1.7%), Expt.2 variable Ca (0.9 to 2.3%) and constant P level (0.7%) and Expt.3
variable Ca (1.2 to 2.0%) and constant P level (1.0%). Based on the results of 3 experiments
authors suggested that considering growth and bone ash in growing turkey during 0-5 weeks
ofage, the best results were obtained when the ration contained approximately 2.0% calcium

and 1.0% phosphorus.
5.1.2 Feedintake(Fl)

In the present results significantly (P<0.01) higher FI was observed in a dietary
combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P followed by 1.2-1.0 % Ca with 0.6-
0.5%Av.P than those observed in other dietary combinations during 0-4 wks ofage. During 5-
8 and 0-8wks of age, significantly (P<0.05) higher FI was recorded in a dietary combination
0f'1.0-0.8% Ca with 0.5-0.4% Av.P than those observed in other dietary combinations. It
seems that dietary level of 1.0-0.8% Ca with 0.5-0.4% Av.P could satisfy the optimum feed
intake and efficiency of feed utilization. Contrary to the present finding Sanders et.al.(1992)
reported that feeding variable levels of dietary Ca (0.8,10.0,12.0 and 14.0 g/kg) and TP
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(7.0,9.0,11.0 and 13.0g/kg) to very young growing turkey had little effect on body weight and
efficiency of feed utilization and concluded that 12.4 Ca g/kg with 10.2 TP g/kg are adequate
for optimum growth performance from 0 to16 days of age. Similarly, Hocking et al. (2002)
reported that diet fed with variable levels of Ca (6,10,14 and18g/kg) and AvP (3,5, 7 and 9
g/kg) to large white male turkey from 4-13weeks of age had no influenced on feed intake and
efficiency of feed utilization and authors concluded that the maximum body weight at 7, 10 &
13 wks ofage was obtained with 1.0 % Ca and 0.3% available phosphorus.

5.1.3 Feedconversonratio (FCR)

In the present results significantly (P<0.05) lower and better FCR was observed in a
dietary combination of 1.0-0.8% Ca with 0.5-0.4% Av.P than those recorded in other dietary
combinations during 0-4wks of age. However, during 5-8 and 0-8wks of age, cumulative
FCR was not differed significantly due to interactions between Ca and Av.P levels in the diets.
In the present finding during all growth phases’ better efficiency of feed utilization was obtained
in a dietary combination of 1.0-0.8% Ca with 0.5-0.4% Av.P. It seems that if dietary levels of
Ca or available phosphorus increased from above level did not improved efficiency of feed
utilization. Sanders et al. (1992) reported that feeding variable levels of dietary Ca
(0.8,10.0,12.0 and 14.0 g/kg) and TP (7.0,9.0,11.0 and 13.0g/kg) to very young growing
turkey had little effect on body weight and efficiency of feed utilization and concluded that 12.4
g/kg Cawith 10.2 g/kg TP are adequate for optimum growth performance from0 to16 days
ofage. Hocking etal. (2002) reported that diet fed with variable levels of Ca (6,10,14 and18g/
kg)and AvP (3,5, 7 and 9 g/kg) to large white male turkey from 4-13weeks of age had no
influenced on feed intake and efficiency of feed utilization and authors concluded that the
maximum body weight at 7, 10 & 13 Wks of age was obtained with 1.0 % Ca and 0.3%
available phosphorus. Tatara et al. (2011) reported that no significant effect on body weight
was observed when diet fed 0.99-1.33 and 0.85-1.10 % calcium and 0.79- 1.06 and 0.71-
0.93% total P during 0-4 weeks and 5-8 weeks of age, respectively.

5.1.4. Mortality/Survivability

In the present study the overall mortality was observed 5.20 % which is under normal

limit (5.0%). This reveals that mortality was not affected due to different dietary treatments.
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Finding of present study supported by Skinner et al. (1992) conducted a trial by feeding of
maize-soybean diets supplemented with 0.12% non-phytate P and 0.06, 0.12, 0.24, 0.36,
0.48 and 0.60% Ca or 0.2% non-phytate P with 0.16, 0.24, 0.36, 0.48 and 0.60% Ca to
male broilers (42-56 d) and reported that in terms of mortality, there were no changes between
broilers fed supplemented and control diets (0.35% non-phytate P and 0.8% Ca). Scheideler
etal. (1995) indicated that dietary interventions had no effect on total mortality in Trial 1 (100
and 140% NRC Ca and P for 0-7 wk; 140% NRC Ca and P for 0-3 wk followed by 100%
NRC Caand P for 4-7 wk) and Trial 2 (85, 100 and 140% NRC Ca and P for 0-7 wk), but
In Trial 3, there was a substantial increase, where Ca was provided at greater amounts in the
diet (85% NRC Calcium and Phosphorus for 0-9 wk; 100% NRC Cal and 85% NRC P for
0-9 wk). They further mentioned that the sudden death syndrome (SDS) mortality was
significantly increased by higher dietary Ca and P in Trial 1 and 3. Average SDS mortality was
2.61,2.39 and 2.52% for Trial 1, 2 and 3, respectively.

5.1.5 Skeletal health

In the present results all the experimental birds appeared quit normal and apparently
healthy but for variable body growth. No marked clinical sign of illness and skeletal defects
were observed in the flock due to feeding different levels of Ca and Av.P. Even the slight extent
of lameness, deviated toe, and swollen hock joint and general depression had been unnoticed
due to various dietary regimens. The nutritional abnormalities resulting in avian rickets are
usually related to alteration in dietary levels of Ca, P or vitamin D3 and errors in feed formulation
or mixing (Wise, 1975). Hocking et al.(2002) reported that there is no evidence that dietary
changes have a major impact of Ca or available P on culling or walking ability when diet fed
variable levels of Ca (6, 10, 14 and 18g/kg) and available P (3,5,7 and 9 g/kg). Hocking et
al.(2002) Variable dietary Ca (6, 10, 14, and 18 g/kg) and Av P (3, 5, 7, and 9 g/kg) had no
impact on the prevalence of the lesion, except in turkeys fed a diet containing 6 g Ca/kg, where
body weight and tibial dyschondroplasia incidence were low. As per authors low dietary Ca

was also linked to lower tibial plateau angles at 10 - 13 wks of age.
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5.2 Cdlular and Humoral Immunity and mmune organs weight

In the present finding significantly (P<0.01) higher cellular immune response foot web
index to PHAP was recorded in a dietary combination of 1.2-1.0% Ca with 0.6-0.5% Av.P
than those recorded in other dietary combinations. Significantly (P<0.05) higher cellular immune
response (foot web index to PHAP) was recorded at 1.2-1.0 Ca than 1.0-0.8% Ca in the
diet. Humoral immune response (HA titre to SRBC) was recorded significantly (P<0.05)
higher at 1.2-1.0 and 1.4-1.2% Ca than that recorded at 1.0-0.8% Ca in the diet. Humoral
immune response (HA titre to SRBC) was recorded significantly (P<0.05) higher at 0.6-0.5%
Av.P than that recorded at 0.5-0.4% Av.P. From above results it seems that higher level of
calcium and available phosphorus is required for improved immune response of the birds.
Present results get support from earlier observation reported by Emami et al. (2013) noticed
that broiler fed diets low in NPP supplemented with phytase (@ 500unit/kg and 0.2% commercial
organic acid, significantly improved immune response to SRBC as compared to non-
supplemented phytase and organic acid. Hofmann et al. (2021) reported that dietary calcium
is correlated with changes in several immune parameters irrespective of'strain, hens fed the Ca
diets had lower numbers of immune cells, especially T cells, in blood and cecal tonsils. Authors
also suggested that higher P availability was associated with enhanced immune function. Makola
etal. (2021) reported that nano-dicalcium phosphate substitution in broiler diet at levels of

40% and 50% could improve broiler chicken immunological response and intestinal morphology.

In the present results significantly (P<0.01) higher thymus weight was recorded in a
dietary combination of 1.2-1.0% Ca with 0.5-0.4% Av.P than those recorded in other dietary
combinations. The various immune organs were recorded significantly higher at 1.2-1.0% Ca
than other two levels of Ca in the diet. Significantly (P<0.01) higher thymus weight was recorded
at 0.5-0.4 and 0.6-0.5% Av.P than that observed at 0.7-0.6% Av.P. Bursa and spleen weight
did not differed significantly due to different levels of Av.P in the diets. Kidd (2004 ) reported
that sub nutrition impaired the bird’s ability to mount an effective response in natural and
acquired immunity. At first sight, the results of the present study may appear contradictory to
other studies in which higher P availability was associated with enhanced immune function (Nie

etal., 2018). Dietary Ca was also shown to be associated with alterations in several immune
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parameters in the present study. Ca deficiency leads to an increase in parathyroid hormone
which, in turn, promotes the production of 1, 25-dihydroxyvitamin D3 (1, 25-(OH)2D3 (Singh
etal., 1986). 1,25 (OH)2D3 interacts with the vitamin D receptors that have been found in
various cells in the body, including immune cells ( Veldman etal.2000) indicating

immunomodulatory properties (Martens et al. 2020).
5.3 Serum bio-chemical parameters

Many factors, including genetics, nutrition, minerals, and vitamins, climate, rearing
technique, age and other physiological factors can all play a role in altering the blood constituents.
In the present finding significantly higher albumin and albumin/globulin ratio were recorded at
1.4-1.2% Cathan those recorded in other dietary levels of Ca in the diets. Significantly (P<0.01)
higher glucose value was recorded at 0.6-0.5% Av.P than those recorded in other dietary
levels of Av.P in the diets. The present study may appear contradictory to other studies reported
by Attia et al. (2020) who that increasing the dietary Ca from 3.5t04.5%, significantly decreased
albumin/globulin ratio from 1.15 to 0.89 and albumin value did not changed significantly due to
increasing dietary Ca levels in layer diets. In the present finding significantly (P<0.01) linear
increased in serum Ca as increasing Ca levels from 1.0-0.8 to 1.4-1.2% in the diet. Present
results get support from earlier observation reported by McMurtry et al. (1983)reported that
Plasma ionised calcium was 35% of'total calcium in poults, and it was affected by a food
withholding and feeding regimen. The link between ionised and total calcium, according to the
author, would be the ideal index for relating calcium homeostasis and physiological state.
Hocking et al. (2002)conducted an experiment involving large white male turkey from heavy
commercial male line were fed sixteen diets, containing four concentration ofCa (6,10,14 and
18 g/kg) and available P (3,5, 7 and 9g/kg) in a factorial experiment. Dietary calcium was
favourably related with blood Ca and Ca ion concentrations, but had no influence on blood
phosphorus. In the present results significantly (P<0.01) higher alkaline phosphatase activity
was recorded at 0.5-0.4% Av.P than those recorded in other levels of Av.P in the diets.
Contradictory finding were also reported by Fernandes et al. (1999) reported an increased
plasma alkaline phosphatase (ALP) 6674 vs8693 units/litre by addition of incremental dietary
AP (0.8 vs 0.16 % from different sources in control diet containing 0.23% AP. They further,
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suggested that supplementing diet with agriculture and feed grade phosphates caused elevation
0f9617 and 6136 unit/lit ALP activity, respectively.Similar to present finding Deo et al. (2006)
reported that serum ALP and calcium (Ca) significantly increased as decreasing dietary AP

levels and serum phosphorus concentration were increased as increasing dietary AP levels.
5.4 Bone morphometry

Despite years of research, the bone disorders leading to leg weakness or lameness
remain significant contributor to concern in turkey production. Among them the rickets and
tibial dyschondroplasia (TD) are the most commonly encountered skeletal deformities, of Ca
and P deficiency. Skinner et al. (1992) opined that the diet with 0.56 % Ca and 0.12 % NPP
content affected length of tibia adversely on comparing to those fed with control diet containing
0.80 % Ca and 0.35 % NPP. In the present finding significantly (P<0.05) higher tibia bone
length was observed in a dietary combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P followed
by 1.0-0.8% Ca with 0.6-0.5% Av.P, 1.4-1.2% Ca with 0.5-0.4% Av.P, 1.0-0.8% Ca with
0.7-0.6% Av.P, 1.2-1.0 % Ca with 0.7-0.6%Av.P than those observed in other dietary
combinations. It seems that dietary Ca level (1.0-0.8%) with Av.P (0.5-0.4% ) during 0-4 and
5-8wks ofage was found adequate for optimum bone development because further increasing
dietary Caand Av.P froml1.2to1.4% and 0.6-0.7% respectively during 0-4 wks ofage and
1.0to1.2% and 0.5 to 0.6% respectively during 5-8wks ofage did not improve bone length
and width of tibia bone. In contrary to present finding Deo et al. (1996) were unable to
observed any significant influence of the Ca ,P and vitamin D, contents on the length of
tarsometatarsal bone of broiler chicks. On the other hand, length oftibia was reduced as a
result of low P content in diet of broiler chicks (Moran and Todd, 1994). Mohamed (2020)
reported that the length of tibia was not affected by reducing levels 0£0.4% NPP in starter and
0.2 % NPP in finisher diet in broiler chicks. Tatara et al. (2011) reported that Boosted calcium
supply in the diet increased skeletal system features, which were increased and created the
most desirable traits such as bone weight, length, and volume in turkey consuming 95, 105,

and 115 percent of the NRC calcium requirement.
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55.1 Bonemineralization

Skeletal health could be adversely influenced by diets with an imbalance of the Ca:
NPP ratio. The bone ash has been the principal criterion of evaluating dietary Ca and/or P
contents for poultry in numerous studies (Fritz et al., 1969). Waldroup et al. (1963) stated
that the bone ash values were more responsive to Ca and/or P levels than body weights. In the
present finding significantly (P<0.01) higher dry tibia bone weight was observed in a dietary
combinations of'1.0-0.8% Ca with 0.5-0.4% Av.P followed by1.4-1.2% Ca with 0.5-0.4%
Av.P, 1.2-1.0% Ca with 0.7-0.6% Av.P, 1.4-1.2% Ca with 0.7-0.6% Av.P, 1.0-0.8% Ca
with 0.6-0.5% Av.P, 1.4-1.2% Ca with 0.6-0.5% Av.P and 1.0-0.8% Ca with 0.7-0.6% Av.P
than those recorded in other dietary combinations. It seems that dietary Ca 1.0-0.8% with
Av.P 0.5-0.4% is sufficient for optimum bone weight as well as ash weight. Present results get
support from earlier observation reported by Shafey et al. (1990b) observed 41.2, 40.4 and
38.9% tibia ash in 17-d old chickens fed diets with 1.2, 2.2 and 3.2% Ca levels respectively
and reported that the tibia ash content reduced as the dietary Ca level was increased. Similar
depression in bone ash values was seen by Scheideler (1995) in chickens fed the diet containing
1.8% against 1.0% Ca. The Ca and P levels in serum and bone can reflect the nutritional status
of Caand P in broilers. Insufficient Intake of one or both mineral interferes with homeostasis of
second one, resulting in retarded growth and poor bone mineralization (Shafey et al., 1990;
Hurwitz et al., 1995). Inthe present finding % bone ash value indicated insignificant differences
due to different dietary Ca and Av.P. Similar finding were also reported by Deo et al.(1996)
who found that no significant effect on total ash in tarsometatarsal bone, due to due to feeding
different levels of Ca, P and vit.D3. However, an increase in P or D3 in diet could elevate the
bone ash. Inthe present finding linear improvement (P<0.01) in tibia bone Ca content was
observed with increase Ca concentration in the diet from 1.0-0.8 to 1.4-1.2 %. Linear decreased
(P<0.01) in tibia bone Ca content was observed with increase Av.P concentration in the diet
from 0.5-0.4 to 0.7-0.6 %. Significantly (P<0.01) higher tibia bone phosphorus was recorded
at 0.6-0.5 and 0.7-0.6 % Av.P than that recorded at 0.5-0.4% Av.P in the diet. The other tibia
bone mineralization traits did not differed significantly due to different levels of Av.P in the diets.

Present results get support from earlier observation reported by Sohail and Roland (1999)
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who found that on increasing the AP concentration in broiler diet, there was significant increase
in the tibiae Ca and P. Similarly, E1 Boushy (1979) found that tibiae P increased with increasing
P content in broiler diet. In contrary to present finding Deo et al. (1996) reported that Ca and
P content of tarsometatarsal bone of chicks did not varied due to different levels of Ca P and

vit D3.
5.5.2 Bonestrace minerals

In the present finding significantly (P<0.01) linear increased in copper content in tibia
bone was recorded as increasing dietary Ca concentration from 1.0-0.8% to 1.4-1.2% during
0-4 - 5-8wks of age. Significantly (P<0.05) higher tibia manganese content was recorded at
1.2-1.0% Ca than 1.0-0.8% Ca. However, tibia bone manganese content observed at1.4-
1.2% Cawas found intermediary. Significantly (P<0.01) higher tibia copper content was noticed
at 0.6-0.5% Av.P than those recorded in other levels of dietary Av.P. Significant (P<0.01)
gradual decreased in tibia iron content as increasing the dietary Av.P in the diet from 0.5-0.4%
to 0.7-0.65 Av.P during 0-4 — 5-8wks of age. Present results get support from earlier
observation reported by Rao et al. (2003) who found that decreased concentrations of zinc,
manganese and iron in liver with increased calcium and phosphorus in diet suggesting reduced
availability of these minerals at disproportionate or higher levels of Ca and available phosphorus
in the diet. Tibia Copper and manganese concentration were increased with increasing dietary
Calevels in the diets. Whereas, tibia iron concentration was significantly reduced with increasing

dietary concentration of Av.P.
5.6 Calcium retention

The ability of birds to utilize dietary Ca varies significantly depending on the age,
genotype, dietary energy, protein and fibre content, source and levels of calcium, source and
levels of phosphorus and vitamin D3 in the diet as reported by Edward (1982), Ballam et al.
(1984) and Baghel and Pradhan (1990). In the present finding calcium intake was significantly
(P<0.01) linear increased with increased concentration of Ca in the diet. Similarly, Ca excretion

was also significantly (P<0.01) increased linearly as increasing the dietary concentration of Ca
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in the diet. Present results get support from earlier observation reported by Rao et al. (1999)
reported that increasing the dietary levels of Ca and P, significantly increased Ca and P excretion
because the excess quantity of Ca and P consumed beyond the absolute requirement might
have been excreted. The absolute retained value of Ca was significantly (P<0.01) higher at
1.4-1.2% Ca than those recorded at its lower levels of Ca in the diet. However, percent Ca
retention did not change significantly due to different levels Ca and Av.P in the diet. Rao et al.
(2003) reported that excretion of Ca and P was significantly lower at lower levels of Ca and

NPP tested (6 and3g/kg diet, respectively) as observed in present finding.
5.7 Phosphorus retention

The ability of birds to utilize dietary P depending on various factors such as age,
genotype, dietary energy, protein and fibre content, source and levels of calcium, source and
levels of phosphorus and vitamin D3 in the diet as reported by Edward (1982), Ballam et al.
(1984) and Baghel and Pradhan (1990). Inthe present results significantly (P<0.05) higher P
intake was observed at 1.4-1.2% Ca than those recorded at its lower levels of Ca in the diet.
Present results get support from work reported by Rao et al.(1999) reported that increasing
the dietary levels of Ca and P, significantly increased Ca and P excretion because the excess
quantity of Ca and P consumed beyond the absolute requirement might have been excreted. In
the present finding P intake and P excreted were significantly (P<0.01) increased linearly with
increasing dietary concentration of Av.P in the diet. Percent phosphorus retention was significantly
(P<0.01) decreased linearly with increased dietary concentration of Av.P in the diet. Similar
results were also reported by Edwards and Veltmann (1983) and Punna and Roland (1999)
opined that phytate P was more efficiently retained when chickens were fed suboptimal levels
of NPP. Shafey et al. (1990) reported that an increased dietary AP caused reduction in
excreta moisture as well as increase in P consumption and excretion. Pernery etal. (1993)
reported that increasing levels of AP in the diet of broiler chicks increased significantly P
intake, P-excretion and numerically P retention. In contrary, Sebastian (1996) suggested that
low (0.33%) AP diet did not change relative retention of P, but numerically brought about
higher P retention as compared to high AP (0.46%) diet at 10-d age but not in 17-d age.
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Ravindran et al. (2000) found that the dry matter retention decreased when the NPP
concentration was increased by addition of inorganic P supplements. They further reported
significantly higher P retention in low AP diet (0.23%) as compared to normal AP diet (0.45%)

in birds.
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E SUMMARY AND CONCLUSIONS

Calcium (Ca) is a major element found in the body in largest quantity. About 99% of
body calcium is present in bones as structural component of skeleton system, while remaining
1% calcium is present in soft tissues and body fluids. Calciumis involve in various physiological
functions like helps in coagulation ofblood and liberation of insulin, regulate acid-base balance,
excitability of nerves, permeability of cell membrane, heart beat and muscle tone and activates
digestive enzymes. It is essential component of eggshell in laying hens. A dietary deficiency of
calcium causes growth retardation, reduced feed intake, increased BMR, rickets or
osteoporosis, abnormal posture and gait, decreased activity and sensitivity, susceptibility to
internal hemorrhages, reduced life span, increased urine volume, tetany, decreased egg
production and reduced shell thickness which may bring to huge economic losses in the turkey
production. Similarly, Phosphorus (P) is a critical and most expensive mineral in poultry diet,
which plays a vital role in energy metabolism, DNA and RNA synthesis and many other bio-
functions such as maintenance of acid-base balance, cell-oxidative phosphorylation, egg shell
formation, energy transfer mechanism, skeletal development etc. Phosphorus deficiency can
hinder growth in birds and cause the onset of rickets or even death, if it is severe. Major
quantity (more than 50%) of P contained in feedstuffs of plant origin is phytic acid. The salts of
phytic acid are named as phytates. In general, phytate account for about two thirds of the total
P present in plants. Non-ruminants such as poultry and pig have virtually no phytase activity of
their own. Thus, the availability of P in feedstuffs of plant origin is generally low, ranging from

30 to 40 percent.



Summary and Conclusions...

With change in genetic make-up and the managemental practices for the fast growing
and high yielding turkey, it is possible that the requirement of calcium and phosphorus for
modern rapidly growing genotypes are higher than in the past. Efforts have been made by
several researchers to define the calcium and phosphorus requirement for growing turkey but
with variable results. Calcium and phosphorus requirement-related studies have been concerned
with birds maintained under temperate conditions and it is quite possible that these results may

not be applicable to the birds reared in tropical environments.

An eight week biological experiment was undertaken with an aim to study the response
of growing turkey to different levels of dietary Calcium and available phosphorus with respect
to the growth performance, immune response, blood biochemical parameters, skeletal growth
and retention of calcium and phosphorus. For the study, 288 straight run day-old CARI Virat
turkey chicks developed at Central Avian Research Institute, [zatnagar - 243122 were randomly
distributed into 36 groups. Nine dietary treatments with three levels of calcium (1.0/0.8, 1.2/
1.0 and 1.4/1.2%) each with three levels of available phosphorus (0.5/0.4, 0.6/0.5 and 0.7/
0.6%) during 0-4/5-8 weeks of age were formulated following 3 (Ca) x 3 (Av.P) in a factorial
design.

During 0-8wks of age, significantly (P<0.01) higher body weight gain was recorded in
a dietary combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P than those observed in other
dietary combinations. Significantly (P<0.01) higher BWG was observed at 1.0-0.8% Ca than
those recorded in other levels of Ca in the diets during 0-4, 5-8 and 0-8wks of age. No-
significant differences were noticed on BWG due to different levels of Av.P in the diets. During
0-8wks of age, significantly (P<0.05) higher FI was recorded in a dietary combination of 1.0-
0.8% Cawith 0.5-0.4% Av.P than those observed in other dietary combinations. Significantly
(P<0.05) higher FI was recorded at 1.0-0.8% Ca than 1.2-1.0% Ca in the diet during 0-
8wks ofage. No-significant differences were noticed on cumulative FI due to different levels
of Av.P in the diets during 0-8wks of age. During 0-8wks ofage, cumulative FCR did not
differed significantly due to interactions between Ca and Av.P levels in the diets. During 0-8
wks of age, significantly lower and better FCR was recorded at 1.0-0.8 and 1.4-1.2% Ca

than that observed at 1.2-1.0% Ca in the diets. No-significant differences were recorded on
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cumulative FCR due to different levels of dietary Av.P during 0-8wks of age. The mortality or
liveability of growing turkey did not change due to different levels of Ca and Av.P. No marked
clinical sign of illness and skeletal defects were observed in the flock due to feeding different
levels of Ca and Av.P. Even the slight extent of lameness, deviated toe, and swollen hock joint

and general depression had been unnoticed due to various dietary regimens.

Significantly (P<0.01) higher cellular immune response foot web index to PHAP was
recorded in a dietary combination of 1.2-1.0% Ca with 0.6-0.5% Av.P than those recorded in
other dietary combinations. Significantly (P<0.05) higher cellular immune response (foot web
index to PHAP) was recorded at 1.2-1.5% Ca than 1.0-0.8% Ca in the diet. Humoral immune
response (HA titre to SRBC) was recorded significantly (P<0.05) higher at 1.2-1.0 and 1.4-
1.2% Ca than that recorded at 1.0-0.8% Ca in the diet. Humoral immune response (HA titre
to SRBC) was recorded significantly (P<0.05) higher at 0.6-0.5% Av.P than that recorded at
0.5-0.4% Av.P. Significantly (P<0.01) higher thymus weight was recorded in a dietary
combination of 1.2-1.0% Ca with 0.5-0.4% Av.P than those recorded in other dietary
combinations. Significantly (P<0.05) higher bursa weight was recorded at 1.2-1.0% Ca than
1.4-1.2% Ca in the diet. Significantly (P<0.05) higher spleen weight was observed at 1.2-
1.0% Ca than 1.0-0.8% Ca in the diet. Significantly (P<0.05) higher thymus weight was
observed at 1.2-1.0% Ca than those recorded at other two levels of Ca in the diets. Significantly
(P<0.01) higher thymus weight was recorded at 0.5-0.4 and 0.6-0.5% Av.P than that observed
at 0.7-0.6% Av.P.

The various blood biochemical parameters namely serum total protein, albumin, globulin,
albumin/globulin ratio, glucose, serum alkaline phosphatase (ALP), serum calcium and
phosphorus did not differ significantly due to interaction between Ca and Av.P levels in the
diets. Significantly (P<0.01) linear increased in serum Ca as increasing Ca levels from 1.0-0.8
to 1.4-1.2% in the diet. Significantly (P<0.01) higher alkaline phosphatase activity was recorded
at 0.5-0.4% Av.P than those recorded in other levels of Av.P in the diets.

Significantly (P<0.05) higher tibia bone length was observed in a dietary combinations
of 1.0-0.8% Ca with 0.5-0.4% Av.P followed by 1.0-0.8% Ca with 0.6-0.5% Av.P, 1.4-
1.2% Ca with 0.5-0.4% Av.P, 1.0-0.8% Ca with 0.7-0.6% Av.P, 1.2-1.0 % Ca with 0.7-
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0.6%Av.P than those observed in other dietary combinations. Significantly (P<0.01) higher
tibia bone length and width were recorded at 1.0-0.8% Ca than those recorded at other levels
of'Ca in the diets.Non-significant differences were recorded on various bone morphometry

parameters due to different levels of dietary available phosphorus in the diets.

Significantly (P<0.01) higher dry tibia bone weight and ash weight were observed in a
dietary combinations of 1.0-0.8% Ca with 0.5-0.4% Av.P than those recorded in other dietary
combinations. Fresh bone weight was significantly (P<0.05) higher at 1.0-0.8% Ca than that
recorded at 1.2-1.0% Ca in the diet. Significantly (P<0.05) higher bone weight and ash weight
were recorded at 1.0-0.8 and 1.4-1.2% Ca than that recorded at 1.2-1.0% Ca in the diet.
Linear improvement (P<0.01) in tibia bone Ca content was observed with increase Ca
concentration in the diet from 1.0-0.8 to 1.4-1.2 %. Linear decreased (P<0.01) in tibia bone
Ca content was observed with increase Av.P concentration in the diet from 0.5-0.4 to 0.7-0.6
%. Significantly (P<0.01) higher tibia bone phosphorus was recorded at 0.6-0.5 and 0.7-0.6
% Av.P than that recorded at 0.5-0.4% Av.P in the diet.

Significantly (P<0.01) higher copper content in tibia bone was observed in a dietary
combinations of 1.4-1.2% Ca with 0.6-0.5% Av.P than those recorded in other dietary
combinations. Significantly (P<0.05) higher manganese content in tibia bine was recorded in a
dietary combination of'1.2-1.0% Ca with0.5-0.4% Av.P than those recorded in other dietary
combinations. Significantly (P<0.01) linear increased in copper content in tibia bone was
recorded as increasing dietary Ca concentration from 1.0-0.8% to 1.4-1.2% during 0-4 - 5-
8wks of age. Significantly (P<0.05) higher tibia manganese content was recorded at 1.2-
1.0% Ca than 1.0-0.8% Ca. Significant (P<0.01) gradual decreased in tibia iron content as
increasing the dietary Av.P in the diet from 0.5-0.4% to 0.7-0.65 Av.P during 0-4 — 5-8wks of

age.

Calcium intake was significantly (P<0.01) linear increased with increased concentration
of Ca in the diet. Similarly, Ca excretion was also significantly (P<0.01) increased linearly as
increasing the dietary concentration of Ca in the diet. The absolute retained value of Ca was

significantly (P<0.01) higher at 1.4-1.2% Ca than those recorded at its lower levels of Ca in

Effect of feeding varying dietary calcium and phosphorus levels on the growth performance and.... 6



Summary and Conclusions...

the diet. None- significant differences were recorded on Ca intake, excreted, retained and

percent Caretention due to different concentration of Av.P in the diet.

Significantly (P<0.05) higher P intake was observed at 1.4-1.2% Ca than those

recorded at its lower levels of Ca in the diet. Significantly (P<0.05) higher absolute retained

value of P was recorded at 1.4-1.2% Ca than that recorded at 1.2-1.0% Ca. However,

absolute retained value of P recorded at 1.0-0.8% Ca was found intermediary. P intake and P

excreted were significantly (P<0.01) increased linearly with increasing dietary concentration

of Av.P in the diet. Percent phosphorus retention was significantly (P<0.01) decreased linearly

with increased dietary concentration of Av.P in the diet.

Salient observations

Significantly (P<0.01) higher body weight and gain in body weight with better efficiency
of feed utilization and livability of growing turkey were found in a dietary combination
of 1.0-0.8 % calcium with 0.5-0.4% available phosphorus during 0 to 4 — 5 to 8

weeks ofage.

Skeletal defects were not observed in the flock due to feeding different levels of Ca
and Av.P. Even the slight extent of lameness, deviated toe, and swollen hock joint and

general depression had been unnoticed due to various dietary regimens.

Significantly better cellular and humoral immune response was achieved in  a dietary

combination of 1.2-1.0% Ca with 0.6-0.5% Av.P.

Significantly higher immune organs weight was achieved in a dietary combination of

1.2-1.0% Ca with 0.5-0.4 or 0.6-0.5% Av.P.

Various serum biochemical parameters did not influenced significantly due to interaction
between Ca and Av.P in the diet. However, serum Ca increased with increased
concentration of Ca in the diet but alkaline phosphatase activity decreased with increased

concentration of Av. P in the diet.

Serum albumin and albumin/globulins ratio was increased significantly with higher

level of Cain the diet.
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Tibia bone length was found significantly (P<0.05) higher in a dietary combination of
1.0-0.8% Ca with 0.5-0.4% Av.P during 0 to 4 - 5 to 8 wks of age.

Tibia bone length, mid shaft and distal width were significantly higher at 1.0-0.8 % Ca

in diet during 0 to 4 — 5 to 8wks of age.

Tibia dry bone weight and total ash weight was significantly higher in a dietary
combination 0f 1.0-0.8% Ca with 0.5-0.4% Av.P.

Tibia bone Ca was significantly increased with increased dietary concentration of Ca.
Similarly, tibia bone Ca decreased significantly with increased dietary concentration of
Av.P.

Tibia bone phosphorus was significantly increased with increased concentration of

Av.P in the diet.

Tibia Copper and manganese concentration were increased with increasing dietary
Calevels in the diets. Whereas, tibia iron concentration was significantly reduced with

increasing dietary concentration of Av.P.

Significantly higher excretion of calcium and phosphorus were observed at higher

levels of calcium and availble phosphorus in the diet.

Significantly higher retention/utilization of calcium and phosphorus was recorded at

lower levels of calcium and available phosphorus in the diet.

Conclusions

A dietary concentration of 1.0 and 0.80% Calcium with 0.50 and 0.40% available

phosphorus during 0-4 and 5-8 weeks of age respectively was found adequate to achieve

optimum growth performance, skeletal health, serum biochemical parameters and better

utilization of calcium and phosphorus in CARIVirat growing turkey. However, better immune

response was realized with dietary concentration of 1.2 and 1.0 % calcium with 0.60 and 0.50

% available phosphorus during 0-4 and 5-8 weeks of age, respectively.
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MINI ABSTRACT

The proposed study was undertaken with aim to evaluate the effect of feeding varying
dietary calcium and phosphorus levels on the growth performance and skeletal health of turkey
poults. A eight weeks (0-8wks) feeding trial was conducted as per (3*3) factorial design
involving three levels of calcium (1.0/0.8, 1.2/1.0 and 1.4/1.2%) each with three levels of
available phosphorus (0.5/0.4, 0.6/0.5 and 0.7/0.6%) during 0-4 and 5-8 weeks of age were
formulated in an standard turkey diet. Day old (n=288) CARIVIRAT turkey poults distributed
into nine dietary treatments with four replicates and each replicates having 8 poults each.
Results indicated that Significantly (P<0.01) higher body weight and gain in body weight with
better efficiency of feed utilization and livability of growing turkey were found in a dietary
combination 0f 1.0-0.8 % calcium with 0.5-0.4% available phosphorus during 0-4 and 5-8
weeks ofage. Significantly better cellular & humoral immune response and higher immune
organs weight were achieved in a dietary combination of 1.2-1.0% Ca with 0.5-0.4 or 0.6-
0.5% Av.P. Serum Ca increased with increased concentration of Ca in the diet and serum ALP
activities decreased as increased level of Av.P in the diet. Serum albumin and albumin/globulins
ratio was increased significantly with higher level of Ca in the diet. Tibia bone length (P<0.05),
mid shaft and distal width were significantly higher at 1.0-0.8 % Ca in diet during 0-4 and 5-
8wks ofage. Tibia dry bone weight and total ash weight were significantly higher in a dietary
combination 0f 1.0-0.8% Ca with 0.5-0.4% Av.P. Tibia bone Ca was significantly increased
with increased dietary concentration of Ca. Similarly, tibia bone Ca decreased significantly
with increased dietary concentration of Av.P. Tibia bone phosphorus was significantly increased
with increased concentration of Av.P in the diet. Tibia Copper and Manganese concentration
were increased with increasing dietary Ca levels in the diets. Whereas, Tibia Iron concentration
was significantly reduced with increasing dietary concentration of Av.P. Significantly higher
excretion of Ca and P were observed at higher levels of Ca and Av.P in the diet. Significantly
higher retention/utilization of calcium and phosphorus was recorded at lower levels of Ca and
Av.P in the diet. Based on the results it was concluded that dietary concentration of 1.0 and
0.80% Ca with 0.50 and 0.40% Av.P during 0-4 and 5-8 weeks of age respectively was
found adequate to achieve optimum growth performance, skeletal health, serum biochemical
parameters with better utilization of calcium and phosphorus in CARIVIRAT growing turkey.
However, better immune response was realized with dietary concentration of 1.2 and 1.0 %
calcium with 0.60 and 0.50 % available phosphorus during 0-4 and 5-8 weeks of age,

respectively.
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Hard feam o wecgol w9 A (P<0.01) =0 IRR & ao AR IRR & IO 4 gig & A1 BIs
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AMER H Ca® ded WR & A 98 T ol | Safd, Av. Pl il AMER Aigdl & A1 fefaa
IR BI FETAT BIH! HH 81 M5 AT | 3MER 4 Ca AR Av. PP Tod &R W Ca AR P
AU WU U Iod IO Q@] AT | JATER H Ca 3R Av. P& el WR R Hierrad iR
BIEPRY P Heaqul wU H Ied UTHRO SUANT ol fhAT AT o1 | CARIVIRAT Tl H
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