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ABSTRACT The objective of this study was to investi-
gate the effects of dietary P levels on the performance of
rearing pigeons, and bone characteristics of squabs from 7
to 21 d of age. A total of 192 pairs of adult Silver King
pigeons (40 wk of age) were used. The pigeons were ran-
domly allocated to one of 4 treatment groups, each con-
sisting of eight replicates of 6 pigeon pairs per replicate.
Dietary treatments included the basal diet (containing
0.3% of P), the basal diet supplemented with 0.2, 0.4, or
0.8% inorganic P. And the dietary Ca content was kept
at 1.40% across all treatments. The experimental diets
were fed to parent pigeons as corn-soybean complete pel-
let feed, and squabs fed with crop milk secreted by parent
pigeons. Pigeons in the group of 0.4% supplemental non-
phytate phosphorus (NPP) had shorter (P = 0.045) ovi-
position interval than those in the control group and
group of 0.8% NPP. When the diet was supplemented
with 0.8% of NPP, the least average egg weight was
observed (P = 0.006). Female breeding birds had much
higher (P < 0.01) Ca, P, and ALP in serum than male
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ones. At 7-d of age, dietary P supplementation influenced
P and Ca content in tibia ash of squabs (P < 0.05). The
tibia ash Ca content in the group of 0.2% NPP was the
highest among the treatments (P = 0.007). At d 21 of
age, both the birds in the group of 0.4 and 0.8% NPP had
higher tibia breaking strength (P < 0.01) and tibia ash
contents (P < 0.001) compared to the ones in the control
group. In conclusion, the P deficiency in the diet of parent
pigeons could cause poor bone mineralization of squabs,
especially impaired the bone-breaking strength and bone
ash content. The 0.8% of NPP supplementation in the
diet has a positive influence on mineralization of squabs
although production depression was observed. Both P
and Ca metabolism of female breeding birds were more
active than male ones at earlier time points of rearing
period. The desirable supplemental NPP level in diet for
breeding pigeon was 0.4% according to the performance
data in the present trial. The recommended Ca: P ratio
for pigeons, which was different from the optimum value
for broilers, needs to be studied in the future.
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INTRODUCTION

Phosphorus (P) plays an important role in nucleic
acid synthesis, energy metabolism, muscle function,
enzyme activity, lipid metabolism, and bone mineraliza-
tion (Berndt and Kumar, 2009). The P nutrition for
optimal performance and bone development in broilers,
ducks and geese have been well documented (Li et al.,
2017; Zhu et al., 2018a,b; Xu et al., 2019). Pigeons
(Columba livia domestica) as a type of altricial birds,
unlike chicken, hatch with unopened eyes and can
only be fed by male and female pigeons with ‘crop
milk’ for nearly 28 d. Pigeons are widely distributed
throughout the whole world (except arctic regions)
(Sales and Janssens, 2003). Pigeon meat, or squab, is
considered a delicacy in many parts of the world.
And the breeding stock is increasing year by year
which has made it become the fourth biggest source
of poultry-product in China. However, the P require-
ment of pigeons has not been studied. In the practical
production of meat-type pigeon, the P recommenda-
tion for broilers is adopted which might not be appli-
cable to this species. Therefore, it is necessary to
study the effects of dietary P levels on the perfor-
mance and development of pigeons.
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Bone is a main storage organ for P, which contains
about 85% of the body’s total P (Cook et al., 1937).
Bone formation is highly dependent on the dietary con-
centrations of P (Liu et al., 2013). It has been shown
that low P diets limited the growth of animals, whereas
high P intake negatively impacted calcium (Ca) metab-
olism and bone properties (Roman-Garcia et al., 2010).
Many researchers reported that high-P diet increases
the concentration of serum P, and decreases the bone
mass (Roman-Garcia et al., 2010). The P concentrations
in serum and bones can reflect the changes of P homeo-
stasis, and the contents within a normal range are
important for normal physiological function and optimal
bone mineralization (Proszkowiec-Weglarz and
Angel, 2013). Bone characteristics, such as bone ash, are
commonly used to examine mineralization of bones for
broilers (Bar et al., 2003). And the P metabolic utiliza-
tion parameters (Ca and P concentrations, and ALP
activities in serum and bone) of broilers were the most
sensitive ones to dietary P deficiency (Li et al., 2020).

Cereal grains are the major component of pigeon diets
and have high P concentrations, most of which is bound
as phytate and is considered not biologically available
(Vashishth et al., 2017). However, it should be noted
that plant feed ingredients, especially wheat, may con-
tain significant endogenous phytase activity (Selle et al.,
2003). Phytases can also be produced by different bacte-
ria (Palacios et al., 2008). Some authors have suggested
that phytate is hydrolysed by phytases produced by
micro-organisms present in the small intestine and par-
ticularly in the ceca of broilers (Leytem et al., 2008).
Our trial has indicated that the microbiota diversity was
higher in crop than in small intestine and rectum of
healthy pigeons at 14 and 21 days old (Ji et al., 2020).
Therefore, the P metabolism and utilization in pigeons
might be different from that in broilers. However, to our
knowledge, there are no reports on the effect of different
dietary P levels on growth performance, serum metabo-
lites and tibia characteristics of pigeons. In addition,
inorganic P supplements are added to the diet to thor-
oughly fulfill the requirements of birds according to the
P recommendation for broilers. The inclusion levels of
inorganic P in practice might contribute to increased
feed cost and environmental pollution (Gautier et al.,
2017). Therefore, the objective of the current study was
to investigate the effects of dietary P levels without
Figure 1. Sampling design showing the timeline for collecting samples o
clutch during the squab-rearing period of the experiment.
changing Ca levels on the performance of rearing
pigeons, and bone characteristics of squabs from 7 to 21
d of age, so as to get knowledge of P requirement of altri-
cial avian and explore the effects of parental P nutrition
on squabs for pigeon breeding.
MATERIALS AND METHODS

All procedures were approved by the Animal Care and
Use Committee of Institute of Animal Husbandry and
Veterinary Medicine, Beijing Academy of Agriculture
and Forestry Sciences. The sampling design showing the
timeline for collecting samples were shown in Figure 1.
Bird Husbandry

A total of 192 pairs of adult healthy Silver King
pigeons (40 wk of age) were obtained from a commercial
pigeon farm (Miyun district, Beijing, China). All the
female birds were chosen to keep the same oviposition
interval at the beginning of the study. The pigeons were
randomly allocated to one of 4 treatment groups, each
consisting of 8 replicates of 6 pigeon pairs per replicate.
Each pair was housed in a cage equipped with a nest and
a perch. The 32 replicates (6 cages per replicate) were
randomly distributed in the facility. The study lasted
for 46 d including the phases of egg-hatching and squab-
rearing. Before the experiment began, the birds were fed
the control P-deficient diet (containing 0.3% of P) for
10-d adaption. After this adaptive period, the pigeons
were fed the experimental treatment diets. The fertile
eggs were hatched by parent pigeons and two squabs
were assigned to be raised by each one pair of parent
pigeon. During the study, caged birds were housed in a
room under a 16L:8D lighting cycle, with a mean daily
temperature of 15 § 5°C. Feed was in pellet form and
water provided freely.
Dietary Treatments

Dietary treatments included the basal diet (containing
0.3% of P), the basal diet supplemented with 0.2, 0.4, or
0.8% inorganic P in the form of feed grade CaHPO4¢2H2O
(purity ≥98.0%; Beijing Kang Pu Hui Wei Technology
Company, Ltd., China). The building sand were washed
f eggs, squabs, and parent pigeons. Egg samples collected from the next



Table 1. Composition and nutrient levels of experimental diets
for parent pigeons (as-fed basis).

Treatment 1 2 3 4

Ingredient (%)
Corn 40.0 40.0 40.0 40.0
Pea 15.0 15.0 15.0 15.0
Wheat 12.0 12.0 12.0 12.0
Sorghum 10.0 10.1 10.1 10.1
(46%) Soybean meal 15.0 15.0 15.0 15.0
Soybean oil 1.00 1.00 1.00 1.00
Stone powder 2.60 1.90 1.25 0.00
CaHPO4¢2H2O 0.00 1.12 2.20 4.40
Salt 0.37 0.40 0.40 0.40
Lysine 0.20 0.20 0.20 0.20
Methionine 0.12 0.12 0.12 0.12
Vitamins1 0.02 0.02 0.02 0.02
Minerals2 0.15 0.15 0.15 0.15
Choline chloride 0.04 0.04 0.04 0.04
Sand3 3.50 2.95 2.52 1.57

Nutrient levels (%)
ME (kcal/kg) 2796.3 2796.3 2796.3 2796.3
CP4 15.5 15.0 15.2 15.2
Methionine 0.25 0.25 0.25 0.25
Lysine 0.82 0.82 0.82 0.82
Ca4 1.40 1.50 1.42 1.40
Total P (TP)4 0.30 0.54 0.77 1.28
1Vitamins provided the following per kilogram: vitamin A, 9,000 IU

(retinyl acetate); vitamin D3, 2,400 IU; vitamin E, 24 IU (dl-a-tocopheryl
acetate); vitamin K3, 3 mg; vitamin B1, 2.4 mg; vitamin B2, 7.5 mg; vita-
min B6, 4 mg; vitamin B12, 0.026 mg; nicotinamide, 26 mg; D-pantothenic
acid, 11 mg; folic acid, 1.4 mg; biotin, 0.16 mg.

2Minerals provided the following per kilogram: Cu, 15 mg; Fe, 99 mg;
Zn, 95 mg; Mn, 97 mg; I, 1.35 mg; Se, 0.45 mg.

3Washed building sand with no detectable P and Ca, was used to
adjust the amounts of calcium hydrophosphate in each group diet.

4CP, Ca, and total P were analyzed, while all others were calculated
according to the data reported for broilers (NRC, 1994).
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and used to correct the differences of additive weight
among the four treatment diets (Liu et al., 2017). The
experimental diets were fed to parent pigeons as corn-soy-
bean complete pellet feed. Squabs were fed with crop milk
secreted by parent pigeons. The Ca contents in diets of
parent birds were kept at 1.40% in every group. The con-
tents of Ca and P in feed ingredients and diet samples
were measured colorimetrically using the methods of
EDTA complex titration (National Standards of the Peo-
ple’s Republic of China, 2018) and vanadate-molybdate
spectrophotometry (Davies et al., 1973; Cao et al., 2021),
respectively. Validations of the Ca and P analyses were
conducted using soybean powder (GBW 10013 (GSB-4),
Institute of Geochemistry and Geophysics Exploring,
Chinese Academy of Geological Sciences, China) as a
standard reference material. The compositions and nutri-
ent levels of the experimental diets for parent pigeons
were shown in Table 1.
Performance of Parent Pigeons

Egg production per pair were monitored throughout
the trial, and the oviposition interval (time between lay-
ing period, day) of female birds calculated. The perfor-
mance data of breeding pigeons were only recorded
throughout the rearing phase (4 wk) to not interrupting
the egg-hatching of parent birds. Feed intake of adult
birds was measured. The remaining feed per cage was
weighed every week. From these values, the average feed
intake (g/pair¢day) and laying rate (%) were deter-
mined. Laying rate (%) = layed eggs every day /pigeon
pairs £ 100% (Chang et al., 2019).
Four pairs of parent pigeons from each treatment were

randomly selected for determination of body weight at
the beginning and end of the squab-rearing period. The
body weights of pigeons were measured after 12-h fast-
ing, and the body weight loss (g/bird) of the adult
pigeons during the period calculated. On the 7, 14, and
21-d in rearing period, four pairs of adult birds per treat-
ment were randomly selected for collection of blood sam-
ples, respectively. The blood samples were collected from
wing vein, immediately centrifuged for analyzing serum
Ca, P, and alkaline phosphatase (ALP) activity. The
levels of Ca, P, and ALP activity were determined by an
automatic biochemistry analyzer (Hitachi 7600, Japan)
with commercial kits (Beijing Leadman Biochemical
Company, Ltd., China).
Egg Quality

A total of 30 eggs from each treatment were randomly
selected to determine egg weight and eggshell quality.
Eggshell thickness was measured by an Egg Shell Thick-
ness Gauge (ETG-1061A, Robotmation, Co., Ltd.,
Tokyo, Japan). Eggshell strength was measured by an
Egg Force Reader (FGV-10X, Orka Food Technology,
Israel).
Sample Collection and Analysis of Squabs

On the 7, 14, and 21-d post-hatching, 8 squabs per
treatment (one for each replicate) were randomly
selected, respectively. The birds were killed by cervical
dislocation, the crop contents were removed, and then
the body mass was recorded. The tibia samples of the
selected birds were collected. The right tibia was peeled
and frozen at �20°C for analyzing bone strength and the
contents of bone ash, tibia ash Ca and P. The left tibia
was stored at �20°C for analysis of the ALP activity.
The ALP activity in tibia was determined with assay
kits (Nanjing Jiancheng Bioengineering Institute, Nanj-
ing, China) as described by Liu et al. (2017) and
Li et al. (2020).
The tibia bone strength was measured by a 3-point

bending test (Texture Analyzers TA.XT plus, Stable
Micro Systems Company, UK) as described by
Jiang et al. (2016). The tibia bone of the squabs was put
on a fulcrum point with a width of 20.5 mm apart. Load-
ing point was located in the midpoint of fulcrum points.
The value of breaking force was determined by the shear
test at a speed of 30 mm min�1 with a 50-kg loading cell
until fracture occurred. The ultimate breaking force of
the tibia bone was obtained according to the load-defor-
mation curve recorded by computer.
After the bone breaking strength was analyzed, the

tibia bone was dried in an oven at 105°C for 24 h. After
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that, bone ash percentage was determined by ashing the
bone in a muffle furnace at 600°C for 24 h (Kakhki et al.,
2019; Mohammadigheisar et al., 2020). The contents of
Ca and P in tibia ash were analyzed using the same
methods as those for feed samples.
Statistical Analysis

Data were analyzed by SPSS 20.0 for Windows (SPSS
Inc., Chicago, IL) using a one-way ANOVA using the
general linear model procedure except the serum index
of parent birds subjected to a two-way ANOVA analy-
sis. The model in the two-way analysis included the
main effects of dietary supplementary P level, sex, and
their interaction. One replicate was regarded as an
experimental unit, while individual bird or egg was the
experimental unit for egg, blood and bone parameters.
Linear and quadratic effects were evaluated using
orthogonal polynomial contrasts to test the responses to
increasing dietary NPP inclusion. Differences among
means were tested by the least significant difference
(LSD) method, and the statistical significance was set
at P ≤ 0.05.
RESULTS

Production Performance

The dietary TP levels by analysis on an as-fed basis
were 0.30, 0.54, 0.77, and 1.28%, respectively. Dietary P
level affected oviposition interval and average egg
weight (P < 0.05, Table 2). Pigeons in the group of 0.4%
supplemental non-phytate phosphorus (NPP) had
shorter (P < 0.05) oviposition interval than those in the
control group and group of 0.8% NPP. The NPP level
had quadratic influences (P < 0.05) on the laying rate,
and there was a tendency that female birds fed with 0.2
and 0.4% NPP supplementation had higher laying rate
compared with those in other groups. When the diet was
supplemented with 0.8% of NPP, the least average egg
weight was observed (P < 0.01). Body weight loss, daily
Table 2. Effects of dietary P level on performance of adult pigeons an

Item

P supplemental lev

0 0.2 0.

Body weight loss (g/bird) 22.7 28.8 46.
Feed intake of parent pigeons (g/pair¢day)

From d 1 to 7 of post-hatch 94.9 92.3 95.
From d 7 to 14 of post-hatch 155.3 168.9 158.
From d 14 to 21 of post-hatch 186.8 191.0 195.
From d 21 to 28 of post-hatch 184.2 181.2 174.
From d 1 to 28 of post-hatch 156.5 159.0 156.

Oviposition interval (d) 39.2a 37.0ab 36.
Laying rate (%) 3.31 4.47 4.
Average egg weight (g) 22.7a 22.5a 23.
Eggshell thickness (mm) 0.183 0.185 0.
Eggshell strength (kg/cm2) 1.01 1.05 1.
Body mass of squabs (7-day-old, g) 132.7 147.2 117.
Body mass of squabs (14-day-old, g) 315.1 321.5 328.
Body mass of squabs (21-day-old, g) 380.7 380.8 461.

1Each value represents the mean of 8 replicates.
a,bMeans within the same row lacking a common superscript differ (P < 0.05
feed intake, laying rate, eggshell thickness, and eggshell
strength were not affected by dietary P levels (P >
0.05). Although the body weight of squabs at 21-day-old
displayed upward trends when dietary P supplementa-
tion was increased from 0 to 0.4%, the difference among
treatment groups was not significant. According to the
oviposition interval and average egg weight, the optimal
dietary NPP supplemental level for breeding pigeons
was 0.4%. Additionally, the body mass of squabs tended
to decrease in the group of 0.8% NPP (P = 0.074).
Serum Parameters

The serum Ca, P, and ALP of parent pigeons during
the experimental period are presented in Table 3. Paren-
tal sex had significant effects (P < 0.01) on serum P, Ca,
and ALP on d 7 and d 14 (Table 3) of rearing period.
Female birds had much higher (P < 0.01) Ca, P, and
ALP in serum than male ones. However, the serum
parameters of breeding pigeons were not significantly
influenced by sex on d 21 (Table 3) except serum Ca.
On d 7 of rearing period, ALP activity in blood serum

was significantly affected (P = 0.05) by dietary P level.
Dietary P supplemental level of 0.4% appeared to be
adequate. The serum ALP in the group of 0.4% supple-
mental level was the highest (P = 0.05) among the
experimental groups (Table 3). The NPP level had lin-
ear influences (P < 0.05) on the serum ALP activity of
breeding pigeons on d 21 of post-hatching, and the birds
fed with 0.8% NPP supplementation had the lowest
ALP. On d 14, P concentration in serum was signifi-
cantly higher (P = 0.001) for birds in P-supplemented
groups when compared with the control group. Serum
Ca was also significantly influenced (P = 0.021) by the
P level. The highest serum Ca was observed in pigeons
fed with 0.2% P-supplemented diet. There was no signif-
icant (P > 0.05) difference in serum Ca between control
group and 0.8% P-supplemented group (Table 3). An
interaction between sex and dietary P level for serum
ALP on d 7 (P = 0.029) and serum Ca on d 14 (P =
0.006) were observed (Tables 3 and 4).
d squabs from 7- to 21-day-old.1

el (%)

SEM
P-value

4 0.8 Model Linear Quadratic

2 38.9 4.29 0.352 0.217 0.315

9 95.9 1.35 0.727 0.755 0.953
3 156.8 3.06 0.309 0.457 0.640
4 174.0 3.84 0.267 0.224 0.146
3 167.0 4.27 0.510 0.127 0.317
0 148.4 2.33 0.444 0.161 0.271
7b 39.1a 0.45 0.045 0.716 0.018
43 3.96 0.18 0.076 0.428 0.046
2a 21.5b 0.16 0.006 0.031 0.008
182 0.182 0.005 0.895 0.602 0.845
12 1.06 0.02 0.085 0.207 0.069
4 141.7 17.0 0.310 0.939 0.727
6 308.5 16.4 0.673 0.685 0.478
7 395.1 31.1 0.093 0.451 0.193

).



Table 3. Effects of sex and dietary P level on serum Ca, P, and ALP of breeding pigeons during squab-rearing period.1

D 7 post-hatch

Sex P supplemental level (%) P-value

Item Male Female SEM 0 0.2 0.4 0.8 SEM Sex
P level

Sex £ PModel Linear Quadratic

Ca (mmol/L) 1.895b 5.55a 0.45 3.298 3.650 4.153 3.791 0.62 0.00 0.805 0.987 0.683 0.701
P (mmol/L) 2.515b 3.658a 0.16 2.808 2.943 3.205 3.391 0.22 0.00 0.293 0.288 0.507 0.156
ALP (U/L) 291.3b 556.6a 37.7 387.0b 348.5b 551.8a 408.6b 51.2 0.00 0.05 0.721 0.435 0.029

D 14 post-hatch

Sex P supplemental level (%) P-value

Male Female SEM 0 0.2 0.4 0.8 SEM Sex
P level

Sex £ PModel Linear Quadratic

Ca (mmol/L) 1.786b 4.593a 0.223 2.497b 3.946a 3.218ab 3.097b 0.31 0.00 0.021 0.917 0.663 0.006
P (mmol/L) 2.206b 3.060a 0.186 1.531b 2.780a 2.916a 3.305a 0.26 0.004 0.001 0.003 0.003 0.425
ALP (U/L) 268.8b 504.6a 31.7 431.2 403.7 413.9 297.9 44.8 0.00 0.212 0.164 0.339 0.736

D 21 post-hatch

Sex P supplemental level (%) P-value

Male Female SEM 0 0.2 0.4 0.8 SEM Sex
P level

Sex £ PModel Linear Quadratic

Ca (mmol/L) 1.771b 2.975a 0.387 2.908 1.980 2.195 2.410 0.55 0.046 0.701 0.736 0.478 0.521
P (mmol/L) 2.367 3.206 0.291 3.090 2.295 2.683 3.079 0.41 0.063 0.512 0.671 0.416 0.856
ALP (U/L) 325.1 316.6 32.2 377.6 342.5 331.7 231.7 45.5 0.860 0.210 0.028 0.083 0.680

1Each value represents the mean of 8 breeding pigeons, male half and female half, per treatment.
a,bMeans within the same row lacking a common superscript differ (P ≤ 0.05).
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Bone Characteristics of Squabs

Influences of dietary P level of parent pigeons on tibia
breaking strength, tibia ash, ash Ca, ash P, and tibia
ALP activity of squabs are summarized in Table 4. At 7-
d of age, dietary P supplemental level influenced P and
Ca content in tibia ash (P < 0.05) of squabs. Dietary P
level did not affect (P > 0.05) all the measured bone indi-
ces of squabs at d 14. At d 21 of age, both the birds in the
group of 0.4 and 0.8% supplemental P levels had higher
tibia breaking strength (P < 0.01) and tibia ash contents
Table 4. Effects of dietary P level on tibia bone characteristics of squa

Item

P supplemental level (%)

0 0.2 0.4

D 7
Breaking strength (N) 9.7 16.3 11.2
Tibia ash (%) 32.2 34.8 32.6
Tibia ash P (%) 16.2b 18.6a 16.7ab

Tibia ash Ca (%) 32.3b 34.5a 33.2b

ALP (U/g protein) 9,468 8,407 9,667
D 14

Breaking strength (N) 60.8 67.1 66.4
Tibia ash (%) 41.6 42.5 42.2
Tibia ash P (%) 17.2 17.2 17.1
Tibia ash Ca (%) 35.0 35.0 35.5
ALP (U/ g protein) 3,572 3,471 3,525

D 21
Breaking strength (N) 68.5a 79.9ab 93.1b

Tibia ash (%) 42.2c 43.9bc 45.1b

Tibia ash P (%) 17.3 17.4 17.3
Tibia ash Ca (%) 36.2 36.1 36.2
ALP (U/ g protein) 3,051a 2,883a 3,371a

1Each value represents the mean of 8 squabs per treatment.
a,b,cMeans within the same row lacking a common superscript differ (P < 0.0
(P < 0.001) compared to the ones in the control group.
Tibia ash content was the greatest in the group of 0.8%
NPP supplementation, while the ALP activity in tibia
was the lowest in this group (P = 0.003).
DISCUSSION

Pigeon squabs have been considered profitable sources of
poultry meat as they grow more rapidly than broiler and
quail with minimum input (Salesa and Janssensa, 2003).
bs at 7, 14, and 21-d of age.1

SEM

P-value

0.8 Model Linear Quadratic

15.6 1.12 0.089 0.256 0.506
35.9 0.74 0.272 0.187 0.409
16.2b 0.36 0.048 0.494 0.286
32.6b 0.26 0.007 0.700 0.079

9,858 1,166 0.568 0.432 0.697

63.2 1.74 0.563 0.847 0.534
43.0 0.27 0.402 0.122 0.304
17.2 0.13 0.994 0.963 0.981
35.2 0.13 0.47 0.453 0.498

3,625 906 0.998 0.918 0.983

95.1b 3.10 0.003 0.001 0.001
47.4a 0.46 <0.001 0.000 0.000
17.5 0.07 0.569 0.344 0.529
36.2 0.06 0.954 0.707 0.921

1,516b 471 0.003 0.005 0.002

5).
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Squabs have a high growth rate which is attributed to the
special ‘crop milk’ feeding. Considering that the ‘crop milk’
is produced by parent pigeons and regurgitated to squabs,
fast-growing squabs might be susceptible to the P defi-
ciency in diet of breeding pigeons. This is the first study on
the role of P on the production performance of breeding
pigeons and bone development of squabs. Results from the
current study showed that both dietary P deficiency and
inclusion beyond bird requirement negatively affected
pigeon performance.

Dietary treatments that were supplemented with
0.40% NPP were able to support optimum production
performance, such as shorter oviposition interval, higher
laying rate and heavier egg weight, of breeding pigeons
when compared with birds receiving 0.8% supplemen-
tary P. However no differences in the above measured
indices were observed between the two groups supple-
mented with 0.20 and 0.40% P. It is implied that the
appropriate dietary P supplemental level for breeding
pigeons at rearing period might be between 0.20 and
0.40% NPP. The production depression in pigeons due
to dietary high (0.80%) NPP supplementation was first
reported in the present study. It has been reported that
the final BW, ADG, and ADFI were significantly
decreased in goslings fed the diet supplemented with
0.80% NPP at the age from 1 to 21 d of age (Zhu et al.,
2018b). The imbalance Ca: NPP ratio was able to form
insoluble complexes and then lowered the utilization of
mineral and energy (Plumstead et al., 2008). However,
no negative effects on growth were observed in broilers
fed the diets with NPP of 0.88% (Orban et al., 1990)
and 1.15% (Bailey et al., 1986) at the starter period.
The above inconsistent results suggested that both
pigeons and geese might have less tolerance for dietary
NPP excess than broilers. The NPP requirement for
pigeons has not been reported before. In the present
trial, body weight loss and daily feed intake of parent
birds, eggshell thickness, eggshell strength, and body
mass of squabs were not affected by dietary P levels.
The results showed that breeding pigeons were not sus-
ceptible to P deficiency in diet, which was in agreement
with the low tolerance for dietary P excess.

In the practical production, an over-supplementation
of Ca, mostly as limestone or shell meal, is widely
adopted in grit meal for pigeons, while the P addition in
grit is usually scarce. A total of 11 commercial products
of grit meal have been analyzed in our lab. The contents
of Ca in these samples were high with the highest value
being 29.4%. The P contents were severely low in most
of the products, ranging between 0.02 and 1.96%. There-
fore, the ratios of Ca to P in these grit products were
more than 100, indicating the serious lack of P in grit of
pigeons (Zhang et al., 2021). Although grains, the major
component of pigeon diets, can offer P to birds, most of
P is bound as phytate and is considered not biologically
available. In addition, the Ca: P ration between 2: 1 and
1: 1 is generally acceptable for poultry (Driver et al.,
2005; Rao et al., 2006). So it is interesting that no delete-
rious effects of low dietary P have been reported in
pigeon production. Two reasons might explain this
phenomenon. The contents of Fe in the above grit sam-
ples were as high as 1.28 § 0.7% (Zhang et al., 2021),
indicating that one reason might be the antagonism of
high Fe concentration with Ca utilization. Another rea-
son might be the ability of pigeon to obtain P from the
degradation of dietary phytate by diverse microbial
communities in the crop, which had the highest micro-
bial diversity among GI tract (Ji et al., 2020).
Zeller et al. (2016) reported a synergistic effect of intrin-
sic and supplied phytase in the crop of broilers. Addi-
tionally, the intestinal- and dietary-derived endogenous
phytase activity has also been shown to be responsible
for phytate-P hydrolysis in broilers (Morgan et al.,
2015). Further studies are needed to investigate the
above hypotheses.
Blood Ca and P concentrations within a narrow physi-

ological range are sensitive to reflect the body Ca and P
metabolism (Veum, 2010). In the current study, sex has
significant effects on serum P, Ca, and ALP activity of
parent pigeons at earlier time points of rearing period (d
7 and 14). The serum parameters were much higher in
female pigeons than those of male birds, indicating that
both P and Ca metabolism of female fowl were more
active than male ones. The effect of sex on the blood P
contents of pigeons has been reported in a previous
study (Zheng et al., 2020). This result might be due to
the egg production characteristics of female pigeons.
Interestingly, Xie et al. (2017) reported the weight loss
of male parent pigeons during chick rearing was signifi-
cantly higher than that of female parent pigeons. This
phenomenon was also observed in the present trial (data
not included). Researchers suggested that male parental
care makes a more important contribution in rearing the
young, especially during periods when it is difficult for
the female to do so alone (Johnson et al., 1992). How-
ever, the relative contribution and mechanism of male
and female parent pigeons in brooding and rearing need
more research. There was no significant effect of sex on
serum P contents in pigeons on d 21 of post-hatching.
While the serum Ca on d 21 was significantly influenced
by sex. The changing pattern of serum indices may be
related with the laying cycle of female pigeons. Typi-
cally, pigeons have a 2-egg clutch and low egg yield
because of long interclutch period (Ren et al., 2021).
Female pigeons normally lay eggs of next clutch during
the earlier time of rearing period. This might explain the
sexual effect on serum P, Ca, and ALP activity at earlier
time points of rearing period.
The activity of ALP is involved in the process of Ca

and P deposition, and closely related to the rate of skele-
tal mineralization of birds (Tilgar et al., 2008). In the
present study it was found that serum ALP activity of
adult birds was significantly decreased as dietary NPP
supplemental level increased from 0.4 to 0.8% on d 7 of
rearing period, and the birds fed with 0.8% NPP supple-
mentation had the lowest serum ALP activity on d 21 of
post-hatching. The results were in agreement with the
previous study of broilers (Liu et al., 2017) and geese
(Zhu et al., 2018b). It is suggested that dietary higher P
levels have inhibitory effect on the transfer of P from
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bone storage pools to blood (Marks et al., 2010). The
decline of serum ALP was also observed on d 14 after
hatching when the dietary NPP addition level increased
to 0.80%. However, the differences were not significant.
Pigeons fed diet added with 0.40% NPP presented the
highest serum ALP among all the treatments on d 7 of
post-hatching. This indicated that the dietary 0.40%
NPP supplemental level might be sufficient for breeding
pigeons.

The result of this experiment showed that serum P
concentration was significantly increased in the groups
with NPP supplementation compared to the control
group. Wang et al. (2018) reported that serum P level of
chickens was increased in 0.80% NPP addition group
while decreased in 0.15% addition group, compared to
0.40% one. Subsequently, a low serum P concentration
leads to the activation of osteoclasts that, in turn, leads
to increased bone resorption for maintaining a normal
serum P level and simultaneously increasing serum Ca
level (Proszkowiec-Weglarz and Angel, 2013). Broilers
fed with the P-deficient diet with adequate Ca had lower
serum P level and higher serum Ca level (Li et al., 2020).
While the serum Ca concentrations in the present trial
were also lower in the P-deficient control group than
those of 0.20% NPP addition group at d 14 after hatch-
ing. However both the P and Ca contents in serum of
birds in the P-deficient control group increased to the
normal level at d 21 after hatching, which is in agree-
ment with the reports on broilers (Proszkowiec-
Weglarz and Angel, 2013; Li et al., 2020). In this study,
dietary Ca content was kept at 1.40% across all treat-
ments with varying NPP content resulting in different
dietary Ca and P ratios. Pigeons that were fed the diets
supplemented with 0.20 and 0.40% NPP (Ca: NPP ratio
of 7 and 3.5, respectively), presented higher serum Ca
contents and better performance in this experiment. As
suggested previously, a 2:1 Ca-to-NPP ratio is recom-
mended for broilers while a wider Ca: NPP ratio can
decrease nutrient retention (Rao et al., 2006). The dis-
parity in balanced Ca: NPP ratio between broilers and
pigeons may be due to many differences in physiological
characteristics. Therefore, it is necessary to study not
only the P requirements but also the appropriate Ca and
P ratio for pigeons in the future.

The ALP enzyme, which is localized in the plasma
membrane of osteoblasts before extracellular release,
correlates with bone reabsorption and the release of min-
erals (Golub and Boesze-Battaglia, 2007). The ALP
activity can be used as a general indicator of skeletal
development in vertebrate animals, and bone ALP
activity predicted the rate of mineralization of leg
(Tilgar et al., 2008). An increase in ALP activity is usu-
ally associated with poor bone mineralization (Saraç
and Sayg{li, 2008). The present study found that tibia
ALP activity decreased as dietary supplemental NPP
increased to 0.8%. The data of the present study is in
agreement with the result of broilers. It has been
reported that dietary P deficiency impaired the bone
development of broilers by increasing tibia ALP activity
but decreasing tibia ash P contents (Li et al., 2020). The
tibia strength increased with decreasing tibia ALP activ-
ity in the squabs at d 21 of age. Results from the present
study indicated that the 0.8% of NPP supplementation
in the diet of breeding pigeons promoted the bone miner-
alization of squabs, but reduced the performance of par-
ent pigeons. Previous studies have also suggested that
the NPP requirement should be higher for maximal
bone mineralization than for growth, and meeting the P
needs for maximum bone characteristics provide suffi-
cient P to maximize BW of broilers (Yan et al., 2006;
Persia and Saylor, 2007; Liu et al., 2017). In the current
study, although the 0.8% of NPP supplemental level in
the diet of parent pigeons has a positive influence on
bone mineralization of squabs, the body mass tended to
decrease indicating poor growth of squabs. The disparity
in poor performance and increased bone mineralization
of squabs in the group of 0.8% P addition might also
indicate the low tolerance of pigeons for dietary P excess.
Exact reasons remain to be further studied.
About 80% of P was stored in the skeleton as hydroxy-

apatite (Proszkowiec-Weglarz and Angel, 2013). In the
present trial, fat was not extracted from the bones prior
to ash analysis. Studies have confirmed that bone ash
results were reliable and comparable regardless of fat
extraction (Garcia and Dale, 2006; Yan et al., 2006).
Many studies have demonstrated that dietary P plays a
critical role in the bone development of broilers. It was
found that P deficiency could cause poor mineralization
of broilers from 1 to 21 d of age, especially impaired the
bone-breaking strength and bone ash content, which
were regarded as good indices to reflect overall skeletal
health (Bradbury et al., 2014; Liu et al., 2017). Tibia
ash percentage has been the traditional criterion to mea-
sure the degree of bone mineralization in poultry. The
results from the current study demonstrated that tibia
ash content of squabs at d 21 of age increased with
increased NPP level in diets fed to parent birds. Tibia
ash contents were maximal in 0.8% group when the
squabs were at d 21 of age. Similar reports showed that
broilers fed diet with 0.34% NPP had higher tibia ash
content than those fed diet with 0.19% NPP from 22 to
42 d of age (Jiang et al., 2016). In addition, squabs in
the control group had the lowest bone breaking strength.
Dietary P supplementation increased tibia breaking
strength of squabs at d 21 of age, which is similar to the
result of tibia ash. As expected, dietary P supplementa-
tion increased P content in tibia of squabs at d 7 of age.
However, the content of tibia P was not affected by die-
tary NPP level as the age of squabs increased. This
result was consistent with the results of Yang et al.
(Yang et al., 2020), who reported that dietary NPP had
no effect on tibia P content of broilers from 22 to 42 d of
age. Our data in the present study suggested that P
homeostasis of squabs might develop with age. Dietary
NPP supplementation at 0.2% increased tibia ash Ca
content of squabs aged 7 d. Our result was agreed with a
previous study that dietary P deficiency decreased Ca
content in tibia of broilers (Yang et al., 2020). In our
trial, dietary NPP supplementation at 0.2% increased
not only tibia Ca but also tibia P content of squabs aged
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7 d, which was partly disagreement with previous
reports that the content of tibia P of broilers was not
affected by dietary NPP (Akter et al., 2016; Yang et al.,
2020). A research suggested that high P intake nega-
tively affect Ca metabolism and induced the loss of bone
mineralization in broilers (Proszkowiec-Weglarz and
Angel, 2013). Nonetheless, the negative effect of 0.8%
NPP supplementation in the diet of parent pigeons on
bone Ca contents of squabs were not observed in our
study. The reason might be the adequate Ca supplemen-
tation in all treatment groups. Adequate Ca supplemen-
tation can prevent the bone loss of rats induced by a
high-P diet (Katsumata et al., 2015). In addition, the
effects of dietary P levels for breeding pigeons on P
absorption of squabs are being studied in our lab.

In conclusion, the P deficiency in the diet of parent
pigeons could cause poor mineralization of squabs from
1 to 21 d of age, especially impaired the bone-breaking
strength and bone ash content. The 0.8% of NPP supple-
mentation in the diet has a positive influence on bone
mineralization of squabs although production depression
was observed. Both P and Ca metabolism of female
breeding birds were more active than male ones at ear-
lier time points of rearing period. The desirable dietary
NPP supplemental level for breeding pigeon was 0.4%
according to the performance data in the present trial.
The recommended Ca: P ratio for pigeons needs to be
studied in the future, which was different from the opti-
mum value for broilers.
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