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ABSTRACT This experiment aimed to study the
effects of dietary calcium (Ca) and non-phytate phos-
phorus (NPP) levels on performance, serum biochemi-
cal indices, and lipid metabolism in Beijing You Chicken
(BYC), a local chicken. A 3 £ 3 factorial design was
adopted, dietary Ca levels were 0.66, 0.71, and 0.76%,
NPP levels were 0.25, 0.30, and 0.35%. A total of 648
ten-wk-old BYC growing pullets were randomly divided
into 9 groups with 6 replicates per group, and 12 birds
per replicate. Growth performance, serum biochemical
indices, and lipid metabolism indicators from 10 to 16
wk were measured. The results showed as follows: 1)
Dietary Ca and NPP alone did not affect growth perfor-
mance, but the interaction of dietary Ca and NPP
affected average feed intake (AFI) of growing pullets (P
< 0.05). The AFI was the lowest for the group with
0.71% Ca and 0.25% NPP (3,550.0 g, P = 0.036). 2) Die-
tary Ca level significantly affected serum P content (P <
0.05); dietary NPP had an influence trend on serum Ca
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content (P= 0.054). Dietary NPP levels and the interac-
tion of Ca and NPP significantly affected alkaline phos-
phatase (AKP) activity. 3) Dietary Ca levels
significantly affected TC content and HDL-C content
(P < 0.05). Dietary NPP level significantly affected TG
content (P < 0.05), the TG content in 0.25% and 0.30%
NPP groups was significantly lower than that in 0.35%
NPP group (P < 0.05). The interaction of dietary Ca
and NPP significantly affected TG, TC and HDL-C con-
tents (P < 0.05). TG, TC, and LDL-C levels were lower
and HDL-C levels were the highest in the group with
0.66% Ca and 0.25% NPP. In summary, appropriate die-
tary Ca level can regulate serum TG, TC, and HDL-C
content. Dietary Ca and NPP levels can be adjusted in
pullet phase to avoid excessive obesity during the egg-
laying period. This study recommended that dietary
0.66% Ca and 0.25% NPP benefit for the lipid metabo-
lism of BYC growing pullets without affecting the
performance.
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INTRODUCTION

Calcium (Ca) and phosphorus (P) are 2 important
nutritional minerals for skeletal development in animals
and are the third most important nutrients in terms of
feed cost in addition to energy and crude protein. The Ca
and P requirements depend on animals’ age, body compo-
sition, and genetics. The Ca is involved in neurohumoral
regulation in the body and plays an important role in
chondrocyte maturation (Zhang et al., 2019). The P plays
a key role in chondrocyte apoptosis and provides P ions
for anabolism of bone tissue such as nucleotides and phos-
pholipids to maintain bone integrity during egg produc-
tion in hens, and growth plates require appropriate
P levels for maturation (Sabbagh et al., 2005; Liu et al.,
2008). Ca deficiency affects the growth and development
of chickens, such as swollen, lax and easily fractured
bones, thinning bone density, and large bone marrow cav-
ity, etc. Bone damage will directly affect the quality of
chicken meat, such as muscle effusion (Liu et al., 2008).
Non-phytate phosphorus (NPP) deficiency reduced egg
production, inhibited bone deposition, decreased mineral
density, and impaired keel bone quality (Wei et al., 2022).
Rom�an-García et al. (2010) studied that high dietary
NPP levels negatively affected Ca metabolism, homoeo-
stasis and bone quality, while low dietary NPP levels
restricted growth and development. Reducing P excretion
from 471 to 198 mg of each hen had no effects on laying

http://orcid.org/0000-0002-6326-9459
http://orcid.org/0000-0002-3721-7356
https://doi.org/10.1016/j.psj.2022.102354
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ailiangengcau@126.com


2 ZHANG ET AL.
performance and egg quality, and a large amount of
P pollution can be reduced every day (Ren et al. 2020).
Excess Ca and P can also be detrimental to layers and
affect eggshell quality (Boorman and Gunaratne, 2001).
Excessive Ca in the body can interfere with absorption of
P, ferrum, manganese and other mineral elements, while
excessive P will combine with Ca in the intestine to form
insoluble substances and reduce the absorption of Ca and
P in the intestine (Chen et al., 2022). Therefore, appropri-
ate Ca and P are essential for growth and development of
chickens, and beneficial to reduce feed costs.

Appropriate levels of dietary Ca and P of different
breeds of poultry at different stages are different (Cui and
Che, 2001). For laying hens, when dietary Ca level was
3.45%, there was no consistent relationship between 4 lev-
els of NPP (0.16, 0.21, 0.31, and 0.39%) and egg quality,
BW, and AFI of Isha Brown laying hens aged 25 to 37 wk
(Boorman and Gunaratne, 2001). The highest egg pro-
duction rate was achieved with a dietary Ca addition of
2% and 0.459% NPP for 18-wk-old Hy-Line Grey com-
mercial starter hens (Kong, 2015); For growing chickens,
1.1% Ca and 0.55% P had the best effect on growth and
skeletal development of Phenix Fowl aged from 13 to 20
wk ( Hao et al., 2018). The diets with 1.1% Ca and 0.65%
P were more effective in promoting the growth and devel-
opment of Taihang chickens aged from 13 to 20 wk (Li
et al., 2021). Most studies on Ca and P in poultry focuses
on optimizing P utilization because of its high cost and
environmental pollution risk. Considering the nutritional,
environmental, and economic factors, low phosphorus
diet is recommended when the phosphorus content can
meet growth needs of chickens (Li et al., 2017).

Dietary Ca can inhibit fat generation and promote fat
degradation, and has different effects on weight gain,
hypertension, atherosclerosis, diabetes, etc. (Zhang
et al. 2019), and it also has a role in suppressing obesity
by regulating adipogenesis and metabolism and influenc-
ing the gut microbiota (Das and Choudhuri, 2020).

Beijing You Chicken (BYC), a kind of local chicken,
was widely raised for meat and eggs in northern part of
China. For a long time the Ca and P requirements of
BYC have been referenced to those of high producing
laying hens or fast-growing broilers, and there are situa-
tions where dietary Ca and P content are too high or too
low, resulting in the waste or insufficiency of Ca and P,
which affects the performance of chicken. We studied
the effects of dietary Ca and NPP level on performance
of BYC chickens at 0 to 6 wk of age (Zhang et al., 2021),
and this study continued to investigate the effects of die-
tary Ca and NPP levels on performance, biochemical
indexes and lipid metabolism in BYC growing pullets, in
order to provide a reference basis for the feed formula-
tion of BYC.
MATERIALS AND METHODS

Experimental Design and Dietary Treatments

The experiment was conducted at a BYC demonstra-
tion farm, Shunyi district, Beijing. A total of 648 ten-
wk-old growing pullets with an average weight of
578.32 g, were fed 9 diets (6 replicates, 12 birds per repli-
cate) arranged in a 3 £ 3 factorial design. Dietary Ca
levels were 0.66, 0.71, and 0.76%, non-phytate phos-
phrous (NPP) levels were 0.25, 0.30, and 0.35%, The set-
tings of Ca and NPP levels were adjusted up and down
according to the recommended levels in“Technical regu-
lation of Beijing You Chicken Feed and Manage-
ment”(DB11/T 1378-2016). Each group was randomly
fed one of the 9 powdered diets. The composition and
nutritional levels of the diets are shown in Table 1.
Growth Performance

Feed intake and body weight of each replicate cage
were recorded and the average feed intake (AFI), body
weight gain (BWG), feed gain ratio (F/G), and mor-
tality rate were calculated at 10 to 16 wk of age.
Serum Biochemical Indexes

At the end of 16 wk, 6 birds in each replicate were ran-
domly selected and bled (3−5 mL each bird) via the
wing vein. Blood samples were centrifuged 3,000 rpm for
10 min at 4℃, and the serum was stored at �80℃ for
later analysis of biochemical indexes. Serum levels of Ca,
P, triglyceride (TG), total cholesterol (TC), high-den-
sity lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C) content, and alkaline
phosphatase (AKP) activity were determined by using
ELISA (Multiskan FC, Thermal Fisher Scientific,
Shanghai, China); serum total protein (TP), albumin
(ALB), urea nitrogen (UN), lysozyme (LZM) were
determined by spectrophotometer (Thermo Fisher
(Shanghai) Instruments Co., LTD, Shanghai, China),
and the kits were from Nanjing Jiancheng Institute of
Biological Engineering (Nanjing, China).
Statistical Analysis

The data were expressed as mean and standard error
between groups, and were analyzed using the General
Linear Model (GLM) in SPSS 25.0 software to analyze
the main effects and interaction of Ca and NPP. The
percentage was arcsine transformed before the normality
test. Significance of differences between groups was
tested by Duncan’s multiple comparison test with P <
0.05 as the criterion for significance of differences, and a
trend was considered at 0.05< P <0.10.
RESULTS

Growth Performance

The effects of dietary Ca and NPP levels on growth
performance are shown in Table 2. Dietary Ca and NPP
alone did not affect growth performance, but the inter-
action of dietary Ca and NPP affected average feed
intake (AFI) of growing pullets (P < 0.05). The AFI was



Table 1. Composition and nutrient level of the basal diet (air-dried base).

Item (%) 1 2 3 4 5 6 7 8 9

Calcium 0.66 0.66 0.66 0.71 0.71 0.71 0.76 0.76 0.76
Non-phytate phosphorus 0.25 0.30 0.35 0.25 0.30 0.35 0.25 0.30 0.35
Corn 65.5 65.5 65.5 65.5 65.5 65.5 65.5 65.5 65.5
Wheat bran 9 9 9 9 9 9 9 9 9
Soybean meal 20 20 20 20 20 20 20 20 20
Soybean oil 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Calcium stone powder 1.22 1.05 0.88 1.36 1.18 1.02 1.5 1.32 1.16
Calcium hydrogen phosphate 0.67 0.98 1.28 0.67 0.98 1.28 0.67 0.98 1.28
Medical stone 1.11 0.97 0.84 0.97 0.84 0.7 0.83 0.7 0.56
Premix1 2 2 2 2 2 2 2 2 2
Total 100 100 100 100 100 100 100 100 100
Nutritional level
Metabolizable energy/(MJ/kg) 11.51 11.51 11.51 11.51 11.51 11.51 11.51 11.51 11.51
Crude protein2) 15.15 15.12 15.16 15.14 15.13 15.17 15.16 15.17 15.14
Lysine 0.72 0.73 0.74 0.74 0.75 0.73 0.73 0.72 0.72
Methionine+Cystine 0.53 0.52 0.54 0.51 0.53 0.54 0.53 0.52 0.54
Tryptophan 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Threonine 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53
Calcium2 0.63 0.64 0.65 0.70 0.71 0.68 0.77 0.74 0.75
Total phosphorus 0.48 0.54 0.58 0.49 0.55 0.59 0.50 0.55 0.59
Non-phytate Phosphorus 0.24 0.29 0.36 0.25 0.29 0.35 0.23 0.29 0.34

1Premix of per kg diet provides: VA 6,000 IU, VD 2,800 IU, VE 20 IU, VK 2.4 mg, thiamine 2.0 mg, riboflavin 5.2 mg, Ca pantothenate 11 mg, niacin
30 mg, pyridoxine 3.6 mg, biotin 0.2 mg, folic acid 1.2 mg, VB12 0.027 mg, choline 800 mg, Mn 90 mg, I 1.8 mg, Fe 100 mg, Cu 8 mg, Zn 80 mg, Se 0.30 mg.

2The crude protein, calcium, and non-phytate phosphorus levels are measured values, which are the average of three parallel measurements, and the
rest of the nutrient levels are calculated values.

CA AND P LEVEL AFFECT LIPID METABOLISM 3
the lowest for the group with 0.71% Ca and 0.25% NPP
(3,550.0 g, P = 0.036), which tended to have the lowest
mortality rate (P = 0.056).
Serum Ca, P, and AKP

As shown in Table 3, dietary Ca level significantly
affected serum P content (P < 0.05), with the lowest
P content at 0.66% Ca level; dietary NPP level alone
had an influence on serum Ca content at 16 wk of age
(P = 0.054), and serum Ca content tended to increase
with increasing dietary NPP level. Dietary NPP level
significantly affected serum AKP activity (P < 0.05),
which was significantly lower in the groups with 0.25%
and 0.30% NPP than in 0.35% NPP group. The interac-
tion of Ca and P significantly affected serum AKP activ-
ity (P < 0.01), and the lowest AKP activity was found
in the group with 0.71% Ca and 0.25% NPP (P < 0.05).
Serum Biochemical Indices

As shown in Table 4, the effect of dietary Ca and NPP
levels alone on serum TP, ALB, globulin, and UN con-
tent was not significant (P > 0.05), but there had a ten-
dency for the interaction of dietary Ca and NPP
affecting the LZM activity (P = 0.094), The LZM activi-
ties in groups with 0.66% Ca and 0.25% NPP, and
0.76% Ca and 0.35% NPP were significantly higher than
that in group with 0.66% Ca and 0.35% NPP (P < 0.05).
Lipid Metabolism

As shown in Table 5, the TG content of 0.71% Ca
group was extremely lower than that of the 0.66 and
0.76% (P < 0.01). Dietary Ca levels significantly affected
TC content (P < 0.01), with 0.66% and 0.71% Ca level
having extremely lower TC content than 0.76% level
(P < 0.01). Dietary Ca level significantly affected HDL-C
content (P < 0.05), and there was a tendency for HDL-C
content to decrease as increasing of Ca level, with the
highest HDL-C content in 0.66% Ca level group. Dietary
NPP level significantly affected serum TG content
(P < 0.05), and the TG content in 0.25 and 0.30% NPP
groups was significantly lower than that in 0.35% NPP
group (P < 0.05), and the NPP level had a tendency to
affect the TC content (P = 0.070). The interaction of die-
tary Ca and NPP significantly affected TG, TC and
HDL-C content (P < 0.05), the lowest TG and TC con-
tents were found in the group with 0.71% Ca and 0.30%
NPP, and the highest HDL-C content in the group with
0.66% Ca and 0.25% NPP (P < 0.05). TG, TC, and LDL-
C levels were lower and HDL-C levels were the highest in
the group with 0.66% Ca and 0.25% NPP.
DISCUSSION

Growth Performance

Ca and P are 2 important mineral elements in the
body and are involved in various physiological activities
of animals, for example, Ca can maintain the normal
physiological functions of nerves, muscles, and heart,
maintain the balance of acid and base in the body, and
promote the blood clotting in wounds. P is involved in
the composition of phospholipids, nucleic acids and cer-
tain enzymes . The effects of dietary Ca and NPP on per-
formance vary depending on breeds, ages, etc.
Ding et al. (2002) suggested that the best egg shell

quality was achieved at dietary Ca levels of 3.5 to 4.0%
and NPP levels of 0.2% for 20-wk-old Peking Red hens.
The highest egg production rate was achieved with a



Table 2. Effects of dietary Ca and NPP levels on performance of growing pullets at 10 to 16 wk of age.

Ca (%) NPP (%) BW (g) AFI (g) F/G (g:g) Mortality rate (%)

0.66 0.25 608.70 3,706.67ab 6.08 4.17
0.66 0.30 569.14 3,706.46ab 6.51 5.56
0.66 0.35 596.11 3,605.56ab 6.05 0
0.71 0.25 594.72 3,550.00b 5.97 0
0.71 0.30 604.72 3,625.00ab 5.99 0
0.71 0.35 596.08 3,810.52a 6.39 5.56
0.76 0.25 613.03 3,805.13a 6.21 1.38
0.76 0.30 590.30 3,634.37ab 6.16 4.17
0.76 0.35 597.32 3,642.55ab 6.10 1.38
SEM 5.890 25.104 0.057 0.683
Main effects
Ca 0.66 591.32 3,672.89 6.21 3.24

0.71 598.51 3,661.84 6.12 1.85
0.76 600.22 3,694.02 6.15 2.31

NPP 0.25 605.48 3,687.26 6.09 1.85
0.30 588.06 3,655.28 6.22 3.24
0.35 596.51 3,686.21 6.18 2.31

P-value
P Ca 0.822 0.860 0.842 0.686
P NPP 0.516 0.830 0.538 0.686
P Ca£NPP 0.729 0.036 0.180 0.056

Abbreviations: AFI, average feed intake; BW, body weight; F/G, feed gain ratio; NPP, non-phytate phosphrous.
abIn the same column, values with no letter or the same letter superscripts mean no significant difference (P > 0.05), while with different letter super-

scripts mean significant difference (P <0.05).
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dietary Ca level of 2% and a NPP level of 0.459% for 18-
wk-old Hy-Line Grey commercial starter hens (Kong,
2015). Low dietary Ca content lead to an increase in
body weight, and decrease in egg production (Li et al.,
2022). Reducing dietary NPP level could help improve
the utilization of phytate phosphorus without affecting
the performance (Ding et al., 2002).

For growing chickens, increasing dietary NPP con-
tent will increase average feed intake of Ross 308
broiler chicks in grower phases (d 8−24) (Cowieson
Table 3. Effects of dietary Ca and NPP levels on serum Ca, P, and AK

Ca (%) NPP(%) Serum Ca (mmol/L)

0.66 0.25 1.31
0.66 0.30 1.39
0.66 0.35 1.39
0.71 0.25 1.36
0.71 0.30 1.33
0.71 0.35 1.44
0.76 0.25 1.41
0.76 0.30 1.36
0.76 0.35 1.43
SEM 0.012
Main effect
Ca 0.66 1.36

0.71 1.37
0.76 1.40

NPP 0.25 1.36b

0.30 1.36b

0.35 1.42a

P-value
P Ca 0.388
P NPP 0.054
P Ca£NPP 0.220

Abbreviations: AKP, alkaline phosphatase; NPP, non-phytate phosphrous.
In the same column, values with no letter or the same letter superscripts m

scripts (ab) mean significant difference (P < 0.05), with different capital letters
et al., 2020). Dietary 0.75% Ca and 0.35% NPP levels
were better for growth performance of slow-growing
yellow-feather broiler at 8 wk of age (Wang et al.,
2020); dietary 1.1% Ca and 0.65% P were better for
the growth and development of Taihang chickens at
13 to 20 wk age (Li et al., 2021), while this present
study suggested that dietary 0.71% Ca and 0.25%
NPP significantly reduced AFI in BYC growing pul-
lets, which supported that different breeds had differ-
ent Ca and P levels.
P at 16-wk-old pullets.

Serum P (mmol/L) Serum AKP (ng/L)

2.09 582.45B

1.80 585.18AB

2.20 585.15AB

2.61 580.49BC

2.55 582.07B

2.34 586.28A

2.09 587.42A

2.06 581.09BC

1.93 584.65AB

0.076 0.539

2.03b 584.26
2.50a 582.95
2.21b 584.38
2.63 583.45b

2.14 582.78b

2.16 585.36a

0.016 0.226
0.737 0.025
0.635 0.002

ean no significant difference (P > 0.05), while with different letter super-
(ABC)mean extremely significant differences (P < 0.01).



Table 4. Effect of dietary Ca and NPP levels on serum biochemical indices at 16 wk of age.

Ca (%) NPP (%) TP (g/L) ALB(g/L) Globulin (g/L) LZM (mg/mL) UN (mmol/L)

0.66 0.25 69.13 11.91 57.23 11.85a 0.18
0.66 0.30 64.17 13.83 55.33 7.39ab 0.10
0.66 0.35 90.86 17.94 72.92 3.98b 0.16
0.71 0.25 79.89 13.83 66.06 8.31ab 0.17
0.71 0.30 89.21 7.79 81.41 8.39ab 0.07
0.71 0.35 70.58 9.22 61.35 9.44ab 0.18
0.76 0.25 97.28 8.13 89.15 7.56ab 0.05
0.76 0.30 80.01 8.47 74.53 8.38ab 0.15
0.76 0.35 77.41 14.09 63.32 11.89a 0.13
SEM 5.436 1.036 5.506 0.729 0.017
Main effect
Ca 0.66 74.72 14.56 60.16 7.74 0.15

0.71 79.89 10.28 69.61 8.72 0.14
0.76 85.89 10.23 75.67 8.94 0.11

NPP 0.25 82.10 11.29 70.81 9.24 0.13
0.30 78.79 10.03 68.76 7.72 0.11
0.35 79.62 13.75 65.87 8.44 0.16

P-value
P Ca 0.793 0.134 0.635 0.731 0.681
P NPP 0.978 0.281 0.953 0.644 0.541
P Ca£NPP 0.745 0.321 0.728 0.094 0.408

Abbreviations: ALB, albumen; NPP, non-phytate phosphrous; LZM, lysozyme; TP, total protein; UN, unrea nitrogen.
In the same column, values with no letter or the same letter superscripts mean no significant difference (P > 0.05), while with different letter super-

scripts (ab) mean significant difference (P < 0.05).
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Serum Ca, P, and AKP

Serum Ca and P levels and AKP activity are impor-
tant indicators to help assess the appropriateness of die-
tary Ca and P levels. Changes in serum Ca and P levels
alter the secretion of regulatory hormones that can affect
bone development. Serum Ca levels are regulated by
negative feedback from parathyroid hormone and oes-
triol in the body and also regulate phosphorus metabo-
lism in the kidney (Shastak et al., 2012). Ca is absorbed
in the intestine into the blood and then redeposited into
Table 5. Effects of dietary Ca and NPP levels on serum lipid metabol

Ca(%) NPP(%) TG (mmol/L)

0.66 0.25 0.66bc

0.66 0.30 0.81bc

0.66 0.35 0.83bc

0.71 0.25 0.63cd

0.71 0.30 0.57d

0.71 0.35 0.59d

0.76 0.25 0.81bc

0.76 0.30 0.86b

0.76 0.35 1.20a

SEM 0.120
Main effect
Ca 0.66 0.77B

0.71 0.59C

0.76 0.96A

NPP 0.25 0.70b

0.30 0.74b

0.35 0.88a

P-value
P Ca 0.001
P NPP 0.013
P Ca£NPP 0.030

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-de
ide; TC, total cholesterol.

In the same column, values with no letter or the same letter superscripts m
scripts (a-d) mean significant difference (P < 0.05), with different capital letters
the bone. If plasma Ca ion or P ion is too high, the body
suppresses parathyroid hormone and ossified triol,
decreases intestinal and skeletal Ca ion or P ion reab-
sorption, and increases renal Ca and P excretion. Cui
and Che (2001) found that the more Ca was added to
the diet, the more Ca was deposited by the hens. Arka-
diusz et al. (2020) also found that the finer the diet, the
higher the Ca and P utilization, and even feeding low
doses of Ca and P did not negatively affect the health of
the chickens. Excessive dietary P increases parathyroid
hormone release and decreases blood Ca concentrations
ism at 16 wk of age.

TC (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L)

3.72C 1.19 1.95a

4.66AB 2.13 1.31bc

3.96BC 1.76 1.35bc

4.03BC 1.43 1.04bc

2.80D 1.37 1.42bc

5.36A 1.26 0.92c

5.55A 1.73 1.16bc

5.43A 1.36 1.54ab

5.25A 1.10 1.14bc

0.270 0.132 0.074

4.12B 1.69 1.54a

4.07B 1.35 1.13b

5.41A 1.40 1.28b

4.44ab 1.45 1.38
4.29b 1.62 1.42
4.86a 1.37 1.14

0.001 0.532 0.027
0.070 0.733 0.121
0.001 0.478 0.048

nsity lipoprotein cholesterol; NPP, non-phytate phosphrous; TG, triglycer-

ean no significant difference (P > 0.05), while with different letter super-
(A-D) mean extremely significant differences (P < 0.01).
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(Berndt and Kumar, 2009). Chen et al. (2022) stated
that dietary Ca levels affect P absorption and, at the
same time, dietary P levels affect Ca absorption. This
explains the fact that dietary Ca levels influenced serum
P levels, while dietary P levels influenced serum Ca lev-
els in this study. Boorman and Gunaratne (2001) found
that excessive P intake by laying hens can significantly
increase serum P levels and affect egg production, indi-
cating that P levels should not be too high. Kong (2015)
found that dietary 3.75% Ca were more likely to reduce
blood Ca and P levels in 18-wk-old commercial starter
hens, which to some extent reduced the activity of bone
metabolism and the incidence of Ca-related diseases. Li
et al. (2017) found that dietary Ca is involved in stabiliz-
ing the normal physiological functions of muscles and
nerves during the growing period, and if Ca ions in the
body are reduced, the sensitivity of muscles and nerves
will be increased, and in severe cases it will lead to con-
vulsions. Ding et al. (2002) suggested that the use of low
Ca (2.5%) diets led to an increase in AKP activity in 20-
wk-old Peking Red hens, which affected osteogenesis
and bone metabolism, thus affecting the normal devel-
opment of bones. He and Fang (2010) showed that low
dietary P or P deficiency increased serum AKP activity,
and that serum AKP activity was strongly negatively
correlated with bone mineral deposition in Three-yellow
broiler chickens. The present study suggested that when
the NPP level increases the serum Ca level tends to
increase and AKP activity also increases significantly,
which indicate that a NPP level of 0.25% is sufficient to
meet the pullet’s needs.
Serum Biochemical Indices

Serum biochemical indexes can reflect nutritional
metabolism and the health status of poultry to a certain
extent. The TP, ALB and UN levels can reflect the met-
abolic status of the dietary protein. Ding et al. (2002)
suggested that a dietary Ca level of 2.5% resulted in a
significant reduction in serum total protein, albumen,
and globulin in 20-wk-old Peking Red layers. Lysozyme
is an important small molecule protein for nonspecific
immunity of the organism, and it can perform lysis
immunity in vivo and has a strong antibacterial effect
(Zhao et al., 2021). High levels of phosphorus will
increase lysozyme activity in the body (Chang et al.,
2006), however, there had no difference for lysozyme
activity among the groups in the present study.

Gerlinger et al. (2021) showed that reducing dietary P
levels could affect bone mineral density and trabecular
bone structure of animals, but a small reduction of P
level, combined with appropriate Ca levels, could help
reduce the P waste and environmental pollution. This
present study didn’t measure the tibial indexes, but our
another experiment with 4 levels of Ca and 2 levels of
NPP showed that dietary 0.80% Ca and 0.40% NPP
had the maximum tibial length and weight, high tibial
ash, and bone Ca and P content (Zhang, 2022).
Lipid Metabolism

A preliminary mechanism by which Ca regulates fat
metabolism was proposed by Zemel et al. (2000): a low
Ca diet leads to increased levels of 1,25(OH)2-D3 and
increased inward flow of Ca2+ in adipocytes, which stim-
ulates insulin release, promotes adipogenesis, inhibits
lipolysis, and reduces body heat production, ultimately
leading to fat accumulation and weight gain and
increased TG in adipocytes, whereas a high Ca diet has
the opposite effect. Kralik et al. (2008) suggested that
HDL-C prevents atherosclerosis by transporting choles-
terol to the liver for metabolism, whereas LDL-C causes
atherosclerosis by depositing cholesterol on the arterial
walls. Thus, atherosclerosis of arteries is negatively cor-
related with HDL-C content and positively correlated
with LDL-C content. Zhu et al. (2007) showed that low
Ca diets significantly increased plasma TG, free fatty
acid, TC, and LDL-C concentrations in 23-wk-old Hy-
Line Brown hens at 1.2 and 2.0% Ca levels. Ma et al.
(2009) suggested that normal Ca (3.6%) low P (0.15%
NPP) group reduced plasma phospholipid levels and
increased plasma TG, free fatty acid levels and hepatic
lipoprotein lipase, hepatic lipase and hepatic total lipase
activities in laying hens, which indicates that low P also
causes an increase in plasma TG, etc. Li et al. (2017)
indicated that there was no significant difference in
growth performance between low P and low Ca when
the diet was supplemented with phytase and high P and
high Ca when the diet was not supplemented with phy-
tase. The present study found that dietary Ca and NPP
levels significantly affected serum TG, TC and HDL-C
contents, with the lowest TG and TC contents and the
highest HDL-C content at 0.66% Ca and 0.25% NPP
levels, indicating that 0.66% Ca and 0.25% AP can help
reduce fat synthesis. The reason is related to the chicken
breed and stage, and the possible effect of Ca level itself
on lipid metabolism. At present there are few studies on
the effects of dietary Ca and P levels on lipid metabo-
lism, it is interesting to regulate dietary Ca and P levels
in pullet phase to avoid excessive obesity during the egg-
laying period. In addition, this experiment was only con-
ducted for 7 wk, and the long-term effects on laying hens
need to be further investigated.
CONCLUSIONS

Dietary Ca and NPP levels significantly affected AFI
of growing pullets. Appropriate dietary Ca level can reg-
ulate serum TG, TC, and HDL-C content. Dietary Ca
and NPP levels can be adjusted in pullet phase to avoid
excessive obesity during the egg-laying period. The
study recommended that dietary 0.66% Ca and 0.25%
NPP benefit for the lipid metabolism of BYC growing
pullets without affecting the performance.
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