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Interactive effect of dietary levels of calcium and 25-hydroxy 
vitamin D3 on the performance, serum biochemical concentration 
and digestibility of laying hens from 61 to 70 weeks of age

Chun Ik Lim1 and Kyeong Seon Ryu1,*

Objective: The present research was conducted to evaluate the interactive effect of dietary 
concentration of calcium (Ca) and 25-hydroxy vitamin D3 (25OHD3) on the performance, 
blood composition and digestibility of laying hens.
Methods: A total of 540 Hy-line brown laying hens aged 61 to 70 weeks were randomly 
allotted in a 3×3 factorial arrangement, consisting of three levels of 25OHD3 (0, 25, and 50 
μg/kg) and three levels of Ca (3.5%, 4.0%, and 4.5%). All diets had basal concentration of 
3,000 IU/kg of vitamin D3 including the 2,800 kcal/kg of metabolic energy and 16% of 
crude protein. 
Results: The results showed that interactive effect (p<0.05) between Ca and 25OHD3 was 
such that dietary 25OHD3 linearly increased interleukin-6 at all levels of Ca inclusion. 
Interaction (p<0.05) occurred with the highest parathyroid hormone in laying hens that 
received dietary concentration of Ca (3.5%) with 25OHD3 (50 μg/kg), and Ca (4.0%) with 
25OHD3 (50 μg/kg). Egg production and egg weight significantly (p<0.05) increased in 
the 4.5% Ca group compared to the 3.5% to 4.0% Ca groups. Egg shell thickness and tibia 
bone length also increased (p<0.05) in groups fed a high-Ca diet (4.0% to 4.5%). Phosphorus 
digestibility significantly (p<0.05) increased along with dietary Ca level. Among the tested 
25OHD3 groups, higher (p<0.05) egg production and tibia thickness were present in hens 
fed 50 μg/kg of 25OHD3. Furthermore, Ca digestibility serum Ca and 25OHD3 were sig-
nificantly increased in group offered 50 μg/kg of 25OHD3.
Conclusion: The results gathered in this study indicate that dietary concentrations of 4.0% 
to 4.5% Ca and 50 μg/kg 25OHD3 improve the performance of hens from 61 to 70 weeks 
of age.
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INTRODUCTION 

Calcium (Ca) and vitamin D3 (VD3) are considered critical nutrients for laying hens, and 
accordingly are regularly added to their diets. These nutrients play a significant role in 
eggshell formation and in maintaining skeletal integrity [1]. Poor bone and shell quality 
that results in lameness is responsible for a significant amount of economic loss to layer 
producers. The higher egg production rate of laying hens means that a large quantity of 
Ca is particularly necessary in their case [2]. Laying hens obtain Ca for eggs shell synthe-
sis primarily from two sources; feed (the intestinal route) and by using reserves stored in 
the medullary bones [3]. Much of the Ca used by laying hens comes from limestone and 
oyster shells. The oyster shells provide a large amount of Ca that gradually releases the Ca, 
and act as reserve to be used when the hens are fasting [4].
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 Ca is used in many metabolic functions. The main func-
tions of Ca are associated to the concentrations of P and VD3 
[5]. Ca in the blood is used during eggshell synthesis, which 
stimulates the secretion of parathyroid hormone (PTH). This, 
in turn, promotes bone resorption to maintain the blood’s 
Ca level within a normal range. Notably, higher bone resorp-
tion rates at the laying stage are more likely to cause weak 
bones in the laying hens at the end of the production phase 
[6]. VD3 synthesis occurs in the skin by the catalytic action 
of ultraviolet light on 7-dihydrocholesterol. As commercial 
laying hens are mostly reared indoors where they receive in-
sufficient sunlight to convert 7-dihydrocholesterol to VD3, 
they are prone to bone abnormalities [7]. Laying hens ac-
cordingly receive VD3 supplements to their diets to support 
their bone strength, egg production, and maintain appropri-
ate blood Ca levels. After its absorption in the intestine VD3 
is conveyed to the liver, where it is hydroxylated at position 
25, resulting in 25-hydroxycholecalciferol (25OHD3) [8]. 
The resultant metabolite is transported to the kidneys and 
hydroxylated at carbon 1, giving rise to 1,25-dihydroxycho-
lecalciferol (1,25(OH)2D3). Including different types of VD3 
metabolites in a diet enhances vitamin D’s availability and 
effects [9]. Following molting, at the time of second produc-
tion phase, laying hens restore their Ca levels to improve 
eggshell quality. This restoration mechanism operates com-
pletely independent of egg size, and thus the quality of the 
eggshells declines as the bird ages. Persistent Ca and VD3 
misbalance results in higher rates of egg loss among com-
mercial laying hens [10]. Ca and VD3 requirements must be 
updated to improve the egg quality and productivity for finish-
ing stage of laying hens.
 Thus, our study was designed to investigate the effect of 
dietary levels of Ca and 25OHD3 on the performance, se-
rum biochemical concentration and digestibility of laying 
hens from 61 to 70 weeks of age to explore how laying hens 
respond to interaction of dietary supplementation between 
Ca and 25OHD3. Such investigations may provide evidence 
of whether dietary 25OHD3 supplementation exerts roles in 
finishing stage of laying hens following performance by im-
proving Ca digestibility.

MATERIALS AND METHODS 

Animals, managements and diets
The study was carried out at the Poultry Experimental Station 
of the Department of Animal Sciences at Jeonbuk National 
University in the Republic of Korea. The protocols for the 
experiment were approved by the Jeonbuk National Univer-
sity Institutional Animal Care and Use Committee (JBNU 
2021-0175). A total of 540, 61-week-old, HyLine Brown laying 
hens were used and allotted in cages (2 birds/cage) measur-
ing 1,200 cm2 (600 cm2/bird) in an experimental windowless 

house. A room temperature of 25°C±5°C and a photoperiod 
of 16/8 h light/dark cycle were maintained throughout the 
experimental period. A completely randomized experimen-
tal design in a 3×3 factorial arrangement, consisting of three 
levels of 25OHD3 (0, 25, and 50 μg/kg) and three levels of 
Ca (3.5%, 4.0%, and 4.5%) in a layer diet was used. Each 
group was distributed into five replicates, with twelve hens 
per replicate.
 The vitamin sources were included in the diet to supply 
3,000 IU/kg of VD3. The 25OHD3 (Hy-D) used in the vita-
min premix was donated by DSM Nutritional Products Ayr, 
ON, Canada. All birds were fed with isoenergetic and isoni-
trogenous mash diets for 10 weeks. The diets were based on 
corn and soybean meal, formulated to meet the nutrient re-
quirements of laying hens as recommended in the Korean 
Feeding Standard for Poultry [11]. The composition of the 
experimental diets is shown in Table 1. Feed and water were 
provided ad libitum.

Sample processing and analyses
The fresh diets were feed every day. The feed intake (g/bird/d) 
and feed conversion ratio (FCR) were evaluated on a weekly 

Table 1. Basal diet composition for different treatments

Items
Ca level (%) +  

vitamin D3 (3,000 IU/kg)

3.5 4.0 4.5

Ingredients (%)
Corn 57.4 57.5 57.7
Wheat bran 8.70 6.60 4.45
Soybean meal 23.3 23.9 24.5
Corn-DDGS 1.00 1.00 1.00
Limestone 8.50 9.80 11.1
DCP 0.800 0.850 0.900
Mineral premix1) 0.100 0.100 0.100
Vitamin premix2) 0.100 0.100 0.100
Methionine (99%) 0.150 0.150 0.150
Total ------------------------- 100 ----------------------

Calculated chemical composition
Metabolic energy (kcal/kg) 2,800 2,800 2,800
Crude protein (%) 16.0 16.0 16.0
Calcium (%) 3.50 4.00 4.50
Total protein (%) 0.500 0.500 0.500
Available phosphorus (%) 0.350 0.350 0.350
Total methionine (%) 0.400 0.400 0.400
Total cysteine (%) 0.270 0.270 0.270
Total lysine (%) 0.830 0.830 0.830

1) Mineral supplemented provided per kilogram of diet: Fe, 60 mg, Cu,10 
mg; Zn 80 mg; Mn, 110 mg; Iodine, 0.48 mg; Se, 0.40 mg.
2) Vitamin supplement provided per kilogram of diet: vitamin A, 10,000 IU; 
vitamin E, 30 IU; vitamin B1, 3 mg; vitamin B2, 7 mg; vitamin B6, 0.15 mg; 
vitamin B12, 0.025 mg; vitamin K3, 3 mg; Niacin, 50 mg; vitamin C, 200 
mg; Pantothenic acid, 12 mg; choline, 500 mg; biotin, 0.15 mg; folic acid, 
1.5 mg. Vitamins D3 was included at the expense of inert material at 3,000 
IU/kg at the following three levels (per kg) of cholecalciferol+25OHD3: 
600 mg+0 µg, 400 mg+25 µg, and 200 mg+50 µg, respectively.
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basis by weighing the amount of feed offered in the beginning 
and at the end of this experiment.
 Eggs were collected daily to determine the rate of eggs 
production. The mean egg weight was determined as the 
daily average weight of eggs, excluding abnormal eggs. After 
6, 8, and 10 weeks five eggs from each replicate were collected, 
weighed individually, and stored overnight at room temper-
ature for subsequent measurements. Eggshell thickness 
without the shell membrane was tested by micrometer 
(Digimatic micrometer, Series 293 330, Mitutoyo, Japan).
 Blood samples were taken between 8:00 and 9:00 AM by 
puncturing the wing vein from hens of each replicate. These 
samples were subjected to hematological and biochemical 
examination. The blood samples were collected in sterile 
syringes and were centrifuged. The separated serum was 
stored at –20°C. The serum concentrations of PTH, 25OHD3, 
1,25(OH)2D3 were measured using enzyme-linked immu-
nosorbent assay kits (MBS702033; MBS2600128; MBS736473; 
mybiosource Inc, San Diego, CA, USA) according to the 
manufacturer's instructions. Interleukin-2 (IL-2) and in-
terleukin-6 (IL-6) concentrations were analyzed by using 
ELISA kits (E-EL-Ch0120; E-EL-Ch0228; Elabscience Inc, 
Bethesda, MD, USA) following the manufacturer’s instruc-
tions. The concentrations of serum Ca and P were measured 
according to the colorimetric method using a biochemical 
analyzer (Hitachi modular system, Hitachi Ltd., Tokyo, Ja-
pan).
 At the end of experiment, six birds were randomly select-
ed from each treatment group and euthanized by dislocation 
of head. Right legs were immediately collected and refriger-
ated to determine the mechanical properties of the tibias. 
Tibia weight was measured by analytical weight balance while 
thickness was assessed with a Vernier Caliper.
 At the end of experiment a total of 54 laying hens were 
placed in metabolic cages for seven days (six birds per 
treatment). Excreta samples of each hen were collected and 
immediately stored at –20°C. During collection, care was 
taken to avoid contamination from feathers, feed, and foreign 
materials. Willey It was pulverized with a mill and used for 
analysis. Nutrient digestibility (%) (Ca and P) was analyzed 
by the AOAC [12].

Statistical analysis
The experiment was conducted using a completely random-
ized design with a factorial structure. The effect of 25OHD3 
(0, 25, and 50 μg/kg) and Ca levels (3.5%, 4.0%, and 4.5%) 
was statistically analyzed using a 3×3 factorial design with a 
general linear model procedure in SAS version 9.2 (SAS Inst. 
Inc., Cary, NC, USA). Results were considered significantly 
different using Duncan multiple range test if their p-values 
were <0.05.

RESULTS AND DISCUSSION 

Egg production performance
There was no interactive effect (p>0.05) between 25OHD3 
and Ca concentrations for none of the evaluated production 
parameters of laying hens (Table 2). However, the results 
showed that egg production, feed intake, and egg weight had 
significantly increased (p<0.05) in hens that had received 
4.5% Ca in their diet, more so than those that had received 
3.5% to 4.0% Ca (Table 2). These results support an earlier 
study by Costa et al [13], who reported that Ca plays an es-
sential role in eggshell formation, and that increases in its 
dietary level contributed to improved eggshell synthesis and 
egg production. The improvement in egg production of hens 
fed 4.5% Ca suggests an increased Ca availability for eggshell 
formation, in accordance with other researchers in this field 
[14]. Costa et al [15] tested 3.0% to 5.0% dietary Ca levels 
and did not find any effect on feed intake. Araújo et al [16] 
found a lower feed intake when Ca levels were increased 
from 3.5% to 4.2% in the post-molting period of commer-
cial layers. Our results deviated from these findings. Possibly, 
this is due to the fact that in the prior research only Ca was 
added to the diets, whereas in present study Ca was added in 
combination with VD3 sources. Our resulting Ca dietary re-
quirement estimate of 4.5% in layers is accordingly higher 
than that reported by Rodrigues et al [17], who recommended 
a level of 3.5% Ca. Salvador et al [18] obtained a better FCR 
with 25OHD3. However, in present study the Ca given in 
combination with cholecalciferol +25OHD3 numerically re-
sulted in improved FCR.
 The hens fed 50 μg/kg 25OHD3 in their diet presented 
with more (p<0.05) egg production than those fed 0, 25 μg/kg 

Table 2. Production performance of laying hens fed dietary concen-
trations of Ca and 25OHD3 from 61 to 70 weeks of age

Main effect
Egg 

production 
(%)

Feed 
intake  
(g/d)

Egg  
weight  

(g)

Feed 
conversion 
ratio (g/g)

Ca (%)
3.5 76.8b 112c 62.9b 2.33
4.0 77.7ab 114b 62.4b 2.35
4.5 78.2a 115a 63.7a 2.31

25OHD3 (μg/kg)
0 76.7b 114 63.3 2.34
25 77.4ab 114 62.9 2.33
50 78.6a 114 62.8 2.31

------------------------- Probability > F ------------------------
Source of variation

Ca 0.05 < 0.01 0.01 0.24
25OHD3 0.01 0.40 0.54 0.32
Ca × 25OHD3 0.84 0.96 0.97 0.97

25OHD3, 25-hydroxy vitamin D3.
a-c Means within a column with unlike superscripts differ significantly 
(p < 0.05).
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25OHD3 (Table 2). Kakhki et al [19] reported similarly that 
the addition of 25OHD3 in the diet of laying hens together 
with basal levels of VD3 increased egg production. The ob-
served positive effects of dietary supplementation with 
25OHD3 on egg production might be because of increased 
villus surface area in the jejunum and duodenum affecting 
absorption of nutrients from the diet [20]. Additionally, 
VD3-supplemented hens increase follicle stimulating hor-
mone and luteinizing hormon concentration levels implied 
that dietary addition of sufficient VD3 induce the feedback 
effect of hypothalamic and pituitary hormone secretion, and 
positively affect follicle development [21]. Accordingly, these 
results could account for the beneficial effects of 25OHD3 
supplementation on hens’ performance, possibly related to 
reproductive hormones.

Egg shell and tibia bone qualities
Eggshell and tibia bone parameters were neither (p<0.05) 
influenced by their interaction (Table 3). Dietary Ca levels 
influenced (p<0.05) eggshell thickness and tibia bone length. 
In contrast, there was no significant effect (p>0.05) on egg-
shell quality among the 25OHD3 supplementation groups 
(Table 3). These results are consistent with those obtained by 
do Nascimento et al [22], who showed no interaction between 
levels of Ca (2.85%, 3.65%, 4.45%, and 5.25%) and various 
VD3 sources (cholecalciferol, 25OHD3, and 1,25(OH)2D3) 
on eggshell quality. That study confirmed that higher shell 
thickness when Ca levels in the diet of commercial layers 
were increased from 2.85% to 5.25%, absent the effects of 
VD3 sources [22]. Jiang et al [23] also showed that layers fed 
diet containing 2.62% Ca have a lower eggshell breaking 
strength than those fed diet with 3.7% or 4.4% Ca, Alterna-
tively, including hens fed a diet supplemented with 25OHD3 

had no significant effect on eggshell quality.
 Tibia bone length linearly increased (p<0.05) with dietary 
Ca levels (Table 3). When dietary Ca levels are high, the 
ultimobranchial glands are stimulated to secrete calcitonin, 
reducing bone resorption and consequently, increasing bone 
strength [24,25]. Tibia bone thickness was found to be sig-
nificantly (p<0.05) higher in group given dietary 25OHD3 
supplemental level at 50 μg/kg than in other groups (Table 
3). The role of VD3 in Ca metabolism is crucial for bone 
formation in poultry [19]. Our result may be attributed to 
the fact that Ca metabolism of birds depend in the activity 
of cholecalciferol, 25OHD3, and 1,25(OH)2D3 [26]. Sahin 
et al [27] reported that dietary 25OHD3 supplemental levels 
at 0 to 500 IU/kg linearly affect bone mineralization of laying 
quails. Our findings suggested that suitable supplemental 
dosage of 25OHD3 for bone structure of hens from 61 to 
70 weeks of age is 50 μg/kg.

Serum biochemical parameter concentrations
The influence of dietary concentration of Ca and 25OHD3 
on the blood parameters of laying hens is presented in Table 
4. The results indicated interaction (p<0.05) between Ca and 
25OHD3 occurred the highest PTH in laying hens that re-
ceived dietary concentration of Ca and 25OHD3 of 3.5% and 
50 µg/kg, respectively, or 4.0% and 50 µg/kg, respectively. 
Stimulation of PTH in the kidneys increase conversion of 
25OHD3 to 1,25(OH)2D3 affecting Ca absorption [19]. Our 
observed interaction effect of dietary Ca and 25OHD3 on 
the serum PTH concentration in hens could be because of a 
correlation between VD3 and PTH by Ca and P absorption, 
regulation of PTH, and bone mineralization [28,29].
 Furthermore, the interactive effect (p<0.05) between Ca 
and 25OHD3 was such that dietary 25OHD3 linearly in-

Table 3. Egg shell and tibia bone qualities from laying hens fed dietary concentrations of Ca and 25OHD3

Main effect
Egg shell Tibia bone

Weight (g) Thickness (mm) Length (cm) Thickness (mm) Weight (g)

Ca (%)
3.5 9.54 0.352b 11.7b 8.46 13.9
4.0 9.76 0.364b 12.0a 8.46 14.0
4.5 9.77 0.384a 12.2a 8.61 14.5

25OHD3 (µg/kg)
0 9.67 0.364 11.9 8.46ab 14.1
25 9.58 0.377 12.0 8.37b 14.1
50 9.83 0.369 12.1 8.69a 14.2

------------------------------------------------------------------------------- Probability > F ---------------------------------------------------------------------------
Source of variation

Ca 0.62 < 0.01 0.05 0.44 0.40
25OHD3 0.63 0.71 0.32 0.04 0.96
Ca × 25OHD3 0.72 0.68 0.14 0.84 0.51

25OHD3, 25-hydroxy vitamin D3.
a,b Means within a column with unlike superscripts differ significantly (p < 0.05).
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creased (IL-6) at all Ca levels (Table 4). Interleukin-2 (IL-2) 
was also linearly increased (p<0.05) in hens that received Ca 
up to 4.5% while interaction had no significant effects (p>0.05) 
between Ca and 25OHD3 in the layer diet (Table 4). VD and 
vitamin D receptors (VDR) have been shown to be impor-
tant regulators of the immune system [7]. Our results may 
be related to the study [30] showing that dietary 25OHD3 
affect immunoregulation related to VDR and regulatory T 
cell affecting various immunity cytokines production. Hens 
fed dietary supplementation with 25OHD3 induce inhibited 
the growth of pathogens and increased the production of 
immune cytokines because of increased 1α-hydroxylase and 
VDR in the liver [7,31].
 The concentration of serum Ca was significantly (p<0.05) 
higher in each group fed 4.5% Ca or 50 µg/kg 25OHD3 than 
in other groups (Table 4). This finding is similar to those of 
previous study [23] that included up to 4.4% Ca in the diet 
of layers, and in which linearly increased Ca concentration 
was observed in subsequent tests of serum.
 No significant difference in the concentration of serum P 
was observed (p>0.05) between the groups (Table 4). Jiang 
et al [23], consistent with our observations, showed that layers 
maintain their concentration of serum P with dietary Ca levels 
in the 2.62% to 4.4% range.
 25OHD3 concentration was higher (p<0.05) in the se-
rum of hens that had 4.5% Ca or 50 μg/kg 25OHD3 included 
in their diets than in those that were offered alternative diets, 
but its active form (1,25(OH)2D3) was not influenced by 
dietary supplementation of Ca or 25OHD3 (Table 4). These 
results were consistent with the prior study of Kappeli et al [32], 
where the researchers showed that hens fed VD3 supplement-
ed as 25OHD3 (37.5 μg/kg) higher 25OHD3 concentration 
on the blood.

Nutrition digestibility of Ca and P
The nutrition digestibility of Ca and P was unaffected (p>0.05) 
by an interactive effect of dietary concentrations between Ca 
and 25OHD3 (Table 5).
 Ca digestibility was similar (p>0.05) in hens fed dietary 
Ca levels of 3.5% to 4.5% (Table 5). Swiatkiewicz et al [33] 
found that ash digestibility had a similar result among hens 
supplemented with dietary Ca concentrations (3.2% to 4.2%) 
and total amount of excreted and retained Ca increased lin-
early with an increasing dietary Ca levels. Pelicia et al [34] 
supplemented layer diets with 3.0% to 4.5% Ca, and ob-
served that the highest dietary Ca level was correlated with 
the highest blood Ca concentration and highest eggshell 

Table 4. Serum biochemical concentration of laying hens fed dietary concentrations of Ca and 25OHD3

Main effect PTH (pg/mL) IL-2 (mg/dL) IL-6 (mg/dL) Ca (mg/dL) P (mg/dL) 25OHD3  
(nmol/L)

1,25(OH)2D3 
(nmol/L)

Ca (%)
3.5 133 13.9b 45.4c 26.9b 4.87 14.5b 14.1
4.0 132 15.7ab 51.7b 26.0b 5.00 14.3b 14.9
4.5 129 19.8a 56.3a 28.0a 4.88 15.9a 15.3

25OHD3 (μg/kg)
0 130 17.1 40.0b 26.2b 4.79 14.1b 14.3
25 131 15.3 50.1b 26.5b 4.97 14.8ab 14.8
50 133 16.9 55.3a 28.2a 5.00 15.9a 15.2

------------------------------------------------------------------------------------ Probability > F --------------------------------------------------------------------------
Source of variation

Ca 0.44 0.04 < 0.01 0.05 0.86 0.02 0.68
25OHD3 0.62 0.69 0.01 0.04 0.69 0.04 0.82
Ca × 25OHD3 0.05 0.33 0.04 0.29 0.91 0.09 0.42

25OHD3, 25-hydroxy vitamin D3; PTH, parathyroid hormone; IL, interleukin-2; 1,25(OH)2D3, 1,25-dihydroxycholecalciferol.
a-c Means within a column with unlike superscripts differ significantly (p < 0.05).

Table 5. Nutrition digestibility of Ca and P from laying hens offered 
dietary concentrations of Ca and 25OHD3

Main effect Ca (%) P (%)

Ca (%)
3.5 59.4 52.5b

4.0 61.8 55.2ab

4.5 62.0 56.8a

25OHD3 (µg/kg)
0 58.8b 53.8
25 61.7a 54.7
50 62.7a 56.0

Probability > F
Source of variation

Ca 0.38 0.01
25OHD3 < 0.01 0.78
Ca × 25OHD3 0.09 0.54

25OHD3, 25-hydroxy vitamin D3.
a,b Means within a column with unlike superscripts differ significantly 
(p < 0.05).
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percentage, suggesting an association between dietary Ca 
and Ca deposits at second cycle layers. 
 Ca digestibility significantly increased (p<0.05) over the 
cholecalciferol group in groups fed a diet supplemented with 
25 and 50 μg/kg of 25OHD3 (Table 5). Cholecalciferol is fat-
soluble and its absorption is facilitated by bile salts, while 
25OHD3 has a highly polar molecular structure and is less 
affected by bile salts [35]. Accordingly, more 25OHD3 is ab-
sorbed (1.5×) than the same level of cholecalciferol (2,760 
IU/kg) in the bird’s intestine and this affects calcium absorp-
tion and metabolism in broilers [5]. Koreleski and Swiątkiewicz 
[36] verified that hens fed 25% to 75% 25OHD3 of the total 
VD3 sources showed higher relative Ca concentration in 
eggshells, and determined that this may be linked to more 
Ca absorption [19].
 P digestibility linearly increased (p<0.05) as dietary Ca 
level increased from 3.5% to 4.5%, while the tested dietary 
25OHD3 levels did not affect (p>0.05) P digestibility in hens 
(Table 5). The ions of Ca and P were predominantly absorbed 
in the upper portion (duodenum and upper jejunum) of the 
small intestine, and then deposited in the form of calcium 
phosphate (Ca3(PO4)2). Bar et al [37] mentioned that the 
correlation between Ca and P in layer diets affected Ca and 
P absorption in which optimal ratio was presented Ca:AP = 
around 11 to 13:1. On the basis of these results, the Ca re-
quirement for aged hens (450 to 650 days) should be slightly 
higher than those provided for by the NRC. These results 
were consistent with our finding that P digestibility increased 
in 61-to-70-week-old s hens with higher dietary Ca levels 
(4.0% to 4.5%).

CONCLUSION

Our results showed the interactive effect between Ca (3.5%, 
4.0%, and 4.5%) and 25OHD3 (0, 25, and 50 µg/kg) on serum 
PTH and IL-6 of laying hens. In addition, dietary supple-
mentation of 25OHD3 improved egg production, tibia bone 
thickness, and Ca digestibility of up to 50 µg/kg in laying 
hens aged 61 to 70 weeks. Thus, diet supplemented with 
4.5% Ca in combination with 50 µg/kg 25OHD3 could be 
used during finishing stage period of laying hens.

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

FUNDING

This work was supported by the Agriculture, Food and Rural 
Affairs Convergence Technologies Program for Educating 

Global Creative Leaders, administered by the Korea Institute 
of Planning and Evaluation for Technology in Food, Agri-
culture, and Forestry (IPET) and funded by the Ministry of 
Agriculture, Food and Rural Affairs (MAFRA; 716002-7). 

REFERENCES

1. Akbari Moghaddam Kakhki R, Heuthorst T, Wornath-Van-
humbeck A, Neijat M, Kiarie E. Medullary bone attributes 
in aged Lohmann LSL-lite layers fed different levels of calcium 
and top-dressed 25-hydroxy vitamin D3. Can J Anim Sci 
2019;99:138-49. https://doi.org/10.1139/cjas-2018-0062

2. Xu S, Chen YH, Tan ZX, et al. Vitamin D3 pretreatment 
alleviates renal oxidative stress in lipopolysaccharide-induced 
acute kidney injury. J Steroid Biochem Mol Biol 2015;152: 
133-41. https://doi.org/10.1016/j.jsbmb.2015.05.009

3. Greiller CL, Martineau AR. Modulation of the immune res-
ponse to respiratory viruses by vitamin D. Nutrients 2015; 
7:4240-70. https://doi.org/10.3390/nu7064240

4. Sarkar S, Hewison M, Studzinski GP, Li YC, Kalia V. Role of 
vitamin D in cytotoxic T lymphocyte immunity to pathogens 
and cancer. Crit Rev Clin Lab Sci 2016;53:132-45. https://doi. 
org/10.3109/10408363.2015.1094443

5. Zhao Y, Yu B, Mao X, et al. Dietary vitamin D supplemen-
tation attenuates immune responses of pigs challenged with 
rotavirus potentially through the retinoic acid-inducible gene 
I signalling pathway. Br J Nutr 2014;112:381-9. https://doi. 
org/10.1017/S000711451400097X

6. Lu L, Li SM, Zhang L, et al. Expression of beta defensins in 
intestines of chickens injected with vitamin D3 and lipopoly-
saccharide. Genet Mol Res 2015;14:3330-7. 

7. Morris A, Shanmugasundaram R, McDonald J, Selvaraj RK. 
Effect of in vitro and in vivo 25-hydroxyvitamin D treatment 
on macrophages, T cells, and layer chickens during a coccidian 
challenge. J Anim Sci 2015;93:2894-903. https://doi.org/10. 
2527/jas.2014-8866

8. Zhang L, Lu L, Li S, et al. 1,25-Dihydroxyvitamin-D3 induces 
avian beta-Defensin gene expression in chickens. PLoS One 
2016;11:e0154546. https://doi.org/10.1371/journal.pone.015 
4546

9. Khan RU, Naz S, Ullah H, et al. Dietary vitamin D: growth, 
physiological and health consequences in broiler production. 
Anim Biotechnol 2021 Dec 19 [Epub]. https://doi.org/10. 
1080/10495398.2021.2013861

10. Ryz NR, Lochner A, Bhullar K, et al. Dietary vitamin D3 
deficiency alters intestinal mucosal defense and increases 
susceptibility to Citrobacter rodentium-induced colitis. Am 
J Physiol Gastrointest Liver Physiol 2015;309:730-42. https:// 
doi.org/10.1152/ajpgi.00006.2015

11. Korean Feeding Standard for Poultry. Nutrient requirement 
of poultry. Suwon, Korea: National Institute of Animal Science, 
RDA; 2017.

https://doi.org/10.1139/cjas-2018-0062
https://doi.org/10.1016/j.jsbmb.2015.05.009
https://doi.org/10.3390/nu7064240
https://doi.org/10.3109/10408363.2015.1094443
https://doi.org/10.3109/10408363.2015.1094443
https://doi.org/10.1017/S000711451400097X
https://doi.org/10.1017/S000711451400097X
https://doi.org/10.2527/jas.2014-8866
https://doi.org/10.2527/jas.2014-8866
https://doi.org/10.1371/journal.pone.0154546
https://doi.org/10.1371/journal.pone.0154546
https://doi.org/10.1080/10495398.2021.2013861
https://doi.org/10.1080/10495398.2021.2013861
https://doi.org/10.1152/ajpgi.00006.2015
https://doi.org/10.1152/ajpgi.00006.2015


1432  www.animbiosci.org

Lim and Ryu (2022) Anim Biosci 35:1426-1433

12. AOAC (Association of Official Analytical Chemists) Inter-
national. Official methods of analysis of AOAC International, 
16th edn. Gaithersburg, MD, USA: AOAC International; 
2020.

13. Costa CHR, Barreto SLT, Gomes PC, Hosoda LH, Lipari 
CA, Lima HJD. Available phosphorus levels for Japanese 
quail diets from 45 to 57 weeks of age. R Bras Zootec 2011; 
40:2152-60. https://doi.org/10.1590/S1516-3598201100100 
0013

14. Attia YA, Al-Harthi MA, Abo El-Maaty HM. Calcium and 
cholecalciferol levels in late-phase laying hens: effects on 
productive traits, egg quality, blood biochemistry, and immune 
responses. Front Vet Sci 2020;7:389. https://doi.org/10.3389/ 
fvets.2020.00389

15. Costa FGP, Oliveira CFS, Dourado JRB, Neto RCL, Campos 
MASF, Lima AGVO. Levels of calcium in diets for brown 
layers post-peak production. R Bras Zootec 2008;37:624-8. 
https://doi.org/10.1590/S1516-35982008000400006

16. Araújo JA, Silva JHV, Costa FGP, Souza JMB, Givisiez PEN, 
Sakomura NK. Effect of the levels of calcium and particle 
size of limestone on laying hens. R Bras Zootec 2011;40:997-
1005. https://doi.org/10.1590/S1516-35982011000500009

17. Rodrigues EA, Junqueira OM, Valerio M, et al. Calcium levels 
in commercial laying hen diets in the second period of egg 
production. Acta Scientiarum-Anim Sci 2005;27:49-54. https:// 
doi.org/10.4025/actascianimsci.v27i1.1240

18. Salvador D, Faria DE, Mazalli MR, Ito DT, Faria Filho DE, 
Araújo LF. Vitamins D and C for laying hens at the initial 
phase of egg production. R Bras Zootec 2009;38:887-92. 
https://doi.org/10.1590/S1516-35982009000500015

19. Kakhki RAM, Heuthorst T, Mills A, Neijat M, Kiarie E. 
Interactive effects of calcium and top-dressed 25-hydroxy 
vitamin D3 on egg production, eggshell quality, and bones 
attributes in aged Lohmann LSL-lite layers. Poult Sci 2019; 
98:1254-62. https://doi.org/10.3382/ps/pey446

20. Ding BA, Pirone A, Lenzi C, Baglini A, Romboli I. Effect of 
hen diet supplemented with 25-OH-D3 on the development 
of small intestinal morphology of chick. J Anim Feed Sci 
2011;20:420-31. https://doi.org/10.22358/jafs/66197/2011

21. Geng Y, Ma Q, Wang Z, Guo Y. Dietary vitamin D3 supple-
mentation protects laying hens against lipopolysaccharide-
induced immunological stress. Nutr Metab 2018;15:58. https:// 
doi.org/10.1186/s12986-018-0293-8

22. do Nascimento GR, Murakami AE, Guerra AFQM, Ospinas-
Rojas IC, Ferreira MFZ, Fanhani JC. Effect of different vitamin 
D sources and calcium levels in the diet of layers in the second 
laying cycle. Braz J Poult Sci 2014;16:37-42. https://doi.org/10. 
4025/actascianimsci.v27i1.1240

23. Jiang S, Cui L, Shi C, Ke X, Luo J, Hou J. Effects of dietary 
energy and calcium levels on performance, egg shell quality 
and bone metabolism in hens. Vet J 2013;198:252-8. https:// 
doi.org/10.1016/j.tvjl.2013.07.017

24. Wei H, Chen Y, Nian H, et al. Abnormal bone metabolism 
may be a primary causative factor of keel bone fractures in 
laying hens. Anim 2021;11:3133. https://doi.org/10.3390/ 
ani11113133

25. Zhao SC, Teng XQ, Xu DL, Chi X, Ge M, Xu SW. Influences 
of low level of dietary calcium on bone characters in laying 
hens. Poult Sci 2020;99:7084-91. https://doi.org/10.1016/j. 
psj.2020.08.057

26. FLDS, Baião NC, Ecco R, et al. Effects of 1,25-dihydroxy-
cholecalciferol and reduced vitamin D3 level on broiler per-
formance and bone quality. R Bras Zootec 2018;47:e20170186. 
https://doi.org/10.1590/rbz4720170186

27. Sahin N, Balci TA, Kucuk O, Smith MO, Sahin K. Effects of 
25-hydroxycholecalciferol and soy isoflavones supplemen-
tation of bone mineralization of quail. Br Poult Sci 2009;50: 
709-15. https://doi.org/10.1080/00071660903261944 

28. Garcia AFQM, Murakami AE, do Amaral Duarte CR, Rojas 
ICO, Picoli KP, Puzotti MM. Use of vitamin D3 and its meta-
bolites in broiler chicken feed on performance, bone para-
meters and meat quality. Asian-Australas J Anim Sci 2013; 
26:408-15. https://doi.org/10.5713/ajas.2012.12455

29. Adedokun SA, Adeola O. Calcium and phosphorus diges-
tibility: Metabolic limits. J Appl Poult Res 2013;22:600-8. 
https://doi.org/10.3382/japr.2013-00740

30. Cantorna MT. Mechanisms underlying the effect of vitamin 
D on the immune system. Proc Nutr Soc 2010;69:286-9. 
https://doi.org/10.1017/S0029665110001722

31. Saunders-Blades JL, Korver DR. Effect of hen age and maternal 
vitamin D source on performance, hatchability, bone mineral 
density, and progeny in vitro early innate immune function. 
Poult Sci 2015;94:1233-46. https://doi.org/10.3382/ps/pev002

32. Kappeli S, Fröhlich E, Gebhardt-Henrich SG, et al. Effects 
of dietary supplementation with synthetic vitamin D3 and 
25-hydroxycholecalciferol on blood calcium and phosphate 
levels and performance in laying hens. Archiv für Geflügelkunde 
2011;75:179-84.

33. Swiatkiewicz S, Arczewska-Wlosek A, Jozefiak D. Bone quality, 
selected blood variables and mineral retention in laying hens 
fed with different dietary concentrations and sources of 
calcium. Livest Sci 2015;181:194-9. https://doi.org/10.1016/j. 
livsci.2015.09.011

34. Pelicia K, Garcia EA, Faitarone ABG, et al. Calcium and 
available phosphorus levels for laying hens in second produc-
tion cycle. Braz J Poult Sci 2009;11:39-49. https://doi.org/10. 
1590/S1516-635X2009000100007

35. Chou SH, Chung TK, Yu B. Effects of supplemental 25-hy-
droxycholecalciferol on growth performance, small intestinal 
morphology, and immune response of broiler chickens. Poult 
Sci 2009;88:2333-41. https://doi.org/10.3382/ps.2009-00283

36. Koreleski J, Swiątkiewicz S. Efficacy of different levels of a 
cholecalciferol 25-OH-derivative in diets with two limestone 
forms in laying hen nutrition. J Anim Feed Sci 2005;14:305-

https://doi.org/10.1590/S1516-35982011001000013
https://doi.org/10.1590/S1516-35982011001000013
https://doi.org/10.3389/fvets.2020.00389
https://doi.org/10.3389/fvets.2020.00389
https://doi.org/10.1590/S1516-35982008000400006
https://doi.org/10.1590/S1516-35982011000500009
https://doi.org/10.4025/actascianimsci.v27i1.1240
https://doi.org/10.4025/actascianimsci.v27i1.1240
https://doi.org/10.1590/S1516-35982009000500015
https://doi.org/10.3382/ps/pey446
https://doi.org/10.22358/jafs/66197/2011
https://doi.org/10.1186/s12986-018-0293-8
https://doi.org/10.1186/s12986-018-0293-8
https://doi.org/10.4025/actascianimsci.v27i1.1240
https://doi.org/10.4025/actascianimsci.v27i1.1240
https://doi.org/10.1016/j.tvjl.2013.07.017
https://doi.org/10.1016/j.tvjl.2013.07.017
https://doi.org/10.3390/ani11113133
https://doi.org/10.3390/ani11113133
https://doi.org/10.1016/j.psj.2020.08.057
https://doi.org/10.1016/j.psj.2020.08.057
https://doi.org/10.1590/rbz4720170186
https://doi.org/10.1080/00071660903261944
https://doi.org/10.5713/ajas.2012.12455
https://doi.org/10.3382/japr.2013-00740
https://doi.org/10.1017/S0029665110001722
https://doi.org/10.3382/ps/pev002
https://doi.org/10.1016/j.livsci.2015.09.011
https://doi.org/10.1016/j.livsci.2015.09.011
https://doi.org/10.1590/S1516-635X2009000100007
https://doi.org/10.1590/S1516-635X2009000100007
https://doi.org/10.3382/ps.2009-00283


www.animbiosci.org  1433

Lim and Ryu (2022) Anim Biosci 35:1426-1433

15. https://doi.org/10.22358/jafs/67018/2005
37. Bar A, Razaphkovsky V, Vax E. Re-evaluation of calcium 

and phosphorus requirements in aged laying hens. Br Poult 

Sci 2002;43:261-9. https://doi.org/10.1080/00071660120 
121481

https://doi.org/10.22358/jafs/67018/2005
https://doi.org/10.1080/00071660120121481
https://doi.org/10.1080/00071660120121481

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	FUNDING
	REFERENCES

