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ABSTRACT: This study aimed to evaluate the effect of adding a combination of calcidiol and betaglucan to feed on the production
performance of laying hens aged 0-21 days, immune organ morphometry, and blood hematology of laying hens aged 12 weeks.
The study used 500 Day-Old Chicks (DOC) of the Hy-Line Brown strain, divided into two treatments. The data obtained were
analyzed using the Independent T-Test and descriptively for variables related to body weight uniformity and mortality. Treatment
TO = basal feed (control), T1 = basal feed supplemented with calcidiol 5.000 IU/kg and betaglucan 40mg/kg in the feed. The results
showed that the addition of a combination of calcidiol and betaglucan had a significant effect (P <0.01) on increasing feed efficiency
in group T1 during the third week, resulting in a 21.51% improvement in feed conversion and bone marrow density at 12 weeks of
age. The treatment did not have a significant effect (P > 0.05) on spleen and bursa morphometry, blood hematology, IgG, and IgM
levels. Descriptively, the addition of Calcidiol-Betaglucan had a better effect on body weight uniformity, which was 3.84% higher
than the control, and total mortality, which was 0.49% lower in T1 than in TO. The conclusion of this study is that the addition of
the combination of calcidiol and betaglucan has potential as a functional feed additive to support early growth efficiency and immune
system readiness in laying hens.
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INTRODUCTION

The starter phase is decisive in pullet rearing. Nutritional management at this stage strongly affects later growth, skeletal
strength, immune status, and flock uniformity. During early age, the digestive tract, immune system, and cortical bone develop
rapidly and concurrently. This provides the physiological basis for later muscle accretion, medullary bone formation, and
reproductive performance. If nutritional support is insufficient, skeletal development may be compromised. This can also reduce
uniformity, increase vulnerability to health challenges, and ultimately affect productivity during the laying period.

Selecting feed additives appropriately and including them at the right time is essential. This supports optimal physiological
development. Previous studies show that vitamin Ds supplementation improves egg production and eggshell quality in laying hens.
Adequate vitamin Ds status is linked to improved tibia bone quality during early laying (Li et al., 2023). Among vitamin Ds;
metabolites, calcidiol (25-hydroxyvitamin Ds; 25-OH-Ds) is widely used in poultry nutrition. It is more bioavailable than
cholecalciferol. Calcidiol is produced by hepatic hydroxylation of vitamin Ds, allowing for more efficient metabolic use (Warren
and Livingston, 2021).

Calcidiol contributes to calcium homeostasis by regulating parathyroid hormone activity, enhancing calcium mobilization
from bone tissue, and reducing calcium excretion through the kidneys, which together increase calcium availability in the circulation
(Saunders-Blades and Korver, 2014). During the starter phase, sufficient calcium and phosphorus intake is critical for cortical bone
formation, which serves as the structural foundation for medullary bone development in later growth stages. Supplementation with
calcidiol has been reported to improve laying performance in laying hens (Yusuf et al., 2023) and enhance productivity in broiler
breeders (Setyaningsih et al., 2022; Setyaningsih et al., 2023), indicating its practical relevance across different poultry production
systems.
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Alongside skeletal development, rapid maturation of the immune system also occurs during the starter phase. At this stage,
pullets are particularly sensitive to environmental and nutritional stress, making immune support an important consideration under
commercial conditions. Betaglucan, a complex polysaccharide derived from the cell walls of yeast, fungi, algae, and cereal grains,
is widely recognized for its immunomodulatory properties (Vetvicka and Vetvickov, 2014). Dietary inclusion of betaglucan has
been shown to enhance immune activity and improve intestinal morphology in poultry, contributing to better health status and
survival rates (Bar-Dagan ef al., 2023).

The combined supplementation of calcidiol and betaglucan reflects a system-based nutritional approach that targets both
skeletal development and immune maturation during early growth. By supporting multiple physiological systems at a critical
developmental stage, this strategy may induce early life programming effects that positively influence production performance,
flock uniformity, and health in later phases. However, information regarding the combined use of calcidiol and betaglucan during
the early starter period, as well as its longer term effects on immune related parameters, remains limited.

Therefore, the present study aimed to evaluate the effects of dietary supplementation with a combination of calcidiol and
betaglucan on the production performance of laying hens during the starter phase, and to assess its subsequent effects on immune
organ morphometry and blood hematology at 12 weeks of age.

MATERIALS AND METHODS
Study Site and Feed Additive

The study was conducted at a commercial layer farm in Kediri, East Java, Indonesia. The animal testing protocol for this
study was approved by the Animal Care and Use Committee, Faculty of Veterinary Medicine, Brawijaya University (No. 6-KEP-
FKHUB-2025). The dietary treatment consisted of a combined feed additive containing calcidiol (25-hydroxycholecalciferol; 25-
OH-Ds) and betaglucan. Calcidiol was derived from cholecalciferol (HDM Ds) and formulated using spray-dried beadlet
microencapsulation technology to ensure stability during feed processing and pelleting (<90 °C). The betaglucan component was
linear B-1,3-glucan sourced from FEuglena gracilis (>50% purity), produced through whole-cell fermentation and
microencapsulation. Both active ingredients were supplied as a commercial premix Vitagold Prelay Frame A from PT. Nutricell
Pacific, as shown in Table 1.

Table 1. Content of suplementation

Amount Unit
Calcidiol (IU) 2.500.000 U
Betaglucan (mg) 40.000 mg
Filler qs

Source: Data Sheet Product of Vitagold Prelay Frame A PT. Nutricell Pacific.

Experimental Design, Birds, and Diets

This experiment was carried out from June 16, 2023, to November 28, 2024, using 500 day-old chicks (DOC) of Hy-Line
Brown laying hens with an average initial body weight of 41.0 = 3.28 g and flock uniformity of 92%. The birds were randomly
assigned to two experimental groups: TO (250 birds) and T1 (250 birds).
The experimental treatments included T0O, which received a basal diet without Vitagold Prelay Frame A (control), and T1, which
was fed the basal diet supplemented with Vitagold Prelay Frame A at 2 kg/ton from 0 to 6 weeks of age. The basal diet used for TO
consisted of GC101 pre-starter layer feed, while T1 received a modified GC101Y pre-starter feed manufactured by PT. Gold Coin
Indonesia (Surabaya, Indonesia). The diets were formulated using corn, soybean meal, rice bran, dried distillers' grains with solubles
(DDGS), wheat pollard, meat and bone meal, amino acids, dicalcium monophosphate, vitamins, minerals, enzymes, antioxidants,
and antifungal agents. The nutrient composition of the diets is presented in Table 2.
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Table 2. Feed Nutrients Content

Nutrient Compositions 10 T —
Basal Feed Basal Feed + Calcidiol-Betaglucan

Water Content (%) 13.0 13.0

Ash (%) 8.00 8.00

Crude Protein (%) 22.0 22.0

Crude Fat (%) 3.00 3.00

Crude Fiber (%) 6.00 6.00

Calcium (Ca) (%) 0.80-1.20 0.80-1.20

Phospor (P) (%) 0.50 0.50

Calcidiol (IU) - 5.000

Betaglucan (mg) - 80.0

Source: Label for GC101 and GC101Y Pre Starter Laying Hen Feed from PT. Gold Coin Indonesia. TO = control group; T1 =
treatment group.

Birds were reared under an open-house system with group cages, feeders, and nipple drinkers, and were provided feed and
water ad libitum in accordance with Hy-Line Brown management guidelines. The ambient temperature ranged from 27.3 to 34.5
°C, and the relative humidity ranged from 66.8% to 85.6%, corresponding to Heat Stress Index (HSI) values of 147.9—179.7. with
this HSI value falling within the comfortable zone to the dangerous heat stress zone (uncomfortable) (Pakpahan et a/. 2023; Muhshi
et al. 2024). Environmental conditions were regulated using curtains, heaters, and ventilation fans.

Data Collection

Production performance was evaluated from 0 to 21 days of age in all birds (n = 250 per treatment). Recorded parameters

included total feed intake, body weight gain, feed conversion ratio, body weight uniformity, and cumulative mortality.
At 12 weeks of age, immune organ morphometry was assessed in randomly selected birds (n = 4 per treatment). Birds were
euthanized by mechanical decapitation. Tibial bone marrow density was evaluated by measuring medullary bone area across five
microscopic fields of view at 400x magnification using Image Raster software. Spleen and bursa of Fabricius weights and
dimensions were recorded, and organ indices were calculated relative to live body weight.

Blood samples were collected from the same age group (n = 4 per treatment) via the brachial vein without anesthesia.
Hematological and serological analyses were performed using a veterinary hematology analyzer (Mindray BC-2800Vet) and an
ELISA reader (LABTRON LMPR-A12). Measured parameters included hemoglobin, total leukocytes, heterophils, lymphocytes,
monocytes, [gG, and IgM.

Statistical Analysis
The obtained variable data were statistically analyzed using the Independent T-Test variance analysis with IBM SPSS
Statistics v25.0 software. The variable data on body weight uniformity and mortality were analyzed descriptively.

RESULTS
Laying Hen Production Performance

The production performance of the research results with the addition of a combination of Calcidiol 5.000 IU/kg and
Betaglucan 80 mg/kg in laying hens aged 0 — 21 days showed a significant difference in feed intake, but no difference in body
weight gain, thereby indicating a very significant difference in feed conversion. Descriptively, the percentage of body weight
uniformity and the percentage of total mortality in the first three weeks also showed better results, as shown in Table 3.
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Table 3. Effect of Calcidiol-Betaglucan Combination in Feed on Production Performance of 0 — 21 Days Old Laying Hens

Variabels TO Tl P-Value
Total Feed Intake (g/head)

0 — 7 Days 82.7£0.16° 78.4+0.15* <0.001
8 — 14 Days 119.1£0.372 113+0.85° <0.001
15 —21 Days 166+1.07° 157+0.672 <0.001
Body Weight Gain (BWG) (g/head)

0 — 7 Days 33.34+6.62° 27.73+4.928 <0.001
8 — 14 Days 52.3+£13.28 53.06+8.68 0.450
15 —21 Days 75.26+29.07 77.84+19.65 0.246
Feed Conversion Ratio (FCR)

0 — 7 Days 2.59+0.60? 2.9240.55° <0.001
8 — 14 Days 2.45+0.71° 2.19+0.372 <0.001
15 —21 Days 2.79+1.95° 2.19+0.792 <0.001
Body Weight Uniformity (BWU) (%)

0 — 7 Days 91.1 92.84

8 — 14 Days 90.76 93.94 NA

15 - 21 Days 84.14 90.74

Total Mortality (%)

0 — 7 Days 0.56 0.28

8 — 14 Days 0.24 0.34 NA

15 - 21 Days 0.43 0.12

TO = control group; T1 = treatment group; *° Superscript letters in the same row indicate highly significant (P<0.01) and significant
(P<0.05). NA = Not analyzed statistically (descriptive).

Total feed intake was significantly influenced by the treatment. In the first week, feed intake differed markedly (P < 0.01),
with birds in T1 consuming less feed than those in the TO control group. Similar highly significant differences (P < 0.01) were
observed in the second and third weeks, where feed intake in TO remained higher than in T1. Overall, cumulative feed intake during
the first three weeks was descriptively lower in T1 than in TO. Body weight gain (BWG) showed a significant difference (P <0.01)
in the first week, with higher BWG recorded in TO compared to T1. However, no significant differences were found between
treatments in the second and third weeks. Descriptively, BWG values in T1 were greater than those in TO during these weeks,
suggesting improved growth performance in the treatment group. The feed conversion ratio (FCR) was significantly higher (P <
0.01) in T1 than in TO during the first week. Conversely, in the second and third weeks, FCR differed significantly (P <0.01), with
lower values observed in T1 than in TO. Descriptive results indicated that FCR in T1 improved by 10.61% in the second week and
by 21.51% in the third week compared with TO. Body weight uniformity and mortality were not statistically analyzed. Nevertheless,
descriptively, weekly body weight uniformity was consistently higher in T1 than in TO, with the average uniformity during the first
three weeks being 3.84% higher in T1. Mortality in T1 was 50% lower than in TO during the first week, increased to 41.6% higher
in the second week, and declined again in the third week, reaching 72.1% lower than in TO. Overall, cumulative mortality during
the first three weeks was 0.49% lower in T1 than in TO.

Immune Organ Morphometry

Immune organ morphometry is a representation of the development of immune status in poultry. The immune organs
measured in this study were tibia bone marrow, spleen, and bursa fabricius. The effect of adding a combination of calcidiol and
beta-glucan on immune organ morphometry is shown in Table 4.
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Table 4. Effect of Calcidiol-Betaglucan Combination in Feed on Morphometrics of Immune Organs of 12 Weeks Old Laying
Hens

Variabels TO T1 P-Value
Bone Marrow Density 12 Weeks (%) 26.46+2.342 29.67+0.82° <0.001
Weight (g) 5.27+3.88 3.73+0.33 0.459
Spleen Ratio (%) 0.36+0.27 0.25+0.02 0.458
Diameter (cm) 2.56+0.62 2.2540.00 0.356
Weight (g) 0.77+0.34 1.24+1.06 0.429
Bursa Fabricius Ratio (%) 0.05+0.02 0.08+0.07 0.417
Diameter (cm) 1.29+0.27 1.61+0.45 0.259

TO = control group; T1 = treatment group; *° Superscript letters in the same row indicate highly significant (P<0.01).

The density of tibia bone marrow at 12 weeks of age showed significant differences (P<0.01), with T1 having a higher
density than TO. There were no significant differences (P>0.05) in weight, diameter, and ratio between TO and T1 in the spleen
morphometric results. Descriptively, TO had higher values for weight, ratio, and diameter of the spleen compared to T1. Similarly,
the bursa fabricius also showed no significant differences (P > 0.05) between TO and T1; however, descriptively, the values for
weight, ratio, and diameter of the bursa fabricius were higher in T1 compared to TO.

Blood Hematology

Immune status is associated with blood hematology parameters, particularly hemoglobin, leukocytes, heterophils, lymphocytes, and
monocytes, as well as humoral indicators such as immunoglobulin G (IgG) and immunoglobulin M (IgM). The results of the study
on the effect of adding a combination of calcidiol-beta-glucan to the diet of laying hens aged 0—6 weeks on blood hematology are
shown in Table 5.

Table 5. Effect of Calcidiol-Betaglucan Combination in Feed on Blood Hematology of 12 Weeks Old Laying Hens

Blood Profile TO T1 P-Value
Hemoglobin (g/dl) 20.475+11.65 15.425+4.48 0.449
Leukocytes (x 103/mm?) 19.175+1.04 21.725+3.35 0.197
Heterophils (x 103/mm?) 33.075+14.69 33.00+10.99 0.994
Heterophils % 26.075+10.70 23.00+4.80 0.619
Lymphocytes (x 10%/mm?) 72.08+12.90 81.975+15.33 0.237
Lymphocytes % 230.0519.26 247.8+18.99 0.361
Monocytes (x 10°/mm?) 11.45+5.67 6.03+1.70 0.116
Monocytes % 6.475+3.88 2.425+0.10 0.082
1¢G (ug/ml) 6.97+3.62 3.69+3.14 0.275
IgM (pg/ml) 43.32+13.19 51.43+£10.47 0.359

TO = control group; T1 = treatment group.

Table 5 showed no significant differences (P > 0.05) in the overall blood hematology profile. Descriptively, there are
differences in some hematological parameters between TO and T1. Hemoglobin, heterophils, monocytes, and IgG levels were higher
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in TO compared to T1, while leukocyte, lymphocyte, and IgM levels were higher in the T1 treatment group compared to the TO
control group.

DISCUSSION
Laying Hen Production Performance
Total Feed Intake

Total feed intake was significantly reduced in T1 during the first week (P <0.01) and remained lower than TO in the second
and third weeks (P < 0.05). This response may be associated with the role of calcidiol in enhancing calcium and phosphorus
absorption and supporting mineral homeostasis, which can improve skeletal development and nutrient utilization efficiency, thereby
reducing feed requirements (Saunders-Blades and Korver, 2014; Wang et al., 2020). Improved calcium metabolism has also been
reported to reduce physiological stress related to mineral deficiency and optimize growth efficiency (Mutucumarana et al., 2014;
Roztocilova et al., 2024).

The reduced feed intake may further reflect the immunomodulatory and prebiotic effects of betaglucan, which can improve
intestinal integrity, modulate gut microbiota, and enhance nutrient utilization efficiency (Murphy ef al., 2012; Jacob and Pescatore,
2017; Huang et al., 2024). Improved gut health may also influence appetite regulation through modulation of satiety-related
hormones (Ghazalah et al., 2008; Souza et al., 2019; Uyanga et al., 2023). Although moderate heat stress conditions were indicated
by fluctuations in the heat stress index, environmental exposure was similar across treatments; therefore, the observed differences
in feed intake were more likely related to supplementation effects rather than environmental variation (Muhshi ef al., 2024).

Body Weight Gain

Lower body weight gain (BWG) in T1 during the first week may be attributed to reduced feed intake and early physiological
adaptation to supplementation. Calcidiol has been reported to influence growth-related hormonal regulation, including growth
hormone and insulin-like growth factor-1 activity, which may affect early protein synthesis and growth rate (Kazaev et al., 2024).
In addition, activation of immune responses induced by calcidiol and betaglucan may increase energy expenditure for immune
function, thereby temporarily reducing energy allocation for growth (Bednarczyk ef al., 2016; Fatemi et al., 2024).

No significant differences in BWG were observed during the second and third weeks (P > 0.05), although descriptively
higher values were observed in T1. This response may indicate metabolic adaptation to supplementation, reduced inflammatory
status, and improved intestinal function, which collectively support nutrient utilization and growth performance (Cox et al., 2010;
Khan and Mukhtar, 2013; Landy et al., 2020).

Feed Conversion Ratio (FCR)

Feed conversion ratio was improved following supplementation, as indicated by significantly lower FCR values in T1
during the second and third weeks. Reduced feed intake without a corresponding reduction in BWG suggests enhanced nutrient
utilization efficiency. This effect may be explained by the role of 25-hydroxyvitamin Ds in increasing intestinal expression of
mineral transport proteins and improving calcium and phosphorus absorption, thereby supporting skeletal development and growth
efficiency (Zhang et al., 2021; Gao et al., 2024). Improved calcium metabolism has been associated with reduced physiological
stress and enhanced feed efficiency in poultry (El-Gobary et al., 2016; Yeh et al., 2020).

The improvement in FCR may also reflect the prebiotic effects of betaglucan, which enhance beneficial gut microbiota,
improve intestinal morphology, and increase nutrient absorption capacity (Amer et al., 2022). These effects can enhance metabolic
efficiency and optimize feed utilization, contributing to improved economic returns despite increased feed costs (Tapingkae et al.,
2017; Da Nobrega et al., 2022).

Body Weight Uniformity

Body weight uniformity was evaluated descriptively and showed higher values in T1, indicating more homogeneous
growth. This response may be associated with improved mineral metabolism and skeletal development resulting from adequate
vitamin D and calcium status (Akinola and Ebhohon, 2019; Chen et a!l., 2020). In addition, betaglucan may support gut microbiota
balance and energy metabolism, thereby promoting consistent nutrient utilization and growth among birds (Wei et al., 2022).
Improved population uniformity may contribute to more stable production performance in subsequent stages (Wolc et al., 2010).
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Total Mortality Rate

Mortality was low and evaluated descriptively, with lower cumulative mortality observed in T1. This response may reflect
improved immune competence associated with calcidiol supplementation, which has been reported to enhance immune function
and reduce disease susceptibility in poultry (Wang et al., 2012). Adequate vitamin D and calcium status may also improve
antioxidant capacity and bone integrity, thereby reducing physiological stress and morbidity risk (Niu et al., 2011; Qiu, 2024).
Furthermore, betaglucan has been shown to stimulate immune responses and support beneficial gut microbiota, which may
contribute to improved health status and reduced mortality (Sokolowicz ef al., 2018; Liao et al., 2023).

Immune Organ Morphometry

Immune organ morphometry reflects the development of immune function in poultry. In the present study, supplementation
significantly increased tibial bone marrow density (P < 0.01) but did not influence the relative weight or morphometric
characteristics of the spleen and bursa of Fabricius. These findings suggest a selective immunomodulatory effect, with a stronger
response in the hematopoietic compartment than in secondary lymphoid organs.

Tibial bone marrow is the primary site of hematopoiesis in poultry and produces precursor cells that differentiate into
immune cells, including lymphocytes and monocytes/macrophages (Guo et al., 2019). In contrast, the spleen functions as a
secondary lymphoid organ involved in lymphocyte proliferation and immune activation (Hu et al.,2021; Wang et al., 2023), whereas
the bursa of Fabricius plays a central role in B lymphocyte maturation and antibody production (Gao et al., 2022). Therefore, the
higher bone marrow density observed in T1 may indicate enhanced hematopoietic activity without substantial changes in peripheral
immune organ development.

The increased tibial bone marrow density at 12 weeks may be associated with normal physiological development of the
immune and skeletal systems, where early immune maturation is followed by rapid cortical bone development during the growing
phase (Regmi et al., 2015; Hy-Line International, 2021). Calcidiol has been reported to promote bone mineralization and osteoblastic
activity, thereby increasing medullary density (Garcia-Mejia ef al., 2024; Lyu et al., 2024). In addition, betaglucan functions as an
immunomodulator by interacting with immune cell receptors such as dectin-1, stimulating cytokine production and phagocytic
activity, and supporting osteoprogenitor cell proliferation (Cox and Dalloul, 2010; Lee ef al., 2005; Purnamasari et al., 2022). These
mechanisms may contribute to enhanced bone formation and hematopoietic activity without inducing enlargement of secondary
lymphoid organs (Soltanian et al., 2009; De Marco Castro ef al., 2020).

No significant differences (P > 0.05) were detected in spleen or bursa morphometry between treatments, indicating that
lymphoid organ development remained relatively stable. Secondary lymphoid organs generally maintain consistent morphometric
characteristics under normal physiological conditions (Moraes et al., 2019). Descriptively, the larger spleen observed in TO may
reflect greater immune activation due to environmental or pathogenic challenges, as increased spleen size is commonly associated
with active immune responses (Wang et al., 2023). Meanwhile, the relatively higher bursa index in T1 may indicate enhanced
immunoglobulin production capacity and improved adaptive immune readiness (Gao et al., 2022; Zhen et al., 2021).

Blood Hematology

No significant differences were observed in blood hematological parameters between treatments (Table 5). However,
several hematological and immunological variables showed descriptive variation in T1 compared with the TO control group.
Hemoglobin concentrations in both groups remained within the normal physiological range for 12-week-old laying hens (10-12
g/dL), consistent with previous findings in chickens receiving calcidiol supplementation (Abun et al., 2023).

Total leukocyte counts were descriptively higher in T1, which may reflect increased immune activity. Calcidiol interacts
with vitamin D receptors and regulates inflammatory pathways by modulating cytokine expression, including interleukin-6 and
interleukin-1p, thereby supporting hematopoiesis and immune cell differentiation (Chou ef al., 2020). Likewise, betaglucan
supplementation has been reported to improve hematological profiles in poultry, particularly by increasing leukocyte numbers (Park
et al., 2008).

The proportion of heterophils and the heterophil-to-lymphocyte (H/L) ratio did not differ between treatments and remained
within normal limits, suggesting that the birds were not exposed to acute stress and maintained stable immune homeostasis (Politis
et al., 2003). This observation aligns with previous reports indicating that immunomodulatory feed additives can enhance immune
function without necessarily altering heterophil counts (Herwig et al., 2019). The higher lymphocyte percentage observed in T1
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may indicate improved immune status associated with calcidiol supplementation and enhanced gut-associated lymphoid tissue
integrity, which can contribute to a more balanced immune cell profile and reduced systemic inflammation (Tang et al., 2017; Gao
et al, 2024).

Monocyte counts were higher in TO, which may suggest prolonged immune stimulation or chronic inflammatory responses
(Osadcha, 2021). In contrast, lower monocyte levels in T1 may indicate that supplementation helped regulate inflammatory
responses, likely through the immunoregulatory effects of calcidiol in reducing proinflammatory cytokine expression (Gao et al.,
2024).

Immunoglobulin analysis showed higher IgM concentrations in T1, indicating enhanced innate immune responsiveness
and early humoral defense (Liu ef al., 2018). This effect may be related to betaglucan—induced stimulation of phagocytic activity
and cytokine production (Zhen et al., 2020). Conversely, IgG levels were descriptively lower in T1 than in TO. Previous studies
have shown that betaglucan supplementation may enhance non-specific immune responses without consistently increasing specific
antibodies such as IgG (Shanmugasundaram et al., 2013). IgM is typically produced during the initial phase of the immune response,
whereas 1gG predominates during secondary or memory responses (Shlomchik and Weisel, 2019). Therefore, the observed
immunoglobulin pattern may indicate that calcidiol-betaglucan supplementation primarily stimulated early immune activation
rather than sustained humoral immunity (Soltanian et al., 2009; De Marco Castro et al., 2020).

Nevertheless, these findings should be interpreted cautiously, considering possible biological and technical variation,
particularly the relatively large standard deviation observed in IgG values. Individual differences among birds and sample size
limitations may contribute to variability in hematological responses, as previously reported in poultry receiving non-specific
immunostimulants, where early immune activation is often more pronounced than antibody class switching (Sharma, 1997;
Goodridge et al., 2009).

CONCLUSION

The combination supplementation of calcidiol (5,000 IU/kg) and betaglucan (80 mg/kg) in starter feed for laying hens was
shown to improve early performance by significantly reducing feed intake and feed conversion ratio (FCR), improving body weight
uniformity, and reducing mortality rates during the 0-3 week age period. The treatment group showed increased tibial bone marrow
density, lymphocyte levels, and IgM, accompanied by reduced monocyte and IgG levels, indicating activation of the primary
immune response and reduced chronic inflammation. This study reveals that the addition of a combination of calcidiol and
betaglucan has potential as a functional feed additive to support early growth efficiency and immune system readiness in laying
hens.
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