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Abstract | The objective of this study was to evaluate the inclusion of organic iron (Fe) on productive performance, 
egg quality, egg Fe content, blood hematology, and visceral and reproductive organs of laying quail. This study used 
300 laying quails allocated to 4 treatments with 5 replicates according to a Completely Randomized Design. The 
treatments were T1: control diet without Fe supplementation. T2: control diet supplemented with 50 ppm Fe; T3: 
control diet supplemented with 100 ppm Fe; T4: control diet supplemented with 150 ppm Fe. The inclusion of 150 
ppm Fe in the diet yielded the highest egg production, egg mass, egg Fe level, and decreased FCR value (P<0.05). 
Feed intake did not show a significant difference (P>0.05). Meanwhile, inclusion of 100 ppm Fe improved the relative 
length of the duodenum (P<0.05), but the treatments did not affect other visceral organs (P>0.05). The inclusion of 
150 ppm Fe significantly increased (P<0.05) the yolk color score and percentage of eggshell weight compared to the 
control and 50 ppm Fe groups. The leukocyte level was decreased by the diet supplemented with more than 50 ppm 
Fe (P<0.05). The study concluded that supplementation of up to 150 ppm Fe enhanced egg production, feed efficiency, 
egg Fe content, and egg quality without adversely affecting health status, visceral organs, and reproductive organs.
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INTRODUCTION

Iron (Fe) deficiency is a global health issue affecting 
more than 2 billion people worldwide, with a prevalence 

estimated at approximately 40% in developing countries 
and around 10% in developed countries (Hanif et al., 2026). 
Producing quail eggs with high iron content is important as 
one strategy for addressing this problem. Additionally, Fe 
is an essential micromineral that has an important role in 
various physiological processes, including oxygen transport 

and storage, energy metabolism, hemoglobin formation, 
and antioxidant and immune system functions (Obeagu, 
2025; Mu et al., 2021). As a cofactor for various enzymes, 
Fe status greatly determines the physiological efficiency and 
productivity of laying quails. Therefore, adequate Fe in feed 
is one of the important factors in supporting reproductive 
performance and egg quality (Abou-Shehema et al., 2025). 

Previously, supplementation with organic Fe with high 
bioavailability had the potential to enhance productive 
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performance and egg quality. Fe inclusion in the diet has 
been shown to improve egg production and egg quality 
( Jarosz et al., 2020; Sarlak et al., 2025; Cao et al., 2023). 
Fe contributes to oxygen supply to reproductive organs 
and has a crucial role in follicle development and egg 
component synthesis (Tang et al., 2024). Additionally, Fe is 
involved in the regulation of follicle-stimulating hormone 
and luteinizing hormone, which control follicle maturation 
and the ovulation process (Pollack et al., 2011; Gou et al., 
2020). Sarlak et al. (2025) found that the addition of 120 
ppm organic Fe improved egg production and weight, 
whereas 150 ppm Fe had no negative impact on immune 
organs, including the bursa of Fabricius, spleen, and thymus 
(Akbari et al., 2025). 

Although the potential of Fe in improving production 
performance and egg quality had been reported, its 
evaluation of hematology parameters, reproductive organs, 
and egg Fe content, especially in laying quails, was still 
limited and showed inconsistent results. Therefore, our 
study aimed to evaluate the impact of organic Fe (Fe 
glycinate) inclusion in the diet at various levels on productive 
performance parameters, egg quality, egg Fe content, blood 
hematology, and reproductive and visceral organs. This 
study hypothesized that organic Fe supplementation at a 
certain level could improve the productive performance 
and egg quality of laying quails without causing a negative 
impact on vital organs, including reproductive organs and 
immunity.

MATERIALS AND METHODS

Animals, diet, and experimental design
A total of 300 four-week-old laying quails (Coturnix 
coturnix japonica) were randomly allocated to cages (40 cm 
x 40 cm x 30 cm) and reared for eight weeks. Each cage was 
equipped with a feeder and drinker to supply ad libitum 
drinking water during rearing. The ambient temperature 
was recorded at 25-32°C with lighting maintained at 16 
hours.

The mash diet was formulated based on the nutritional 
requirements of laying quails in the production phase, 
with crude protein of 18% and metabolizable energy of 
2970 kcal/kg. Feed ingredients included corn, rice bran, 
soybean meal, fish meal, Lemuru fish oil, CaCO₃, salt, 
DL-methionine,NaCl, vitamin-mineral premix, and Fe 
glycinate (Table 1). 

The study used a completely randomized design with four 
treatments and five replicates, each consisting of 15 quails 
per replicate. The treatments consisted of T1: control  diet 
without Fe supplementation; T2: control diet supplemented 
with 50 ppm Fe; T3: control diet supplemented with 100 
ppm Fe; T4: control diet supplemented with 150 ppm Fe.

Table 1: Composition and nutrient content of the diet.
Feed ingredients Amount (%)
Yellow corn (ME: 3,300 kcal/kg) 56.0
Soybean meal (CP: 48%) 17.0
Pollard (ME: 3,000 kcal/kg) 3.20
Fish meal (CP: 60%) 8.50
Rice bran (ME: 1,900 kcal/kg) 4.50
DL-methionine 0.50
Dicalcium phosphate 0.50
CaCo3 6.00
NaCl 0.30
Lemuru fish oil (ME: 8,280 kcal/kg) 3.00
Premix* 0.50
Nutrient content (%; based on calculation)
Dry matter 88.2
ME (kcal/kg) 2970
Crude protein 18.3
Crude fat 4.85
Crude fiber 3.04
Calcium 3.20
Available phosphorus 0.58
Na 0.21
Cl 0.27
Lysine 0.82
Methionine 0.92
Methionine + cystine 0.82

CP: Crude protein, ME: Metabolizable energy. *The vitamin–
mineral premix per kilogram supplied Vit A (1,200,000 IU), 
Vit D₃ (200,000 IU), Vit E (800 IU), Vit K₃ (200 mg), Vit B₂ 
(500 mg), Vit B₆ (50 mg), Vit B₁₂ (1,200 µg), Vit C (2,500 mg), 
Ca-D-pantothenate (600 mg), Vit B₃ (400 mg), and choline Cl 
(1,000 mg), Met (3,000 mg) and Lys (3,000 mg), together with 
Mn (1,200 mg), I (20 mg), Zn (10,000 mg), Co (20 mg), and 
Cu (400 mg). The Fe contents in the diet were 117.04, 167.04, 
217.04, 267.04 mg/kg for diets supplemented with 0, 50, 100, 
and 150 mg Fe/kg as Fe-glycine, respectively.

Data collection 
Production performance
Feed intake was measured by subtracting the amount of 
feed provided from the daily feed remaining and expressed 
as grams per bird per day. Feed conversion ratio was 
determined from the total feed consumption divided by 
the total weight of eggs produced. Quail-day production 
was recorded daily and calculated from the number of eggs 
divided by the number of quails. 

Egg quality and Fe content
A total of 60 eggs (3 eggs from each replicate) were collected 
at 12 weeks of age to analyze egg quality and Fe content, 
including egg index, albumen weight, yolk weight, eggshell 
thickness, eggshell weight, Haugh unit, yolk color, and 
eggshell strength. Eggshell thickness (mm) was measured 
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from the average of three points (blunt, sharp, middle) 
using a digital micrometer, while eggshell strength was 
measured with the RH-DQ200 Eggshell Strength Tester. 
Egg component weights were measured using digital scales 
with an accuracy of 0.01 g. Yolk color and Haugh Unit were 
assessed using the Digital Egg Analyzer (EMT-7300). Fe 
contents in egg were analyzed using Atomic Absorption 
Spectroscopy according to AOAC (2005).

Blood hematology 
At twelve-week-old quails, blood samples were taken from 
60 quails (3 quails per replication) through the brachial 
vein using a 2 mL sterile syringe. The collected blood was 
transferred to an EDTA tube for hematological evaluation 
(erythrocytes and leukocytes, hematocrit, hemoglobin 
concentration, basophils, neutrophils, lymphocytes, and 
heterophils). Hematological analysis was determined 
according to the procedure described by Sastradipraja et 
al. (1989).

Visceral and reproductive organs
Twelve-week-old quails were fasted for 12 hours (water 
was still available), then weighed to obtain their slaughter 
weight. A total of 60 quails (3 quails per replicate) with 
weights close to the average were slaughtered. After 
defeathering, the visceral and reproductive organs 
(infundibulum, magnum, isthmus, and uterus) were 
removed and weighed using digital scales accurate to 0.1 
g. Meanwhile, the length of the digestive and reproductive 
tracts was measured using a measuring tape (cm) and 
expressed in cm per 100 g. The visceral organs measured 
included liver, heart, kidney, ventriculus, proventriculus, 
pancreas, spleen, thymus, duodenum, jejunum, ileum, 
cecum, and colon. The organ weight percentage was 
calculated relative to the slaughter weight multiplied by 
100%.

Statistical analysis 
Data were tested for normality using the Shapiro–Wilk test 
before ANOVA analysis. Differences between treatments 
were examined using Tukey’s test at a significance level 
of P<0.05. All analyses were performed using IBM SPSS 
Statistics 22, and results were presented as mean ± standard 
deviation and P value.

RESULTS

Productive performances
The treatment did not result in significant differences in feed 
intake and egg weight (P>0.05). However, egg production 
increased significantly with increasing Fe doses (P<0.05). 
Supplementation of 150 ppm Fe in the diet significantly 
improved egg production compared to other treatments. 
Egg mass in the 150 ppm Fe group was higher than in the 
100 ppm Fe and control groups (P<0.05). Feed conversion 
ratio decreased with increasing Fe supplementation. 
Supplementation with 150 ppm Fe significantly improved 
compared to the control group (P<0.05) (Table 2).

Egg quality and EGG Fe content
The results showed that the egg index, albumen and yolk 
indices, percentage of white and yolk weight, eggshell 
thickness, and Haugh Unit did not differ significantly 
(P>0.05) among treatments. However, the 150 ppm Fe 
group significantly increased (P<0.05) the yolk color 
score and percentage of eggshell weight compared to the 
control and 50 ppm Fe groups. Supplementation of 50 
ppm had the lowest eggshell strength (P<0.05) (Table 3). 
Supplementation of 150 ppm Fe significantly increased 
egg Fe deposits compared to the control group (P<0.05) 
but was not different from the 50 ppm and 100 ppm 
groups (Figure 1).

Figure 1: Egg Fe content (mg/100g, P=0.006).

Table 2: Productive performances of laying quail fed a diet supplemented with organic Fe.
Parameters Fe level P-Value

0 ppm 50 ppm 100 ppm 150 ppm
Feed intake (g/bird/day) 25.4±1.28 25.0±0.75 26.7±0.88 26.1±0.90 0.27
Egg weight (g/egg) 10.7± 0.09 10.7±0.11 10.7± 0.21 10.6±0.22 0.84
Quail day production (%) 64.3±5.04b 67.7±4.12b 69.7±5.75b 77.8±4.83a 0.01
Egg mass (g/bird/day) 6.49 ± 1.01b 7.23±0.37ab 6.96±1.32b 8.27±0.62a 0.04
Feed conversion ratio 3.58±0.26b 3.30±0.10ab 3.28±0.31ab 2.98±0.24a 0.01

Note: Lowercase superscripts on the same row represent significant differences among treatments.
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Table 3: Egg quality of laying quail fed a diet supplemented with organic Fe.
Parameters Fe level P-Value

0 ppm 50 ppm 100 ppm 150 ppm
Egg index 81.2±2.86 83.4±5.54 83.3±8.00 81.4±4.05 0.96
Albumen index 0.12±0.01 0.13±0.03 0.13±0.02 0.13±0.02 0.67
Egg yolk index 0.44±0.03 0.44±0.03 0.45±0.02 0.44±0.02 0.59
Egg yolk weight (%) 36.6±5.25 33.9±4.69 33.9±2.93 33.4±6.63 0.76
Albumen weight (%) 49.9±4.85 52.5±4.23 52.0±2.83 51.9±6.39 0.65
Eggshell weight (%) 13.6±0.06b 13.6±0.79b 14.1±0.30ab 14.7±0.77a < 0.01
Eggshell Thickness (mm) 0.22±0.01 0.21±0.00 0.21±0.02 0.22±0.01 0.34
Haugh unit 90.6±1.28 92.4±3.12 90.9±1.50 91.5±1.97 0.56
Yolk color score 6.50±0.31b 6.80±0.27b 7.20±0.48a 7.25±0.01a <0.01
Eggshell strength (N) 10.8±1.27a 9.27±0.90b 10.8±1.23a 11.1±1.01a <0.01

Note: Lowercase superscripts on the same row represent significant differences among treatments.

Table 4: Blood hematology of laying quail fed a diet supplemented with organic Fe
Parameters Fe level P-values

0 ppm 50 ppm 100 ppm 150 ppm
Erythrocytes (106/ mm3) 3.19±0.84 3.30±0.18 3.33±0.96 3.61±0.94 0.95
Leukocytes (103/ mm3) 22.0±3.97b 22.5±3.79b 16.6±2.19a 16.3±3.95a 0.03
Hemoglobin (g%) 12.2±0.91 13.1±0.93 11.7±2.23 12.4±1.19 0.40
Packed cell volume (%) 37.2±4.76 43.2±2.17 39.8±4.76 42.0±3.24 0.12
Leukocyte differentiation (%)
Lymphocytes 49.2±1.17 48.7±2.70 48.7±4.45 46.7±2.62 0.58
Heterophils 32.1±3.52 33.1±3.39 34.9±2.62 33.6±2.95 0.59
Eosinophils 9.62±1.85 9.23±1.24 9.56±2.18 10.5±1.83 0.73
Monocytes 8.27±1.92 8.17±2.40 6.04±1.59 8.37±1.89 0.17
Basophils 0.84±0.06 0.81±0.04 0.84±0.03 0.81±0.05 0.80

Note: Lowercase superscripts on the same row represent significant differences among treatments.

Table 5: Reproductive organs of laying quail fed a diet supplemented with organic Fe.
Parameters Fe level P-value

0 ppm 50 ppm 100 ppm 150 ppm
Infundibulum Weight (g) 0.15±0.03 0.14±0.03 0.13±0.03 0.15±0.04

Length (cm/100g) 2.66±0.42 2.54±0.27 2.54±0.89 2.24±1.20 0.85
Magnum Weight (g) 1.75±0.16 1.74±0.07 1.78±0.13 1.59±0.11

Length (cm/100g) 8.47±1.02 8.23±1.04 8.94±0.25 8.26±1.09 0.65
Isthmus Weight (g) 0.46±0.09 0.41±0.03 0.38±0.09 0.42±0.07

Length (cm/100g) 3.54±0.59 3.15±0.43 3.22±0.36 3.66±0.66 0.41
Uterus Weight (g) 1.02±0.17 0.97±0.08 0.94±0.07 0.87±0.17

Length (cm/100g) 2.45±0.28 2.44±0.65 2.33±0.30 2.52±0.40 0.92
Vagina Weight (g) 0.33±0.11 0.33±0.13 0.35±0.16 0.29±0.10

Length (cm/100g) 1.89±0.33 2.13±0.36 1.68±1.01 1.68±0.24 0.63

Blood hematology
The erythrocytes, hemoglobin, PCV, and leukocyte 
differentiation (lymphocytes, heterophils, eosinophils, 
monocytes, basophils) did not show significant differences 
among treatments (P > 0.05), but the inclusion of 100 
ppm and 150 ppm Fe in the feed reduced the number of 
leukocytes (P < 0.05) (Table 4).

Visceral and reproductive organs
The weight and length of the reproductive organ 
(infundibulum, magnum, isthmus, uterus, and vagina) 
were not significantly different among treatments (P>0.05) 
(Table 5). Similarly, the weight and relative percentage of 
the duodenum, jejunum, ileum, cecum, and colon did not 
differ significantly, except that the relative length of the 
duodenum increased significantly (P< 0.05) at a dose of 
100 ppm Fe (Table 6).
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Table 6: Visceral organs of laying quail fed a diet supplemented with organic Fe
Parameters Fe level P value

0 ppm 50 ppm 100 ppm 150 ppm
Liver (g) 7.33±0.63 7.35±0.71 6.94±0.76 6.66±1.31

(%) 4.05±0.75 3.75±0.48 3.70±0.34 3.46±0.55 0.45
Heart (g) 1.29±0.17 1.29±0.14 1.24±0.22 1.35±0.09

(%) 0.71±0.09 0.65±0.05 0.66±0.11 0.71±0.06 0.65
Kidney (g) 0.73±0.26 0.87±0.12 0.59±0.28 0.62±0.26

(%) 0.40±0.16 0.45±0.04 0.32±0.16 0.33±0.16 0.38
Ventriculus (g) 4.30±1.00 4.48±0.62 3.89±1.03 3.94±1.23

(%) 2.32±0.38 2.26±0.31 2.08±0.53 2.02±0.51 0.95
Proventriculus (g) 0.76±0.17 0.86±0.10 0.87±0.10 0.80±0.11

(%) 0.41±0.07 0.47±0.06 0.46±0.05 0.42±0.03 0.18
Pancreas (g) 0.44±0.20 0.32±0.15 0.36±0.05 0.42±0.11

(%) 0.23±0.09 0.16±0.02 0.18±0.03 0.22±0.05 0.32
Spleen (g) 0.14±0.06 0.17±0.02 0.14±0.04 0.18±0.08

(%) 0.08±0.03 0.09±0.01 0.07±0.02 0.09±0.05 0.80
Thymus (g) 0.15±0.09 0.17±0.07 0.10±0.03 0.09±0.06

(%) 0.08±0.05 0.08±0.03 0.05±0.02 0.04±0.02 0.11
Duodenum (g) 1.86±0.39 2.08±0.67 1.98±0.33 1.56±0.13

(%) 1.00±0.15 1.04±0.30 1.04±0.18 0.82±0.09 0.21
(cm /100 g) 7.58±0.41ab 7.40±0.75ab 8.65±0.83b 7.02±0.31a 0.004

Jejunum (g) 2.09±0.50 2.29±0.21 1.82±0.27 2.39±0.27
(%) 1.12±0.21 1.16±0.11 0.97±0.15 1.25±0.17 0.09
(cm /100 g) 15.2±1.89 15.9±2.70 14.7±2.03 17.7±1.20 0.14

Ileum (g) 1.26±0.09 1.33±0.11 1.29±0.13 1.32±0.10
(%) 0.69±0.10 0.68±0.08 0.70±0.08 0.70±0.08 0.89
(cm /100g) 15.6±0.79 15.8±1.11 17.2±1.38 15.6±2.07 0.26

Cecum (g) 0.88±0.08 0.88±0.05 0.90±0.09 0.90±0.11
(%) 0.48±0.04 0.45±0.04 0.48±0.04 0.47±0.05 0.54
(cm /100g) 6.48±0.83 6.06±0.70 6.16±0.58 6.08±0.94 0.81

Colon (g) 0.33±0.04 0.36±0.06 0.38±0.05 0.35±0.03
(%) 0.18±0.03 0.18±0.02 0.20±0.02 0.18±0.02 0.15
(cm/100 g) 2.36±0.19 2.18±0.52 2.34±0.20 2.26±0.27 0.65

Note: Lowercase superscripts on the same row represent significant differences among treatments.

DISCUSSION

Fe acts as an essential cofactor for various enzymes 
involved in the transport and storage of oxygen in the 
body. In addition, this mineral functions in protein and 
energy metabolism, and contributes to increasing the 
capacity of the antioxidant and immune system (Obeagu, 
2025; Mu et al., 2021). The present study revealed that Fe 
inclusion significantly increased egg production and egg 
mass and reduced FCR. Similarly, adding 120 ppm Fe-
Glycine (Sarlak et al., 2025) and 75 ppm Fe-Glycine (Cao 
et al., 2023) improved egg production, egg weight, and 
feed efficiency. The beneficial effects of Fe are due to Fe 

as a hemoglobin component, which plays a role in oxygen 
availability, ATP production, and hormonal functions that 
regulate follicle development and ovulation (Sarlak et al., 
2025; Tang et al., 2024). Moreover, Fe has a crucial function 
in the antioxidant defense system through antioxidant 
enzymes such as catalase and peroxidase (Utama et al., 
2016), which help protect oocytes and oviduct tissue from 
oxidative damage (Zarbakhsh, 2021). This protection 
may allow for greater energy allocation toward the egg 
formation process, which impacts the increased feed 
utilization efficiency in this study. In addition, the 150 ppm 
Fe-group differed significantly from the control group in 
egg iron deposits (Figure 1), which was in line with Xie et 
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al. (2019). This may be due to chelation with amino acids, 
which increases the permeability of iron in the form of 
Fe-glycine into the membrane, thereby enhancing iron 
absorption and accumulation in the eggs. Indeed, organic 
minerals have high bioavailability as they are absorbed 
through the amino acid transport pathway, which reduces 
competition with other nutrients and enhances mineral 
retention in the body (Noaman and Mohammed, 2025).
The inclusion of up to 150 ppm organic Fe in the diet 
had no negative effect on reproductive organs. This was 
evident from the weight and length of the reproductive 
tract (infundibulum, magnum, isthmus, uterus, and 
vagina), which did not differ among treatments (Table 5). 
To our knowledge, no studies have discussed the effects of 
Fe on the reproductive organ parameters of laying birds; 
however, the great egg production in the 150 ppm group in 
our study suggested that the response of laying quails to Fe 
was more evident in physiological function than in changes 
in reproductive organ size. Furthermore, the reproductive 
organs play a role in the formation and transport of eggs, 
and their development depends on adequate nutrition, 
including minerals that play a crucial role in enzymatic 
activity, hormonal regulation, and the development of 
the reproductive tract. However, the development of 
the reproductive organs reaches its maximum at sexual 
maturity and tends to stabilize thereafter (da Silva et al., 
2025). Similarly, the absence of differences in reproductive 
organ size in this study indicated that Fe supplementation 
did not affect the development of reproductive organs in 
sexually mature quails. The benefits of Fe on physiological 
function may be a key mechanism explaining how Fe 
improves reproductive performance in quails, where 
Fe plays a prominent role in internal processes such as 
albumin synthesis, mineral deposition, oxygen transport, 
and metabolic efficiency (Elnesr et al., 2024). 

In the present study, dietary 100 ppm and 150 ppm 
organic Fe increased eggshell weight, eggshell strength, 
and egg yolk color. This eggshell quality improvement 
was supported by the results of Tu et al. (2004), Xie et al. 
(2019), and Cao et al. (2023), which stated that organic 
Fe improved mineral deposition and strengthened the 
eggshell structure more efficiently than inorganic Fe. 
Indeed, Fe deficiency was known to reduce calcium 
deposition in eggshells, thereby decreasing their weight, 
thickness, and strength (Sarlak et al., 2025; Elnesr et al., 
2024). Also, Collins et al. (2010) stated that Fe deficiency 
lowers Cu concentrations in tissues, while dietary Cu levels 
strongly influence eggshell strength (Olgun et al., 2020). 
Conversely, sufficient organic trace minerals, including 
Fe, support the metabolic process of shell formation by 
increasing mineral density, strengthening the palisade layer, 
and stimulating the synthesis of organic matrix proteins 
such as osteopontin and ovocleidin-116, which play a 

role in mineral deposition (Yang et al., 2024). Meanwhile, 
egg yolk color also increased significantly at organic 100 
to 150 ppm Fe supplementation, indicating increased 
pigment deposition (Öztürk et al., 2024). The positive 
effect of Fe on yolk color enhancement is due to organic 
Fe with high bioavailability, increasing lipid metabolism 
and xanthophyll absorption as the main pigment of yolk 
(Xie et al., 2019; Yusufa et al., 2023). Furthermore, Fe is 
an important component of the succinate dehydrogenase 
enzyme in the tricarboxylic acid cycle. An improvement 
in energy metabolism capacity supports the efficiency of 
physiological processes, including eggshell formation and 
lipid metabolism (Esteban-Amo et al., 2024; Fu et al., 
2025). 

The treatment did not affect the weight of the liver, heart, 
kidneys, ventricles, proventriculus, pancreas, spleen, or 
thymus. Similarly, the weight and relative percentage of 
the duodenum, jejunum, ileum, cecum, and colon did not 
differ significantly, except that the relative length of the 
duodenum increased significantly at a dose of 100 ppm Fe. 
In line with Gou et al. (2020), Lin et al. (2020), and Akbari et 
al. (2025) stated that the weight of the thymus, spleen, and 
bursa of Fabricius was not affected by Fe supplementation 
up to a dose of 150 ppm. The thymus functions as the 
primary immune organ responsible for T lymphocyte 
formation and maturation, while the spleen acts as the 
primary peripheral immune organ in poultry, which is 
abundant in lymphocytes (Lee et al., 2024). Indeed, larger 
immune organs reflect stronger immune function, and 
Fe deficiency can interfere with their development and 
reduce disease resistance (Lin et al., 2020). Meanwhile, 
supplementation with 100 ppm Fe increased duodenum 
length in this study. Similar to previous studies, an increase 
in chicken duodenum length was accompanied by an 
increase in villi height and surface area with Fe sulfate 
supplementation in the diet (Laledashti et al., 2020). Also, 
Zhou et al. (2020) stated that Fe supplementation affected 
intestinal development by improving intestinal weight and 
length, supporting overall intestinal health, and stimulating 
intestinal epithelial maturation. The beneficial effects of Fe 
on duodenum morphology were due to the fact that the 
greatest Fe absorption occurred in the duodenum (Tako et 
al., 2010), which impacted mineral availability, metabolic 
activity, and promoted intestinal epithelial cell proliferation 
(Minor et al., 2010; Hidayat et al., 2024).

The results indicated that the treatment did not 
affect erythrocytes, hemoglobin, PCV, and leukocyte 
differentiation, but the inclusion of 100 ppm and 150 
ppm Fe in the diet reduced the number of leukocytes. This 
phenomenon is similar to the results of Olgun et al. (2022) 
that organic Fe supplementation can alter immune cells, 
specifically, number of leukocytes were lower at high dose 
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(200 ppm) compared to the 150 ppm dose of Fe. In contrast, 
the administration of 100 ppm Fe in the laying hens’ diet 
did not affect the levels of white blood cells and serum 
monocytes (Seo et al., 2010). Organic minerals are superior 
due to their higher bioavailability compared to inorganic 
forms. Additionally, organic minerals chelated with amino 
acids form more stable complexes in the digestive tract 
and reduce antagonistic interactions with other nutrients 
(Noaman and Mohammed, 2025). In this study, high-dose 
organic Fe supplementation may reduce leukocyte counts 
due to its very high bioavailability and may increase the 
risk of oxidative stress. High doses of chelated Fe have 
the potential to trigger pro-oxidative reactions and form 
hydroxyl radicals, which cause immunosuppression and 
leukocyte suppression (Corrêa et al., 2025). However, the 
decrease in leukocyte count did not affect the quail’s health 
status as evidenced by an increase in egg production.

CONCLUSIONS

Inclusion of up to 150 ppm organic Fe in feed increases 
egg production, feed efficiency, egg Fe content, eggshell 
weight, and yolk color without adversely affecting health 
status, visceral organs, and reproductive organs. These 
findings suggest the use of organic Fe as a nutritional 
strategy for improving the performance of laying quail.
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