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ABSTRACT. The poultry feed industry in Cameroon faces high costs due to its dependence on imported 

ingredients like shellfish meal, a key calcium source. To promote animal feed self-sufficiency and reduce 

imports, this study evaluates Figuil limestone as a local alternative. The effects of replacing shellfish meal 

with limestone meal on Japanese quail (Coturnix japonica) were assessed in terms of growth, carcass traits, 

and reproduction. A total of 300-day-old quails were divided into 15 groups. Five diets with increasing 

substitution levels of shell meal by limestone meal (0, 25, 50, 75, 100%) were tested, with each treatment 

replicated three times. At 7 weeks, six birds per batch were sampled for biochemical and carcass analysis. 

Results showed that feed intake increased with limestone inclusion, while growth, carcass, and organ traits 

remained unaffected. A 50% substitution level improved the laying rate (24.9±2.2%) compared to the control 

(20.0±6.9%), though control birds had heavier eggs (12.1±0.1 g). Limestone also increased Haugh Units and edible 

content but reduced shell thickness. Biochemical parameters showed no significant differences. The study 

concluded that Figuil limestone can be an effective substitute for shellfish meal in quail diets, with 50% 

replacement level being the most effective during the early laying period. 
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Introduction 

Malnutrition affects over a billion people worldwide, with sub-Saharan Africa as one of the region’s most 

severely affected. Projections indicate that the global population will reach 9.1 billion by 2050, creating an 

urgent need to increase animal protein production to meet rising nutritional demands (Alaimo et al., 2020). 

In many developing countries, including those in Africa, meat consumption remains below recommended 

levels, highlighting the importance of exploring alternative protein sources to improve food security. 

Therefore, Japanese quail (Coturnix japonica) are a promising option, as they grow quickly, are highly resistant 

to disease, require little feed and produce many eggs (Kayang et al., 2004; Bakst, 2017), which also offer 

notable nutritional and therapeutic benefits (Jeke et al., 2018). However, the high cost of feed often 

accounting for up to 80% of total production expenses remains a major constraint in poultry farming (INRA, 

1989; Mallick et al., 2020). 

Among essential nutrients from feed, calcium (Ca) is critical in poultry diets. It supports skeletal 

development, eggshell formation, muscle function, nerve transmission and enzymatic activity (Klasing, 

2005). Calcium metabolism is closely interrelated with phosphorus (P) and vitamin D, and imbalances can 

adversely affect nutrient absorption, bone health, and overall performance (Li et al., 2017). The efficiency 

with which calcium is assimilated varies depending on its source, solubility, particle size and bioavailability 

(Gilani et al., 2022; Walk et al., 2022), all of which directly influence growth, reproductive performance, egg 

production and quality, as well as mineral metabolism (Li et al., 2017). In laying birds, calcium comprises over 

95% of the mineral content of the eggshell. Adequate calcium intake improves shell thickness, egg quality, 

hatchability and productivity (Souza et al., 2016; Attia et al., 2020). Studies on Japanese quail have shown 
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that the source, level and particle size of calcium significantly affect growth performance, reproduction and 

physiological parameters. The optimal dietary calcium level for growth and bone development is between 0.75 

and 0.87%, though higher levels are required to maximise bone density (Pourmollaei et al., 2025). Less soluble 

calcium sources, such as coarse oyster shell, reduce calcium intake and lower blood calcium levels, negatively 

impacting growth. However, they may trigger an increased expression of the calbindin gene, thus suggesting 

a physiological adaptation to reduced calcium availability (Bagheri et al., 2022). In laying quail, calcium levels 

of 2.5–3% have been associated with improved egg production and shell quality. In addition, calcium premix 

has been found to be more effective in older birds (Sultana et al., 2007). 

Despite the importance of calcium, sourcing it sustainably remains challenging. In Cameroon, shellfish 

meal is the main dietary calcium source in poultry feed. However, it is expensive and largely imported, which 

makes it dependent on marine ecosystems and raises concerns about its sustainability and accessibility for 

smallholder farmers (Cashion et al., 2017). To address this issue, locally available alternatives such as Figuil 

limestone, which is abundant in northern Cameroon, are increasingly being used as informal calcium 

supplements. However, its use remains largely unstandardized and has not been scientifically evaluated in 

terms of nutritional composition, bioavailability and effects on animal performance. 

Previous research has shown that the source and level of dietary calcium can influence zootechnical and 

reproductive outcomes in quail. While Vieira et al. (2012) and Souza et al. (2016) found limited effects of 

changes in calcium (Ca) and phosphorus (P) levels on egg production despite differences in feed intake, other 

studies, such as those by Brandão et al. (2007) and Attia et al. (2020) reported improvements in laying rate 

and egg weight with optimised calcium supplementation. 

In line with Cameroon’s national strategies for feed autonomy and import substitution, evaluating the potential 

of Figuil limestone as a dietary calcium source is a valuable opportunity. Preliminary mineralogical assessments 

have revealed Figuil limestone to be rich in calcium carbonate (Djanabou et al., 2025). However, its biological 

efficacy in monogastric animals, such as Japanese quail, is not well inferred. Due to their short life cycle and high 

productivity, Japanese quail are an ideal model for evaluating alternative mineral sources (Minvielle, 2004). 

Therefore, this study aims to evaluate the effects of replacing conventional shellfish meal with Figuil 

limestone meal on growth performance, carcass traits, egg production and blood biochemical parameters in 

Japanese quail reared in the Sudano-Guinean zone of Cameroon. By exploring the nutritional potential of this 

underutilised local resource, the study seeks to promote more sustainable poultry production and enhance 

food security in areas with limited resources. 
 

 

 

Materials and methods  

Ethical approval 

Experimental protocols used in this study were endorsed by the ethics committee of the University of 

Ngaoundéré, in Cameroon, and complied strictly with internationally recognized standard on ethical 

directives for the use and care of laboratory animals, which is specified in the European Community Directive 

86/609/EEC, from November 24, 1986. 

Study area 

The study was carried out from August to October 2020 in Ngaoundéré, the headquarter of the Adamawa 

Region in Cameroon. Ngaoundéré is a cosmopolitan town located on the Adamawa plateau (7-8°N and 13-

14°E) in the Sudano-Guinean ecological zone of Cameroon.  

Materials and trial execution 

Limestone, processed by a locally based company, is initially collected and undergoes primary crushing at 

the Biou quarry in Figuil, northern Cameroon. The crushed material is transported to a processing facility, 

where it is transformed into a powder. The limestone characteristics and composition can be seen in a 

previous study made by Djanabou et al. (2025). 

A total of 300 day-old, unsexed Japanese quail, with an average body weight of 6.91 ± 0.72 g, were randomly 

divided into 15 groups of 16 birds each to ensure uniformity across batches. At three weeks of age, the birds 

were sorted by sex, and 12 per batch (six males and six females) were selected for the experimental phase. The 

sex was identified by breast plumage colour, with males showing uniform reddish-brown and females lighter 
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with black spots. The birds were organized in cages with 28 birds m-2 made from wooden planks and fine wire 

mesh suitable for their small size. 

Using a standard growth feed formulation as a basis, five experimental diets (T0, T25, T50, T75, and 

T100%) were made by replacing shellfish meal with limestone meal at levels of 0, 25, 50, 75, and 100%, 

respectively. The limestone incorporation levels used in the experimental feed were based on previous studies 

and industry standards that identify optimal calcium requirements for Japanese quail (Dale, 1994; Vieira et 

al., 2012; De Souza et al., 2016), to ensure nutritional adequacy while testing substitution. Each of the five 

diets was randomly assigned to three replicates using a completely randomized design comprising of five 

treatments and three repetitions. Feed and water were provided ad libitum throughout the study period. All 

birds were kept under identical conditions. 

The composition of the experimental diets, expressed as a percentage, are presented in Table 1 below. 

Table 1. Centesimal composition of the experimental diets. 

Experimental diets 

Ingredients (Kg) T0% T25% T50% T75% T100% 

Maize 60 60 60 60 60 

Soybean meal 16 16 16 16 16 

Wheat bran 5 5 5 5 5 

Fishmeal 7 7 7 7 7 

Bone meal 0,5 0,5 0,5 0,5 0,5 

Shellfish meal 0.5 0.375 0.25 0.125 00 

Limestone meal 00 0.125 0.25 0.375 0.5 

CMVA 5% Grower 5 5 5 5 5 

Peanut cake 5 5 5 5 5 

Palm oil 1 1 1 1 1 

Total 100 100 100 100 100 

Calculated chemical characteristics (%MS) of the basic diet (T0): Crude Protein content 22%, Metabolizable Energy 3000 Kcal, fat 4.47%, calcium 1.23%, 

Phosphorus 0.64%, Lysine 1.32%, Methionine 1.48%. CMVA: Concentrated Nitrogenous Minerals and Vitamins. 

Data collection 

Growth parameters 

Feed intake: feed was weighed at the beginning of the week and distributed daily. The remains of each 

experimental unit were also weighed every 7 days, using a 1 g precision electronic scale with 5000 g capacity, and 

subtracted from the amount of feed distributed to obtain the feed intake. 

Body weight: at the beginning of the trial and every 7 days thereafter, all birds were weighed in the morning 

between 8 and 10 a.m., using an electronic balance with a 500 g capacity and 0.01 g accuracy. Weekly weight 

gain was obtained by calculating the difference between two consecutive body weights.  

Feed intake and weight gain data were used to calculate the feed conversion ratio by dividing the feed 

intake by the weight gain in the same period. 

Carcass ccharacteristics 

At 7 weeks of age, three males and three females per batch (a total of nine males and nine females per 

treatment) were slaughtered for carcass evaluation following the method described by Santhi and Kalaikannan 

(2017). Data were collected on carcass, liver, heart, gizzard, head, thigh, breast, wing, and legs. 

Based on the collected data, the following parameters were calculated:  

Carcass weight = Body weight - (head + legs + blood + feathers + viscera) weight. 

-Carcass yield (%) = [Carcass weight (g)/Body weight (g)] x 100  

-Relative weight of parts or organs (%) = [(Weight of parts or organs (g))/(Body weight (g))]x100 

Testes and egg’s characteristics 

After quails had been slaughtered, testes were collected and weighed together and separate using an 

electronic scale with a capacity of 500 g and 0.01 g accuracy. Subsequently, the diameter and height were 

measured using a digital Vernier caliper with a range of 150 mm and accuracy of 0.01 mm. From the data 

collected, the following calculations were made: 

-Shape index = Diameter /Height   

-Weight ratio = [Weight (g)/(Testicle weight (g)] x 100  
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-Gonadosomatic Index (%) = [ Testes weight (g)/Body weight (g)] x 100  

At 7 weeks of age, eggs were collected and counted. Their weight, diameter, and height were measured 

using a precision electronic balance (500 g capacity, 0.01 g accuracy) and a digital caliper (150 mm range, 

0.01 mm accuracy). These measurements were then used to calculate the shape index and laying rate using 

the following formulas: 

Testes shape index = Diameter /Height   

Weekly laying rate (%) = [Number of eggs laid/(Number of females in reproduction x 7)] x 100  

External egg’s characteristics 

Each egg was individually weighed using a Shimadzu UX4200H electronic scale (Poland), with capacity of 

320 g and accuracy of 0.01 g. The egg’s large diameter and height were measured with a digital Vernier caliper 

(150 mm range, 0.01 mm accuracy). The Egg Shape Index was calculated by dividing the large diameter by the 

height and multiplying the result by 100. 

Egg volume was measured using water displacement: each egg was submerged in a graduated cylinder 

containing a known volume of water, and the volume was determined by calculating the difference between 

the final and initial water levels (Markos et al., 2017). 

Internal egg’s characteristics 

A total of 30 eggs were randomly selected per treatment. Each egg was individually broken, and its contents 

gently spread on a glass surface measuring 40 by 20 cm. Yolk and albumen heights were measured using a 

tripod-mounted gauge, while yolk and albumen diameters, as well as dense albumen thickness, were 

determined using the previously described digital caliper attached to the tripod. 

The albumen was separated from the yolk using a 60 mL syringe, and the yolk was weighed with an 

electronic scale (320 g capacity, 0.01 g accuracy). Eggshells were thoroughly rinsed with water to remove 

residual albumen, dried, and then weighed using the same electronic scale. 

Eggshell thickness was measured at three locations: broad end, equator (middle), and narrow end, using 

fragments from each shell, following the method of Radu-Rusu et al. (2014). The final shell thickness was 

expressed as the average of these three values. All collected internal and external egg measurements and 

weights were used to calculate the following parameters: 

Aw = Ew-(Yw+Sw); where Aw refers to albumen weight, Yw to yolk weight, Ew whole egg weight, and Sw 

for shell weight. 

- Proportion of egg components (%) = [Shell, Yolk, or Albumen weight (g)/(Egg weight (g)]  x 100 

- Percentage of edible matter (%) = proportion of yolk + proportion of albumen 

 - Egg constituent index (%) = [(Yolk or Albumen height (mm))/(Yolk or Albumen diameter (mm))]  x 100  

- Haugh unit (HU) = 100 log (h+7.57 - 1.7p0.37)  

h is albumen height (mm), p is egg weight (g), 7.57 is the albumen height correction factor, and 1.7 

represents the egg weight correction factor (Haugh, 1937). 

Blood collection and biochemical parameters determination 

Blood samples were taken at the subjects’ bleeding in dry tubes with identifications (name of the batch 

and sex). After that, they were transported immediately to the laboratory. Blood was centrifuged at 3000 rpm 

for 10 minutes. Sera were then collected and transferred to Eppendorf tubes with the same identification 

codes as previously described.  

Trials were performed manually, and the reading was done by RAYTO RT-9260 spectrophotometer, using 

commercial kits (SGMilalia). The tests included the determination of blood sugar, protein, calcium, and 

phosphorus levels by colorimetric technique (Kaplan & Pesce, 1996). 

Statistical analysis 

All data were expressed as mean ± standard deviation. A one-factor analysis of variance (ANOVA) 

(substitution level) was used following the general linear model to compare the means of growth, carcass 

characteristics, reproduction, and biochemical parameters. Significant differences between means were 

separated by Duncan's test at the 5% level of significance. Microsoft IBM SPSS Statistics 25.0 and Excel 2016 

were used for data analysis and illustration, respectively. 
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Results  

Quail production performance  

Average growth performance of quail at the finisher stage 

Substitution at 25% resulted in significantly (p<0.05) higher feed intake (720±2 g) compared with the other 

substitution levels (Table 2). Body weights were not significantly affected (p>0.05) by the substitution levels, 

although a slight increase was observed compared to the control (0% substitution). The highest body weight 

was recorded at the 25% substitution level. Similar observations were made for weight gain and feed 

conversion ratio, which remained comparable (p>0.05) regardless of substitution level. 

Table 2. Average production performance of quail according to the experimental diets. 

a, b, c, and d: in the same column, values assigned to the same letter are not significantly different (p>0.05). n=16. 

Biochemical Parameters of Quail 

The biochemical parameters of quail varied significantly (p<0.05) with the level of substitution of 

shellfish meal by local limestone meal (Table 3). Blood glucose levels were overall significantly affected 

by substitution levels (p<0.05), with the highest values observed at 75% substitution in males and 100% 

in females. In males, total protein levels showed a significant decrease (p<0.05) across all substitution 

levels compared to the control group (0% substitution). Conversely, in females, the lowest significant 

protein concentration was recorded in the control group (66.80 ± 0.20 g L-1), indicating an opposite trend. 

Limestone meal substitution also led to significant changes in blood calcium levels across the different 

diets. In females, serum calcium levels increased significantly compared to the 0% substitution group 

(13.80 ± 0.46 mg dL-1), with the highest value recorded at 25% substitution (16.33 ± 0.90 mg dL-1). Only 

in females the phosphorus levels were significantly affected. The highest values were observed at 75% 

(9.07 ± 0.34 mg dL-1) and 50% (9.02 ± 0.62 mg dL-1) substitution levels, while the lowest value was at 25% 

substitution (5.56 ± 0.90 mg dL-1). 

Table 3. Blood biochemical characteristics of Japanese quail according to experimental diets. 

Parameters 
Experimental diets 

Sex T 0% T 25% T 50% T 75% T 100%  

Blood glucose 

(mg dL-1) 

Females 273.28±4.13b 273.75±4.05b 277.63±5.51b 259.13±5.95a 277.95±5.35b 

Males 273.20±1.39b 293.25±4.25cd 255.35±5.25a 295.80±3.30d 287.60±1.29c 

Total protein 

(g L-1) 

Females 66.80±0.20a 89.75±0.45c 87.60±2.60bc 96.85±1.15d 84.63±2.64b 

Males 81.47±1.24d 70.22±0.45c 53.20±4.30a 63.27±1.66b 66.27±1.42bc 

Blood calcium 

(mg dL-1) 

Females 13.80±0.46a 16.33±0.90c 13.87±0.74a 14.65±0.25ab 15.70±0.95bc 

Males 13.60±0.56 13.85±0.85 13.50±0.50 12.75±0.95 13.67±0.59 

Blood phosphorus 

(mg dL-1) 

Females 7.47±0.19b 5.56±0.90a 9.02 ±0.62c 9.07 ±0.34c 7.48 ±0.67a 

Males 5.19±0.58 6.12±0.12 4.89±0 .90 5.42±0.99 5.43±0.59 

a, b, c and d: on the same line, values with the same letter are not significant (p>0.05). 

Characters 
Experimental diet s  Feed intake (g) Body weight (g) Weekly weight gain 

(g)  

Feed Conversion 

Ratio 

Females 

T0%  255.80±4.46a 35.34±0.69a 4.23±0.21 

T25%  267.81±6.97b 37.08±1.06b 4.47±0.17 

T50%  258.01±1.34a 35.60±0.20a 4.70±0.24 

T75%  253.36±3.69a 34.97±0.60a 4.69±0.25 

T100%  253.05±3.93a 34.96±0.50a 4.63±0.27 

Males 

T0%  224.17±7.78 30.82±1.04 5.09±0.50ab 

T25%  231.78±5.49 31.93±0.84 5.40±0.25ab 

T50%  227.56±9.65 31.25±1.46 5.64±0.26b 

T75%  230.24±3.94 31.66±0.58 5.21±0.16ab 

T100%  234.34±6.24 32.29±1.00 4.93±0.39a 

Combined 

T0% 662.35±9.67a 239.98±18.21 33.08±2.60 4.76±0.50 

T25% 720.10±1.77d 249.79±20.52 34.51±2.95 4.93±0.54 

T50% 696.45±16.63c 242.79±17.78 33.43±2.56 5.17±0.56 

T75% 679.67±7.05b 241.80±13.12 33.32±1.88 4.95±0.35 

T100% 685.48±1.98bc 243.69±11.26 33.63±1.63 4.78±0.34 
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Carcass characteristics and proportions of parts and organs 

Carcass yield and proportions 

Carcass, breast, and thigh proportions were significantly affected by the different levels of limestone 

substitution (p<0.05), regardless of sex (Table 4).  

Table 4. Carcass characteristics as function of the experimental diets. 

Characteristics 

(%BW) 
Sex 

Experimental diets 

T 0% T 25% T 50% T 75% T 100%  

Whole carcass 

Male 77.01±0.33 78.39±2.92 76.16±2.33 77.32±0.28 75.74±4.44 

Female 70.91±2.06 68.28±1.72 72.76±3.06 71.67±3.24 70.02±2.78 

Mixed 73.95±3.59 73.34±5.94 74.46±3.06 74.49±3.72 72.88±4.56 

Standard carcass 

Male  71.45±0.44 72.19±2.55 70.88±2.18 72.62±1.65 70.48±4.39 

Female 67.39±3.14 65.27±3.15 67.85±2.33 66.94±3.15 65.70±2.84 

Mixed  69.42±2.99 68.73±4.58 69.38±2.61 69.78±3.84 68.09±4.21 

Breast  

Male  27.59±0.94 27 .70±2.64 28.62±0.73 28.22±1.13 30.36±0.77 

Female 25.47±1.38 25.01±1.23 26.16±1.71 25.77±1.60 24.52±2.89 

Mixed  26.53±1.57 26.35±2.36 27.39±1.79 26.99±1.83 27.44±3.71 

Thighs 

Male  14.95±1.07 15.81±0.87 15.76±0.79 15.07±0.58 14.67±0.63 

Female 14.17±0.90 13.59±0.84 14.74±0.28 14.38±0.67 13.42±0.96 

Mixed 14.56±0.98 14.70±1.44 15.25±0.77 14.73±0.67 14.05±0.99 

Wings 

Male 6.13±0.18ª 6.63±0.25b 7.33±0.21c 6.10±0.08ª 6.45±0.10b 

Female 5.83±0.33ab 5.20±0.11ª 6.12±0.46b 5.26±0.23ª 5.59±0.56ab 

Mixed 5.98±0.29ab 5.92±0.80a 6.73±0.73b 5.68±0.48a 6.02±0.59ab 

Head 

Male 3.42±0.13 3 63±0.20 3.48±0.19 3.69±0.24 3.75±0.28 

Female 3.18±0.08b 2.86±0.27ab 2.85±0.05ab 2.88±0.22ab 2.80±0.19ª 

Mixed 3.30±0.16 3.24±0.47 3.17±0.37 3.28±0.49 3.27±0.56 

Neck 

Male 6.07±1.21bc 5.33±0.06ª 6.06±0.15bc 6.18±0.59c 5.53±0.17ab 

Female 6.92±0.62 6.29±0.15 5.67±0.06 5.40±0.00 6.05±1.14 

Mixed 5.99±0.42a 5.81±0.54a 5.87±0.24a 5.79±0.57a 5.79±0.78a 

Legs 

Male 1.88±0.13abc 2.00±0.03c 1.79±0.13ab 1.90±0.07bc 1.70±0.09ª 

Female 1.71±0.04 1.56±0.07 1.66±0.06 1.69±0.13 1.56±0.05 

Mixed 1.79±0.13 1.78±0.25 1.73±0.12 1.80±0.15 1.63±0.10 

Back 

Male 15.49±1.21ab 16.45±1.15b 15.29±1.29ab 15.83±0.62b 13.75±0.30a 

Female 14.76±1.09b 15.04±0.98b 14.23±0.11b 13.96±0.97b 11.79±0.71a 

Mixed 15.12±1.11b 15.79±1.26b 14.76±1.00b 14.89±1.26b 12.77±1.17a 

BW: Body Weight ; a, b, and c: On the same line, values assigned to the same letter are not significant (p>0.05). 

In males, the highest wing proportion was observed at 50% substitution (7.33 ± 0.21 g), significantly higher 

than the control (0%) (6.13 ± 0.18 g), though statistically similar to the value at 75% substitution 

(6.10 ± 0.08 g). In females, 50% substitution also resulted in the highest wing proportion (6.12 ± 0.46 g), 

significantly greater than those at the other substitution levels. The highest head proportion in males was 

recorded at 100% substitution (3.75 ± 0.28 g), compared to the lowest value at the control (3.42 ± 0.13 g). In 

contrast, in females, the highest head proportion was observed in the control group (3.18 ± 0.08 g), while the 

lowest was at 100% substitution (2.80 ± 0.19 g). Neck proportions in females did not differ significantly among 

substitution levels. In males, the highest value was observed at 75% substitution (6.18 ± 0.59 g), while the 

lowest was recorded at 25% (5.33 ± 0.06 g). Leg proportions in females were not significantly different across 

treatments. However, in males, 25% substitution induced the highest value (2.00 ± 0.03 g), whereas 100% 

substitution resulted in the lowest (1.70 ± 0.09 g). Back proportions were significantly higher at 25% 

substitution in both females (16.45 ± 1.15 g) and males (15.04 ± 0.98 g), and these values were statistically 

similar to those recorded at 75% substitution (15.83  ± 0.62 g and 13.96 ± 0.97 g, respectively). 

Proportions of organs in relation to quail body weight 

The substitution of shellfish meal with limestone meal had no significant effect (p>0.05) on liver, heart, 

and gizzard proportions relative to body weight in 7-week-old quail, regardless of sex (Table 5). 

In males, abdominal fat was significantly higher in the control group (0% substitution) (0.88 ± 0.02 g) 

compared to all other treatments. For females, however, the highest abdominal fat values were observed at 

100 and 75% substitution levels, while the lowest value was recorded at 50% substitution (0.14 ± 0.00 g) 

(p<0.05). Kidney proportions in females remained statistically similar across all substitution levels. In 

contrast, in males, kidney proportions increased significantly (p<0.05) with higher levels of limestone 
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substitution. The relative weight of the ovarian cluster was higher in females who received the 0% substitution 

diet, although it was statistically similar to the value observed at 100% substitution. Both were higher than 

those recorded at intermediate substitution levels. 

Table 5. Relative weight of some organs according to experimental diets. 

Characteristics (%BW) Sex 
Experimental diets 

T 0% T 25% T 50% T 75% T 100% 

Liver 

Male 2.13±0.19 2.11±0.15 1.75±0.31 1.78±0.22 1.74±0.30 

Female 2.13±0.16 2.21±0.16 2.21±0.20 1.92±0.16 2.17±0.01 

Mixed  2.13±0.16 2.16±0.15 1.98±0.34 1.85±0.19 1.96±0.19 

Heart 

Male 0.83±0.05 0.89±0.12 0.85±0.09 0.85±0.09 0.77±0.02 

Female 0.74±0.15 0.72±0.13 0.74±0.11 0.77±0.09 0.77±0.03 

Mixed  0.79±0.11 0.80±0.14 0.80±0.11 0.81±0.09 0.77±0.02 

Gizzard 

Male 1.90±0.12 2.03±0.18 2.15±0.06 1.95±0.05 1.97±0.27 

Female 1.69±0.19 1.47±0.27 1.70±0.29 1.54±0.24 1.58±0.16 

Mixed 1.80±0.16 a 1.75±0.23 ab 1.93±0.18 b 1.75±0.15 ab 1.78±0.22 ab 

Abdominal fat 

Male 0.88±0.02d 0.35±0.06a 0.68±0.20c 0.54±0.03bc 0.49±0.02ab 

Female 0.21±0.09ab 0.56±0.07b 0.14±0.00a 1.47±0.30c 1.77±0.36c 

Mixed  0.55± 0.06ab 0.46 ± 0.07a 0.41±0.10a 1.01±0.17ab 1.13±0.19b 

Kidney 

Male 0.35±0.01b 0.30±0.09ab 0.61±0.04d 0.61±0.04d 0.47±0.01c 

Female 0.48±0.08 0.59±0.06 0.53±0.08 0.49±0.04 0.55±0.11 

Mixed  0.42±0.04 a 0.45±0.08 ab 0.57±0.06 b 0.55±0.04 a 0.51±0.06 ab 

Ovarian cluster Male 3.83±1.47d 2.11±0.53ab 2.64±0.42bc 1.73±0.63a 3.32±0.20cd 

BW: Body Weight; a, b, c and d: On the same line, values assigned to the same letter are not significant (p>0.05). 

Testes characteristics 

Substituting shellfish meal with limestone meal had a notable impact on the testicular characteristics of male 

quail (Figure 1). The highest testis weights were observed at the 25% and 50% substitution levels (p< 0.05), 

compared to the control group (0%), which showed values similar to those of the other treatments. In terms of the 

testis-to-body weight ratio, the control group recorded the highest significant value (1.42 ± 0.00%), although this 

was statistically similar to the 25% substitution group (1.28 ± 0.27%). The gonadosomatic index increased 

significantly at the 25 and 50% substitution levels compared to the control group. Values at the 75 and 100% 

substitution levels remained statistically similar to those of the control group. There was no significant effect of 

substitution levels on average testis height; however, a slight increase was observed, with the highest mean height 

recorded at 75% substitution (0.83 ± 0.09 mm). The highest testis diameter was observed at the 25% and 50% 

substitution levels, although these values were statistically similar to the 100% substitution level, which exhibited 

the lowest diameter overall. The highest average shape index values were recorded at the 25 and 50% substitution 

levels (0.77 ± 0.21 and 0.64 ± 0.00, respectively), compared to the control group (0.58 ± 0.04), which was similar to 

the values obtained from higher substitution levels. 

 

Figure 1. Testes characteristics as function of experimental diets. 
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Egg laying rate and characteristics 

Substituting 50% of the shellfish meal with limestone meal resulted in the highest laying rate, whereas a 

100% substitution yielded the lowest rate (see Table 6). The control diet (0% limestone) produced the heaviest 

eggs (12.05 ± 0.97 g) and eggs from all other substitution levels were statistically similar in weight. There was 

no significant effect of dietary substitution levels on egg volume, yolk diameter, or shape index. However, the 

yolk index and Haugh unit were significantly higher at the 50% substitution level. The highest albumen index 

was observed at 100% substitution (36.25 ± 9.49%), which was significantly higher than the control group 

(22.11 ± 3.71%), though similar to the value obtained at 75% substitution (35.67 ± 10.02%). Yolk percentages 

were not affected by substitution levels (p>0.05). The highest albumen proportion was recorded at 75% 

substitution (61.62 ± 4.42%), in comparison to the 50% substitution group (61.01 ± 3.86%), and was higher 

than the control group (57.56 ± 5.55%). Finally, the highest percentage of edible matter was obtained at the 

75% substitution level, while the control group exhibited the lowest value. 

Table 6. Egg laying rate and egg characteristics according to experimental diets. 

Parameters 
Experimental diets 

T0% T25% T50% T75% T100% 

Laying rate (%) 20.04 17.96 24.91 13.21 10.93 

Egg weight (g) 12.05±0.97b 11.27±1.00a 11.17±0.93a 11.00±0.91a 11.11±1.07a 

Large diameter (mm) 25.87±0.70a 24.26±5.34a 25.36±0.86a 25.55±0.74a 25.58±0.87a 

Height (mm) 33.03±1.24b 32.13±0.91a 32.01±1.00a 31.98±0.91a 31.92±1.22a 

Shape index 78.39±2.28a 75.66±16.89a 79.24±2.82a 79.90±1.73a 80.19±2.35a 

Volume (mL) 11.27±1.00a 10.80±0.90a 10.43±0.80a 10.40±1.55a 10.53±1.19a 

Albumen diameter 22.46±6.28c 17.30±3.59b 16.61±3.03ab 13.83±2.73a 14.24±3.20a 

Yolk diameter 25.23±1.35a 24.23±1.23a 24.35±1.80a 24.70±24.31a 24.31±1.40a 

Yolk height 9.63±0.93a 10.32±0.70bc 10.95±0.91c 10.20 0.97ab 10.83±0.92bc 

Albumen height 4.18±0.64a 4.55±0.75a 5.22±0.60b 4.57±0.87a 4.67±0.79a 

Albumen index 22.11±3.71a 27.68±8.60ab 32.31±6.09bc 35.67±10.02c 36.25±9.49c 

Yolk index (%) 38.20±3.36a 42.66±3.18c 45.15±4.60c 41.53±5.28b 44.67±4.29bc 

Haugh Unit (%) 88.59±2.05a 89.93±3.99ab 93.55±3.10c 91.01±3.20ab 91.42±3.42bc 

Yolk weight 3.97±0.53b 3.56 ±0.37a 3.51 ±0.61a 3.45±0.37a 3.67 ±0.43ab 

Shell weight 1.15±0.37c 0.99±0.13b 0.86±0.11ab 0.76±0.14a 0.87±0.12ab 

Albumen weight 6.93±0.69a 6.72±0.86a 6.80±0.52a 6.79±0.89a 6.57±0.80a 

Yolk proportion (%) 32.86±3.04a 31.68±3.40a 31.26±3.74a 31.42±3.29a 33.13±2.76a 

Albumen proportion (%) 57.56±55a 59.50±4.11ab 61.01±3.86b 61.62±4.42b 59.04±3.08ab 

Shell Proportion (%) 9.58±2.97c 8.81±1.23bc 7.73±0.86ab 6.96±1.53a 7.83±0.80ab 

Shell thickness LS 0.24±0.16a 0.20±0.02a 0.20±0.02a 0.21±0.02a 0.19±0.01a 

Shell thickness MS 0.19±0.03a 0.19±0.02a 0.18±0.03a 0.19±0.02a 0.19±0.02a 

Shell thickness SS 0.21±0.05b 0.20±0.02b 0.19±0.02ab 0.18±0.02a 0.19±0.02ab 

Average Shell thickness (%) 0.21±0.06a 0.19±0.01a 0.19±0.01a 0.19±0.01a 0.20±0.01a 

Edible matter Proportion (%) 90.42±0.43a 91.19±0.43ab 92.27±0.43bc 93.04±0.43c 92.17±0.43bc 

a, b, and c: On the same line, values assigned to the same letter are not significant (p>0.05); n=15. Rooster. LS, MS, SS: Shell thickness large size, medium 

end, and small size respectively 

Discussion  

Average growth performance 

Partial substitution of shellfish meal with local limestone meal, particularly at the 25% level, resulted in a 

significantly higher feed intake, suggesting improved feed palatability or acceptability. This improvement 

may be due to differences in texture, flavour, or calcium bioavailability between limestone and shellfish meal. 

These findings contrast with those of Pizzolante et al. (2007) and Pelicia et al. (2009), who reported no 

significant effect of calcium levels on feed intake in Japanese quail aged 39 to 57 weeks. However, Garcia et al. 

(2000) and Bagheri et al. (2022) indicate that both the source and particle size of calcium substantially 

influence feeding behaviour and nutrient assimilation. Bagheri et al. (2022) demonstrated that coarse oyster 

shells impaired calcium absorption, lowered blood calcium levels, and upregulated calbindin expression, a 

key calcium transport protein, while fine particles, though preferred by birds, worsened feed conversion. 

Recent meta-analyses (Proszkowiec-Weglarz and Angel, 2013; Wang et al., 2017) further support the idea that 

mineral sources affect feed intake through multiple physiological and sensory mechanisms. 

Despite the increased feed intake at 25% substitution, performance metrics such as body weight, weight 

gain, and feed conversion ratio remained statistically unchanged (p>0.05), which indicates a decoupling 
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between intake and efficiency. This may be attributed to suboptimal calcium bioavailability or nutrient 

imbalance. These results align with the findings of Sultana et al. (2007) and Vieira et al. (2012), who observed 

minimal effects of calcium source on growth performance when baseline requirements were met. Although 

limestone is recognized for its high calcium content and bioavailability (Dale, 1994; Djanabou et al., 2025), 

complete substitution did not enhance growth, implying that other dietary factors or mineral interactions 

may affect calcium utilization. The modest body weight increase observed at 25% substitution represents an 

optimal inclusion threshold in which calcium requirements are adequately met without compromising 

nutrient absorption, being consistent with the findings of Ceylan et al. (2023). Recently, Pourmollaei et al. 

(2025) defined optimal calcium levels for juvenile quail growth and bone development between 0.75 and 

0.87%. These ranges support maximal weight gain, tibia ash content, and bone strength. The plateau in 

growth response observed here may reflect reaching these physiological thresholds beyond which additional 

calcium intake yields no further benefit. 

Sex-related differences were also evident. Females exhibited higher body weights, and were likely related 

to reproductive investment, consistent with Djitie et al. (2015). Furthermore, blood biochemical parameters 

showed significant sex-specific variations, including elevated blood glucose in males (Abou-Kassem et al., 

2019) and increased blood protein and calcium levels in females (El-Ghalid, 2009; Pavlik et al., 2009), which 

is possibly linked to steroid hormone secretion, especially estrogen. These physiological differences may also 

influence nutrient metabolism and growth responses to mineral substitutions. 

Biochemical parameters 

The substitution of shellfish meal with locally sourced limestone meal significantly (p<0.05) affected 

several blood biochemical parameters in Japanese quail, reflecting nutritional and physiological adaptations 

to changes in dietary calcium source. Notably, blood glucose levels increased significantly in both males and 

females at higher substitution levels 75% for males and 100% for females. This rise may indicate improved 

glucose utilization or a metabolic stress response to dietary modification, as calcium plays a key regulatory 

role in insulin secretion and muscle contraction (Garcia-Casal, 2006). 

In males, total blood protein levels declined significantly across all substitution levels compared to 

controls, possibly reflecting alterations in nitrogen metabolism or protein turnover due to mineral imbalances that 

affect nitrogen retention or protein synthesis (Toghyani et al., 2013). Conversely, females exhibited increased 

blood protein levels with limestone substitution, particularly at partial replacement levels; supporting enhanced 

anabolic activities likely related to reproductive demands (Narváez-Solarte et al., 2005). 

Serum calcium concentrations in females peaked at 25% substitution, which is consistent with calcium 

mobilization requirements for eggshell formation (Koutsos et al., 2006). This suggests that local limestone 

provided sufficient calcium bioavailability up to this inclusion rate. Phosphorus levels fluctuated significantly 

only in females, with the highest concentrations at 50 and 75% substitution, and the lowest at 25%. These 

changes reflect altered calcium-to-phosphorus ratios that influence phosphorus bioavailability and 

metabolism, which is essential for skeletal health and eggshell mineralization (Bakst, 2017; Bozkurt and 

Küçükyilmaz, 2015). Moreover, hormonal modulation during egg production may further contribute to these 

variations (Pelicia et al., 2009).  

Overall, these findings underscore the importance of balanced mineral ratios and particle size in 

optimizing nutrient utilization and physiological regulation in Japanese quail. 

Carcass characteristics 

The substitution of shellfish meal with locally sourced limestone meal at varying levels significantly 

influenced carcass traits in Japanese quail (p<0.05), thus demonstrating that both mineral source and 

substitution rate critically affect body composition. The 50% limestone substitution group exhibited the 

highest wing proportions in both sexes, suggesting an optimal level where calcium bioavailability and dietary 

palatability enhance musculoskeletal development (Attia et al., 2013; Mahrose et al., 2020). This increase in 

wing mass at moderate substitution levels may be linked to improved skeletal and muscle growth mediated by 

enhanced calcium absorption and utilization (Nys and Le Roy, 2018). However, higher substitution rates (75 and 

100%) did not sustain these benefits and, in some cases, led to reductions, which indicates a threshold beyond 

which limestone’s mineral form or matrix may limit nutrient availability or negatively affect feed intake, being 

consistent with findings in broilers (Pelicia et al., 2009; Vieira et al., 2012). 
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Sex-specific responses were evident: males showed a significant increase in head proportion at 100% 

substitution, while females had the highest head proportions in the control group (0% substitution). This 

sexual dimorphism likely reflects differential nutrient partitioning regulated by hormones and reproductive 

demands. Females allocate more resources toward reproduction at the expense of somatic growth, whereas 

males emphasize skeletal development (El-Ghalid, 2009; Djitie et al., 2015). Furthermore, neck and leg 

proportions were significantly altered in males but remained stable in females across substitution levels, 

suggesting heightened male sensitivity to dietary mineral changes. The highest back yield at 25% substitution 

for both sexes align with feed intake and growth data, which portrays as an optimal performance at this level. 

This reinforced the concept that moderate limestone inclusion optimizes carcass development without 

compromising metabolic efficiency (Makinde et al., 2013; Attia et al., 2013). The importance of limestone 

quality, including calcium content, particle size, and solubility, is underscored by Gilani et al. (2022), who 

reported global variability in these factors and found no strong correlation between particle size and 

solubility. Such variability may explain the biological responses observed with locally sourced limestone in 

this study. 

Organ characteristics 

Replacement of shellfish meal with limestone meal did not significantly affect liver, heart, or gizzard 

weights relative to body weight in 7-week-old Japanese quail, regardless of sex (p>0.05). This stability 

suggests that moderate dietary mineral substitutions do not impair visceral organ development or metabolic 

activity (Bonos et al., 2010; Siyadati et al., 2011). 

Abdominal fat deposition displayed sex-dependent responses: males showed decreased fat at higher 

limestone substitution levels compared to controls, indicating possible improvements in lipid 

metabolism linked to calcium utilization (Attia et al., 2020). In contrast, females exhibited increased 

abdominal fat at 75 and 100% substitution, with the lowest fat at 50%, reflecting a non-linear, hormone-

mediated regulation of lipid storage, particularly by estrogen during reproductive maturation (Wang 

et al., 2017; Abou-Kassem et al., 2019). Kidney proportions remained stable in females but increased 

significantly with substitution in males, possibly indicating renal adaptation to altered mineral loads or 

vitamin D metabolism (El-Ghalid, 2009; Pavlik et al., 2009). This sex-specific renal plasticity may be linked 

to calcium and phosphorus homeostasis, since reproductive organ development exhibited complex patterns. 

Ovarian weights peaked in both the control and 100% substitution groups, with intermediate levels showing 

reduced weights, which suggests biphasic adaptive responses to dietary calcium availability (Sultana et al., 

2007; Nys and Le Roy, 2018). These fluctuations likely reflect transient disruptions in mineral balance or 

hormonal regulation, which is critical for reproductive organ growth. 

In males, testicular development was most enhanced at 25 and 50% limestone substitution, with 

significantly greater testes weights and gonadosomatic indices than control or higher substitution groups. 

Morphometric parameters, including diameter and shape index, also peaked at moderate substitution levels, 

while testes height remained unchanged across treatments. These findings align with earlier observations of 

improved feed intake and body weight at 25% substitution, suggesting that moderate limestone inclusion 

optimizes nutrient availability for reproductive tissue development. The positive effects are likely due to 

enhanced calcium-dependent steroidogenesis and Sertoli cell proliferation, which are essential for 

spermatogenesis (Deviche et al., 2011; Perine et al., 2016; Pavlik et al., 2009). Conversely, higher substitution 

levels (75 and 100%) failed to improve and may even impair reproductive parameters, conceivably due to 

imbalanced mineral ratios or reduced palatability, which impact overall nutrient intake (Pelicia et al., 2009; 

Abou-Kassem et al., 2019). 

Egg laying rate and characteristics 

Substituting shellfish meal with limestone meal significantly influenced reproductive performance and 

egg quality in Japanese quail, with clear effects related to the substitution level. Egg production peaked at 

50% limestone substitution, which poses as an optimal balance between calcium availability and dietary 

palatability. This finding supports earlier research by Pelicia et al. (2009) and Attia et al. (2013), who 

emphasize the importance of moderate dietary calcium levels for sustaining high egg production. However, 

at 100% substitution, the laying rate declined, possibly due to reduced feed intake or lower calcium 

bioavailability, despite internal egg quality remaining unaffected. 
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The egg weight was highest in the control group (0% substitution), but eggs from other substitution levels did 

not differ significantly in weight, indicating that limestone meal incorporation does not impair egg mass. This 

stability aligns with studies by Huss et al., (2008) and Mahrose et al., (2020). Additionally, parameters such as 

egg shape index, yolk diameter, and egg volume remained stable across treatments, consistent with Ouaffai 

et al. (2018), showing that external egg morphology is largely unaffected by limestone substitution. 

Internal egg quality parameters showed notable improvements at moderate substitution levels. The yolk 

index and Haugh unit peaked at 50% substitution, reflecting enhanced albumen quality, viscosity, and 

freshness, in agreement with Williams (1992). Albumen proportion was elevated at 50 and 75% substitution 

levels compared to the control, suggesting improved protein metabolism or nutrient partitioning due to 

limestone inclusion (Çabuk et al., 2014). Interestingly, the highest albumen index values occurred at 100% 

substitution, which may indicate physiological adjustments to altered dietary mineral content. The 

percentage of edible matter was greatest at 75% substitution, highlighting benefits in nutrient utilization and 

overall egg composition findings supported by Wongdee et al. (2019). 

Moura et al. (2020) demonstrated that calcium derived from eggshell powder could fully replace limestone 

without compromising performance or egg quality, but differences in albumen content and calcium excretion 

imply that calcium source-specific properties influence nutrient partitioning and economic efficiency. These 

factors are critical when formulating cost-effective diets using local mineral resources. Overall, while 

moderate limestone substitution (around 50%) optimizes egg production and quality, full replacement (100%) 

may reduce laying performance, likely due to imbalanced nutrient profiles or palatability issues that 

negatively impact feed intake and reproductive efficiency (Pizzolante et al., 2007).Therefore, this study shows 

that partially replacing shellfish meal with locally sourced limestone meal at 25 to 50% levels can improve 

growth, reproductive performance, carcass traits, and egg quality in Japanese quail without harming feed 

efficiency or organ development. Limestone at moderate levels enhanced feed intake, testicular growth, and 

egg production, making it a promising and cost-effective calcium source. Furthermore, higher substitution 

levels (75 and 100%) tend to reduce performance, likely due to lower calcium availability or changes in feed 

palatability. Differences between males and females in traits like fat deposition highlight the need to tailor 

mineral nutrition by sex and physiological stage. 

Conclusion  

This study demonstrates that partially replacing shellfish meal with locally sourced limestone (25 and 50%) 

in quail diets can improve growth, egg production, and reproductive traits without negatively impacting feed 

efficiency or organ development. These substitution levels optimize calcium availability, enhance feed intake, 

and support egg quality, especially during the onset of laying. However, higher substitution levels (75 and 

100%) may reduce performance. The findings highlight the potential of Figuil limestone as a cost-effective 

and sustainable calcium source, which promotes feed autonomy. Further research is recommended to 

evaluate mineral digestibility and long-term reproductive effects. 

Data availability 

Download data is not yet available. 
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