BIO Web of Conferences 239, 01005 (2026) https://doi.org/10.1051/bioconf/202623901005
ICSAF 2026

Turning Food Waste into Feed Value:
Performance, Egg Quality, and Profitability of
Japanese Quail Fed Diets Supplemented with
Chicken Bone Meal

Janah Mariz C. Loquillano!, Ryan Rey B. Pescador?, Mae-chie M. Alcomendras?, Mark
Anthony T. Mafia!, Christian Fel S. Batoctoy?, Chastine Erika G. Edubos?, Julie Ann C.
Alampayan?, and Richelle A. Niepes®”

College of Environment and Life Sciences, Mindanao State University at Naawan, Naawan, Misamis
Oriental, Philippines 9023

Abstract. The study investigated how chicken bone meal (CBM) made
from fast-food waste affects the growth performance, laying performance,
egg production, egg quality, and profitability of Japanese quail (Coturnix
coturnix japonica). Converting fast-food waste into CBM provides an
environmentally friendly waste management solution while serving as a
mineral source for poultry feed. The study evaluated different CBM
inclusion levels to determine the optimal level for quail production. A total
of 60 quails were randomly assigned to four dietary treatments containing
0%, 2%, 4%, and 6% CBM. The experiment lasted 30 days and assessed
growth performance, laying performance, egg quality, and profitability.
Results showed that quails fed the control diet had the highest weight gain
and best feed efficiency, while higher CBM inclusion, particularly at 6%,
negatively affected growth and feed conversion. No significant differences
were observed among treatments in terms of laying performance, including
total egg production and daily laying rate. However, quails fed 4% CBM
produced the largest eggs, although this treatment also showed the poorest
feed conversion ratio for egg production. CBM supplementation improved
egg quality: the 2% CBM diet produced heavier eggs, while the 4% and 6%
CBM diets resulted in stronger eggshells, thicker shells, higher mineral
content, and improved internal egg quality. Economic analysis showed that
CBM inclusion did not reduce profitability, indicating economic viability.
Overall, the study suggests that 4% CBM supplementation yields favorable
production outcomes by improving egg quality while promoting efficient
waste utilization.

1 Introduction

Animal proteins and their derived products are demanded globally in increasing quantities
and at affordable prices. Therefore, it is inevitable that poultry nutrition should be optimized,
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especially when using affordable, alternative mineral sources which promote bird growth and
eggshell quality. The domesticated Japanese quail (Coturnix japonica) has become a
significant avian species in many countries worldwide because of their rapid growth rate,
early sexual maturity and high reproductive performances which generally enhance global
food security. There is an ongoing need to improve mineral intake in animals, especially
calcium (Ca) and phosphorus (P). These minerals support faster growth in young birds and
help form strong eggshells in laying birds [1,2]. A lack of these minerals in poultry diets can
lead to poor bone mineralization, weak eggshell quality, and lower egg production rates [3].

Calcium is required for eggshell formation, and the physiological calcium metabolism in
the reproductive tract must be strictly regulated during the reproductive period. The recent
studies have confirmed that mineral supplementation in diets can impact the eggshell quality
such as strength, thickness and toughness especially for long-term laying chickens [4,5]. In
addition to the external quality parameters, the internal egg quality such as yolk development
and nutrient deposition have also been shown to be affected by mineral supplementation [6].
With feed formulation being a significant component of poultry economics, it is crucial to
develop cost-effective mineral sources for feed formulation to improve the income of poultry
farms.

Chicken bone meal (CBM), a by-product derived from poultry processing and food
establishments, represents a potential alternative source of calcium and phosphorus in poultry
diets. As a recycled mineral resource, CBM offers both nutritional and environmental
advantages by converting waste materials into valuable feed ingredients. Proper processing
methods, including boiling, drying, and grinding, can enhance mineral availability and safety
for inclusion in poultry rations. However, limited information is available regarding the
optimal inclusion levels of CBM in Japanese quail diets and its effects on growth
performance, laying performance, eggshell quality, and economic returns.

Therefore, this study was conducted to evaluate the effects of graded levels of chicken
bone meal supplementation on the growth performance, laying performance, egg quality
characteristics, eggshell mineral composition, and economic viability of Japanese quail
production. The findings of this study aim to contribute to sustainable feed resource
utilization while ensuring adequate mineral nutrition for improved productivity and
profitability in quail enterprises.

2 Materials and methods

2.1 Animal welfare considerations, site and duration of the study

This study was conducted in accordance with established animal welfare principles and
ethical standards for the use of animals in research. Proper handling, feeding, housing, and
health management practices were strictly observed throughout the experimental period to
minimize stress, injury, and discomfort to the birds. The study was conducted at Purok 7,
Linangkayan, Naawan, Misamis Oriental, Philippines, approximately 700 meters from the
national highway. The area experiences both dry and rainy seasons with variable climatic
conditions. The experimental period covered both the growing and laying phases of Japanese
quail production. The growing phase lasted for 30 days (from 17 to 46 days of age), followed
by a 30-day laying period during which eggs were collected daily for performance and quality
evaluation.
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2.2 Experimental animals and design

A total of 60 Japanese quail (Coturnix japonica) at 17 days old (grower phase) were procured
from Manticao, Misamis Oriental. Upon arrival, the birds were given a two-day
acclimatization period before the start of the feeding trial.

The study employed a Completely Randomized Design (CRD) with four dietary
treatments replicated three times. Each replicate consisted of five birds. The experimental
treatments were presented in Table 1.

Table 1. Experimental treatments

Inclusion Level of
Treatment Chicken Bone Meal
(CBM)
T1 0% Control
T2 2% CBM
T3 4% CBM
T4 6% CBM

2.3 Housing and management

The housing facility measured approximately 60 cm x 240 cm and was constructed using
green polyethylene screen, bamboo, and sawdust bedding. The structure was divided into six
equal compartments measuring approximately 30 cm X 40 cm each. Each compartment was
equipped with feeding troughs and waterers. Water was provided ad libitum throughout the
experimental period. During the acclimatization stage, water supplemented with vitamins and
electrolytes was provided to support adaptation and reduce stress.

2.4 Feeding management

Feeding management was standardized across all treatments to ensure uniform nutrient intake
throughout the experimental period. During the growing phase (Week 3 to Week 6; 1742
days of age), the Japanese quail were fed a commercially formulated starter/grower (chick
booster) diet designed to meet the nutrient requirements of growing quail. The diet was
formulated to contain adequate crude protein and metabolizable energy appropriate for the
grower stage. Feed was provided at an average allowance of 17 grams per bird per day.

The birds were transitioned to the layer diet at the beginning of Week 7 (42 days of age),
coinciding with the onset of sexual maturity. During the laying phase (Week 7 onward), feed
allowance was increased to 23 grams per bird per day.

Feed was offered twice daily, at 6:00-7:00 AM and 4:00-5:00 PM, while clean drinking
water was provided ad libitum. All birds received the same basal diet, with the only variation
being the inclusion level of chicken bone meal according to treatment.

The basal diets used in both the grower and layer phases were commercially available
feeds formulated to meet the nutrient requirements of Japanese quail based on NRC (1994)
recommendations. The diets were designed to provide adequate crude protein and
metabolizable energy for each production stage, as reflected in Table 2. Particular attention
was given to calcium (Ca) and phosphorus (P) levels due to their importance in eggshell
formation. The layer diet contained approximately 3.00% Ca and 0.40% available
phosphorus, consistent with standard requirements.
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Table 2. Declared nutrient composition of commercial diet used

Nutrient Grower Diet Layer Diet

Crude Protein (%) 21.00 18.00
Metabolizable Energy
(keal/kg) 2900 2800
Calcium (%) 1.00 3.00
Available

Phosphorous (%) 045 0.40
Crude Fiber (%) 5.00 6.00
Ether Extract 5.00 5.00

2.5 Preparation and proximate analysis of chicken bone meal

Chicken bone meal (CBM) was prepared from leftover chicken bones collected from local
food establishments. The bones were thoroughly washed with tap water to remove adhering
tissues and residues, then boiled for 30 minutes at approximately 100°C to remove gelatinous
materials. This heat treatment also serves to reduce potential microbial contamination. After
boiling, the bones were sun-dried for six hours and subsequently oven-dried before being
ground into a fine powder. The drying process further helps inhibit microbial growth and
improve product stability. This preparation process enhanced mineral availability,
particularly phosphorus. Samples of the prepared CBM were submitted to Pro Natural Feed
Corporation for laboratory analysis.

Table 3. Proximate Composition and Analytical Methods Used for Chicken Bone Meal (CBM)

Component Value (%)
Dry Matter 94.5%
Ash 29.5%
Phosphorous 4.2%
Calcium 17.0%

2.6 Data collection

Data collected during the study included growth performance, laying performance, egg
quality characteristics, eggshell proximate composition, and economic performance
parameters. Growth performance parameters included feed intake, average daily gain, weight
gain, and feed conversion ratio. Laying performance parameters included hen-day egg
production, total egg production, total egg weight, and feed conversion ratio for egg
production. External egg quality parameters included egg weight, egg width, shell weight,
shell thickness, percent shell, and shape index. Internal egg quality parameters included yolk
weight, yolk width, and percent yolk. Eggshell samples were analyzed for calcium,
phosphorus, and ash content. Economic analysis included total sales, total cost, net profit,
return on investment (ROI), and benefit—cost ratio (BCR).
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2.7 Statistical analysis

All collected data were analyzed using One-Way Analysis of Variance (ANOVA) under a
Completely Randomized Design (CRD). Statistical analysis was performed using SPSS
software. When significant differences among treatments were detected at p < 0.05, Tukey’s
Honestly Significant Difference (HSD) test was used to compare treatment means.

3 Results and discussion

3.1 Growth performance of Japanese quail (D17-46)

The effect of different levels of chicken bone meal (CBM) on the growth performance of
Japanese quail (Coturnix coturnix japonica) from 17 to 46 days of age was studied. Average
daily feed intake (ADFI) increased significantly (p = 0.008) with increasing CBM levels.
Birds given 6% CBM had the highest ADFI (17.47 g/bird/day). This was significantly higher
than those given 0%, 2%, and 4% CBM, indicating that a higher level of CBM may improve
feed palatability and correct and balance mineral deficiencies and excesses in the feed.
Mineral sources, specifically calcium and phosphorus derived from bone, are important in a
diet when mineral excess or deficiency occurs and can influence feed consumption [2].
However, an excess level of calcium in the diet impairs the nutrient utilisation in poultry [1].

Table 4. Overall Growth Performance of Japanese Quail (Days 17-46) growing Fed Diets
Supplemented with Chicken Bone Meal (CBM)

Treatment ADFI(g/b) ADG(g/b) Tg;‘i‘:lv(vge/if)ht FCR

0% CBM 1623+0.30° | 333+035 | 99.89+1049 | 4.93+0.56°
2% CBM 1583+047° | 3.04+027% | 91.16+8.18% | 5.24+0.44%
4% CBM 1634 028" | 3.08+042:% | 9242+ 12.650 | 5.40+0.78%
6% CBM 1747275 | 298+037° | 8945+11.17° | 596+ 1.24b

ADFI=Average daily feed intake; ADG=Average Daily Intake; FCR=Feed Conversion Ratio
Values are Mean + SD. Means within a row with different superscripts differ significantly (p < 0.05).
ANOVA was used for statistical comparison.

Average daily gain (ADG) and total weight gain were significantly affected (p = 0.031).
The control group (0% CBM) had the highest ADG (3.33 g/b) and total weight gain (99.89
g/b) than that of birds given diets supplemented with 2 and 4% CBM, but greater than that
observed in 6% CBM. The poorer growth performance in birds fed diets supplemented with
6% CBM may be due to excessive levels of calcium and phosphorus in the diet; these could
compromise zinc absorption and affect phosphorus utilization [7]. A disproportion of calcium
and phosphorus in relation to optimal dietary ratios is important for poultry growth and
skeletal development because marginal variation from optimal values can markedly affect
feed efficiency and body weight gain in growing birds [1]. However, it is important to
understand that growth performance measures like average daily gain (ADG), total weight
gain, and feed conversion ratio (FCR) are not the main signs of biological efficiency in
laying-type birds. Japanese quail (Coturnix coturnix japonica) are mostly raised for egg
production. Too much growth or high body weight before they start laying can even harm
their laying performance later on because it changes body composition and how nutrients are
used [8].
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Feed conversion ratio (FCR) was significantly different (p = 0.004). The lowest FCR
(4.93) was obtained in quails fed 0% CBM diet, while the highest FCR (5.96) was observed
in those fed 6% CBM diet. Despite increased feed intake at higher CBM levels, there was no
corresponding increase in growth rate. Hence, the feed efficiency was decreased. Similar
observations have been reported by [3], who found that high levels of mineral
supplementation decreased nutrient absorption and, consequently, the metabolic utilization
of nutrients in poultry. Thus, the higher FCR at 6% CBM levels may also be attributed to a
nutrient imbalance, leading to poor feed utilization for weight gain.

3.2 Egg production and feed efficiency

The effect of dietary chicken bone meal (CBM) supplementation on egg production
performance and feed efficiency of Japanese quail is presented in Table 5. Statistical analysis
showed that FIPE, FIPD, total egg production, and hen-day egg production (HDEP) were not
significantly affected (p > 0.05) by increasing levels of CBM. However, total egg weight and
feed conversion ratio (FCR) for egg production were markedly influenced (p = 0.006) by
dietary treatments.

Table 5. Effect of Dietary Chicken Bone Meal (CBM) Supplementation on Overall Egg Production
Performance and Feed Efficiency of Japanese Quail

FIPE FIPD Total Egg Tota! Egg FCR (egg HDEP
Treatment (g/ege) (g/dozen) Production Weight roduction) (%)
glege & (no./b) (g/b) P °
37.26 + 447.30 £ 105.86 + 56.67 =
o ab
0% CBM 374 4489 19.80 £ 1.63 11.65 6.99 +0.68 4.66
38.36 % 460.26 + 107.93 + 57.52+
o, a
2% CBM 7235 2816 20.13+1.98 10.05 570 £2.53 566
37.83 45391 + 11291 + 58.29 +
o ab
4% CBM 631 7576 20.40 £2.99 12,972 6.78 £0.92 8 54
41.68 £ 500.20 + 9738 + 52.19+
o b
6% CBM 503 7119 18.27 £2.53 12.00¢ 7.79 +£1.02 723
p-value 0.069 0.069 0.069 0.006 0.006 0.069

FIPE — Feed Intake per Egg (g/egg); FIPD — Feed Intake per Dozen (g/dozen); FCR — Feed Conversion Ratio;
HDEP — Hen-Day Egg Production

Values are expressed as mean + standard deviation. Means within the same column with different superscripts (¢,
b <) are significantly different at p < 0.05.

Although feed intake per egg (FIPE) and per dozen (FIPD) numerically increased at 6%
CBM, differences were not statistically significant. The lack of significant variation suggests
that moderate CBM inclusion did not markedly alter feed consumption patterns during lay.
Similar findings have been reported in laying poultry, where mineral supplementation within
permissible levels does not necessarily change feed intake unless dietary imbalances occur
[2].

Total egg production and HDEP were also statistically comparable among treatments.
However, birds fed 4% CBM recorded the highest numerical egg production (20.40
eggs/bird) and HDEP (58.29%), whereas 6% CBM showed the lowest values. This decline
in 6% CBM may be associated with excessive dietary calcium and phosphorus, which have
been able to disrupt mineral balance and metabolic efficiency, likely affecting reproductive
performance [1]. Proper calcium—phosphorus balance is critical in laying birds, as calcium
plays a central role in eggshell formation and general productivity.

A significant effect was observed on total egg weight. Birds fed 4% CBM produced the
highest total egg weight (112.91 g/b), which was significantly higher than those fed 6% CBM
(97.38 g/b). This indicates that moderate CBM inclusion may support improved egg mass,
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likely due to adequate calcium availability for eggshell formation and albumen deposition.
Calcium is directly involved in eggshell calcification, and insufficient or excessive levels can
negatively influence egg weight and shell quality [4].

Feed conversion ratio (FCR) for egg production was significantly improved at 2% CBM
(5.70) compared with 6% CBM (7.79), which had the poorest FCR. The deterioration of FCR
at 6% CBM suggests reduced efficiency in converting feed into egg mass, possibly due to
nutrient imbalance or reduced nutrient digestibility associated with excessive mineral
inclusion. High dietary calcium levels may interfere with the absorption of other nutrients,
including phosphorus and trace minerals, thereby impairing performance [3].

3.3 Eggshell proximate compaosition

The eggshell proximate composition of Japanese quail fed varying levels of chicken bone
meal (CBM) is presented in Table 6. Dietary CBM supplementation significantly changed
dry matter (DM) and phosphorus (P) content of the eggshell (p = 0.002 and p < 0.001,
respectively), while ash and calcium (Ca) were not significantly affected (p > 0.05), although
calcium showed a marginal trend (p = 0.053).

Table 6. Proximate Composition of Japanese Quail Fed Varying Levels of CBM

Treatment Dry (lz;iz;tter Ash (%) Phosphorus (%) Calcium (%)
0% CBM 96.40 +0.10° 82.77+1.99 0.35+0.014 32.90 +£0.10°
2% CBM 96.70 + 0.102 88.67 +1.62 0.72£0.01# 36.33+£0.15¢
4% CBM 96.80 +0.102 86.50 +3.03 0.65+0.01° 34.40 + 1.82ab
6% CBM 96.90 +0.102 85.73 +£2.89 0.59+0.01¢ 33.60 + 1.824b
p-value 0.002 0.097 <0.001 0.053

Values are expressed as mean + standard deviation. Means within the same column with different
superscripts (¢, b, <) are significantly different at p < 0.05

Dry matter content increased significantly with CBM inclusion. Birds fed 2%, 4%, and
6% CBM exhibited higher DM values (96.70-96.90%) compared with the control (96.40%).
The increase in DM may reflect improved mineral deposition and shell structural strength
resulting from enhanced dietary mineral availability. Eggshell formation mainly involves
calcium carbonate deposition within an organic matrix, and adequate mineral supply supports
proper shell calcification [9].

Phosphorus content in the eggshell was affected by varying levels of CBM in diets. The
values were highest in 2% CBM (0.72%), and closely resembled values in 4% and 6% CBM
groups, while it was the least (0.35%) in the control group. The higher eggshell phosphorus
values at higher levels of chicken bone meal (2% than 4% and 6%) may suggest a
compensatory control mechanism to avoid any alteration in mineral deposition at the time of
shell formation. Several studies also indicate phosphorus utilization to be decreased by
excessive calcium in diets which results in decreased phosphorus incorporation into the shell
matrix [2].

Ash content of the eggshell increased with the increment of CBM in the diets. However,
it was not statistically different (p =0.097). The eggshell ash consists of total mineral content.
Since there is no significant difference among the treatments, it can be inferred that though
the phosphorus deposition was changed with the supplementation of CBM, the total mineral
deposition remained in the same manner. Similarly, the Ca-content in the shell was increased
in 2% CBM (36.33%) as compared with control diet (32.90%) but it was not significant at
5% level.
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3.4 External egg quality

The external egg quality parameters of Japanese quail fed diets supplemented with chicken
bone meal (CBM) are presented in Table 7. Egg weight was not significantly affected (p =
0.387) by dietary treatments, indicating that CBM inclusion up to 6% did not alter overall
egg mass. Egg weight is largely shaped by genetic factors and overall nutrient intake,
particularly protein and energy supply, rather than mineral supplementation alone.

Table 7. External Egg Quality of Japanese Quail Fed Diets Supplemented with CBM

Treatment Egg Egg Width Shell Shell % Shape
Weight (g) (mm) Weight (g) | Thickness Eggshell Index
(mm) (%)

0% CBM | 9.92+0.91 2481 + 0.96 + 0.18 9.71 82.03 £
1.674® 0.90° 0.02¢ 0.75 4.932

2% CBM 10.45 + 2439+ 1.02 £ 0.18 + 9.88 + 77.16 +
1.13 1.60¢ 0.902 0.01%¢ 1.01° 9.59¢

4% CBM 10.39 + 2491 + 1.03 £ 0.19 + 9.92 + 8135+
1.03 1.10° 0.122 0.062 1.11eb 3.92:®

6% CBM 10.02 + 2448 + 1.02 £ 0.19+ 10.16 + 79.52
0.85 0.70b 0.132 0.01e® 0.972 6.69°

p-value 0.387 0.001 <0.001 <0.001 0.001 <0.001

Values are expressed as mean + standard deviation. Means within the same column with different superscripts
(4, b <) are significantly different at p < 0.05

In contrast, egg width was strongly affected (p = 0.001) by CBM supplementation. The
4% CBM group recorded the highest egg width, while 2% CBM group showed the lowest.
Changes in egg dimensions may be associated with alterations in shell deposition patterns
and mineral availability during shell formation. Calcium plays an important role in
determining egg shape and shell formation during the calcification phase in the uterus [5].

The variables with a significant difference were (p < 0.001 and p = 0.001). The chickens
that were fed 2%, 4% and 6% CBM had thicker eggshell shells compared to the control birds.
The thickness of the eggshell was highest in the 4% and 6% CBM birds, indicating better
mineralization of the eggshell. Calcium and phosphorus in Chicken Bone Meal (CBM) serve
as a source of bioavailable calcium and phosphorus for the chickens. As indicated in the
National Research Council (NRC) 1994, the sufficient supply of calcium ensures that the
shell gland functions properly and that the crystal lattice of the eggshell is strong, which
results in a thicker and heavier eggshell.

Compared with the control birds, birds given 6% CBM had a higher % eggshell which
indicates a higher mineralisation relative to the egg mass. A higher percentage of eggshell is
often obtained from birds on high levels of calcium in their diet as long as the calcium-
phosphorus balance is optimal [2]. In addition to having an optimal balance, giving more
calcium than required is not always reflected in a higher percentage of eggshell in laying
flocks because of the regulation of calcium metabolism [1].

The shape index values of the eggs were also affected significantly (p < 0.001). While the
shape index values were the highest in control and 4% CBM group, they were the lowest in
2% CBM group. Shape index is the ratio of the width to length of the egg and is one of the
criteria that determine the acceptability of eggs for commercial purposes as well as the
strength of the shell [10]. The shape index value can be affected from the activity of the
muscles in the uterus and the dynamic structure of mineralisation during the egg shell
formation [11]
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3.5 Internal egg quality

Yolk weight was highly significantly affected by dietary CBM supplementation (p < 0.001).
Birds fed 4% and 6% CBM had higher yolk weight (3.31 g and 3.36 g, respectively) than
those fed the control diet or 2% CBM. Increased yolk weight at higher CBM levels in this
study may be due to the better mineral bioavailability of Ca and P in the diet, which are
known to be involved in lipid metabolism and the transport of lipids as yolk precursors from
the liver to the ovary [12]. Also, proper mineral nutrition is required for vitellogenin synthesis
in the liver as well as VLDL synthesis which are essential for yolk formation [13]

Table 8. Internal Egg Quality of Japanese Quail Fed Diets Supplemented with CBM

Treatment Yolk Weight (g) Yolk Width (mm) Percent Yolk (%)
0% CBM 3.15+0.36° 2233 +£1.26 31.75£2.02b
2% CBM 3.17+0.37° 22.77 £ 1.60 30.68 £3.12¢
4% CBM 3.31 +£0.500 23.10+1.73 31.72 £2.67°
6% CBM 3.36 +£0.47» 23.30+1.80 33.56 £2.60°
p-value <0.001 0.468 <0.001

Values are expressed as mean = standard deviation. Means within the same column with different
superscripts (¢, b, <) are significantly different at p < 0.05

The higher yolk weight observed at 6% CBM suggests enhanced nutrient deposition in
the yolk; however, excessive mineral supplementation must be carefully regulated to prevent
metabolic imbalances [1].

Yolk width was not significantly affected (p = 0.468) by CBM inclusion, indicating that
while yolk mass increased, its physical dimensions remained relatively stable. This suggests
that mineral supplementation primarily influenced yolk nutrient deposition rather than
altering structural expansion. Yolk diameter is generally influenced by genetic factors and
overall egg size rather than mineral concentration alone

Percent yolk was highly significantly affected (p < 0.001). The highest percentage was
observed in the 6% CBM group (33.56%), followed by 4% and control treatments, while 2%
CBM showed the lowest value. Increased yolk proportion may reflect enhanced lipid and
nutrient deposition in the ovum. Yolk percentage is an important indicator of egg nutritional
quality, as it represents the primary source of lipids, fat-soluble vitamins, and essential fatty
acids [14]. The elevated percent yolk at 6% CBM may indicate improved nutrient transfer;
however, excessive yolk proportion without proportional albumen increase could alter egg
composition balance. Mineral balance plays a critical role in regulating nutrient partitioning
between yolk and albumen during egg formation [1].

3.6 Economic benefit analysis

The economic benefit analysis of Japanese quail fed diets supplemented with chicken bone
meal (CBM) is presented in Table 9. Statistical analysis showed that total cost was
significantly affected by dietary treatments (p = 0.042), while total sales, net profit, return on
investment (ROI), and benefit—cost ratio (BCR) were not significantly different (p > 0.05),
although numerical variations were observed among treatments.
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Table 9. Economic Benefit Analysis of Japanese Quail Fed Diets Supplemented with CBM

Treatment Totz:l?fales Total Cost (P) | Net Profit (P) ROI (%) BCR
0% CBM 99.00 £8.15 51.46 £2.26 47.54+7.83 92.38 1.92
2% CBM 100.67 +9.90 52.80 £ 0.95" 47.87 £ 8.87 90.68 1.91
4% CBM | 102.00 +14.95 | 52.40+0.27° | 49.60+15.21 94.66 1.95
6% CBM 91.33 £12.66 52.36 £ 0.69° 38.98 +£13.04 74.43 1.74

p-value 0.069 0.042 0.068 0.068 0.068

P-Philippine peso

ROI-Return on Investment; BCR-Benefit-Cost Ratio

Values are expressed as mean + standard deviation. Means within the same column with different superscripts
(¢, b ©) are significantly different at p < 0.05

The economic benefit analysis of Japanese quail fed diets supplemented with chicken
bone meal (CBM) is presented in Table 5. Statistical analysis showed that total cost was
significantly affected by dietary treatments (p = 0.042), whereas total sales, net profit, return
on investment (ROI), and benefit—cost ratio (BCR) were not significantly different (p > 0.05),
despite numerical variations among treatments. The control group had the lowest production
cost (P51.46), while CBM-supplemented diets resulted in slightly higher costs, likely due to
the added expense of the CBM supplement. Since feed accounts for approximately 60—70%
of total production cost [15], even small changes in diet composition can influence overall
expenses.

The 4% CBM treatment recorded the highest net profit (£49.60), ROI (94.66%), and BCR
(1.95), while the lowest values were observed at 6% CBM. Although these differences were
not statistically significant (p > 0.05), the trend suggests that moderate CBM supplementation
may provide a more favorable balance between cost and production performance. The
reduced ROI and BCR at 6% CBM may be associated with its negative effect on egg
production. Nevertheless, all treatments had BCR values greater than 1.0, indicating that
quail production remained economically viable across all levels of CBM supplementation.

4 Conclusion

Chicken bone meal (CBM) can serve as a potential alternative mineral source in Japanese
quail diets, particularly for improving eggshell quality and mineral deposition. Moderate
inclusion levels (2-4%) maintained comparable growth and laying performance relative to
the control, while improving selected egg quality parameters. However, higher inclusion
(6%) negatively affected feed efficiency and performance, likely due to mineral interactions.
Although the 4% CBM treatment showed favorable trends in egg weight, shell quality, and
economic returns, these results were not consistently significant across all parameters.

It is important to note that the study utilized a total of 60 quails, with five birds per
replicate, which may limit the generalizability of the findings. Therefore, while CBM
supplementation up to 4% appears promising under the conditions of this study, further
research using larger sample sizes and longer laying periods is recommended to validate these
results and establish more definitive inclusion levels.
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