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Abstract | Japanese quail (Coturnix japonica) farming has emerged rapidly in the recent era as a sustainable
protein source due to its rapid growth rate, easy management and high-quality meat production. The in-
creasing demand of the alternative, sustainable and cost-effective feed for quail farming has intensified the
interest to use the insect-based meal as a potential and environmentally friendly substitute. The study was
designed to evaluate the effects of Black Soldier Fly (Hermetia illucens) Larvae (BSFL) as an alternative
protein source on the growth performance, mortality, meat composition, and mineral profile of Coturnix
Japonica over 10 weeks. One hundred and twenty quails were divided into control and experimental groups
60 birds in each group. Then the groups were further subdivided into three replicates containing 20 birds
each. The experimental group received a diet containing 30% BSFL and 70% basal feed while the con-
trol group was fed 100% of basal feed. Experimental birds showed significantly higher body weight gain
(175.48+4.28 g) compared to the control group (165.73+3.54 g) at week 10 (p<0.05). Protein content in
breast meat increased from 64.63 + 6.36 g/100 g in the control group to 80.15 = 7.73 g/100 g in the exper-
imental group, representing an approximately 24.0% increase (p<0.05). In contrast, fat content decreased
(p<0.05) by 41.4%, from 23.05 + 1.53 g/100 g in the control group to 13.51 + 0.70 g/100 g in the experi-
mental group. Higher concentrations (p<0.05) of essential minerals, including calcium (58.58 + 0.94 pg/g),
iron (4.48 + 0.42 pg/g), phosphorus (52.21 + 2.11 pg/g), and potassium (418.33 + 17.55 pg/g), were also
observed in the breast meat of BSFL-fed quails as compared with control group. Mortality was mainly
recorded during the first two weeks, after that no significant mortality was observed during the remaining
experimental period. The findings suggest that BSFL can serve as an effective, sustainable and potential pro-
tein substitute to improve growth performance, nutritional quality, and mineral composition of quail meat.
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INTRODUCTION rapid growth rate, high reproductive efficiency, low feed
and space requirements, and high-quality lean meat (Sayed

apanese quail (Coturnix japonica),a small poultry species ¢ al., 2019; Yasmeen ef al., 2023). Quail meat is rich in
widely used for meat and egg production due to their protein, essential vitamins, and minerals such as iron and
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zinc, while being relatively low in fat, making it a healthier
alternative to other poultry meats (Boni ez a/., 2010; Saced
et al., 2025).

Optimal growth and production in quails depend on diets
containing adequate energy, high-quality protein, and
balanced amino acids (Khan, 2018). Traditionally, soybean
meal has been a major protein source in poultry feeds;
however, rising costs, import dependency, and concerns
related to genetically modified organisms (GMOs) have

increased the need for alternative protein sources.

In this context, insect meal has emerged as a sustainable
and nutritionally rich substitute for conventional feed
ingredients. Among insect-based proteins, black soldier fly
larvae (Hermetia illucens) are considered highly promising
due to their high protein content, favorable amino acid
profile, and ability to convert organic waste into valuable
biomass (Ait-Kaki ez a/., 2021; Rido ez al., 2026). Insect
meals also contribute to environmental sustainability by
reducing reliance on land-intensive protein sources and
supporting waste recycling systems.

'The growing global demand for sustainable animal protein
production has further intensified interest in circular
bioeconomy approaches, where insects play a key role in
converting organic waste into high-value feed ingredients.
'This approach not only reduces environmental pollution but
also decreases dependency on conventional feed resources,
thereby improving the sustainability of poultry production
systems. In addition, insect farming requires significantly
less land, water, and energy compared to traditional protein
sources, making it a viable solution for future livestock
nutrition challenges (Mohammad ez a/., 2026).

Black soldier fly larvae (BSFL) meal contains essential
amino acids, lipids, and bioactive compounds such as lauric
acid and chitin, which may enhance immune response, gut
health, and nutrient utilization in poultry. These properties
can improve feed efficiency, growth performance, and
overall health status of birds (Secci ez al., 2022; Silva et
al., 2024). Additionally, insect-based proteins have been
reported to enhance meat quality by improving amino acid
composition, fatty acid profiles, and mineral content while
potentially reducing cholesterol levels (Yu ¢z 4/, 2019).

Recent advances in poultry nutrition have also highlighted
the functional properties of insect-derived bioactive
compounds in modulating gut microbiota. Chitin and
antimicrobial peptides present in BSFL may promote
beneficial microbial populations while suppressing
pathogenic bacteria, thereby improving nutrient absorption
and immune resilience in quails. These physiological
benefits are particularly important in intensive production
systems where birds are exposed to environmental and

nutritional stressors (IMohassesi e a/., 2025).

Several studies have demonstrated that replacing
conventional protein sources such as soybean meal, fish
meal, or meat and bone meal with insect meal can improve
growth rate,feed conversion ratio,and carcass characteristics
in Japanese quails (Prates ez a/., 2023; Cullere e al., 2016).
BSFL inclusion has also been associated with improved
gut health, immune function, and nutrient digestibility,
contributing to better productivity. Furthermore, BSFL
meal is rich in minerals including calcium, phosphorus,
potassium, magnesium, and trace elements, which can
enhance bone strength, muscle development, and overall
meat nutritional value (Dalle-Zotte ez a/.,2019). However,
variations in inclusion levels may influence meat quality
parameters such as moisture, fat, protein content, pH,
water-holding capacity, and cooking loss (Salahuddin ez
al., 2024).

Despite increasing research on insect-based diets in poultry,
no studies have evaluated the effects of whole full-fat Black
Soldier Fly Larvae (Hermetia illucens) incorporated directly
into the basal diet of Japanese quail without reformulating
the diets to be isocaloric or isonitrogenous. In the present
study, the experimental diet consisted of 30% whole dried
BSFL and 70% basal feed, whereas the control group
received 100% basal feed. We hypothesized that inclusion
of whole full-fat BSFL would improve growth performance
and meat quality without adversely affecting mortality
in Japanese quail. Therefore, this study aimed to evaluate
the effects of BSFL inclusion on growth performance,
proximate meat composition, and mortality rate, thereby
assessing its potential as a sustainable alternative protein
source in poultry nutrition.

MATERIALS AND METHODS

PLACE OF WORK, PURCHASING OF QUAIL BIRDS AND
ETHICAL CONSIDERATION

'The research work was carried out in Research Laboratory,
Lahore Garrison University (LGU) and Nutrition
Laboratory of Food and Biotechnology, PCSIR at
Ferozepur Road, Lahore, Pakistan. One-day-old quails (n=
120) were purchased from Hussain Batair Farm Afshan PK
Road, Lahore (Figure 1). The research study was approved
from the ethical committee LGU, Lahore.

PREPARATION OF CONTROL AND EXPERIMENTAL DIET

Two dietary treatments were used in the experiment: A
control diet and a BSFL-based experimental diet. The
basal diet, purchased from Chuburji, Lahore, was used as
the control diet. The experimental diet was prepared by
incorporating 30% dried BSFL (Hermetia illucens) meal,
purchased from a local supplier in Lahore, with 70% of the
basal diet (Figures 2 and 3). The dried BSFL retained its
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naturally occurring lipid content and was ground using an
electric grinder, passed through a sieve to achieve uniform
particle size, and thoroughly mixed with the basal diet
before feeding. The experimental diet was not reformulated
to achieve an isocaloric or isonitrogenous composition;
therefore, the observed responses may reflect the combined
effects of BSFL-derived nutrients and changes in the
overall dietary nutrient profile. This unadjusted inclusion
approach was intentionally adopted to evaluate the direct
effects of BSFL incorporation on growth performance,
meat composition, and health parameters of Japanese quail.

e

Figure 1: Day-old Japanese quails (Cozurnix japonica). 7

Figure 3: Basal diet.

HOUSING AND MANAGEMENT

A total 0of 120 one-day-old Japanese quail chicks were reared
under controlled conditions and fed a basal diet for the first
two week. Afterward, the birds were randomly allocated
into two dietary treatment groups: a control group and
an experimental group, each consisting of 60 birds. Each
group was further divided into three replicates of 20 birds
each. The control group received a diet consisting of 100%
basal feed, whereas the experimental group was fed a diet
containing 70% basal feed and 30% BSFL meal. After 2.5
months, ten quails from each group were slaughtered using
the Halal method for further laboratory analysis (National
Research Council, 2011; Aviagen, 2022).

GROWTH PERFORMANCE ANALYSIS

Growth performance of Japanese quail was evaluated over
10 weeks by recording feed intake and weekly body weight
gain (Leeson and Summers, 2005; Dabbou ez a/., 2018).

PROXIMATE ANALYSIS

Proximate composition of quail meat, including moisture,
ash, fat, crude protein, crude fiber, and mineral contents,
was determined using standard analytical methods
as mentioned by Yasmeen ez al. (2023). Moisture was
measured by oven drying one gram of sample, ash content
by muflle furnace incineration, fat by Soxhlet extraction
using n-hexane, and protein by the Kjeldahl method
involving digestion, distillation, and titration. Crude fiber
was estimated through acid—alkali digestion followed by
ashing.

MINERAL ANALYSIS

'The minerals were analyzed using the dry-ashing technique
by AOAC (2005). About 2 g of the meat samples was
weighed and placed in a porcelain crucible and incinerated
in a mufle furnace at 550 °C until the formation of white
ash. Thereafter, 10 mL of 6 N hydrochloric acid (HCI)
was added to the ash. This solution was then heated
in a hot plate in a fume cupboard until excess acid was
evaporated. Distilled water was used to reconstitute the
sample, which was filtered through a Whatman No. 42
filter paper and pipetted in a 50 mL volumetric flask.
'The volume was brought to the mark with distilled water.
Spectrophotometric analysis was done on the sample
solutions using the specified wavelength for each mineral.

STATISTICAL ANALYSIS

Statistical analysis was carried out by independent sample
t-test and significant differences were found between
control and experimental groups at p value of <0.05.

RESULT'S

GROWTH PERFORMANCE ANALYSIS
Growth performance was assessed on a weekly basis, and
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the experimental birds showed greater body weight gain
compared to the control group throughout the study
period. At week 4, the body weight of the experimental
group (100.26+4.75 g) was higher than the control group
(94.08+6.92 g). Similarly, at week 8, the experimental group
reached 154.898+7.104 g compared to 142.93+4.75 g in the
control group. At the end of week 10, the experimental birds
achieved a final body weight of 175.48+4.28 g, whereas the
control group recorded 165.73+3.54 g (Table 1). Statistical
analysis revealed statistically significant differences in body
weight gain between groups (p = 0.031).

Table 1: The absolute growing body weight of quails in

control and experimental groups.

Growing body Control group Experimental
weight (8 group (g)

1 week 12.60+1.55 12.57+1.49

4t week 94.08+6.92 100.26+4.75*
8™ week 142.93+4.75 154.89+7.10*
10 week 165.73+3.54 175.48+4.27*

* Indicates statistically significant difference compared to control

group (p < 0.05).

PROXIMATE ANALYSIS

ESTIMATION OF MOISTURE CONTENT

Quail breast and thigh meat samples from control and
experimental groups were collected and tested for moisture
contents. The moisture of control and experimental groups
compared, and it was noticed that breast (70.14+1.83
/100 g) and thigh (69.62+0.84 g/100 g) of experimental
group have higher percentage of moisture contents than
the breast (64.95+0.07 g/100 g) and thigh (65.21+0.14
/100 g) of control group as shown in (Table 2).

ESTIMATION OF ASH CONTENT

Ash estimation was carried out for both breast and thigh
samples and high level of ash was recorded for breast
and thigh of experimental group (2.99+0.21 g/100 g),
(2.51£0.72 g/100 g) compared to control group (2.77+0.55
g/100 g), (2.39+1.03 g/100 g) respectively while, a non-
significant difference (p = 0.31) was found for independent
sample t test (Table 2).

ESTIMATION OF FIBER

The highest fiber content was recorded in the control
group compared with the experimental group in both
breast and thigh meat samples. The level of fiber in breast
samples of control group was high (0.87+0.35 g/100 g)
compared to experimental group (0.71x0.68 g/100 g).
While, inverse relation was noticed for thigh as values
were high for experimental group (0.46+0.18 g/100 g)
than control group (0.61+0.19 g/100 g). The data were
statistically analyzed using an independent-samples t-test.
A significant difference was observed in breast meat

samples (P = 0.043), whereas the difference in thigh meat

samples was non-significant (Table 2).

ESTIMATION OF PROTEIN

The level of protein in breast samples of experimental
group was (80.15+7.73 g/100 g) and higher as compared to
control group (64.63+6.36 g/100 g). Similarly, the level of
protein was recorded high in thigh of experimental group
(75.02+£2.73 g/100 g) than control group (62.31+7.61
g/100 g). Data was also statistically analyzed for
independent sample T test and significant differences (p
= 0.043) were recorded for breast samples between control

and experimental group (Table 2).

ESTIMATION OF FAT

'The control group showed higher fat content in both breast
(23.05 + 1.53 g/100 g) and thigh (25.02 + 0.71 g/100 g)
meat compared with the experimental group, which had
fat contents of 13.51 + 0.70 and 14.17 + 1.51 g/100 g,
respectively. A significant difference was observed between
the groups (P= 0.025) for both breast and thigh meat
samples (Table 2).

Table 2: Proximate analysis of fresh quail meat samples of
control and experimental groups.

S. Param- Organs Control group Experimental

No. eter (/100 g) group (g/100 g)

1. Moisture Breast  64.95+0.07 70.14+1.83
Thigh  65.21:0.14 69.62+0.84

2.  Ash Breast  2.77:0.55 2.99+0.21
Thigh  2.39:1.03 2.51+0.72

3.  Fiber Breast  0.87x0.35 0.71+0.68
Thigh  0.46+0.18 0.61+0.19

4.  Protein Breast 64.63%6.36 80.15+7.73*
Thigh  62.31£7.61 75.02+2.73*

5. Fat Breast  23.05+1.53 13.51+0.70*
Thigh  25.02+0.71 14.17+1.51*

*Indicates statistically significant difference compared to control

group (p < 0.05).

ESTIMATION OF MINERALS

Essential mineral analysis was performed on whole meat
of Japanese quail to determine the levels of calcium, iron,
sodium, phosphorus, and potassium concentrations in
breast and thigh meat. The experimental group fed with
BSFL showed higher concentrations of most essential
minerals compared to the control group. Notably, iron
(4.48+0.42 pg/g), phosphorus (52.21+#2.11 pg/g), and
potassium (418.33+17.55 pg/g) levels in breast meat were
significantly higher (p < 0.05) in the experimental group,
indicating improved nutritional quality of quail meat due

to the insect-based diet (Table 3).
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RECORDS OF MORTALITY DATA

Mortality records of Japanese quail were monitored at four
key intervals during the study. In the 1% week, mortality
was recorded as 3 birds in the control group and 2 birds in
the experimental group. By the 4™ week, no mortality was
observed in either group, indicating stabilization after the
initial adaptation phase. A single mortality was recorded in
the control group at the 8th week, while no mortality was
observed in the experimental group. By the 10" week, both
groups showed complete survival with no further mortality
recorded, suggesting improved adaptability and overall
survival under the experimental conditions (Table 4).

Table 3: Estimation of essential minerals in control and
experimental groups of quails.

S. Metals Organs Control Experimental

No. (rg/g) (ng/g)

1  Calcium  Breast  50.92+1.30 58.58+0.94*
Thigh  45.72+0.81 47.62+1.78

2  Iron Breast  3.3420.28 4.48+0.42*
Thigh  2.52+0.09 2.69+0.77

3 Sodium Breast  453.11+3.06 532.61+86.83
Thigh  356.70+13.99  429.65+16.69*

4 Phosphorus Breast  45.16+2.10 52.21+2.11*
Thigh  42.06%3.69 51.89+1.68*

5  Potassium Breast  300+21.79 418.33+17.55*
Thigh 27020 304+14.42*

*Indicates statistically significant difference compared to control

group (p < 0.05).

Table 4: A mortality record of Japanese quails during the
experiment.

No. of weeks  Control group Experimental group
1%t week 03 02

4% week No mortality No mortality

8™ week 01 No mortality

10 week No mortality No mortality
DISCUSSION

In the present experimental study, the growth of Japanese
quails was found to be significantly impacted by BSF
teed compared to the group that fed a baseline diet. The
group that fed BSF larvae had a positive impact on the
quail’s growth in terms of overall weight gain, which was
measured at the interval of 4 week. This study supported
earlier investigations on diets based on insects. The
body weight gain and feed conversion ratio significantly
improved when MBM was used in place for insect meal
obtained from §. /ittoralis larvae (p < 0.05).

A total of two experimental group quails died during

the study as compared with the four quail in the control
group, indicating a positive effect of experimental diet
on the health and survival of birds. The improved growth
performance may be attributed to the high biological
value of insect meal. Previous studies have also reported
that insect-based diets enhance productivity in poultry,
including improved body weight gain, feed intake,
and feed conversion ratio when Hermetia illucens meal
replaces soybean meal (Schiavone e a/., 2017). Similarly,
partial substitution of fish meal with maggot meal in
quails improved feed efficiency and growth performance
(Widjastuti ez al., 2014), while mealworm meal has been
shown to be safe up to 25% inclusion without affecting
growth (Makkar ez /., 2014; Lu ez al., 2022).

'The results of the proximate analysis also supported that
insect based diet has potential to use in quail farming as
an alternative and sustainable protein feed source. When
moisture content of Japanese quail meat was analyzed in
this study, results showed that the experimental group fed
black soldier fly larvae (BSFL) had significantly higher
moisture content in breast (70.14+1.83 g/100 g) and thigh
(69.62+0.84 /100 g) than the control group fed a basal
diet. These results supported by other studies that indicate
the beneficial effects of insects-based diet on quail meat
quality and suggest that adding BSFL and other insects may
improve the meat quality of Japanese quail by increasing its
water retention, thereby enhancing its texture and juiciness
(Cullere et al., 2019; Sayed ef al., 2019; Sakurai, 1978;
Yildirim e# al., 2020; Zadeh ez al., 2019).

According to this study, the amount of ash in Japanese
quail meat did not alter considerably when BSFL meal was
added to the diets. The amount of ash in the experimental
group was only slightly higher in breast (2.99+0.21 g/100
g) and thigh (2.51+0.72 g/100 g) than the control group
breast (2.77+0.55 g/100 g) and thigh (2.39+1.03 g/100
), and the current study’s findings are consistent with
(Cullere ez al.,2019) and does not match with the result of
(Hawkey ez al., 2021; Nguyen ¢f al., 2024) who described
that the experimental group fed BSFL had meat from
Japanese quail that was considerably higher in ash contents
and minerals than the control group fed a basic diet.

There was not a noticeable difference seen between the
experimental and control groups according to the study’s
fiber analysis. This might be due to the reason that fiber is
a component of a plant-based diet, and both groups almost
had received same fiber content (Dias ez a/., 2020) while,
not aligned with the findings of Waithaka 7 a/. (2022) and
Mat ez al. (2021) whose result showed that BSF larvae can
significantly elevate fiber level in quail meat.

The fat analysis of quail meat showed a significant
difference (p<0.05) between the control group breast
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(23.05+1.53 g/100 g) and thigh (25.02+0.71 g/100 g), and
the experimental group breast (13.51+0.701 g/100 g) and
thigh (14.17+1.51), which was fed BSFL. When quails
were fed BSFL, their lipid profile improved and they
had a higher percentage of unsaturated fatty acids and a
reduced overall fat content. This suggests that quail meat’s
nutritional value increased by including BSFL in the diet.
'The outcomes coincide with the researches of Silva ez al.
(2024) and Schiavone ez al. (2017) showed the advantages
of using insect-based meals to enhance meat quality and
lower total fat content. The fat from BSF larvae alters the
fatty acid profiles of quail meat.

'The protein content of the experimental group was higher
in breast (80.15+7.73 /100 g) and thigh (75.02+2.73
g/100 g) than control group breast (64.63+6.36 g/100 g)
and thigh (62.30+7.61 g/100 g) p value is p<0.05. Result
is consistent with earlier studies that have emphasized the
rich amino acid profile and effective protein conversion of
BSFL. According to (Mancini ez a/l., 2025), these results
imply that adding BSFL to poultry diets can improve the
quality of the meat. The high digestibility and balanced
nutritional composition of the larvae may also be
responsible for the increased protein levels (Zheng ez al.,
2012).

Full-fat BSFL meal typically contains approximately
5-7% chitin on a dry-matter basis. Therefore, inclusion of
30 g of BSFL meal would provide approximately 1.5-2.1
g of chitin. Quails can generally tolerate approximately
1-2% chitin in the complete diet without adverse effects
(Finke, 2007).

Mineral composition analysis demonstrated significantly
elevated concentrations of calcium and iron in the breast
tissue of the experimental group (58.58+0.94 pg/g and
4.48+0.42 pg/g, respectively) compared with the control
group (50.92 +1.30 pg/gand 3.34 + 0.28 pg/g, respectively).
However, in case of sodium the high concentration
was determined in the experimental thigh sample
(429.65+16.69 pg/g) in comparison to the control group
(356.70+13.99 pg/g). The analysis results also indicated
that the concentration of the phosphorus and potassium
in the breast and thigh samples was significantly high
in the experimental group, measuring (52.21+2.11 pg/g
and 51.89+1.68 ug/g in breast and 418.33+17.55 ng/g
and 304+14.42 pg/g in thigh respectively) as compared
to the control groups measuring (45.16+2.10 pg/g and
42.06+3.69 pg/g in breast and 300+21.79 pg/g and 270+20
pg/g in thigh, respectively).

These findings are consistent with other studies that
suggest BSF larvae can raise the levels of iron, potassium,
and phosphorus in quail meat and so increase its quality
due to their high nutritional content and ease of digestion.

A variety of physiological functions in quails depend on
minerals such calcium, phosphorus, potassium, magnesium,
sodium, iron, zinc, copper, and manganese, which are found
in BSFL (Salahuddin ez a/., 2024; de Souza, 2021). This
study does not match with the findings of (Siregar and
Tumanggor, 2022; Bovera ez al., 2016) who suggested that
iron, potassium, and phosphorus levels in quail meat are
not considerably impacted by BSF larvae. They are more
advantageous as nutritious animal feed.

CONCLUSION

In conclusion, the study demonstrated that the inclusion
of 30% Black Soldier Fly Larvae (BSFL) in the diet
positively influenced the growth performance of Japanese
quails. Over the ten-week experimental period, increased
protein content, decreased fat content, and high mineral
retention were recorded in the tissues of Japanese quails.
'The inclusion of BSFL in the daily diet could therefore be
considered a promising alternative protein source for quail
production. However, further assessment of the economic
costs and benefits of BSFL-based diets is recommended
to evaluate their feasibility for large-scale commercial
production.
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