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ABSTRACT

Rising feed costs constrain native chicken production. Black soldier fly larvae 
meal (BSFLM) are a biologically suitable alternative, but their use is limited by 
insufficient digestibility data for diet formulation. This study evaluated the effects 
of 0, 5, 10, and 15% BSFLM on growth performance, blood traits, and income over 
feed cost (IOFC) of Darag chickens during the grower stage, and determined its 
nutrient and energy values. Sixty birds were assigned in a randomized complete 
block design to four diets with five replicates of three birds per cage for 42 days. 
Growth performance was optimal at 15% BSFLM. Overall feed intake, body weight 
gain, average daily gain, and average daily feed intake increased linearly, whereas 
feed conversion ratio decreased linearly as BSFLM inclusion increased. The 15% 
diet also yielded the highest IOFC. Serum biochemical and hematological parameters 
were unaffected. Using the total collection method, apparent total tract digestibility 
of dry matter, crude protein, crude fat, ash, and gross energy was 72.54%, 88.37%, 
56.95%, 34.70%, and 80.47%, respectively. Apparent metabolizable energy and 
nitrogen-corrected apparent metabolizable energy were 5,012.80 and 4,199.12 
kcal/kg DM, respectively. Thus, 15% BSFLM improved growth performance and 
economic returns in Darag grower chickens.
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INTRODUCTION

Darag native chicken is an important local poultry genetic resource in Western 
Visayas, Philippines, contributing to rural livelihood and valued by consumers for its 
distinct meat flavor, leanness, and suitability for traditional food products (Dusaran and 
Pabulayan, 2015; Cabarles et al., 2012). The productivity of this native chicken remains 
constrained by disease occurrence, limited management inputs, and rising feed costs. This 
is most pronounced during the grower stage when birds require adequate nutrient supply to 
reach marketable weight. The grower phase of Darag chickens begins at 2 months of age and 
continues until birds attain typical harvest weight, about 800–900 g live weight within three 
to four months (Cabarles, 2018).
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Darag chickens are commonly raised under a free-range traditional production 
system, where their way of feeding involves pecking and foraging available feed resources. 
This feeding ecology provides a biological basis for exploring insect-derived feed ingredients 
to complement their natural dietary behavior. Black soldier fly (BSF), Hermetia illucens L., 
is an efficient organic waste-converting insect capable of producing edible larval biomass 
rich in protein (37–63%) and fat (7–39%) (Meneguz et al., 2018; Liu et al., 2017). Due to 
its nutrient profile, BSF larvae meal (BSFLM) has gained attention as an alternative feed 
ingredient and was reported to be optimally used at 15% for broilers and layers (Nayohan 
et al., 2022). However, bird responses to BSFLM remain variable due to differences in diet 
formulation, age, strain, and production system (Abd El-Hack et al., 2020). This variability 
should be addressed because information on its feeding value and physiological response 
remains limited for Darag native chickens. This study determined the effects of BSFLM 
on the growth performance, blood parameters, and economic viability, and measured its 
nutrient digestibility and energy values in the grower stage of Darag. 

MATERIALS AND METHODS

Ethical approval
The research protocol was reviewed and approved by the University of the 

Philippines Los Baños Institutional Animal Care and Use Committee (CAFS-2023-010).

Animals, design, and experimental diets
The experiment was conducted in the research facility of West Visayas State 

University – Calinog Campus, Iloilo, from April to early June of 2023. Sixty Darag chickens 
at the grower stage (57 - 63 d) were used in the study for 42 days. The birds were allocated 
into four dietary treatments with different inclusion levels (0, 5, 10, and 15%) of black 
soldier fly larvae meal (BSFLM). This was arranged in a randomized complete block design 
(RCBD) with five replications (3 birds/replication) wherein birds were blocked based on 
their initial body weights. In the absence of nutrient recommendations for Darag grower 
chickens, the dietary treatments were formulated to be isocaloric and isonitrogenous using 
Cobb 500 grower recommendations as reference values, as shown in Table 1. The proximate 
composition of the BSFLM is shown in Table 2. This was obtained from an insect meal 
manufacturer located at Purok 2, Tacunan, Davao City, Philippines. All the diets were 
prepared in mash form. 

Table 1. Diet composition and calculated nutrient analysis for grower diets.

Ingredient, % Control 5% 10% 15%
Yellow Corn 59.93 60.44 61.99 62.12
SBM US HP (46.5%) 32.33 27.82 23.15 18.63
BSFLM 0.00 5.00 10.00 15.00
Coconut Oil 4.13 2.90 1.33 0.22
Limestone 0.95 0.96 0.97 0.98
MDCP 1.79 1.80 1.80 1.84
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Table 1 continued . . . 
Ingredient, % Control 5% 10% 15%

Vitamin Premix 0.15 0.15 0.15 0.15
Mineral Premix 0.15 0.15 0.15 0.15
Refined Iodized Salt 0.30 0.30 0.30 0.30
Toxin Binder 0.10 0.10 0.10 0.10
L-lysine HCL 0.03 0.05 0.06 0.12
DL- Methionine 0.21 0.27 0.32 0.40
Mold inhibitor 0.05 0.05 0.05 0.05
Phytase 0.01 0.01 0.01 0.01

Total 100 100 100 100
Calculated Nutrient Analysis
  DM, % 90.52 90.60 90.59 90.72
  AMEn, kcal 3150 3150 3150 3150
  CP, % 20 20 20 20
  Ca, % 0.80 0.80 0.80 0.81
  P(avail), %  0.40 0.40 0.40 0.40
  Crude Fiber, % 2.57 2.43 2.31 2.15
  Crude fat, % 6.85 7.22 7.29 7.78
  % Lys (Available) 1.17 1.16 1.14 1.16
  % Met (Total) 0.54 0.60 0.66 0.74
1Estimated Feed Cost (₱/kg) 46.54 45.72 44.57 44.13

1Feed cost is based on the following feed ingredients cost: Corn = ₱ 34/kg; Soybean meal 
(SBM) = ₱ 42/kg; Black soldier fly larvae meal (BSFLM) = ₱ 45/kg; Coconut oil = ₱ 150/kg; 
Micro-ingredients (include: limestone, monocalcium di-phosphate (MDCP), mineral, vitamin, 
and amino acid supplements, and feed additives) = ₱ 478.40/kg.

Table 2. Proximate composition of the actual BSFLM used in the study.

Component Analyzed value, %DM
Dry Matter (%) 95.82
Crude Protein (%) 32.95
Crude Fat (%) 34.86
Ash (%) 22.51
Crude Fiber (%) 6.53
Gross Energy (kcal/kg) 4488.82

    
Growth performance parameters

Birds and feeds from the start and end of the experimental period were weighed to 
determine feed intake and body weight gain. The body weight of the chickens was determined 
at 2-week intervals while the orts were recorded daily. The growth parameters collected were 
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the feed intake (FI), body weight (BW), body weight gain (BWG), and feed conversion ratio 
(FCR) at 2-week intervals and for the whole experimental period. The average daily feed 
intake (ADFI) and average daily body weight gain (ADBWG) were calculated by dividing 
each accumulated FI and BWG by the total number of experiment days. Each cage was 
considered one replicate, and there was a total of 5 replicates for each treatment; data were 
calculated using cage mean values.

Blood and serum parameters
Hematology and biochemical serum profile analyses were conducted on the 35th 

day of the experiment. Before collecting blood samples, all birds underwent a 12-hour feed-
fasting period (Rubio et al., 2019). Two birds were randomly selected from each cage for 
blood collection. A total of 10 blood samples were collected from each treatment. A total of 
2 mL of whole blood from the brachial vein of each chicken was collected using a one cc 
syringe and was abruptly dispensed in a 0.5 mL K2EDTA tube (Kelly & Alworth, 2013). The 
excess blood was vacuumed in serum separator tubes with gel and clot activator. EDTA tubes 
were inverted 8 times to ensure anticoagulation prior to storage, and serum separator tubes 
were kept standing to sustain their contact with the clotting activators in the gel. The stored 
blood samples in EDTA were analyzed within 2 hrs after collection using PKL PPC 610 
Hematology Analyzer at the Central Philippine University Center for Product Development, 
Iloilo City. Hematological parameters measured included the total white blood cells (WBC), 
red blood cells (RBC), and hemoglobin (Hb). For the measurement of the serum parameters, 
blood samples were centrifuged at 1,500 × g for 15 mins, and the sera were transferred 
to 0.5ml microcentrifuge tubes. The sera were stored in a Biobase deep freezer at -80 ⁰C 
before analysis. The analysis was performed using a BC 300 Semi-automated Biochemistry 
analyzer and commercial kits (AGAPPE, Cham, Switzerland) following the manufacturer’s 
protocols for determining glucose, total protein, creatinine, uric acid, and cholesterol.

Economic analysis
The income over feed cost (IOFC) was estimated to determine the economic 

performance of using BSFLM on Darag chickens at the grower stage. The cost of feeds and 
the return from sales of the live weight of the native chickens were recorded to calculate the 
IOFC following the formula of Mandey et al. (2017) with some modifications, as shown in 
the formula below:

Equation 1

The liveweight price (₱ 230/kg) was based on the average farmgate price of live 
native chicken as reported in the Chicken Situation Report, April-June 2022 of the Philippine 
Statistics Authority (PSA, 2022).

Determination of nutrient digestibility and energy values
At the end of the 42-day dietary treatment period, 16 Darag birds were randomly 

selected from the same batch of birds to determine the digestibility coefficients of BSFLM. 
The birds were weighed individually and transferred to cages (50 x 37 x 40 cm). Birds 



Effects of black soldier fly on the growth performance of Darag native chickens 41

were paired according to the closeness of their weights and were allotted to 2 experimental 
feeding groups. The indirect method was used in the diet design to determine the nutrient 
digestibility coefficients of the BSFLM. The experimental diets included a basal diet, as 
shown in Table 3, and a diet substituted with 30% of the BSFLM (Alafif et al., 2025). The 
total collection method was used to determine nutrient digestibility coefficients of BSFLM. 
The feeding period of the experimental diets lasted for 10 days, with 6 days for the adaptation 
period and 4 days for the excreta collection. Birds underwent a 12-hour fasting period on the 
6th day of adaptation before the excreta collection (Kim et al., 2022). Excreta were collected 
using cage trays wherein feathers and portions of excess feed were carefully removed before 
scraping the excreta. The excreta were weighed and collected daily and stored at −20 ⁰C. The 
total excreta samples for 4 days were thawed, and the pooled excreta from each experimental 
diet was homogenized into a slurry using a blender for 5 minutes (Amerah et al., 2008). The 
excreta were dried using a UN30 lab oven (Memmert, Germany) at 60 ⁰C for 72 hrs (Kim et 
al., 2022). Dried excreta were ground, sieved using a 0.5 mm sieve, and stored in an airtight 
plastic container while awaiting analysis.

Table 3. Composition of the basal diet (g/kg)

Ingredient %
Yellow Corn 60.85
1SBM US  32.48
Coconut oil 3.26
Limestone 0.94
2MDCP 1.77
Vitamin Premix 0.20
Mineral Premix 0.20
Refined Iodized Salt 0.30

 Total 100.00
1SBM = Soybean meal
2MDCP = Monocalcium diphosphate

Nutrient analysis and calculations
The contents of dry matter (DM), ether extract (EE), crude protein (CP), and gross 

energy (GE) in feed and excreta were analyzed for the determination of the apparent total 
tract digestibility (ATTD) and energy concentration of the experimental diets and insect 
meal. Proximate analyses were performed according to AOAC (2005) Official Methods: 
Method 954.01 (CP), Method 954.02 (EE), and Method 930.15 (DM). The analysis was 
conducted at the Feed Chemical Analysis Laboratory of the Department of Agriculture in 
Iloilo City. The gross energy in the feed and excreta was determined using a 6400 Automatic 
Isoperibol Calorimeter at the Animal Nutrition Analytical Service Laboratory (ANASL) of 
the University of the Philippines Los Baños (UPLB). The ATTD of the nutrients and the 
energy concentration of the test ingredient were calculated using the method of Schiavone 
et al. (2017) and De Marco et al. (2015). The ATTDC of DM, CP, EE, and GE for the basal 
diet and BSFLM were calculated as follows:
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Statistical analysis
Data were analyzed in a randomized complete block design using the PROC MIXED 

procedure in SAS OnDemand for Academics (SAS Institute Inc., Cary, NC). The LSM were 
calculated for each treatment using the Tukey-Kramer test. Linear and quadratic effects of 
BSFLM inclusion level were determined using orthogonal polynomial contrast. Significance 
was declared at P < 0.05. The average and the standard error of the mean were included. 

RESULTS AND DISCUSSION

Growth performance
Feeding grower chickens with a 15% level of inclusion of BSFLM significantly 

increased the growth performance of Darag native chickens at the grower stage, as shown in 
Table 4. Positive linear associations were observed for the over-all FI (y = 15.219x + 1486.9, 
R2= 0.2592), BWG (y = 6.01x + 343.18, R2= 0.1728), ADWG (y = 0.1431x + 8.171, R2= 
0.1728), and ADFI (y = 0.3624x + 35.402, R² = 0.2592) and a negative linear relationship 
was observed for the FCR (y = -0.0425x + 4.639, R2= 0.2368) in 42 days. The FI is expected 
to increase by 15.219 g from 1486.9 g for every 10 g increase in the inclusion of BSFLM in 

Equation 2

Equation 3

where X was represented by DM, CP, CF, Ash, and GE.

The energy concentration, Apparent Metabolizable Energy (AME) and nitrogen 
(N)-corrected AME (AMEn), of the basal diet and test ingredient was calculated using the 
following formula:

Equation 4

Equation 5

Equation 6

Equation 7

Equation 8

For the calculation of AMEn, the AMEs were adjusted for zero N retention using a 
correction factor of 8.73 kcal per g of retained N (Hill and Anderson, 1958).
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the grower diets. Also, this indicates the FCR decreased from 4.63 to 4.00 when the inclusion 
level of BSFLM is at 15%. Notably, the highest feed intake was observed in birds fed with a 
15% inclusion level of BSFLM, which was significantly higher (P<0.05) compared to birds 
fed with diets without BSFLM. The BSFLM improved the body weight (BW) of Darag 
chickens by up to 432 g for the whole 6-week duration of the diet trial, achieving almost 715 
g at the same age when 15% of BSFLM was incorporated. Also, the daily weight increment 
of chickens increased by 34.41% if BSFLM was included up to 15% in the grower diets 
for 42 d. The highest BWG (153.37 g) was recorded in birds fed with 15% BSFLM and 
was significantly higher than the birds fed with 0% BSFLM (98.36 g). Overall, the BWG 
of Darag chickens at the grower stage improved (P = 0.005) when BSFLM was added to 
their diets. The increasing inclusion levels of BSFLM did not have a significant effect on the 
BWG of Darag chickens, but the FCR was significantly lower (P = 0.048) in birds fed with 
BSFLM, in contrast with birds fed without BSFLM.

This study revealed that BSFLM was palatable to Darag chickens. This response 
started after a month of feeding the experimental diets, indicating their adjustment phase 
when fed with BSFLM. The report of van der Aar et al. (2017) suggests that enhancing 
intestinal integrity has a marked stimulation on feed intake. This may be associated with 
the lauric acid, chitin, and high glutamic acid that indirectly stimulated feed intake by their 
functional properties in strengthening intestinal integrity. In the study of Navasero et al. 
(2022), the BSFLM contained high glutamic acid content (4.4 mg per 100 g of BSFLM), 
which is correlated with the umami flavor. However, there is still an unclear association 
with its sensory stimulatory effects on birds. The results conformed with the meta-analysis 
by Nayohan et al. (2022), suggesting that chitin reduced the dry matter digestibility and 
stimulated the pecking behavior of birds, supporting their nutritional needs. 

The observed growth-promoting effects of the inclusion of BSFLM may be 
associated with its underlying mechanism in improving chicken gut health through 
stimulation of butyrate production. The report of Kim et al. (2022) showed that inclusion of 
BSFLM increased butyrate-producing bacteria under the Lachnospiraceae family. Butyrate 
acts as an energy source for the enterocytes, favoring the proliferation of the mucosal cells 
(Mahmood & Guo, 2020). Chitin exhibited prebiotic functions when utilized at minimal 
levels and enriched the chitinase activity in broilers (Borrelli et al., 2017). The BSFLM 
contains, on average, 27 g per kg of chitin (Eggink et al. 2022); thus, chickens fed with a 
15% level of inclusion of BSFLM consumed approximately 46.06 g of chitin in the whole 
experimental period. Moreover, the presence of antimicrobial peptides (AMPs), such as 
defensin-like peptides 2 and 4 (DLP2 and DLP4), as identified by Li et al. (2017) and 
Park et al. (2015), exhibits cellular permeability against pathogenic microorganisms like 
Staphylococcus aureus. Additionally, the rich fat content in insect meal (38.34%) suggests 
a potential reservoir of bioactive compounds, including AMPs, which could be synthesized 
and stored within the larvae’s body fat (Arrese & Soulages, 2010). The favorable growth 
responses of Darag chickens do not confirm that the experimental diets met their precise 
nutrient requirements since commercial broiler nutrient specifications may differ in nutrient 
levels and balance from their actual requirements. 

Income over feed cost (IOFC)
Table 5 presents the economic analysis for the use of BSFLM on the grower stage of 

Darag. The calculated feed costs were highest at the maximum inclusion level of BSFLM. 
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Sales of live weight were higher at a 15% BSFLM level of inclusion. The income over feed 
cost (IOFC) increased by 30.96% when BSFLM was included at 15% compared with the 
0% inclusion level of BSFLM. Despite having the exact feed cost, the IOFC of the birds fed 
with BSFLM improved due to their high live weight yield. Notably, inclusion of BSFLM 
improved the IOFC compared to diets without BSFLM.

Table 4. Inclusion levels of black soldier fly larvae meal (BSFLM) on the growth performance 
of Darag chickens in the grower stage at 2-week intervals

Item
1BSFLM level of inclusion, % ANOVA

P-value

Polynomial Contrast

0 5 10 15 Linear Quadratic
3FI, g
2d 0-14 419.00 428.14 485.53 485.47 0.283 0.077 0.882
d 15-28 534.50 554.25 571.53 592.57 0.503 0.143 0.982
d 29-42 527.80 610.27 595.20 627.77 0.089 0.032 0.372
d 0-42 1481.30b 1613.34ab 1652.27ab 1705.80a 0.044 0.008 0.459
5BW, g
2d 0 275.20 284.74 282.67 284.07 0.637 0.360 0.493
d 14 381.20 441.20 429.40 426.34 0.273 0.228 0.173
d 28 498.20 556.00 534.27 562.67 0.226 0.113 0.525
d 42 596.57b 666.65ab 666.87ab 716.03a 0.005 0.001 0.585
5BW gain, g
2d 0-14 106.00 133.67 146.73 142.27 0.342 0.127 0.362
d 15-28 117.00 114.80 104.87 136.33 0.653 0.554 0.358
d 29-42 98.36b 144.23a 132.60ab 153.37a 0.010 0.005 0.228
2d 0-42 321.36b 415.50ab 384.20ab 431.96a 0.023 0.012 0.328
6FCR
2d 0-14 3.74 3.23 3.51 3.44 0.647 0.630 0.427
d 15-28 5.82 5.20 5.71 4.76 0.599 0.385 0.795
d 29-42 5.40 4.54 4.62 4.12 0.080 0.021 0.551
2d 0-42 4.71 4.26 4.35 3.97 0.135 0.037 0.854
4ADFI, g 35.270b 38.413ab 39.340ab 40.614a 0.044 0.008 0.459
7ADWG, g 7.651b 9.892ab 9.147ab 10.284a 0.023 0.012 0.329

a,b means within a row with different superscripts are differ significantly (P < 0.05)
1Chickens fed with different inclusion levels (0, 5, 10, and 15%) of black soldier fly larvae meal 
(BSFLM)
2d 0 indicates bird is approximately 60 days-old
3FI = feed intake
4ADFI = average daily feed intake
5BW = body weight
7ADWG = average daily weight gain
6FCR = feed conversion ratio 
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Table 5. Economic performance of Darag Chicken fed varying levels of BSFLM.

Items

1Dietary Treatments
BSFLM Inclusion levels, %

0 5 10 15
2Average Feed Cost (₱) 68.94 73.75 73.64 75.28
3Sales of Liveweight (₱) 137.21 153.33 153.38 164.69
4IOFC (₱) 68.26 78.95 79.73 89.40

1Black soldier fly larvae meal (BSFLM) price = ₱ 45.00/kg
Feed price per treatment (0% BSFLM - ₱ 46.54/kg; 5% BSFLM - ₱ 45.72/kg; 
10% BSFLM - ₱ 44.57/kg; 15% BSFLM - ₱ 44.13/kg)
1Chickens fed with different inclusion levels of black soldier fly larvae meal (BSFLM)
2Average feed cost was computed using this formula: Total Feed Intake (kg) x Feed cost (₱/kg)
3Sales of Liveweight (LW) was calculated based on liveweight price of ₱ 230
4Income over feed cost (IOFC) = Sales of LW - Average Feed cost.

Table 6. Inclusion of black soldier fly larvae meal on the hematological parameters of 
chickens at d 35 from d 0.

Item
BSFLM level of inclusion, % ANOVA

P-value

Polynomial Contrast

0 5 10 15 Linear Quadratic

RBC, 1012/L 2.431 2.483 2.339 2.472 0.667 0.9578 0.6592
WBC, 109/L 130.22 139.4 127.06 132.4 0.359 0.797 0.697
Hb, g/dL 11.68 11.675 11.1 11.545 0.647 0.555 0.554

Blood parameters
Dietary inclusion of BSFLM up to 15% did not affect the RBC, WBC, and 

Hemoglobin (Hb) of Darag native chickens (P>0.05) as shown in Table 6. Also, there 
were no observed significant linear and quadratic responses. Dietary protein levels directly 
influence blood constituent synthesis (Mohamed et al., 2012). The study by Hafsah et al. 
(2021) showed that the RBC (1.94 to 2.53) of native chickens increased as the protein 
level of their diets increased from 18 to 21%, supporting that the RBC of chickens did not 
significantly differ, as the diets used in birds in this study were formulated in an iso-nutrient 
manner. The hemoglobin (Hb) of the birds fell in the normal range (10.2 - 15.1) according to 
Samour (2006), and was comparable with the reported values in the study of Taer and Taer 
(2023) for Bisaya native chickens in the Philippines (9.92-13.32). The stable RBC, WBC, 
and Hb among the treatments indicate that oxygen-carrying capacity and erythropoiesis 
were maintained, while diets did not induce marked immune stress as expressed in their 
WBC (Dean, 2005). The variations in the hematological activities of the birds could be 
attributed to their age, gender, and reproductive status (Etim et al., 2014). In this study, it 
could be speculated that the observed differences cannot be due to dietary factors and could 
be attributed to the gender of birds, genotypes, and environmental conditions (Odunitan-



Servidad et al.46

Wayas et al., 2018). 
	 The recorded serum profiles indicated no observed significant changes in the use 
of BSFLM up to 15%, as shown in Table 7. No dose-dependent response was observed, 
suggesting stable measured metabolic responses across BSFLM inclusion levels. Stable 
glucose and creatinine levels indicate no measurable effects on circulating energy and renal 
indicators. Uric acid is a product of nitrogen metabolism. The uric acid levels expressed 
by birds fell below the normal range (2.20 - 13.90 mg/dL) based on the report of Arzour-
Lakehal and Boudebz (2021). These low levels may be associated with poor protein 
utilization influenced by the hydration status and post-fast effects (Donsbough et al., 2010). 
Serum cholesterol is an indicator of the lipid metabolic status of birds. A study by Bovera 
et al. (2018) showed a 13.6% reduction in cholesterol when soybean meals were substituted 
by 50% in layers at 40 weeks of age due to the increased level of chitin that reduced lipid 
absorption. The report of Hossain and Blair (2007) also observed that serum cholesterol was 
reduced when chitin was added at 50 g for broilers. In contrast to this study, the 15% level 
used in the study, regarding its chitin intake, might not be sufficient to have a hypolipidemic 
response from birds.

Table 7. Effects of black soldier fly larvae meal on the biochemical parameters of chickens 
at d 35 from d 0.

Item
BSFLM level of inclusion, % ANOVA

P-value

Responses to BSFLM

0 5 10 15 Linear Quadratic
Glucose, g/L 1.713 1.905 1.838 1.877 0.947 0.706 0.76
Creatinine, mg/dL 7.414 7.798 7.997 7.234 0.423 0.83 0.125
Uric Acid, mg/dL 0.184 0.302 0.276 0.17 0.686 0.874 0.241
Cholesterol, g/L 0.244 0.251 0.259 0.23 0.4766 0.555 0.195

Figure 1. The apparent total tract digestibility (%) of dry matter (DM), crude protein (CP), 
crude fat (CF), ash, and gross energy (GE) of black soldier fly larvae meal (BSFLM) 
in Darag chickens at grower stage.
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Nutrient digestibility and energy values of black soldier fly larvae meal
Figure 1 shows the apparent total tract digestibility (ATTD) for DM, CP, CF, ash, 

and GE of the BSFLM on the grower stage of Darag chickens. The calculated nutrient 
retention of BSFLM on Darag chickens was high in CP (88.37%), GE (80.47%), and DM 
(72.54%). This reported protein digestibility was not corrected for endogenous N losses 
and may have overestimated the actual dietary protein utilization of birds. Meanwhile, 
low nutrient retention was observed in CF (56.95%) and ash (34.70%) of the BSFLM. The 
energy retention of BSFLM on Darag at the grower stage, expressed in AME and AMEn, 
was high, 5,012.80 and 4,199.12 kcal/kg, respectively.

No previous studies were identified that determined nutrient retention expressed 
as % ATTD and the metabolizable energy of BSFLM for grower stage of Darag native 
chickens. The insect meal used in this study is non-defatted, as expressed in its high CF 
(38.34%). According to Kierończyk et al. (2022), the black soldier fly larvae are high in 
lauric acid. Also, the black soldier fly’s antimicrobial peptides are housed in its body fat 
(Arrese & Soulages, 2010). The digestibility of fat, however, was only 54%. A reduction in 
lipase activity and intestinal absorption of free fatty acids (FFAs) due to high chitin. In the 
study of Bovera et al. (2018), it was apparent that birds’ reduced plasma cholesterol levels 
were due to the disrupted absorption of lipids. The positive charge of chitin was claimed to 
attract the bile and free fatty acids in the intestine.

Regardless of the high ash content of the BSFLM used in this study, the mineral 
components of the BSFLM were not highly digestible for Darag chickens. The mineral 
component in the basal mixture was enough to supply its nutritional needs, provided that 
the formulation was based on the requirements of Cobb broilers. Also, the BSFLM might 
have elevated levels of Ca that did not align with the Ca:P ratio in the diet, which could have 
reduced the mineral bioavailability (Matin et al., 2021).

As illustrated in Figure 2, BSFLM exhibited high energy values for Darag with an 
AME = 5,012.80 kcal/kg and AMEn = 4,199.12 kcal/kg. This explains that the inclusion of 
coconut oil was 18 times lower when BSFLM was at 15%. The highest predictor variable of 
AMEn in chickens is its CF (72%), followed by the CP component (Martínez Marín et al., 
2023). Given the low digestibility of CF, it could be speculated that Darag chicken could 
have an active chitinase. This suggests that even at high CF, the BSFLM is digestible in 
Darag chickens. 

Figure 2. Apparent metabolizable energy (AME) of the black soldier fly larvae meal (BSFLM) 
and the AME with nitrogen correction (AMEn) of Darag chickens at grower stage.
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CONCLUSION

The findings of this study demonstrate that BSFLM is a suitable feed ingredient for 
Darag chickens at the grower stage. The inclusion of BSFLM significantly improved the 
growth performance of Darag chickens (FI, BWG, and FCR) and increased the income over 
feed cost (IOFC). The BSFLM can be used at up to a 15% level of inclusion in grower diets. 
Positive linear associations were established for the overall FI, ADWG, and ADFI, and a 
negative linear relationship was observed for the FCR after 42 days. Its inclusion up to 15% 
did not markedly influence the measured blood and serum parameters. This study provides 
essential data on the ATTD of DM, CP, CF, ash, and GE together with the AME and AMEn 
of BSFLM for the formulation of the diet that is specific to Darag chickens.

ACKNOWLEDGMENTS

We thank the Department of Science and Technology—Science Education Institute 
(DOST-SEI) for the research funding and West Visayas State University – Calinog Campus 
for providing the animal stocks and allowing the use of their facilities to experiment.

REFERENCES

Abd El-Hack ME, Shafi ME, Alghamdi WY, Abdelnour SA, Shehata AM, Noreldin AE, 
Ashour EA, Swelum AA, Al-Sagan AA, Alkhateeb M, Taha AE, Abdel-Moneim 
AME, Tufarelli V, and Ragni M. 2020. Black soldier fly (Hermetia illucens) meal as 
a promising feed ingredient for poultry: A comprehensive review. Agric 10(8): 339. 

Alafif MS, Hoffman LC, Cozzolino D, Abdollahi MR, Roura E, Nguyen AD, and Soumeh 
EA. 2025. Assessment of apparent metabolizable energy, and ileal amino acid 
digestibility of full-fat black soldier fly larvae (Hermetia illucens) in broiler 
chickens. Poult Sci 104(10):105506.

Amerah AM, Ravindran V, Lentle RG, and Thomas DG. 2008. Influence of feed particle 
size on the performance, energy utilization, digestive tract development, and 
digesta parameters of broiler starters fed wheat- and corn-based diets. Poult Sci 
87(11):2320–2328. 

AOAC International. 2005. Official Methods of Analysis of AOAC International. 15th ed. 
USA: AOAC International

Arrese EL and Soulages JL. 2010. Insect fat body: energy, metabolism, and regulation. Annu 
Rev Entomol 55(1):207–225.

Arzour-Lakehal N and Boudebza A. 2021. Biochemical reference intervals in broiler 
chickens according to age and strain. Agric Sci Technol 13(4):357–364. 

Borrelli L, Coretti L, Dipineto L, Bovera F, Menna F, Chiariotti L, Nizza A, Lembo F, and 
Fioretti A. 2017. Insect-based diet, a promising nutritional source, modulates gut 
microbiota composition and SCFAs production in laying hens. Sci Rep 7(1):16269.

Bovera F, Loponte R, Pero ME, Cutrignelli MI, Calabrò S, Musco N, Vassalotti G, Panettieri 
V, Lombardi P, Piccolo G, Di Meo C, Siddi G, Fliegerova K, and Moniello G. 2018. 
Laying performance, blood profiles, nutrient digestibility, and inner organs traits of 



Effects of black soldier fly on the growth performance of Darag native chickens 49

hens fed an insect meal from Hermetia illucens larvae. Res Vet Sci 120:86–93.
Cabarles J. 2018. Commercial Production of Organic Philippine Native Chicken. Iloilo City: 

Central Philippine University Printing Press.
Cabarles Jr JC, Lambio AL, Vega SA, Capitan SS, and Mendioro MS. 2012. Distinct 

morphological features of traditional chickens (Gallus gallus domesticus L.) in 
Western Visayas, Philippines. Anim Genet Resour 51:73–87.

De Marco M, Martínez S, Hernandez F, Madrid J, Gai F, Rotolo L, Belforti M, Bergero 
D, Katz H, Dabbou S, Kovitvadhi A, Zoccarato I, Gasco L, and Schiavone A. 
2015. Nutritional value of two insect larval meals (Tenebrio molitor and Hermetia 
illucens) for broiler chickens: Apparent nutrient digestibility, apparent ileal amino 
acid digestibility, and apparent metabolizable energy. Anim Feed Sci Technol 
209:211–218. 

Dean L. 2005. Blood Groups and Red Cell Antigens. Bethesda, Maryland: National Center 
for Biotechnology Information (US).

Donsbough AL, Powell S, Waguespack A, Bidner TD, and Southern LL. 2010. Uric acid, 
urea, and ammonia concentrations in serum and uric acid concentration in excreta 
as indicators of amino acid utilization in diets for broilers. Poult Sci 89(2):287–294.

Dusaran RN and Pabulayan RAV. 2012. Production practices of the native chicken growers 
in Western Visayas. Patubas 7(1):40-65.

Eggink KM, Pedersen PB, Lund I, and Dalsgaard J. 2022. Chitin digestibility and intestinal 
exochitinase activity in Nile tilapia and rainbow trout fed different black soldier fly 
larvae meal size fractions. Aquac Res 53(16):5536–5546.

Etim NAN, Akpabio U, Okpongete RO, and Offiong EEA. 2014. Do diets affect 
haematological parameters of poultry?. Br J Appl Sci Technol 4(13):1952-1965.

Hafsah, Sarjuni S, Mozin S, Fatmawati, Malewa A, Sucipto IN, and Saifuddin S. 2021. 
Blood profile and nutrient digestibility of native chickens fed functional diets with 
different energy and protein levels. IOP Conf Ser Earth Environ Sci 788:012189. 

Hill FW and Anderson DL. 1958. Comparison of metabolizable energy and productive 
energy determinations with growing chicks. J Nutr 64(4):587–603. 

Hossain SM and Blair R. 2007. Chitin utilisation by broilers and its effect on body composition 
and blood metabolites. Br Poult Sci 48(1):33–38.

Kelly LM and Alworth LC. 2013. Techniques for collecting blood from the domestic chicken. 
Lab Anim 42(10):359–361. 

Kierończyk B, Rawski M, Stuper-Szablewska K, and Józefiak D. 2022. First report of the 
apparent metabolisable energy value of black soldier fly larvae fat used in broiler 
chicken diets. Anim 16(11):100656. 

Kim JH, Choi HS, Choi WJ, Kim HW, and Kil DY. 2022. Determination of metabolizable 
energy and amino acid digestibility in various hatchery byproducts for broiler 
chickens. Poult Sci 101(1): 101544. 

Li Z, Mao R, Teng D, Hao Y, Chen H, Wang X, Wang X, Yang N, and Wang J. 2017. 
Antibacterial and immunomodulatory activities of insect defensins-DLP2 and DLP4 
against multidrug-resistant Staphylococcus aureus. Sci Rep 7(1):12124. 

Liu X, Chen X, Wang H, Yang Q, Rehman KU, Li W, Cai M, Li Q, Mazza L, Zhang J, Yu Z, 
and Zheng L. 2017. Dynamic changes of nutrient composition throughout the entire 
life cycle of black soldier fly. PLoS One 12(8):e0182601. 

Mahmood T and Guo Y. 2020. Dietary fiber and chicken microbiome interaction: Where will 



Servidad et al.50

it lead to? Anim Nutr 6(1):1–8.
Mandey JS, Rahasia CA, Sondakh BFJ, Pontoh CJ, and Leke JR. 2017. The effect of 

dietary substitution of hydrolyzed feather meal to anchovy fish meal on nutrients 
retention,performance and economic potential of broiler chickens. Proceedings of 
the 15th ASEAN Conference on Food Science and Technology, pp.  305-311.

Martínez Marín AL, Gariglio M, Biasato I, Gasco, L, and Schiavone A. 2023. Meta-analysis 
of the effect of black soldier fly larvae meal in diet on broiler performance and 
prediction of its metabolisable energy value. Ital J Anim Sci 22(1):379–387.

Matin N, Utterback PL, and Parsons CM. 2021. Phosphorus digestibility and relative 
phosphorus bioavailability in two dried black soldier fly larvae meals and a defatted 
black soldier fly larvae meal in broiler chickens. Poult Sci 100(8):101221.

Meneguz M, Schiavone A, Gai F, Dama A, Lussiana C, Renna M, and Gasco L. 2018. 
Effect of rearing substrate on growth performance, waste reduction efficiency and 
chemical composition of black soldier fly (Hermetia illucens) larvae. J Sci Food 
Agric 98(15):5776-5784.

Mohamed EAAA, Ali OHA, Huwaida EEM, and Yousif IA. 2012. Effect of season and 
dietary protein level on some haematological parameters and blood biochemical 
compositions of three broiler strains. Int J Poult Sci 11(12):787–793.

Navasero JMM, Angeles AA, Adiova CB, and Merca FE. 2022. Effect of dietary black 
soldier fly, Hermetia illucens (Linnaeus) larvae and poultry meal on production 
performance, egg quality, and nutrient digestibility in post-peak chicken layers. J 
ISSAAS 28(1):93–106.

Nayohan S, Susanto I, Permata D, Pangesti RT, Rahmadani M, and Jayanegara A. 2022. 
Effect of dietary inclusion of black soldier fly larvae (Hermetia illucens) on broiler 
performance: A meta-analysis. E3S Web Conf 335:00013. 

Odunitan-Wayas F, Kolanisi U, and Chimonyo M. 2018. Haematological and serum 
biochemical responses of ovambo chickens fed provitamin A biofortified maize. 
Braz J Poult Sci 20(3): 425–434.

Park SI, Kim JW, and Yoe SM. 2015. Purification and characterization of a novel antibacterial 
peptide from black soldier fly (Hermetia illucens) larvae. Dev Comp Immunol 
52(1):98–106. 

Philippine Statistics Authority [PSA]. 2022, October 7. Chicken Situation Report, April-
June 2022. Retrieved on July 23, 2023 from https://psa.gov.ph/content/chicken-
situation-report-april-june-2022.

Rubio MS, Laurentiz AC, Sobrane F ST, Mello ES, Filardi RS, Silva MLA, and Laurentiz RS. 
2019. Performance and serum biochemical profile of broiler chickens supplemented 
with Piper cubeba ethanolic extract. Braz J Poult Sci 21(1). 

Samour J. 2006. Diagnostic value of hematology. Retrieved on July 23, 2023 from https://
www.harrisonsbirdfoods.com/wp-content/uploads/2024/02/22_hematology.pdf.

Schiavone A, De Marco M, Martínez S, Dabbou S, Renna M, Madrid J, Hernandez F, Rotolo 
L, Costa P, Gai F, and Gasco L. 2017. Nutritional value of a partially defatted and 
a highly defatted black soldier fly larvae (Hermetia illucens L.) meal for broiler 
chickens: apparent nutrient digestibility, apparent metabolizable energy and apparent 
ileal amino acid digestibility. J Anim Sci Biotechnol 8(1):51.

Taer E and Taer A. 2023. Hematology, blood serum, growth performance, and carcass 
characteristics of slow-growing chickens fed single and blended root meals. Curr 



Effects of black soldier fly on the growth performance of Darag native chickens 51

Appl Sci Technol 23(6):1–14.
Van der Aar PJ, Molist F, and van der Klis JD. 2017. The central role of intestinal health 

on the effect of feed additives on feed intake in swine and poultry. Anim Feed Sci 
Technol 233:64–75. 


