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Abstract | This research evaluated the utilization of BSF oil from three distinct phases (larval phase, pre-pupal phase,
and pupal phase) as a feed additive on the production performance and histomorphology of the ileum of broiler
chickens. The BSF (Black Soldier Fly) oil isolation process was initiated using the Soxhlet method. Subsequently, 160
broiler chickens were utilized in the research. An experimental design in the form of a completely randomized design
with five treatments and four replications was employed, involving eight broiler chickens per treatment per replication.
The feed treatments were formulated as follows: TO (basal feed), T1 (basal feed + 0.5% bacitracin), T2 (basal feed +
0.5% BSF larval oil), T3 (basal feed + 0.5% BSF pre-pupal oil), T4 (basal feed + 0.5% BSF pupal oil). The data were
collected and analyzed using analysis of variance (ANOVA). The experimental data on the use of BSF oil as a feed
additive yielded significantly different results (p < 0.05) for the feed conversion ratio (FCR) and performance index
(IP) of broiler chickens. In summary, the use of different BSF oils has the potential to be employed as a natural feed
additive for broiler chickens.
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INTRODUCTION

he prohibition of antibiotic use in animal feed has

prompted the development of natural antibiotic
growth promoters, driven by concerns about animal
welfare and potential long-term impacts on both animal
and human health from antibiotic residues. The European
Union implemented a banned on nearly all antibiotics
in animal feed on January 1, 2006 (Sjofjan ez a/., 2020).
Subsequently, the Republic of Indonesia prohibited
the addition of antibiotics as feed additives through the

Regulation of the Minister of Agriculture (No. 14 0£2017),
effective from May 2017. Starting from January 1, 2018,
the government also banned the use of antibiotic growth
promoters (AGP) in feed (Adli ez a/, 2023). Despite
these bans, complete elimination of antibiotic use in the
livestock industry remains challenging due to concerns
about increased mortality and decreased feed efhiciency.
Consequently, alternative approaches have been explored
to address potential declines in livestock performance.
Feed was identified as the major contributor to the land
occupation, primary production use, acidification, climate
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change, energy use, and water dependence (Sjofjan and
Adli, 2021). Currently, insects are being considered as a
replacing protein source for animal feed. In the other hand,
a potential local feed ingredient that could be used to
like insect species can be grown on organic side streams,
reducing environmental contamination and transforming
waste into high-protein feed that can replace increasingly
more expensive compound feed ingredients (Adli ez a/,

2020).

Then the alternative such as involves the development of
essential oils as feed additives, serving as natural growth
promoters to sustain livestock productivity (Abd El-
hack ez al., 2020). The BSF is utilized for its essential oil,
known for its high nutrient content in the form of lipids,
predominantly essential fatty acids (Eeckhout ez 4/, 2017).
During the transition from the larval phase to the prepupae
phase, BSF exhibits a lipid content ranging from 15% to
49% of the total dry weight. The composition of these
lipids is primarily saturated fatty acids, although substrate
type influences the content of unsaturated fatty acids (Mai
et al.,2019). The high lipid content of BSF is accompanied
by other intrinsic factors from the lipid itself so that it
can influence the digestibility and/or palatability of feed.
Lauric acid is one of the most abundant fatty acids and it
can reach up to 50% of the fat isolated from BSF (Muller
et al.,2017). Lauric acid belongs to the medium chain fatty
acid group which has antimicrobial effects and can increase
the medium chain fatty acid content that can be consumed
by broiler chickens, thereby providing a positive effect on
the intestinal health of broiler chickens.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN

Atotal of 160 Lohmann strain broiler chickens were allocated
into plots based on treatment and replication, with each
cage plot accommodating 8 broiler chickens. The broiler
chickens were raised for a period of 35 days, spanning from
day 1 to day 36 of age. The research employed a completely
randomized design (CRD) featuring five treatments and
four replications. The formulated treatment feeds were
categorized as follows: TO (basic feed), T1 (basic feed +
0.5% bacitracin), T2 (basic feed + 0.5% BSF larval oil), T3
(basic feed + 0.5% BSF prepupal oil), and T4 (basic feed
+ 0.5% BSF pupa oil). Ad libitum access to both feed and

water was provided. The nutritional composition of BSF oil
is detailed in Tables 1 and 2, while the composition of the
basic feed which already analysis proximate by following
(AOAC, 2000) is outlined in Table 1.

Table 1: Nutrient Composition of formulated feed during

trial.
Nutrient composition Starter Finisher
(%) (%)
Maize 53.00 50.00
Soya bean meal 25.00 23.00
DDGS 10.00 10.00
Rice bran 5.00 10.00
Cassava meal 5.50 5.00
Salt 0.15 0.15
Crude palm oil 1.00 1.00
Enzyme mix 0.20 0.20
Phytase enzyme 0.5.0 0.50
Vitamin premix 0.2.0 0.20
Amino acid 0.15 0.15
100.00 100.00
Calculated composition
DM 88.00 88.00
CP 20.00 19.00
Fat 5.00 5.00
CF 5.00 5.00
Ash 8.00 8.00
ME (Kcal / Kg) 3300.00 3100.00
Calcium 1.1 1.1
Phosphorus 0.6 0.6
Lysine 1.2 1.2
Methionine 0.45 0.45
Proximate composition
DM 90.87 92.54
CP 23.63 21.13
Fat 6.33 7.55
CF 2.45 2.95
Ash .5.92 11.07
ME (Kcal / Kg) 3243.55 3000.07

CP: crude protein; CF: crude fat; DDGS: distillers dried grains
with soluble; DM: dry matter; ME: metabolizable energy.

Table 2: The effect of the BFSO from three different phase as an feed additive on the performance production of broiler.

Parameters To T1 T2 T3 T4 SEM
Feed intake (gr) 3696,34 3775,49 3714,34 3736,74  3786,48  12.33
Body weight gain (gr/ head) 1858,03 1947,87 1994,30 1938,81 1952,56 34.56
Feed conversion ratio 1.9430b 1.8962 1.8662 1.88442 1.8962 0.45
Index of performances 279.912 300.55° 309.02° 300.86° 301.12b 3.25
IOFC 4679,88 4908,78 6468,76 528761 513020  45.34
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Table 3: The effect of the BFSO from three different phase as an feed additive on histomorphology of ileum.

Parameters TO T1
Crypt Depth 88.51 82.68
Amount of Villi 5.25% 5.52b
Villi Length 452.03 425.00
Villi Surface Area 1024,10 1181,33

T2 T3 T4 SEM
96.79 87.45 104.49 0.12
6.25° 4.002 4.002 0.13
445.42 332.30 472.03 11.34
1535,97 883,16 1185,23 1.23

BSFO: black soldier flies oil; IOFC: income over feed cost; SEM: standard error mean; T (basic feed), T'1 (basic feed + 0.5%
bacitracin), T2 (basic feed + 0.5% BSF larval oil), T3 (basic feed + 0.5% BSF prepupal oil), and T4 (basic feed + 0.5% BSF pupa oil).

BSF OIL PREPARATION

'The black soldier fly (BSF) utilized in this study comprises
three distinct growth phases of one life cycle of BSF: BSF
larvae (13-18 days old), BSF prepupae (19-25 days), and
BSF pupae (>26 days). Before undergoing extraction using
the Soxhlet method, freshly collected BSF was immersed
in a hexane solution for six days, followed by drying and
grinding to achieve a smooth consistency. The extraction
process for BSF involved several stages using the following
procedure: Initially, the pumpkin fat intended for use was
dried in an oven at 105°C for an hour. Subsequently, the
fat flask was cooled in a desiccator for 15 minutes and
then weighed. Samples of approximately 5 grams were
ground, weighed, and enclosed in filter paper shaped into
a thimble. The extraction apparatus, comprising a heating
mantle, fat flask, soxhlet, and condenser, was assembled.
'The sample was placed into the soxhlet, which was then
supplemented with an ample amount of hexane solvent
for one cycle. Each extraction cycle utilized 150 grams of
BSF larval flour sample and 1.5 liters of hexane solvent.
Extraction was conducted for approximately 4-6 hours
until the solvent descended back through the siphon into
the clear fat flask. The extracted fat from the fat flask was
separated from hexane using a rotary evaporator (rpm
50, temperature 69°C). The separated fat, combined with
hexane, underwent heating in the oven at 105°C for an
hour. After cooling in a desiccator for 15 minutes, the fat
flask was weighed. The sample obtained from the extraction
results was then placed into a modified aluminum pan with
a hole for steam release. A connecting hose was prepared
between the pan and the measuring cup. The stove was
activated, reaching a temperature of 135-150°C to generate
steam, which was then allowed to transform into oil. To
produce 50 ml of BSF oil, each dry form component (1500
g BSF larvae, 750 g BSF prepupa, 500 g BSF pupae) was
required.

STATISTICAL ANALYSIS

Statistical analysis was carried out through analysis
of variance using Graph pad 9.5.1, and the error
was represented as the standard error mean (SEM).
Subsequently, probability values underwent the Duncan
Multiple Range Test. The applied model is as follows:
(Adli ef al., 2023b; Sholikin ez al., 2023).

Yij = P’+Ti+eij
Where Yij represents the observed parameters, p is the
overall mean, Ti indicates the different levels of oil effects,
and eij is the error term. The treatments are defined as
follows: TO (basic feed), T'1 (basic feed + 0.5% bacitracin),
T2 (basic feed + 0.5% BSF larval oil), T3 (basic feed +
0.5% BSF prepupae oil), and T4 (basic feed + 0.5% BSF
pupa oil). One-way ANOVA was employed to compare the
means of feed intake, body weight gain, feed conversion,
and live weight, with a significance threshold set at p <
0.05.The analysis was conducted with six replications, and
a significant difference was defined at the 5% level (p <
0.05). Finally, probability values underwent the Duncan
Multiple Range Test (DMRT).

The effect of the BFSO on the Feed Intake
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Figure 1: Effects of the BFSO on the feed intake of the

broiler chickens.

RESULT'S AND DISCUSSION

ErrECTS OF BSF OIL ON THE GROWTH PERFORMANCE
OF THE BROILER CHICKENS

Table 2 illustrates the impact of BSF oil as a feed additive
on the production performance of broiler chickens.
Additionally, the application of BSF oil from three distinct
phases (larval, prepupae, and pupal) led to significant
differences (p < 0.05) in the feed conversion ratio (FCR)
and performance index (IP) of broiler chickens (Figures 2
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and 3). However, there were no substantial differences (p
> 0.05) observed in feed intake (FI) Figure 1, body weight
gain (BWG), and income over feed cost (IOFC). Feed
consumption plays a pivotal role in meeting the fundamental
needs of livestock for growth and reproduction. In broiler
chickens, feed serves to expedite growth and achieve
optimal body weight (Schiavone e7 a/., 2018). The study
data revealed that broiler chickens provided with feed
supplemented with BSF oil exhibited higher feed intake
compared to the control feed. This is attributed to the
enhanced palatability resulting from the lipid and amino
acid content, as observed in BSF oil, which is rich in lipids
and other intrinsic lipid factors affecting feed digestibility
and palatability (Riekkinen ez a/.,2022). While the research
results did not yield significant differences in feed intake
and weight gain, broiler chickens receiving feed with BSF
oil demonstrated higher weight gain (T2, T3, T3). Despite
the lack of significant differences in feed intake and weight
gain, there were noteworthy disparities in FCR. Table 3
shows that FCR with treated feed yielded lower values
compared to untreated feed, indicating that BSF oil can
enhance the feed conversion efficiency of broiler chickens.

The effect of the BFSO on the FCR
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Figure 2: Effects of the BFSO on FCR of the broiler

chickens.

In addition to FCR, the IP results exhibited significant
differences (p < 0.05), with favorable IP outcomes in
experiments involving treated feed. Higher IP values are
indicative of increased profitability in broiler chicken’s
cultivation, and values above 301 are considered good
(Kim and Rahee, 2016). The IOFC results, did not show
significant differences. This aligns with the correlation
between feed consumption, body weight gain, and their
subsequent impact on production sales results. Despite
the higher feed consumption and body weight gain in the
experimental treatment, it influenced the feed cost and

subsequently affected the IOFC results. Income Over
Feed Cost, calculated by deducting feed costs from income,
demonstrated higher values in the treatment experiment
compared to the control experiment, based on the research

findings (Morreta ez al., 2020).

The effect of the BFSO on the IP
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Figure 3: Effects of the BFSO on IP of the broiler chickens.

The effect of the BFSO on the amount villus
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Figure 4: Effects of the BEFSO on IP of the broiler chickens.

ErrecTts oF BSF OIL ON THE HISTOMORPHOLOGY OF
THE BROILER CHICKENS

Table 3 explains the effect of BSF oil as a feed additive on
the ileum histomorphology. Moreover, BSF oil treatment
from three different phases (larval phase, pre pupal phase,
and pupal phase) resulted in significant differences (p < 0.05)
in the number of villi. However, there were no significant
differences (p > 0.05) observed in crypt depth, villi length,
and villi surface area. Experiments with BSF oil treatment
were able to increase the number of villi and increase the
length of the villi the surface area of the villi, although not
significantly. The ileum sample was chosen because the
ileum is the part of the digestive tract that has the most
nutrient absorption activity and the surface area of ileum is
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influenced by the widht and length of the villi (Ariyadi ez
al.,2019). Increasing the length of the villi can increase the
production of digestive enzymes and absorption nutrients,
as well as being an indicator of improving intestinal health
(Khan ez al., 2017; Amer et al., 2020). Furthermore, the
results of research on the depth crypts show that the crypts
are shallow, this has a positive impact on prolonged villous
survival thereby reducing energy used for villous renewal
(Biasto ez al., 2018). The highest number of villi was in the
experiment with BSF larva oil treatment. The increase in
the number of villi due to the lauric acid content in BSF oil
is thought to be able to inhibit the growth of pathogenic
microbes (Spranghers ez a/., 2018). Lauric acid is classified
as a medium chain fatty acid which is easily absorbed in
the metabolic processes of the livestock body, and has a
positive effect on intestinal health, thus having a positive
impact on the nutrient absorption process (Jankowski ez

al., 2021; Kozlowski ef al., 2021; Tran ez al., 2015).

CONCLUSIONS AND
RECOMMENDATIONS

In conclusion, the utilization of BSF oil extracted from
three distinct phases (larvae, prepupae, pupae) proves to be
aviable alternative feed additive. This choice yields positive
effects on production performance, particularly in terms of
Feed Conversion Ratio (FCR) and the Performance Index
(IP). Additionally, it contributes to the overall health of
the broiler chicken’s digestive tract, notably by enhancing
the number of villi in the ileum. Among the three phases
of BSF considered, the extraction at the larval phase is
recommended for application of oil then given as a natural

feed additive.
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