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Abstract | Protein is the most expensive component of feed, resulting in economically burdensome production costs.
'The Maggot Black Soldier Fly (Hermetia illucens) can be utilized as protein source feed ingredients. We aimed to
analyze the implications of maggot black soldier fly (Hermetia illucens) flour with various processing techniques in
broiler rations. This study used a completely randomized design (CRD) with 4 treatments and 5 replications, each
replication consisting of 5 broilers. We designed four treatments, P1 = Sundried for 2 days + grinding, P2 = Oven dried
at 50°C for 7 h + grinding, P3 = Roasting at 100 °C for 15 min + grinding, and P4 = Water scalding at 96 °C for 1 min
+ grinding. The processing techniques can provide a comparison of price differences in each treatment and can reduce
production costs with the application of as much as 11.25% in broiler rations. The oven-drying (P2) can improve the
water quality, roasting (P3) can increase metabolic energy, and hot water scalding (P4) can reduce production costs and
has economic value by analysis results price BEP of Rp. 25,645.35, Product BEP of 21.38 kg, IOFC of Rp. 734,032.90,

R/C value of 1.44, and B/C value of 0.44.
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INTRODUCTION

he main obstacle that faces the feeding regimens of

broilers in Indonesia as a developed country is the
high prices of the ingredient. The rations ingredient that
has the highest price in broiler rations is fish meal because
of the importing issues. So we have to find out another
protein resource that can still induce broiler performance.

One of the feed materials that has potential is maggot
trom flies Black Soldier Fly (Hermetia illucens). The BSF
(Black Soldier Fly) maggot is the larva of a large black fly
that looks like a wasp. Maggot of Hermetia illucens contains

36.5% crude protein, 28.12% crude fat, 8.36% crude fiber,
9.34% ash, 1.52% calcium, 0.83% phosphorus, and 4720.59
Kcal/kg (Fauzi and Sari, 2018). In the process of feed, fresh
BSF maggot will be processed into flour to make it easier
for the ingredients to be mixed in processed as feed.

Processing into flour can reduce the water and fat
content which will increase the storage time. The high
water contents will contribute to mould growth which
can damage the nutritional contents, while high fat will
contribute to quicker rancidity due to the oxidation of fat.
Processing BSF maggot into flour can reduce the antitoxin
in the form of chitin found in insects. Most of the chitin
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cannot be digested because chitin can bonds with other
nutrients. Metabolic energy is used by livestock in various
activities such as physical activity, maintaining body
temperature, metabolism, tissue formation, production,
and reproduction (Portocarero and Braun, 2021). If
the metabolic energy needs of the broiler are met, the
remaining energy (net energy) will be used for productivity.
Productivity can increase because the inhibiting factor for
nutrient absorption in chitin is denatured. BSF flour has
the potential as a substitute for a fish meal up to 25% for
mixed feed without any negative effect on digestibility
(Rambet et al., 2015). BSF amino acid profile is similar to
fish meal amino acid profile. We aimed to add BSF maggot
flour with various processing techniques in the broiler’s
ration to study crumble physical characteristics, metabolic
energy, productivity, and economic analysis.

MATERIALS AND METHODS

PRODUCTION OF MAGGOT BLACK SOLDIER FLY
(HERMETIA ILLUCENS) FLOUR

The production was carried out using sun drying (Aini
et al., 2018); oven drying (Natsir et al., 2020); roasting
(Lestariningsih, 2021), and hot water scalding (Nyangena
et al., 2020).

PREPARATION OF CRUMBLES

'The ingredients are weighed according to their formulation
and then mashed. Then, the refined ingredients are
mixed according to the formulation. Furthermore, the
homogeneous feed is shaped into pellets with a diameter
of 3 mm. After cooling, the pellets were crushed using a
blender for 10 sec and became crumbly.

Nutritional content

The nutritional content of rations that have been used
during maintenance in the study has been adjusted to the
standard nutritional requirements of feed in starter (1-15
days) and finisher (16-32 days). The nutritional can be seen
in Tables 4 and 5 in tables and figures.

MAINTENANCE OF BROILERS

Broilers were kept in open system cages measuring 1.5x 1.5
m containing 5 broiler chickens. The average temperature
during the study was 25°C with an Rh 84.63%. Lighting
uses a 30 W capsule led lamp with a 850 Im led flux. The
teed container uses a yellow tube hanging feeder with a
capacity of 5 kg and the drinking water container uses a
gallon model with a capacity of 5 L. To prevent rats, birds
and insects from disturbing all the walls of the cage, % in
ram wire is used. The disinfection procedure carried out
during the study was spraying all parts of the cage starting
from the ceiling, walls, poles and floor of the cage, as well

as the cage environment. The one-day-old chicks (DOC)

were weighed to determine the initial weight and placed
into the cage. DOC has been vaccinated in the hatchery.
Supplementation with sugar water was carried out to the
newly arrived DOC so that his energy recovers quickly
after the trip. Feeding was carried out in the morning,
afternoon, and evening. Feed supplied to the broiler aged
1-3 days are commercial, and the treatment rations were
supplied in the starter and finisher period. Drinking water
is given ad libitum.

DATA COLLECTION

WATER CONTENT

Measurement of water content can be done using an
infrared moisture meter. 5 grams of sample is placed on the
sample plate and then irradiated by an infrared lamp, the
irradiation distance can be adjusted by rotating the support
leg. Exposure can be done for 15 minutes, by pressing the
button until the light is on. After 15 min the light is turned
off, and the scale needle is shifted, so the balance needle
shows zero. These measurements were repeated until the
sample reached a constant weight and the sample weight
was calculated as the final weight.

SPECIFIC GRAVITY

Specific gravity can be obtained by adding 100 ml of water
to a measuring cup. Then 50g of sample was added and the
volume change was observed.

Specific gravity (gr/cm’) = (mass of the object (gr))/ change in

water volume (cni’))

CRUMBLE SIZE
Crumble size can be measured using a screw micrometer to
see the diameter and length

CRUMBLE DURABILITY INDEX (CDI)

Crumble durability index can be obtained by adding 500
g of sample to the crumble durability tester in 10 min.
Sample sifted by sieve number 8 and calculate the mass of
the remaining sample.

Crumble Durability Index (CDI) = (number of whole crumbles
(gr))/(total crumble dropped (gr)) x 100%

METABOLIC ENERGY (ME)

After the feeding trial was completed, 25 roosters (1.5 to
1.7 kg in weight) were selected and separated. Each chick
was housed in an individual metabolic cage with a tray
at the bottom to collect excreta. Chickens fasted for 24
h to empty the contents of the digestive tract. Drinking
water is still provided ad libitum. A total of 20 chickens (4
treatments and 5 replications) were each given 100 g of the
test ration with a time limit of 2 h to eat. The remaining
rations were weighed to determine the consumption of
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rations. The other 5 chickens were kept fasted to measure
endogenous excreta. Excreta were collected after 24 h and
then weighed fresh and frozen for 24 h. The excreta is then
thawed, dried, and ground to a size of 20 mesh. Excreta
samples and test rations were analyzed for gross energy
content. Formula model for calculating Metabolic Energy
according to a modification of the method of Sibbald and
Morse (1983).

_ (BEFxX)— (BEExY) — (BEEnx Z)
X

ME X 1000

BEF=Brutto Energy Feed (kcal/kg); BEE = Brutto Energy
Excrete (kcal/kg); BEEn= Brutto Energy Endogenus (kcal/
kg); X = Ration Consumption (g); Y = Excrete weight (g);
Z = Endogenus excrete weight (g).

BROILER PERFORMANCE

Broiler performance is obtained by calculating the amount
of feed given, body weight gain, feed conversion, and the
number of chickens that die during the feeding trial.

Ration Consumption (gr/bird) = Number of gifts - The
remaining amount

Body Weight Gain (gr/bird) = Final maintenance weight/

Initial weight
Feed Conwersions Ratio = ("Total of fed (gr))/( Total of weight
gain (gr))

Mortality (%) = (Number of deaths recorded)/(Number of

population) x 100%

EcoNoMIC ANALYSIS

Economic analysis is obtained by calculating the costs
incurred during the broiler feeding trial and the costs
obtained from broiler sales.

Break Event Points (BEP) = Total Cost/ Selling price
IOFC (Income over feed cost) = Income — Feed cost
R/C (Return Cost Ratio)= Revenue/Cost
B/C (Benefit Cost Ratio) = Benefit/Cost

OBSERVED VARIABLES

'The observed variables regarding the physical characteristics
of crumble and metabolic energy in broiler rations
containing BSF maggot flour with various processing
techniques i.e., water content, specific gravity, crumble size,
crumble durability index, and metabolic Energy (ME). The
observed variables regarding the effect of black soldier fly
(Hermetia illucens) maggot flour resulting from various
physical processing on broiler performance i.e: ration
consumption, body weight gain, feed conversions ratio, and
mortality. The observed variables regarding the economic
analysis of black soldier fly (Hermetia illucens) maggot flour
with various processing techniques in broiler rations i.e.:

Break Event Points (BEP), IOFC (Income over feed cost),
R/C (Return Cost Ratio), and B/C (Benefit Cost Ratio).

STATISTICAL ANALYSIS

The study used a completely randomized design (CRD)
with 4 treatments and 5 replications (each replication
consisting of 5 broilers). The data obtained were analyzed
by Analysis of variance (ANOVA) using Microsoft Excel
2010. The research was carried out by mixing maggot flour
into broiler rations of 11.25% which were reared for 35
days, then made observations on the physical characteristics
of the crumble and energy metabolism, productivity, and
economy. The study was conducted using 100 broilers.

RESULT'S AND DISCUSSION

'The results of giving maggot BSF flour as much as 11.25%
in the rations produced by various processing techniques
in broiler rations based on the observed variables, namely
water content results of the analysis of the variety of
crumble form rations there were significant differences
in the effect (P < 0.05) on water content and Duncan’s
test results showed significant differences between P2
and P1, P3, and P4. Specific gravity results of the analysis
showed that there was no significant difference in specific
gravity. Processing techniques P1, P2, P3, and P4 have the
same feed composition so that the volume and mass are
relatively the same. Crumble size results of the analysis of
variance had a significant (P < 0.05) effect on size crumbles
and results of Duncan’s test showed a significant difference
between P1 and P2, P3 and P4. Crumble durability
index results of the analysis of variance gave a significant
difference (P < 0.05) to the impact resistance. The Duncan
test results showed significant differences between P1 and
P2, P3 and P4. Metabolic energy results of the analysis of
variance gave significant differences (P < 0.05) in energy
metabolism. The Duncan test results showed significant
differences between P3 with P1, P2, P3, and P4.The results
of ration consumption, weight gain body, ration conversion
(FCR), mortality the effect of giving maggot black soldier
fly (Hermetia illucens) flour as a result of various physical
processing on broiler performance as much as 11.25%
in broiler rations has no significant effect on broiler
performance. Black soldier fly (Hermetia illucens) maggot

our processing techniques P4 can reduce production costs
and has economic value by analysis results BEP Price of
Rp. 25,645.35, Product BEP of 21.38 kg, IOFC of Rp.
734,032.90, R/C value of 1.44 and B/C value of 0.44. The

results can be seen in Tables 1,2, and 3 in tables and figures.

Physical characteristics of crumble and energy metabolism
in broiler rations containing flour BSF maggot with various
processing techniques
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Table 1: Nutritional content of the initial maintenance
phase ration (Starter).

Nutrition Amount

composition P1 P2 P3 P4
Proteins (%) 22.10 22.09 22.08 22.10
Fat (%) 7.62 7.86 7.56 7.66
Crude fiber (%)  5.99 5.95 5.72 5.72

Ca (%) 0.94 0.94 0.95 0.95

P (%) 0.71 0.70 0.70 0.70
ME (Kcal/kg) 3,194.85 3195.25 3,194.70 3195.24

“The calculation results of the ration formulation using the
Microsoft Excel 2010 application.

Description: P1 = Sundried for 2 days + grinding; P2 =Baking
at 50 °C for 7 hours + grinding; P3 = Roasting at 100 °C for 15
minutes + grinding; P4 = Scalding with hot water at 96 °C for 1

minute + grinding.

Table 2: Nutritional content of final maintenance phase
rations (Finisher).

Nutrition Amount

composition P1 P2 P3 P4
Proteins (%) 21.49 21.59 21.91 21.60
Fat (%) 7.60 6.80 8.00 7.44
Crude fiber (%) 5.99 5.90 5.63 5.96

Ca (%) 0.86 0.87 0.87 0.87

P (%) 0.70 0.70 0.68 0.69
ME (Kcal/kg) 2999.31 2,968.40 3019.40 3,205.92

“The calculation results of the ration formulation using the
Microsoft Excel 2010 application.

Description: P1 = Sundried for 2 days + grinding; P2 =Baking
at 50 °C for 7 hours + grinding; P3 = Roasting at 100 °C for 15
minutes + grinding; P4 = Scalding with hot water at 96 °C for 1
minute + grinding.

WATER CONTENT

Baking treatment at 50 °C for 7 hours resulted in the
lowest water content among all treatments. This is due to
the constant temperature of 7 hours causing a decrease in
the effective water content in maggot. The duration of time
affects the effectiveness of evaporation of moisture content.
Temperature can decrease water content when drying BSF

maggot flour. The higher the temperature generated during
the heating process the more water was lost. Daud (2019)
stated that the decrease in water content was caused by the
temperature and humidity of the surrounding environment
during the ration measurement process. Purnamasari
et al. (2020) stated that BSF larvae can be dried with a
temperature range of 55-75°C with a duration of 18-24

hours.

SPECIFIC GRAVITY

Akbar et al. (2017) stated the same feed composition
produces the same specific gravity. Compact feed texture
will withstand the influence of the pressing so that the
bond between the constituent particles is not filled with
air cavities (Nurhayatin and Maya, 2017).

CRUMBLE SIZE

This is due to size crumbles influenced by the ration
preparation, adhesives, and processing (Idan et al., 2023).
The process during the BSF P1 maggot flour processing
technique produced less refined maggot flour because it
was suspected that it was sundried for 2 days after testing
the proximate analysis of BSF maggot flour which had the
highest water contents of 10.45%. Drying magot in the sun
produces a higher water content when compared to other
treatments. This causes when it is mixed into the ration
then it is printed to produce pellets which are then broken
down into crumbs to produce crumbles with a larger size.

The process of processing crumble through a pellet
processing process so that the characteristics of the
crumble depend on the quality of the pellets. Several factors
influence pellet quality, such as nutritional composition,
feed ingredient particle size, time and conditioning
temperature, material humidity and die hole size (pellet

sieve) (Colovic et al., 2010).

CRUMBLE DURABILITY INDEX

The crumble durability index is affected by crumble size
(Idan et al., 2023). Treatment P1 had the highest. This is in
line with Akbar et al. (2017) who stated that the resistance
of the crumble is determined by the size of the particles of

Table 3: Physical characteristics of crumble and energy metabolism in broiler rations containing flour BSF maggot with

various processing techniques.

Variable P1
Water content (%) 11.90P
Specific gravity (gr/cm?®) 1.02¢
Crumble Size(mm) 8.00°
Crumble durability index (%) 80.00?
Metabolic energy (Kcal/gr) 2,999.31*

P2 P3 P4
10.17* 11.37° 11.71b
1.10? 1.00° 1.02¢
6.00? 5.20? 6.0
90.20° 92.00° 90.00°
2,968.40? 3,205.92° 3004.32¢

Description: P1 = Sundried for 2 days + grinding; P2 =Baking at 50 °C for 7 hours + grinding; P3 = Roasting at 100 °C for 15
minutes + grinding; P4 = Scalding with hot water at 96 °C for 1 minute + grinding
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Table 4: Effect of maggot black soldier fly (Hermetia illucens) flourvarious physical processing on broiler performance.

Variable

Ration consumption

P1
1,854.87+145.62

P2

Body weight gain 1,164.70+88.862 1,139.87+85.492
ration conversion 1.60+0.102 1.57+0.252
Mortality 0 0

1,765.24+145.532

P3
1,784.64+176.122
1,138.33 +68,10° 1,187.8365.152
1.57+0.11a 1.46+0.082

0 0

P4
1,734.44+£14.122

Description: P1 = Sundried for 2 days + grinding; P2 =Baking at 50 °C for 7 hours + grinding; P3 = Roasting at 100 °C for 15
minutes + grinding; P4 = Scalding with hot water at 96 °C for 1 minute + grinding

Table 5: Economic analysis of maggot black soldier fly (Hermetia illucens) flour with various processing techniques in

broiler rations.

Variable P1 P2 P3 P4

BEP price (Rp) 29,427.85 26,362.17 28,543.94 25,645.35
Product BEP (Kg) 21.94 20,39 21.86 21.38
IOFC (Rp) 592,860.41 686,291.82 623,844.37 734,032.90
R/C 1.26 1.40 1.30 1.44

B/C 0.26 0.40 0.30 0.44

*Results of analysis calculations using the Microsoft Excel 2010 application. Description: P1 = Sundried for 2 days + grinding; P2
=Baking at 50 °C for 7 hours + grinding; P3 = Roasting at 100 °C for 15 minutes + grinding; P4 = Scalding with hot water at 96 °C

for 1 minute + grinding.

the raw material. Rosmiati (2019) states that the factors
that affect pellet quality include Coarse fiber ration which
serves as a pellet frame and raw material moisture content.
Table 4 shows that the ration that uses maggot with the
sun drying treatment for 2 days has a higher crude fiber
content than the other treatments so that the cohesiveness
of the crumble decreases. When testing durability it will
produce a lower value (80%) where the standard value of
crumble durability index 85-90%.

Another explanation is the rations that used the magot
treatment by drying for 2 days under the sun significantly
had different PDI values lower than the other treatments.
This is due to heating through drying in the sun is less
effective in reducing the water content resulting in higher
humidity of the material. High humidity of the feed
ingredients will affect the final appearance of the resulting
pellets, namely the resistance of the pellets to impact
(decreasing Pellet Durability Index) becomes low so that
the pellets are easily crushed (brittle). Brittle pellets will
also produce brittle crumble so that it will reduce the value
of the crumble durability index.

METABOLIZABLE ENERGY

'The ration using maggot with a roasting treatment of 100
°C for 15 minutes produces the highest metabolic energy,
this is due to this is because this treatment contains a crude
fiber value of 16.3% lower than other treatments. Low crude
fiber can increase metabolic energy because the crude fiber
content will affect digestibility. It is supported by Udayana
et al. (2020) who stated that feed ingredients are relatively
easier to digest when heated (roasted) due to digestion-

inhibiting factors that can be destroyed. However, heating
at high temperatures (not more than 100 “C) needs to be
avoided to avoid damage to the nutrient contents.

EFFECT OF MAGGOT BLACK SOLDIER FLY (HERMETIA
ILLUCENS) FLOUR RESULTING FROM VARIOUS PHYSICAL
PROCESSING ON BROILER PERFORMANCE

RATION CONSUMPTION

Ration consumption is affected by nutritional content, the
lower provided energy and protein the lower the ration
consumption (Liu et al.,2020). The research was carried out
using the same raw materials and particle sizes. According
to Sundari et al. (2015), the use of temperatures of 180 °C-
300 °C can damage the nutritional contents. The treatment
of each study uses a temperature that does not exceed the
temperature that has been mentioned so that the energy
content of metabolism is neither too high nor too low.
According to Maharjan et al. (2021), dietary energy levels
affect energy retention efficiency. The metabolic energy
requirement of the finisher ration is 2800-3200 kcal/kg.
'The metabolic energy of each treatment was 2968-3200
kcal/kg.

BoODY WEIGHT GAIN

Qurniawan et al. (2016) argue that some factors that
influence body weight gain are sex, feed consumption,
environment, seed, and feed quality. Consumption of
rations in research has shown no significant differences
in each treatment. There is no difference in maintenance
procedures for each treatment or repetition so you get the
same maintenance management treatment. There was no
significant difference in the nutritional content of each
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treatment or it was still within nutritional standards,
resulting in no significant differences in body weight
gain. Protein is the main element used in the organs and
soft tissue of the broiler body. Uzer et al. (2013) reported
that the weight gain body is closely related to feeding
concerning the quantity involved, if feed consumption is
disturbed it will interfere with growth.

FEED CONVERSION RATIO

Ration conversion is the ratio of feed consumed to body
weight gain. According to Irwani and Noviadi (2017),
ration conversion can also be referred to as the feed
coefficient during the maintenance of broiler chickens
which are converted into heaps of tendons. The smaller the
ration conversion value, the better. If the ration conversion
value is 1.6, broilers need 1.6 kg to get 1 kg of meat. The
results of ration conversion were not significantly different.
'The ration conversion index will increase if the relationship
between the amount of internal energy formula and protein
content is adjusted technically (Mookiah et al., 2014).

MORTALITY

Susanti et al. (2016) reported that mortality in one
maintenance period of broiler chickens for 5 weeks in
closed houses by 4% and opened houses by 5%. Marom et
al. (2017) stated that high mortality shows the appearance
of low production. If the mortality rate was found too
high, then it must be looked at the cause (de Gussem et
al., 2017), so the problem was quickly resolved. Mortality
in the current study was 0% in each treatment. This
shows that the ration using maggot with various drying
treatments does not have an impact on health which can
cause death in broilers

ECONOMIC ANALYSIS OF MAGGOT BLACK SOLDIER
FLY (HERMETIA ILLUCENS) FLOUR USING VARIOUS
TECHNIQUES PROCESSING IN BROILER RATIONS

BREAK EVENT POINTS (BEP)

BEP provides information on various levels of sales and
illustrates the relationship between sales volume, costs,
selling prices, and sales mix to the profits of a business
(cost-volume-profit analysis) (Retnaningsih, 2013). There
were differences in each treatment caused by different
production costs and total production and specifically
between treatments to produce different BEP prices. BEP
the lowest price is the best result because it has a price
that is smaller than the selling price and can generate
greater profits so that it meets the feasibility of economic
analysis. There were differences in each treatment due to
different production costs so the amount of production
varies between treatments causing different product BEP
results, but BEP products that have a value smaller than
the number of products are in a profitable position and
tulfill the feasibility of economic analysis.

INcoME OVER FEED cosT (IOFC)

The higher the Income Over Feed Cost (IOFC) value,
the better because the revenue obtained from the sale of
chickens is also high (Riyanti et al., 2015). The average
weight of the ration treatment using the H. i/fucens flour
processing technique Scalding with hot water at 96 °C for
1 minute + grinding a higher weight so that you get higher
income and become IOFC highest.

REVENUE cosT rATIO (R/C)

Different R/C of each treatment produced was influenced
by the production costs, the cost of producing rations using
H. illucens maggot flour was different because the processing
techniques were different. The highest production costs
were found in treatment with sundried for 2 days +
grinding. The income received by a business is determined
by the size of the costs used in the production process, so
it is necessary to analyze the effect of the magnitude of
production costs on income in a farming business (Penggu
et al., 2014). This is supported by Altahat et al. (2012), the
greater the costs incurred in the production of a business,
the higher the selling price and the profit earned. One of
the production factors that have a significant effect on the
broiler business is feed (Wuryanto et al., 2015).

BENEFIT cosT rATIO (B/C)

The difference in B/C is due to differences in profits and
total production costs for each treatment. The highest profit
was found in rations with scalding with hot water at 96 °C
for 1 minute + grinding so it has the highest B/C value,
while the lowest profit and the highest total production
costs are contained in ration with magot by bundried for
2 days + grinding so it has the lowest B/C value. Rana et
al. (2012) stated that profit is the biggest goal for every
livestock business that is run along with various challenges
according to the scale of the business being run.

CONCLUSIONS AND
RECOMMENDATIONS

Oven drying can improve the water quality and roasting
can increase metabolic energy. The effect of giving maggot
black soldier fly (H. illucens) flour as a result of various
physical processing on broiler performance as much
as 11.25% in broiler rations has no significant effect on
broiler performance. Hot water scalding of black soldier
fly (H. illucens) maggot flour can reduce production costs
and has economic value by analysis results BEP Price of

Rp. 25,645.35, Product BEP of 21.38 kg, IOFC of Rp.
734,032.90, R/C value of 1.44, and B/C value of 0.44.
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