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ABSTRACT

This study aims to find out how to feed the Zophobas morio caterpillar (ZmC) so that broiler diets do not need as much
fish meal. The study focused on performance, carcass quality, and physiological organs (liver, gizzard, heart, and
intestine). This research utilized 200 broilers of the MB 202 strain. The study employed an experimental approach,
utilizing a completely randomized design (CRD) with four treatments and five replications. The intervention involved
the incorporation of ZmC into the diet: RA (0% ZmC), RB (2% ZmC), RC (4% ZmC), and RD (6% ZmC). The measured
variables included feed intake, weight gain, feed conversion ratio, live weight, carcass percentage, physiological organs'
weights (liver, gut, heart, and gizzard), and the percentage of abdominal fat in broilers. Variance analysis indicated that
ZmC in the ratio had no statistically significant impact (P>0.05) on feed intake, body weight gain, feed conversion, live
weight, carcass percentage, abdominal fat percentage, or physiological organ percentage. This study suggests that ZmC

can be incorporated into the diet at up to 6% while sustaining broiler performance and carcass quality.
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INTRODUCTION

A broiler is a cost-effective and easily accessible
source of animal protein. Broilers are chickens
characterized by a placid temperament, substantial body
size, rapid growth, and white skin with feathers that adhere
closely to the body. Broilers are chickens characterized by
a quick growth rate within a brief period. The body weight
growth rate of broilers dictates their performance. Growth
significantly determines body weight development
performance. Growth significantly determines body weight
development (Prayogo et al. 2017; Obike et al. 2020).

The feed intake significantly affects the increase in
broiler body weight. A crucial aspect of operating a broiler
farming enterprise is high-quality, nutritionally rich feed.
Feed is) crucial in the broiler industry since it accounts for
60-70% of production expenses. Providing a nutritionally
rich diet will enhance chicken productivity. The high cost
of nutritionally rich feed in the chicken industry is
primarily attributable to the reliance on imported feed
ingredients, particularly those that are protein-based.
Protein significantly contributes to the expense of poultry
feed, as protein sources represent the second-greatest

component poultry requires (Sjofjan et al. 2022). Fishmeal
is a commonly utilized feed source of animal protein.

Fishmeal is a high-protein animal feed source that
contains 50% protein (Jassim 2010) and is highly
digestible, making it capable of fulfilling the nutritional
requirements of livestock, particularly poultry. However,
farmers occasionally face difficulties due to the uncertain
quality of fishmeal, which originates from various sources
and frequently experiences limited availability, affecting
the feed's quality and cost. Therefore, finding alternative
feed ingredients, such as the ZmC, is crucial to replacing
fishmeal as an animal protein source.

Zophobas morio serves as an alternate source of
animal protein for poultry feed. The ZmC is the King
Mealworm (Santoso et al. 2017; Slimen et al. 2023; Lee et
al. 2024; Montero-Prado et al. 2024; Fu et al. 2024). Its
body size can reach up to twice that of the Tenebrio molitor
caterpillar, and it typically possesses superior nutritional
value for animal feed relative to the Tenebrio molitor
caterpillar (Finke 2015; Medvedev et al. 2023).

The substrate in which ZmC cultivate significantly
influences their nutritional composition. The substrate
composition significantly influences nutrient uptake and
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utilization in ZmC, affecting their growth, survival and
metabolic efficiency. Diets rich in specific nutrients, such
as proteins and fats, affect the larvae's growth rates and
overall health (Medvedev et al. 2023).

Nuraini's research from 2024 shows that the fresh
weight of the ZmC was 328.11 grams and it had a crude
protein content of 51.35%, nitrogen retention of 64.27%,
chitin content of 12.54%, crude fat of 16.31% and crude fat
digestibility of 80.36%. The tofu pulp media was used for
this research. The amino acid composition of the ZmC
includes all necessary amino acids in considerable
quantities except methionine. Zophobas morio larvae
contain a higher crude protein content than Tenebrio
molitor, with notable increases in essential amino acids
such as lysine, valine, and leucine, which are crucial for
growth and development (Medvedev et al. 2023). ZmC
have a significantly elevated lipid composition, ranging
from 35.0 to 43.6%, surpassing that of other insect species
considered as nutritional sources (Barroso et al. 2014).
Research indicates that the lipid content in Z. morio larvae
can range significantly based on several factors, including
diet and rearing conditions. The lipid content of Z. morio
larvae has been measured at 170g/kg DM (lower range) up
to 390g/kg DM (upper range) (Addmkova et al. 2016).

ZmC rich in minerals, including calcium (31.9-
70.8mg/100), magnesium (39.2-118.3mg/100), sodium
(104.1- 112.8mg/100), and zinc (2.5 -8.2 mg/100) and
several vitamins (Finke 2015). There are between 38.8 and
44.6% saturated fatty acids (SFA), 32.1 to 42.4%
monounsaturated fatty acids (MUFA), 15.7 to 24.0%
polyunsaturated fatty acids, 29.1 to 32.4% palmitic acid,
31.1 to 38.0% oleic acid, 1.0 to 3.2% palmitoleic acid, 6.4
to 8.8% stearic acid, 15.6 to 23.4% linoleic acid and
omega-6 fatty acids (Barroso et al. 2014; Finke 2015).
Broiler diets incorporate Z. morio larvae up to 6%. The
impact of ZmC inclusions in the diet on broiler
performance and carcass characteristics remains unclear.

MATERIALS AND METHODS

Ethical approval

Ethical approval was required because a broiler was
used in this study. The Research Ethics Committee of the
Faculty of Medicine, Universitas Andalas, granted consent
to use experimental animals (No.
82/UN.16.2/KEPFK/2024).

Duration and site of study

The Technical Implementation Unit and Nutrition
Laboratory of the Faculty of Animal Husbandry, Andalas
University, Indonesia, conducted this study from October
2024 to December 2024. The temperature in this area
during the research ranged from 25 to 27°C.

Investigative resources

This study utilized 200 two-day-old, unsexed MB 202
strain broilers raised by PT Japfa Comfeed Indonesia. This
study used boxes containing 20 cage units, each measuring
80x80x100cm, to house 10 chickens, equipped with feeds,
drinkers, and digital scales. This research used a 60-watt
incandescent lamp to heat and illuminate the hens. The
components of the diet in this trial included ground maize,
soybean meal, fish meal, Z. morio larvae, fine bran,
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coconut oil, and a top mix. Table 1 displays the feed
ingredients, nutritional composition, and metabolic energy
of the ration components. The ration formulated Iso energy
standards of 2900kcal/kg and Iso protein standards of 21.
Table 2 and Table 3 present the formulation of the
research diet and composition of dietary Items (%) and
metabolic energy (kcal/kg) of the experimental diet,
respectively.

Table 1: Feed ingredients, food substance content (%) and metabolic
energy (kcal/kg) of ration constituents (as fed)
Feed ingredients Crude Fat Crude Ca P

Energy

Protein Fiber Metabolizable
Ground corn 958 266 370 0.38 0.19 3300
Soybean meal 4376 249 350 0.63 0.36 2240
Fish meal 46.00 284 340 510 239 2540
zZmC 44,67 1419 6.23 021 1.00 2400c
Fine bran 12.34 509 1450 0.69 0.26 1630
Coconut ail - 100 - - - 8600
Bone meal - - 24.00 12.00 -
Top mixed - - - 0.06 - -
Table 2: Feed formulation
Feed ingredients Treatment (%)

A B C D

Ground Corn 56.00 55.00 54.50 54.00
Soybean Meal 22.00 22.25 22.50 22.75
Fishmeal 8.00 6.00 4.00 2.00
ZmC 0.00 2.00 4.00 6.00
Fine Bran 8.50 9.25 9.75 9.75
Coconut oil 4.00 3.75 3.50 3.50
Bone meal 1.00 1.25 1,25 1.50
Top mix 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00

Description: ZmC = Zophobas morio Caterpillar.

Table 3: Dietary substance content and metabolic energy of feed
formulation

Food content (%) and Treatment
Metabolizable Energy (kcal/kg) A B C D
Protein 20.08 20.07 20.08 20.02
Fat 6.70 7.24 7.79 8.56
Crude fiber 4.49 4,63 474 4,78
Ca 0.90 0.90 0.85 0.85
Auvailable P 0.48 0.49 0.48 0.49
ME 3026.55 3007.12 3000.11 3006.45

Description: Calculated based on Table 1 and 2.

Research methodologies

For this study, an entirely randomized design (CRD)
was used for the experiments. There were four treatments
with different amounts of ZmC and five replications, with
ten hens in each cage unit. The treatments included: (RA
0% ZmC), (RB 2% ZmC), (RC 4% ZmC) and (RD 6%
ZmC). The parameters evaluated based on the inclusion of
ZmcC in these diets were feed intake, broiler weight gain,
feed conversion ratio, carcass yield, belly fat percentage,
and physiological organ metrics. We statistically analyzed
all acquired data using analysis of variance, based on the
Complete Randomized Design (CRD) framework, via
SPSS 23.0.

Execution of research
Zophobas morio caterpillar cultivation

The culture media for ZmC was prepared (500g),
adhering to the specified composition for the treatment.
Initially, the tofu pulp (14% moisture content) was
dehydrated; thereafter, incorporated 1,000 ten-day-old Z.
morio larvae. The temperature was documented every
morning and evening until harvest time. Every two days,



fresh young papaya measuring 5x5x0.5cm at nine different
locations on the culture medium. Every two days, the
desiccated immature papaya was replaced with a fresh one.
The ZmC molted on the 15 day, and we detached the skins
from the substrate every three days by fanning and lifting.
Then the Z. morio was cultivated.

Feed formulation

This study utilized feed materials, including ground
maize, soybean meal, fish meal, ZmC, fine bran, coconut
oil, bone meal, and top mix. Ingredients were measured
based on the treatment and then homogenized. Started the
stirring process with the smallest quantity of material and
worked up to the largest, aiming to achieve a homogenous
mixture. Each week, the rations were prepared according to
the broilers' requirements.

Assessed variables quantifiable characteristics

The treatment commenced when the broiler attained
14 days of age. Feed consumption during a four-week trial
period (up to 42 days of age) by documenting the
discrepancies between the provided and withheld food. The
average weekly feed intake for each bird was determined
by dividing the total amount of feed provided by the total
number of feed rejections during the experiment. The
average weekly weight gain was determined by subtracting
the mean initial body weight from the mean final body
weight and dividing the difference by the number of
experimental weeks. The feed conversion was also
calculated. The body weight was assessed after the 42-day
trial period. The birds had a 12-hour fasting periods prior
to weighing. A single bird randomly from each pen was
chosen to assess its body weight. After the experiment, the
carcass fraction percentage was assessed by randomly
picked one broiler from each replication. Following a 12-
hour fasting interval, the slaughter and weighing of the
broiler was executed. After that, all internal organs of the
slain broiler, including the head, shank, trachea, heart,
liver, gizzard, and skin. The carcass weight (grams),
excluding the lungs and kidneys, was recorded. The carcass
percentage was determined by dividing the carcass weight
(grams) by the body weight (grams) and multiplying the
quotient by 100%. The percentage of the abdominal fat pad
was calculated by dividing its weight by the total body
weight and multiplying the quotient by 100%. The weights
non-carcass components were documented, including the
heart, liver, gizzard, and intestine. The percentage of the
heart, liver, gizzard, and intestine was calculated by
dividing their weights by the total body weight and then
multiply the result by 100.

RESULTS

Effect of treatment on performance

Table 4 depicts the average performance of broilers,
encompassing feed intake, weight gain and feed
conversion, affected by incorporating ZmcC in their diets
until 6 weeks of age. The statistical analysis revealed that
the inclusion of ZmC in the diet did not significantly affect
(P>0.05) feed intake, weight gain, or feed conversion in
broilers. The feed intake of broilers did not significantly
influence the incorporation of ZmC into the diet (P>0.05).
Feed consumption in the 0% ZmC treatment was 562.21g
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per week, while increasing ZmC usage to 6% led to a
comparable feed consumption of 566.20g per week.

Table 4: Feed consumption, body weight gain and feed conversion as
affected by the provision of ZmC in broiler diets until 6 weeks of age

Treatments Feed Consumption  Body Weight Gain Feed
(g/head/week) (g/head/week) conversion
A (0% ZmC) 562.21+2.20 372.9748.01 1.70+0.42
B (2% ZmC) 564.19+9.64 365.55+9.82 1.76+0.88
C (4% ZmC) 567.91+2.39 369.80+10.03 1.76+0.70
D (6% ZmC) 566.20+1.55 369.78+9.15 1.73+0.63

ns = Non - significant (not significantly different (P>0.05), ZmC =
Zophobas morio Caterpillar.

The average weight gain of broilers varied from
365.55 to 372.97g per hen per week. The variability
analysis indicated that the incorporation of ZmC in the food
exerted an inconsistent influence, which was not
statistically significant (P>0.05), on the weight gain of
broilers. The FCR for broilers ranged from 1.73 to 1.76.
The analysis of variance revealed that the inclusion of ZmC
in the diet did not exert a statistically significant effect
(P>0.05) on broiler feed conversion.

Effect of treatment on broiler carcass/organs

Table 5 illustrates the impact of ZmC supplementation
in broiler diets on average carcass yield, encompassing live
weight, carcass percentage and abdominal fat percentage,
at 6 weeks of age. The intervention affects the body weight
of broilers. The live weight of the broilers ranged from
1410.06 to 1443.38 grams per individual. The analysis of
variance indicates that the inclusion of ZmC did not
significantly impact the average live weight of the hens
(P>0.05).

Table 5: Average live weight, carcass percentage, and abdominal fat
percentage of broilers at 6 weeks of age

Treatment Live Weight Carcass Abdominal Fat
(g/head) Percentage Percentage

A (0% ZmC) 1443.38+9.40 68.24+3.57 2.01+0.42

B (2% ZmC) 1419.08+6.77 67.79£4.02 1.87+0.22

C (4% ZmC) 1404.82+9.49 66.71+4.49 1.59+0.36

D (6% ZmC) 1410.06+4.45 66.44+3.36 1.03+0.65

ns = Non-significant (not significantly different (P>0.05), ZmC =
Zophobas morio Caterpillar.

Including ZmC in broiler feed did not significantly
(P>0.05) affect the carcass percentage. The carcass
percentage in the 0% ZmC treatment (68.24%) was similar
to that in the 6% ZmC treatment (66.44%). The average
abdominal fat percentage ranged from 1.03 to 2.01%. The
variance analysis indicates that including ZmC in the diet
does not significantly affect (P>0.05) the quantity of
abdominal fat in broilers.

Table 6 presents the average percentages of
physiological organs (liver, gizzard, heart, and intestine)
and intestinal length in broilers at 6 weeks of age, as
affected by incorporating ZmC in their diet. The mean
percentage of broiler liver ranged from 1.63 to 2.03%. The
variance analysis indicated that including ZmC in the
broilers' diet did not substantially influence their liver
percentage (P>0.05).

The minimum percentage of broiler gizzards was
2.29% in Treatment B, whereas the maximum was 2.63%
in Treatment C. The analysis of variance indicated that the
inclusion of ZmC in the diet did not significantly affect
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Table 6: Average non-carcass weight (liver, gizzard, heart, intestine) of broilers at 6 weeks of age

Treatment Liver Weight (%) Gizzard Weight (%) Heart Weight (%) Intestinal Weight (%) Intestinal length (cm/head)
A (0% ZmC) 2.00+£0.34 2.54+0.61 0.42+0.42 3.18+0.81 160.84+1.44
B (2% ZmC) 1.63+0.59 2.29+0.84 0.28+0.03 3.40+1.31 160.98+1.29
C (4% ZmC) 2.03+0.45 2.63+0.72 0.47+0.22 3.29+0.58 161.48+1.00
D (6% ZmC) 1.74+0.23 2.50+0.90 0.36+0.40 3.40+0.89 162.32+0.82

ZmC: Zophobas morio Caterpillar, All values (mean+SD) in a column differ non-significantly (P>0.05).

(P>0.05) the quantity of broiler gizzards. The increased
inclusion of ZmC in the diet augmented the proportion of
broiler gizzards. The therapy alters the cardiac percentage
in broilers we have looked at how therapy affects the
cardiac percentage of broilers. The average heart
percentage of broilers ranged from 0.28 to 0.47%. The
variance analysis results demonstrated that the inclusion of
ZmC in the diet did not significantly (P>0.05) affect broiler
heart weight.

The intestinal weight percentage of the typical broiler
ranged from 3.18 to 3.40%. The variance analysis
demonstrated that the inclusion of ZmC in the diet had no
significant effect (P>0.05) on broiler intestinal weight.
Treatment A demonstrates the minimum mean broiler
intestine length at 160.84cm, whereas treatment E displays
the maximum at 162.32cm. The variance analysis results
indicated that including fermented durian fruit waste into
the broilers' diet had no significant influence (P>0.05) on
intestinal length.

DISCUSSION

Effect of treatment on performance of broiler

The feed consumption in treatments B, C and D was
not substantially different from that in treatment A. This
indicates that including 6% ZmC into broiler diets yields a
flavor profile comparable to treatment A (0% ZmC).
Notably, despite the inclusion of 6% fish meal in treatment
D (6% ZmC), the broilers preferred this treatment due to
the presence of 6% ZmC. ZmC generates a desirable flavor
that aligns with the palatability of the control diet.
According to Abdollahi et al. (2018), feed intake is
influenced by palatability. Palatability refers to the appeal
of a feed component that stimulates appetite, encouraging
consumption. The glutamic amino acids in the ration were
consumed at the same rate in the RA treatment with RB,
RC, and RD. In the RA treatment, the broiler feed
contained 3.80% glutamic amino acids, nearly identical to
the 3.83% found in the RD treatment ration. The RA
treatment sourced glutamic amino acids from fishmeal,
while the RB, RC, and RD treatments substituted fishmeal
with ZmC to compensate for the glutamic amino acid
content. Li et al. (2011) state that fishmeal comprises
7.29% glutamic acid. Nuraini et al. (2024) report that the
amino acid concentration of the ZmC is notably high, with
glutamic acid being 6.90% of its composition. Adriani et
al. (2014) assert that glutamic acid is the most significant
nonessential amino acids for flavor enhancers or
flavorings. Glutamic amino acids provide a savory flavor
to the feed, stimulating chickens to consume larger
quantities, potentially leading to increased feed intake
(Muliani 2006). The presence of glutamic amino acids may
also influence gut microbiota composition, which is crucial
for nutrient absorption and overall health, further impacting
feed intake (Taylor-Bowden et al. 2024).

There is no substantial difference in the feed
consumption of broilers across treatments B, C and D,
which include ZmC, compared to treatment A, which does
not. This indicates that the rations exert an equivalent
influence on the birds' physiology concerning their feed
consumption. The feed consumption in the 0% ZmC
treatment yields a diet coloring corresponds to the 6%
ZmC treatment, making it advantageous for the animals.
Samadian et al. (2019) observed that livestock prefers
bright and light-colored feed. The findings of this study
are likewise inferior to those reported by Zulfan and
Zulfikar (2020), indicated that the feed consumption of
the MB-202 broiler strain up to 6 weeks of age was 681.17
g/head/week.

Impact of intervention on weight gain

Body weight augmentation does not significantly vary
across treatments B, C, D and E, which incorporate up to
6% ZmC in the diet, in contrast to treatment A, which
excludes ZmC. All four treatments exhibited a comparable
protein intake among the broilers. This indicated that the
protein concentrations in the diets utilized for tissue
development were consistent, resulting in unchanged body
weight gain in the broilers. Treatment A achieved a protein
intake of 96.25g per individual weekly; Treatment B,
95.79¢g per individual weekly; Treatment C, 97.23g per
individual weekly; and Treatment D, 94.12g weekly. Huda
et al. (2019) states that broilers exhibit a rapid development
rate, necessitating high-quality feed to fulfill their
nutritional  requirements, particularly  for protein.
Wattiheluw et al. (2023) assert that metabolic energy and
crude protein are essential nutrients required by broilers for
growth, including weight gain. The availability of
metabolic energy and crude protein provides energy for
standard functions and aids in the assimilation of proteins
rich in necessary amino acids, increasing body weight.
Broilers necessitate high-quality feed for optimal growth.
Fishmeal is responsible for the improved quality of rations
in treatment A. Furthermore, even though these ingredients
are used less in treatments B, C, and D, the formulation still
produces rations of the same quality when ZmC is present.
The concentration of the amino acid lysine similarly affects
the increase in body weight. In the RA therapy, the amino
acid lysine in the diet was 1.14%, nearly identical to the
1.1% of lysine in the RD treatment. The RD treatment's
comparable lysine amino acid amount suggests that ZmC,
which is rich in the important amino acid lysine, could
replace the protein content of fish meal.

Finke (2015) reports that the German caterpillar
contains 2.9% lysine, an important amino acid comparable
to the 5.00% lysine concentration in fishmeal, as Scott et
al. (1982) reported. The lysine amino acid requirement for
broilers in the finisher phase is at least 1% (NRC 1994).
Dita et al. (2020) assert that feeding rations enriched with
lysine can enhance weight gain and expedite growth rates



in chickens. Cafe and Waldroup (2006) assert that the
availability and balance of amino acids in hens' diets affect
their weight. Linoleic essential fatty acids also influence
the weight increase of broilers. Finke (2015) states that
German caterpillars possess linoleic essential fatty acids
ranging from 15.6 to 23.4%, above the 8.30% found in
fishmeal, as Zahroh et al. (2015) reported linoleic acid is
required in poultry diets at a minimum concentration of 1%
to facilitate growth (NRC 1994).

The body weight growth of broilers in treatments B, C,
D, and E, which included ZmC, was not significantly
different from treatment A, which excluded ZmC products.
Animal growth is contingent upon feed. The elevated
nutritional composition in feed enables livestock to attain a
specified body weight at a younger age. Weight gain
signifies the accumulation of nutrients contributing to the
development of body tissues. According to Boyd et al.
(2022), body weight gain is influenced by the amount of
protein in meat and other essential nutrients for tissue
growth. Subjected to treatment D (20% ZmC), the MB-202
broiler strain from PT Japfa Comfeed Indonesia showed a
weekly weight growth of 369.78g per individual until
reaching 6 weeks of age. This study's broiler weight gains
surpassed than the findings reported by Zulfan and Zulfikar
(2020). Their findings showed a weekly weight rise of
376.16g/head for the MB-202 strain until 6 weeks of age.

Effect of treatment on feed conversion efficiency

The feed conversion rates in treatments B, C and D,
including up to 6% ZmC in the diet, do not significantly
differ from treatment A's (control). The elevated feed
consumption, closely correlated with significant body
weight growth across all five treatments, results in
comparable feed conversion rates. In treatment A,
increased feed consumption is associated with considerable
body weight gain, which did not significantly differ from
the feed conversion ratios in treatments B, C and D. We
calculate feed conversion by dividing ration consumption
by body weight growth, which suggests that both the
amount of ration consumed and the increase in body weight
impact this metric. Borey et al. (2020) contends that the
digestibility of broilers influences the feed conversion
ratio, the quality of the consumed feed, and the consistency
of food component quantities in the feed. Davison et al.
(2023) asserts that the feed conversion ratio reflects the
feed necessary for each kilogram of weight increase. A
reduced feed conversion rate indicates improved feed
quality. Decreasing feed conversion signifies that animals
use less feed to attain the same growth rate, hence reducing
feed costs and improving farmer profitability. Feed
conversion  factors encompass quality, ambient
circumstances, stress levels, animal health, water
availability, and ration quality. According to Li et al.
(2023), the quality of feed raw materials significantly
influences ration conversion efficiency. Using raw
materials with low nutritional value or contamination may
impair broiler production performance. The study
established a mean feed conversion ratio of 1.73 for
treatment D (6% ZmC). This study's broiler ration
conversion was better than that of Nuraini et al. (2022),
who reported an MB 202 broiler FCR to be 1.78. Zulfan
and Zulfikar (2020) reported that the FRC for the MB-202
broiler strain up to 6 weeks of age was 1.82.
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Impact of treatment on broiler carcass yield

The research indicates that incorporating 6% ZmC into
the diet and replacing 75% of imported fish meals enables
broilers to achieve equivalent live weight gain as those fed
the control diet (0% ZmC with 75% fish meal). The
disparity in broiler live weight between treatment A
(utilizing 75% fish meal without ZmC) and treatments B,
C and D, which incorporated ZmC, is attributable to all four
treatments consuming identical quantities of feed. Uniform
feed intake provides the same nutrients for tissue
development, leading to a stable live weight in the
produced broilers. Quintana et al. (2023) argument aligns
with this; an increase in consumption leads to a
corresponding increase in body weight, and vice versa.
Zhou et al. (2024) asserted that the amount and quality of
feed ingested influence live weight.

The uniform protein consumption in each treatment
accounts for the equal life weight of broilers. The protein
consumption aligns with the protein concentration in the
rations for each treatment, varying from 22 to 22.08%.
Protein consumption in treatment D (6% ZmC/75% fish
meal replacement) was 94.12g/head/week, almost identical
to treatment A's (0% ZmC/75% fish meal) at 96.25
g/head/week. According to Yulianti et al. (2020), the
degrees of protein synthesis in the body correlate with
protein consumption, influencing broiler growth, including
live weight. The little variations in broiler live weight
between treatments A, B, C and D indicate that the protein
quality of the diets is consistent among all five treatments.
The protein quality in treatment D (6% ZmC, substituting
75% fish meal) can match the protein quality in treatment
A (0% ZmC, 75% fish meal). The dietary lysine amino acid
concentration for treatment A is 1.14%, sourced from
imported fish meal, soybean meal, fine bran and ground
maize. The lysine content is as follows: fish meal
contributes 5.00% (Scott et al. 1982), soybean meal
contributes 2.60%, fine bran contributes 0.77%, and
crushed maize contributes 0.20% (Nuraini et al. 2023). In
treatment D (6% ZmC/replacement of 75% fish meal), the
lysine amino acid concentration in the diet is 1.1%, nearly
identical to treatment A's. Treatment D includes Z. morio
larvae, soybean meal, fine bran, and crushed maize, which
supply the amino acid lysine.

According to Nuraini et al. (2024), Z. morio larvae
contains 4.75% lysine amino acid. Dey et al. (2024)
contends that the amino acid lysine is crucial for growth
and meat production. Administering lysine at a
concentration of 1.06% during the finisher phase can
improve the growth and development of chicken breast.
Furthermore, Onbagilar et al. (2024) posited that the weight
of chickens is influenced by the availability and
equilibrium of amino acids in their food. Essential fatty
acids, such as linoleic acid (omega-6), significantly affect
broiler longevity. In the D treatment, the linoleic acid
content of the ration is 5.86% greater than that of the rations
in treatment A, which is 2.76%. Nuraini et al. (2024)
indicate that the ZmC possesses necessary fatty acids,
notably with a linoleic acid concentration of 34.24%. The
fish meal comprises 8.30% linoleic acid. NRC (1994)
asserts that essential fatty acids, particularly linoleic acid,
are crucial for the growth of cattle and poultry. Broiler diets
must include at least 1% linoleic acid. The chitin content of
the ZmC was 12.54%, whereas in treatment D, it rose to



0.75%. Broilers may endure treatment D (6% ZmC/75%
fish meal replacement) with a chitin content of 0.75%,
demonstrating no adverse effects on broiler live weight.
Onbagilar et al. (2024) states that incorporating 1.98%
chitin-containing flour waste shrimp into the diet is still
suitable for broilers.

The live weight of the chickens across all treatments
was approximately uniform, resulting in comparable
percentages of deceased chicks. The carcass weight of
broilers is closely associated with their live weight.
Horhoruw and Kewilaa (2024) posited a strong
correlation between carcass weight and live weight,
indicating that an animal’s live weight directly affects its
carcass weight and vice versa. This corresponds with
Animashahun et al. (2022) claim that broilers' fat content
dictates carcasses' height and quality. The percentage of
belly fat directly correlates with the metabolizable energy
content. The different amounts of belly fat in broilers
given treatments A, B, C and D can be explained by the
fact that the diets have the same amount of metabolizable
energy, meaning that the animals store the same amount
of energy as fat. Kim and Voy (2021) asserts that
excessive energy intake leads to fat development, while
the age of animals is responsible for fat buildup.
Tchablémane et al. (2024) asserts that the ineffectiveness
of treatment of belly fat arises from consistent feed
consumption across all treatments. Chen et al. (2023)
contends that the feed provided to livestock affects the
overall formation of belly fat in broiler chickens’
distribution of body parts. The live weight of broilers
exhibits no significant variation among the four
treatments, leading to an identical amount of belly fat.
Abdominal adiposity develops together with the growth
in the body mass of broilers. Liu et al. (2023) asserts that
live weight affects belly fat weight, corresponding with
the broiler's growth cycle, which initiates the formation of
bones, muscles, and fat. Adipose tissue develops
subsequently after the creation of skeletal and muscular
structures. The predominant components of broilers' live
weight are bones and muscles.

Impact of treatment on organs

Incorporating ZmC at 6% in the diet does not affect the
relative weight of the broiler liver. Nasoetion et al. (2019)
contends that dietary protein levels influence liver mass.
This study maintains the feed protein at a constant 21%
while varying ZmC in the ratio from 0 to 6%, thereby not
affecting broiler liver weight. A protein-enriched diet
typically elevates the hepatic mass of broiler chickens. This
results from the liver's function in protein metabolism,
wherein it processes and stores amino acids obtained from
feed (Kurniawan et al. 2021). Besides protein, the
composition of the diet, which includes fat and fiber, also
influences liver weight. Consumption of high-fat diets may
result in hepatic fat storage, potentially leading to an
unhealthy increase in liver mass. Conversely, a high-fiber
diet can support digestive health and avert aberrant liver
enlargement (Prasetyo et al. 2021). This study found that
the administration of 6% ZmC resulted in a liver weight
percentage of 1.74. This result is inferior to the 1.81 (Amir
et al. 2022).

Treatments A, B, C and D exhibited identical gizzard
weights (0-6% ZmC in the broiler feed). Feed types
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influence gizzard mass, including mash, crumble, and
pellets. Chickens consuming pelleted feed generally
exhibit greater gizzard weights than those fed mash or
crumble feed. The meal's denser texture facilitates
digestion, enhancing gizzard activity (Herlinae et al. 2022).
The gizzard weight percentage in this study, at 2.50%, is
below the standard range. Jha and Mishra (2021) states that
the average gizzard weight ranges from 1.6 to 3.03%.

Incorporating up to 6% of ZmC into the diet did not
affect the proportion of heart weight. Numerous factors,
including live weight, nutrient composition of feed, type of
feed and supplementation, presence of anti-nutrients, age,
and sex, affect the heart weight of broiler chickens. A
positive correlation exists between live weight and heart
weight, whereby an increase in heart weight typically
coincides with an increase in live weight. Protein-enriched
feed promotes cardiac development, whereas feed high in
fat may result in adipose accumulation within the heart.
Moreover, feed additives and the impact of anti-nutritional
factors are significant contributors. Appropriate feeding
techniques can enhance digestion efficiency and promote
organ development (Nilawati and Gustian 2023). This
study demonstrated that applying 6% ZmC yielded a
cardiac weight percentage of 0.36. This outcome is inferior
to Amir et al. (2022) research, which reported a value of
0.50. For including Z. morio in broiler diets. Effect of
Treatment on Intestinal Weight Proportion in Broilers
Incorporating ZmC at a maximum concentration of 6% in
the diet did not influence the gut weight percentage.
Various factors, such as feed type and quality, genetic
variations among strains, environmental temperature and
airflow, and population density, influence the gut weight of
broilers (Hartcher and Lum 2019).

Diets with elevated protein levels, namely 18% or
greater, may extend the length of the small intestine. This
results from enhanced digestibility and improved
nutritional absorption, which fosters intestine growth
(Farida 2022). Subsequently, Farida (2022) elucidates
that gut length likewise augments with the age of the
chicken. Older hens often possess elongated intestines as
a result of the continuous growth and maturation of the
digestive system.

Conclusion

This study concludes that Zophobas morio caterpillar
can be used at up to 6% in the diet, resulting in a 75%
reduction in fish meal usage while preserving performance
and carcass output. No adverse impact on physiological
organs enhances the quality of broiler meat.
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