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ABSTRACT

This study aimed to examine the effect of using maggot frass level inclusion in the diet on the
performance, digestive organs, immune organs, and economic value of Muscovy Ducks. The study
employed a completely randomized design with four treatments and five replications. The treatments
used were: TO= 100% basal feed, T1= 80% basal feed + 20% maggot frass, T2= 60% basal feed + 40%
maggot frass, and T3= 40% basal feed + 60% maggot frass. This study involved 300 Muscovy ducks aged
4 days, weighing 40.52 + 4.81 gram/bird, and spanning a rearing period of 8 weeks. The obtained data
was subjected to analysis of variance, followed by Duncan’s test (p<0.05) for significance. The results
showed that the increase in body weight, final weight, income over feed and duck cost (IOFDC), N
retention, and carcass percentage decreased along with increasing maggot frass content. There was
an increase in feed consumption, AME, TME, and crude fiber digestibility when giving maggot
frass. There is a tendency for performance to decrease as the percentage of maggot frass in duck feed
increases, but maggot frass can still be used at a percentage of 40%. Based on the study’s findings, the
use of maggot frass up to 40% can reduce feed operational costs and positively affect the IOFDC value.
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INTRODUCTION

Poultry meat products continue to dominate the
market for satisfying people’s need for animal protein.
Among the poultry species, the Muscovy duck is recog-
nized as a meat producer. Muscovy ducks exhibit good
feed consumption levels, body weight gain, and feed
conversion ratio. Additionally, Muscovy ducks can di-
gest crude fiber well (Tadjong ef al., 2020). In Indonesia,
the duck population (Cairina moschata) reached
58,243,335 birds in 2020, representing a 1.7% increase
from the total duck population in 2019 (BPS, 2021). To
maximize duck growth, it is vital to consistently give
them high-quality feed that is economical and has nutri-
ents that can meet their nutritional needs.

Energy source feed ingredients are important
components that must be considered when preparing
poultry rations. Currently, rice bran serves as the pri-
mary energy source in animal feed. However, fluctuat-
ing rice bran prices and limited supply might increase
feed costs, particularly during the dry season. To ensure
the sustainability of duck farming, it is crucial to explore
alternative energy sources for animal feed apart from
rice bran. One potential alternative for Muscovy ducks
is maggot frass, which has the potential to serve as an
energy source. Maggot frass, a by-product of maggot
cultivation or Black Soldier Fly (BSF) larvae, consists
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of a mixture of loose maggot outer shell layers, mag-
got dung, dead maggots, and remaining organic waste
used as maggot feed (Klammsteiner et al., 2020). Maggot
frass is available continuously, relatively inexpensive,
and contains nutrients that can meet livestock needs. It
has a metabolic energy content ranging from 2318.52 to
2617.45 kcal/kg (Utama et al., 2023a).

Despite its potential, maggot frass has not been
widely used as an energy source feed ingredient for
poultry. It is commonly employed as a plant fertilizer.
Given the nutritional content of maggot frass, further
studies are needed to examine its effects as a feed
ingredient on the performance, physiology, and
economic value of duck farming. This study aims to
investigate the impact of utilizing maggot frass as a
feed ingredient for energy sources in Muscovy ducks,
assessing its effects on performance, digestive organs,
immune organs, and economic value.

MATERIALS AND METHODS

All procedures carried out in this study involving
animals have followed ethical standards and were
approved by the Faculty of Animal and Agriculture
Sciences, Universitas Diponegoro, with number
59-07/A-17/KEP-FPP.
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The study was conducted using a completely
randomized design with 4 treatments and 5 replications.
Each replication contained 15 Muscovy ducks unsexed
aged 4 days with a weight of 40.52 + 4.81 gram/bird. The
four treatments consisted of the following: 1) T0: 100%
basal feed + 0% Maggot frass; 2) T1: 80% basal feed +
20% Maggot frass; 3) T2: 60% basal feed + 40% Maggot
frass; 4) T3: 40% basal feed + 60% Maggot frass (Table
1). The research activities underwent three stages:
pre-research, implementation, and data analysis. The
pre-research stage involved analyzing the frass content,
preparing the frass, and preparing the rations. Frass was
obtained from maggot breeders in Semarang City for
IDR 1,500/kg. The implementation stage included the
cultivation of Muscovy ducks for 8 weeks, and on the 8"
week, a total collection was carried out.

Observed Variables

Feed intake. Feed intake was recorded daily and
accumulated weekly. The remaining feed was
subtracted from the feed given to calculate feed
consumption. The remaining feed and feed given were
measured using a sitting scale.

Body weight gain. Body weight was measured using a

Feed Conversion Ratio (FCR). The feed conversion ratio
(FCR) is calculated by comparing the feed consumed
with the increase in body weight at the end of the
production period (Kokoszynski et al., 2019).

Income over feed duck cost. Income over feed duck cost
(IOFDC) was calculated using the method of Tanwiriah
et al. (2019). It involved determining the difference
between the income from the sale of live birds and the
average expenditure per duck, which included the cost
of feed and day-old ducks (DOD).

Carcass percentage. The carcass weight was determined
by removing the feathers, head, legs, viscera, blood, and
neck from the carcass. Each part was weighed using
a sitting scale and a Kern ABJ-220 analytical balance.
Meanwhile, the carcass percentage was calculated by
comparing the carcass weight to the live weight and
multiplying the result by 100%, as described by Liu et al.
(2019).

Abdominal fat. Liu ef al. (2019) provide the method
for determining the percentage of abdominal fat,

Table 2. Nutrient contents of maggot frass

hanging scale. Body weight gain (BWG) was determined Nutrition Values
by dividing the difference between the final and initial Moisture (%) 46.26
body weights by the duration of the maintenance Ash (%) 13.16
period. Crude protein (%) 16.37
Crude fiber (%) 17.14
Final body weight. The final weight measurement was Ether extract (%) 2.70
conducted by weighing the body weight at the end of Metabolic energy (kcal/kg) 2617.45
the cultivation period, specifically at week 8. Source: Utama et al., 2023a.
Table 1. Feed formulation and nutrient contents of Muscovy duck feed containing maggot frass at different levels
. Treatments Feed stuff price
Feed material To T1 o 3 (IDR /Kg)
Feed composition (%)
Oilcake copra 125 3.5 0.5 0 4,200
Corn gluten feed 40 39 35 20.5 4,800
Corn grind 18 12 2 0 10,000
Oilcake soya bean 25 21 18 15 8,000
L-Methionine 0.25 0.25 0.25 0.25 65,000
Lysine 0.25 0.25 0.25 0.25 45,000
Minerals 1.5 1.5 15 15 10,000
Oil palm 2 2 2 2 28,000
NaCl 0.5 0.5 0.5 0.5 6,000
Maggot frass 0 20 40 60 1,500
Total 100 100 100 100
Feed price/kg (IDR) 7,260 6,214 4,956 4,099
Nutrition content
Moisture 9.4 9.3 8.61 9.1
Ash 8.53 8.67 10.89 10.92
Crude protein 22.02 22.04 22,14 22,20
Crude fiber 9.82 9.91 9.98 10.01
Ether extract 4.12 4.11 3.97 3.95
Metabolic energy * 3183.83 3175.22 3087.7 3084.69

Note: VSource: Results Analysis Laboratory Knowledge Nutrition Livestock, Universitas Diponegoro (2022). ? TO=100% Basal feed + 0% Maggot frass,
T1=80% Basal feed +20% Maggot frass, T2= 60% Basal feed + 40% Maggot frass, T3=40% Basal feed + 60% Maggot frass. ¥ Energy metabolic use
Balton formula: Energy metabolism= 40.81 (0.87[ Crude protein +2.25 Crude fat + Ingredients extract without nitrogen] + 2.5).
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which involves isolating the fat that comprises the
proventriculus, abdominal cavity, intestines, and bursa
of Fabricius. The resulting weight should then be
compared to the measured abdominal fat percentage.

Crude fat digestibility. The data on crude fat
digestibility was obtained by using the method
described by Gariglio et al. (2019). This involved
conducting a total collection, analyzing the fat content of
the feed and excreta, and calculating the fat digestibility
by comparing the fat content in the feed with the fat
content in the excreta.

Crude fiber digestibility. The data on crude fiber
digestibility involved conducting a total collection,
analyzing the crude fiber content of the feed and
excreta, and calculating the digestibility of fiber by
comparing the fiber content in the feed with the crude
fiber content in the excreta (Tadjong et al., 2020).

Nitrogen retention. Nitrogen retention (N) was
determined according to the method outlined by Linh
et al. (2022). This involved conducting a total collection,
analyzing the nitrogen content of the feed and excreta,
and calculating the percentage of nitrogen retention
by comparing the nitrogen content in the feed with the
nitrogen content in the excreta.

Apparent metabolizable energy. Apparent metaboliz-
able energy (AME) measurements were carried out ac-
cording to the method described by Wang et al. (2021).
The total collection method was employed, and the
gross energy content in both feed and excreta was ana-
lyzed. AME was then calculated by comparing energy
consumption with the energy remaining in the body.

True metabolizable energy. Measurement of true
metabolizable energy (TME) followed the method
outlined by Matin et al. (2021). The total collection
method was also utilized, wherein the gross energy
content in the feed, excreta, and endogenous excreta
was analyzed. TME was calculated by comparing
energy consumption with the energy left in the body,
considering endogenous energy correction.

Digestive organ percentage. Data on the percentage of
relative weight of the heart, the duodenum, jejunum,
ileum, cecum, and large intestine were obtained by
dissecting the ducks and separating the digestive

organs. The weight of each digestive organ was then
measured using an analytical balance. The percentage of
organ weight was calculated by comparing the weight
of each digestive organ with the live weight of the
ducks.

Data Analysis

The research data obtained were analyzed using
ANOVA to determine the effect of treatment with a
significance level of 5%. If there was a significant effect
(p<0.05), Duncan’s Multiple Range Test was used for
further examination. The FCR value and IOFDC value
parameters were analyzed descriptively.

RESULTS

The research results with frass maggot treatment
are shown in Tables 3, 4, and 5. Analysis of variance
showed significant effects (p<0.05) on feed intake, body
weight gain, and final body weight. The feed intake
increased with the increase of frass maggot inclusion
in the diet, but body weight gain and final body weight
decreased.

Analysis of variance showed significant effects
(p<0.05) on nitrogen retention, crude fat digestibility,
and crude fiber digestibility. The frass maggot inclusion
decreased N retention in T2 and T3, but not in T1. The
crude fiber digestibility increased in all treatments (T1,
T2, T3), while crude fat digestibility decreased only in
T3. However, there were no significant differences in the
parameters AME and TME (Table 4).

Analysis of variance showed a significant effect
(p<0.05) on carcass percentage, liver relative weight
percentage, jejunum relative weight percentage, and
ileum relative weight percentage. The frass maggot
treatments decreased the «carcass percentage of
Muscovy ducks. There were no significant differences in
abdominal fat and duodenum (Table 5).

DISCUSSION
Feed Intake

The results of the analysis of variance show that
the use of maggot frass has a significant effect (p<0.05)
on feed intake. Presumably, eliminating 60% maggot
frass from the feed results in alterations to the aroma,
flavor, and consistency, consequently diminishing the

Table 3. Feed intake, body weight gain, final body weight, and feed conversion ratio of Muscovy duck fed diets containing maggot

frass

. Treatments
Variables To T T T3
Feed intake (gram/bird/week) 524.92+81.123 538.33+91.67° 572.90+43.12° 520.01+66.03°
Body weight gain (gram/bird/week) 193.95+31.88° 165.99+26.42 = 164.89+24.66" 140.60+12.21°
Final body weight (gram/bird) 1592+257.112 1367.2+210.55* 1359+198.82 1167.4+99.59°
Feed conversion ratio 2.92+0.39 3.48+0.31 3.78+0.54 4.02+0.75
IOFDC (IDR) 20652.57+9696.04 14262.6+6197.83 17940.9+8563.93 14980.8+5835.24

Note: "Means in the same row with different superscripts differ significantly (p<0.05).2T0=100% Basal feed + 0% Frass, T1=80% Basal feed +20% Frass,
T2=60% Basal feed +40% Frass, T3=40% Basal feed + 60% Frass. IOFDC= Income over feed and duck cost.
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Table 4. Nitrogen retention, apparent metabolizable energy (AME) and true metabolizable energy (TME), crude fat digestibility, and
crude fiber digestibility of Muscovy duck fed diets containing maggot frass

. Treatments
Variables To T T T
N Retention (%) 86.65+3.70° 85.79+3.44° 80.08+2.03° 71.29+4.95¢
AME (Kcal/Kg) 2410.16+179.10 2431.69+107.44 2422.77+91.18 2249.91+202.77
TME (Kcal/Kg) 2562.46+180.63 2598.57+85.44 2580.31+146.19 2415.51+205.13
Crude fiber digestibility (%) 23.28+2.82° 58.33+3.65° 52.80+3.022 55.37+6.59°
Crude fat digestibility (%) 94.86+2.47° 95.69+3.15° 94.14+1.18° 81.52+3.31°

Note: "Means in the same row with different superscripts differ significantly (p<0.05). ?T0= 100% Basal feed + 0% Frass, T1=80% Basal feed + 20%
Frass, T2=60% Basal feed +40% Frass, T3= 40% Basal feed + 60% Frass. IOFDC= Income over feed and duck cost. AME= Apparent Metabolizable

Energy. TME= True Metabolizable Energy.

Table 5. Carcass percentage, abdomen, and digestive organ percentage of Muscovy duck fed diets containing maggot frass

. Treatments

Variables To T T
Carcass percentage (%) 54.37+3.32° 53.96 £1.59° 49.43+4.45¢ 49.81+2.25°
Abdominal fat (%) 0.33+0.57 0.16+0.27 0.43+0.63 0.17+0.38
Liver (%) 2.88+0.35° 2.63+0.23 3.48+0.27" 3.42+0.28"
Duodenum (%) 0.40+0.11 0.42+0.15 0.54+0.06 0.48+0.11
Jejunum (%) 0.95+0.16* 0.85+0.14° 1.20+0.14° 1.19+0.26*
lleum (%) 0.81+0.07° 0.83+0.13° 1.05+0.15 1.15+0.25°

Note: "Means in the same row with different superscripts differ significantly (p<0.05).2T0=100% Basal feed + 0% Frass, T1=80% Basal feed +20% Frass,
T2=60% Basal feed + 40% Frass, T3=40% Basal feed + 60% Frass. IOFDC= Income over feed and duck cost.

duck’s palatability. Reduced feed intake results from di-
minished palatability. Farghly et al. (2018) state that the
aroma and texture of feed affect palatability. The first
requirement for a material to be used as a feed ingredi-
ent is to have good palatability. The group that received
the T2 treatment consumed the most feed per week, or
572.9 grams. Palatability is not compromised due to the
utilization of frass, amounting to 40%, which has no dis-
cernible impact on flavor, aroma, or texture. A decrease
in feed intake will cause a decrease in the consumption
of protein and other nutrients, resulting in lower body
weight gain. Gariglio et al. (2019) report decreased duck
body weight gain when feed consumption decreased.
The feed intake observed in this study is comparable to
that of the Muscovy ducks studied by Kukusiyah et al.
(2022), which consumed 574 grams of feed per week.

Body Weight Gain

The results of the analysis of variance show that
the use of frass in the ration has a significant effect
(p<0.05) on body weight gain. This is related to the feed
conversion value. Gariglio et al. (2021) report that the
more efficient the FCR, the higher the body weight gain.
The feed conversion at TO is the maximum, resulting in
the greatest weekly body weight gain of 193.95 grams.
The results of the research by Kukusiyah et al. (2022)
involving ducks that consumed 574 grams of feed
per week and gained 198 grams of body weight per
week are comparable to the results of the body weight
gain at TO. Meanwhile, according to Abdel-Hamid &
Abdelfattah (2020), ducks aged 8 weeks have a body
weight gain of 174.02 grams per week. The decrease in
body weight gain, along with the addition of frass, was
due to an increase in the feed conversion value.

Final Body Weight

The results of the analysis of variance show that
the average duck body weight is significantly different
(p<0.05) when using frass. Factors that affect livestock
body weight are body weight gain and feed conversion
value. Nha & Thuy (2022) state that the final body
weight of livestock is affected by high or low body
weight gain. Farghly et al. (2018) report that the more
efficient the feed conversion value, the higher the final
weight of the ducks. TO shows the highest final weight
of 1592 grams. This was because the TO treatment had
a better growth rate, indicated by higher body weight
gain compared to T1, T2, and T3. Banaszak et al. (2020)
state that an 8-week-old Muscovy duck weighs 2417
grams. The final weight is related to feed conversion
because the more feed nutrients are converted into
tissues that make up organs, the higher the body weight
gain and final weight.

Feed Conversion Ratio

Research shows the feed conversion ratio value
of TO= 2.92, T1= 3.48, T2= 3.78, and T3= 4.02. The use
of basal feed (T0) shows the best feed conversion ratio
value. This is related to the value of nitrogen retention.
A high nitrogen retention value indicates good quality
protein feed containing balanced essential and non-
essential amino acids, making it easily absorbed by the
body and converted into body weight. The presence of
chitin in maggot frass, which is difficult for Muscovy
ducks to use, causes a decline in the percentage of feed
conversion ratio with each increased level of maggot
frass. According to Song et al. (2021), frass contains
chitin from the maggot exoskeleton. Nha & Thuy (2022)
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show a relationship between nitrogen retention and feed
conversion values. The higher the nitrogen retention,
the more efficient the feed conversion value, resulting
in better body weight gain and final weight. Nitrogen is
one of the constituent elements of protein, and protein is
found in every cell and is involved in every physiological
process of the body. Protein from feed is broken down
into peptides and amino acids, which are then used
for cell and body tissue formation. The average feed
conversion ratio value in this study is rated as more
efficient than Castillo ef al. (2020), who report a feed
conversion value of 4.61 for 8-week-old ducks. A lower
feed conversion value indicates better feed efficiency.
Low feed conversion indicates that less feed is needed to
increase 1 kilogram of body weight.

Income Over Feed Duck Cost

The results of this study indicate that the Income
Over Feed Duck Cost (IOFDC) for TO, which used basal
nutrition, was the highest at IDR20652.57, while T1 had
the lowest at IDR14262.6. In contrast, the feed conversion
ratio and IOFDC show dissimilar patterns on account of
feed price variations. TO has the highest live weight at
the expense of the most expensive feed, whereas T2 has
the lowest live weight at the expense of a less expensive
feed. According to Biesek et al. (2022), IOFC is affected
by feed costs, feed conversion ratio, and price per kg
live weight. IOFDC is a parameter used to determine the
benefits of each treatment. It is obtained by subtracting
the average expenditure per one animal, including
DOE and feed costs, from the sale of 1 Muscovy duck.
According to Dela Cruz et al. (2019), the income over
feed chick cost analysis aims to determine the treatment
that provides the highest profit. The highest IOFDC
was obtained by TO, namely IDR20652.57. This is
because TO shows the best feed conversion value and
the highest final weight. Mulatu ef al. (2019) report that
IOFC is closely related to feed prices and final weight,
as feed costs have the largest percentage of production
costs. Production costs include DOD prices, feed, and
operational costs.

Nitrogen Retention

TO showed the highest nitrogen retention, namely
86.65%. This can be attributed to the consumption
and digestibility of protein. Kumar et al. (2017) state
that reduced nitrogen excretion results from increased
protein digestibility and increased protein deposition
in the muscles. The decrease in the percentage of
nitrogen retention at each additional level of maggot
frass is thought to be caused by the presence of chitin
in maggot frass, which is difficult for Muscovy ducks
to utilize. Frass, a mixture of maggot feces, organic
waste substrate residue, and the exoskeleton fallout
from the maggot outer skin (Klammsteiner et al., 2020),
contains chitin derived from the maggot exoskeleton
(Song et al., 2021). Purkayastha & Sarkar (2019) show
that the chitin content in the maggot exoskeleton is 9%.
Chitin works by binding nitrogen from amino acids,
which are the building blocks of protein, making protein
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difficult to digest. Additionally, nitrogen retention
can also be affected by the pH of the proventriculus.
According to Ibrahim et al. (2020), acidic conditions in
the proventriculus and ventricles will affect the protein
digestion process because the pepsinogen enzyme is
active in acidic conditions. The process of breaking down
protein begins when the pepsinogen enzyme is active,
enabling absorption and retention by the body. This
study demonstrates higher nitrogen retention compared
to Linh et al. (2022), who report nitrogen retention of
68.1%-77.3% in their study on 8-week-old duck.

True Metabolizable Energy and Apparent
Metabolizable Energy

The results of the analysis of variance show that the
use of maggot frass on duck feed has no significant effect
on the True Metabolizable Energy (TME) parameter.
This is due to the similarity of energy absorbed in the
digestive tract. TME is the metabolized energy value
with endogenous energy correction. According to Wei et
al. (2020), endogenous energy refers to energy that does
not come from feed. It originates from the body in the
form of residual catabolic processes, gastric juices, and
the remnants of epithelial cells of the intestinal mucosa.
The TME value reflects the amount of pure energy
derived from feed that is utilized by the body. A higher
value of digested energy indicates good digestibility
of the feed content (Park & Carey, 2019). Particularly
due to its greater feed consumption in comparison to
T0, T1, and T3, T2 exhibited the highest TME value of
2598.57 kcal/kg. The findings of this study are higher
compared to the research by Wang et al. (2021), where
Muscovy ducks showed a TME value of 2247.92 kcal/
kg. Additionally, this difference can be attributed to
the better nutritional balance and ease of digestibility
in the feed used in the study. The factors influencing
TME include the nutritional balance of the feed and the
duck’s condition. Xie et al. (2023) indicate that increasing
metabolized energy leads to an increase in body weight
caused by increased body fat.

The results of the analysis of variance show that
the use of maggot frass in Muscovy duck feed has
no significant effect on the Apparent Metabolizable
Energy (AME) parameters. This is related to food
consumption and energy utilization by the body. AME
at T3 is relatively lower than other treatments, and feed
consumption decreases at T3. Xie ef al. (2023) state that
energy intake will increase along with increasing ration
consumption. On the other hand, energy intake will
decrease along with decreasing ration consumption.
AME or what is usually called apparent metabolic
energy is the difference between the gross energy of feed
consumed and the gross energy released with excreta.
Utama et al. (2023b) state that the metabolic energy value
content of a feed will influence animal feed consumption.

Crude Fiber Digestibility
With a crude fiber digestibility of 58.33%, T1

demonstrated the highest. The duck may have
discovered a form of unrefined fiber present in maggot
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frass that was more easily digestible. The maggot frass
used in this study was derived from maggot cultivation
with fruit and vegetable organic waste as feed. Fruits
and vegetables contain cellulose and hemicellulose,
types of crude fiber. Hemicellulose is easier to digest as
it can be hydrolyzed into simpler and more digestible
forms. The factor causing the low digestibility of
crude fiber in the TO is thought to be due to the large
percentage of copra meal used in the ration (12.5%).
Copra meal contains lignin, which is difficult for
intestinal microorganisms to digest. This is consistent
with the opinion of Rungruangsaphakun et al. (2022)
that the digestibility of crude copra meal fiber is low
because this material contains high lignin. Lignin is
a part that functions as a reinforcement for plant cell
walls by binding cellulose and hemicellulose, making it
difficult to digest.

Crude Fat Digestibility

Among the treatments, T1 exhibited the highest
crude fat digestibility at 95.69%, while T3 showed the
lowest digestibility. The lower digestibility of fat is
presumed to be related to the digestibility of protein,
which can be predicted based on the nitrogen retention
results. The presence of chitin interferes with protein
digestion, and it has a negative effect on fat digestion.
The low digestibility of crude fat in the T3 treatment
was due to the activity of the lipase enzyme, which is
related to the content of saturated and unsaturated fatty
acids. According to Adhami et al. (2021), lipase activity
related to unsaturated fatty acids causes fat digestibility
to increase. Maggot frass contains more saturated fatty
acids. The saturated fat content is thought to come from
the remains of BSF larvae mixed in the frass. Marco et al.
(2021) state that the proportion of saturated fatty acids
in BSF is 20.20%.

Carcass Percentage

The variation in carcass percentage is attributed
to differences in final weight. Castillo et al. (2020) state
that live weight influences carcass percentage, as an
increase in live weight leads to an increase in carcass
percentage. The highest percentage of duck carcasses is
observed in TO, reaching 54.37%. T0 achieves the highest
carcass percentage due to its highest final body weight.
This correlation can be attributed to age, weight, and
protein digestibility, which impact carcass percentage.
Protein digestibility can be estimated by examining
nitrogen retention values. Contrary to the findings
presented by Castillo ef al. (2020), which indicate a
carcass percentage of 58.5% in ducks, the results of this
study are comparatively lower. The disparity can be
attributed to higher feed consumption and lower feed
conversion ratio (FCR), which affect live weight and
carcass percentage.

Abdominal Fat Percentage

The use of maggot frass in duck feed has no
significant effect on abdominal fat. The percentage

of abdominal fat is related to the availability and
utilization of energy by the body, so the percentage of
abdominal fat correlates with the values of apparent
metabolizable energy and true metabolizable energy.
Fouad & Senousey (2014) state that excess metabolic
energy will affect the growth of fat tissue, thereby
influencing the amount of fat in the abdominal area.
T2 had the largest percentage of abdominal fat, 0.43%,
most likely due to its higher feed consumption.
Despite identical energy consumption, lower quantities
of digestible nutrients may contribute to a higher
percentage of abdominal fat. The reported range for the
abdominal fat of geese in a study by Liu et al. (2019) was
1.61% to 2.00%. The low percentage of abdominal fat
indicates that the condition of the resulting carcass fat is
relatively better.

Liver Percentage

The use of frass in duck feed had a significant
(p<0.05) effect on liver percentage. This is thought to
be related to the amount of energy stored in the form
of glycogen. Zhang et al. (2021) state that the liver
functions as a storage site for energy in the form of
glycogen, and when it reaches its maximum capacity,
it is stored as fat. The glycogen content in the liver
can affect its weight. The results show that T2 has the
highest percentage of liver weight, namely 3.48%. This
is believed to be caused by higher feed consumption
than TO, T1, and T3. In addition, this increase in relative
liver weight is thought to be caused by the crude fiber
content in the feed. One type of crude fiber content in
frass is chitin, which causes the liver to work harder
to digest crude fiber, thereby increasing liver weight.
This is consistent with the findings of Zhong et al.
(2020), who report that a high crude fiber content in the
feed causes the liver to work harder. The liver weight
percentage observed in this study is higher than the
figure reported by Castillo et al. (2020), who noted
that the heart weight, when fed with 22.4% protein,
was 1.80%. According to Kokoszynski et al. (2018),
the relative liver weight percentage in ducks typically
ranges from 1.8% to 2.1% of the body weight.

Duodenum Percentage

The results show that the use of maggot frass
has no significant effect on the relative weight of the
duodenum. This is thought to be related to the type of
feed consumed, as the rations have relatively the same
crude fiber content. Naderinejad et al. (2016) state that
the weight of the small intestine is not static quantities
and can be influenced by the quantity and type of feed
consumed. The duodenum, as the initial part of the
small intestine, contracts in response to the stretching
caused by the feed entry. The relative weight percentage
of the duodenum in this study is higher compared to
Rotiah et al. (2019), with the relative weight percentage
of chickens reaching 0.25%. Factors such as body size,
sex, age, health status, and feed quality influence the
microanatomical structure of the duodenum.
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Jejunum Percentage

The analysis of variance results shows that the
use of maggot frass has a significant effect (p<0.05) on
the relative weight of the jejunum. The relative weight
of the jejunum increases with the increasing use of
frass. It is suspected that frass contains a type of fiber
that causes the jejunum to work longer, so the weight
of the jejunum also increases. The crude fiber content
of lignin is thought to take a long time to digest, thus
affecting the size and weight of the jejunum. The highest
percentage of the jejunum is observed in T2. This is
thought to be related to the higher feed consumption
in T2, which results in a higher intake of crude fiber
(1.20%). The relative weight percentage of the jejunum
in this study closely aligns with the figure Gariglio et al.
(2019) reported for Muscovy ducks, which is 1.41%.

Ileum Percentage

The analysis of variance results shows that the use
of maggot frass has a significant effect (p<0.05) on the
relative weight of the ileum. Factors that can influence
the relative weight of the ileum are the nutrients
contained in the feed. According to Wang et al. (2018),
the ileum, located at the end of the intestine, plays
an important role in nutrient absorption. The ileum
is present in the highest percentage in T3 treatment,
particularly 1.15%. However, the relative weight
percentage of the ileum in this study is lower than that
found by Rotiah et al. (2019), where the relative weight
percentage in chickens ranged from 0.55% to 0.79%.

CONCLUSION

Based on the research findings, it is recommended
that maggot frass be added at a rate of 40% to Muscovy
duck feed. Using maggot frass up to 40% can successful-
ly reduce feed operations costs, contributing positively
to the IOFDC (income over feed and duck cost) value.
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