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Abstract | The study evaluated the effects of Se-conjugated protein black soldier fly larvae meal (Se-BSFL) on carcass 
characteristics and meat fatty acid profiles in broiler ducks. This study used a total of 200 one-day-old hybrid broiler 
ducks which were randomly divided into 4 treatment groups with 5 replicates, each replicate consisting of 10 ducks. 
The broiler ducks were fed with basal diet without Se-BSFL meal (0%), basal diet with 5% Se-BSFL meal, basal diet 
with 7.5% Se-BSFL meal, and basal diet with 10 mg/kg Se yeast. The results showed that feeding Se-BSFL with 7.5% 
and 10 mg/kg Se-Yeast significantly (p<0.05) decreased slaughter weight, carcass weight, breast yield, breast yield, 
breast percentage, thigh yield, and thigh percentage, but showed no significant difference in carcass percentage. The 
monounsaturated fatty acid profile of meat increased significantly (p<0.05) in line with the increase in Se-BSFL feeding 
level, but in contrast, the polyunsaturated fatty acid profile decreased significantly (p<0.05). In conclusion, feeding 5% 
Se-BSFL is recommended because it does not show a negative impact on carcass characteristics, especially a decrease 
in slaughter weight and carcass weight and shows the highest carcass percentage. Feeding Se-BSFL also had an impact 
on the monounsaturated and polyunsaturated fatty acid of broiler duck meat. These results indicate the potential use 
of Se-BSFL as a feed ingredient in poultry production although the use of high levels will reduce slaughter weight and 
carcass yield.
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INTRODUCTION

The demand for livestock-derived food has increased 
along with the increase in human population growth 

and public awareness to consume animal protein. By 2050, 
animal food production will increase by 60%-70% to meet 
global food demand (FAO, 2022). 

Livestock production will gradually increase in response 

to increasing demand for animal food, requiring more 
resources such as land and feed. Feed in the livestock 
industry accounts for about 60-75% of overall production 
costs with the need for feed ingredients containing protein 
sources reaching more than 15% (Khan et al. 2016). 
Insects are one of the new, alternative and sustainable feed 
sources that address important challenges in the animal 
feed industry. The advantage of insects is that they can be 
cultivated in organic side streams and thus contribute to 
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the circular economy (Sogari et al., 2023). 

Hermetia illucen L., commonly known as the black soldier 
fly (BSF), is being investigated for its potential to feed 
a variety of livestock, control certain harmful bacteria 
and insect pests, turn organic waste into high-quality 
protein, and supply possible chemical precursors to 
produce biodiesel (Barragan-Fonseca et al., 2017). Higher 
percentages of protein (37-63%) as well as other macro- 
and micronutrients that are necessary for animal feed 
are present in BSF larvae. According to studies already 
conducted, using BSF larvae in fish, pig, and poultry feed 
can only partially substitute traditional feed ingredients 
(Cullere et al., 2016). 

Hermetia illucen L., also known as the black soldier fly 
(BSF), has been investigated for its potential to feed 
various livestock, control harmful bacteria and insect pests, 
and convert organic waste into high-quality protein source 
material (Barragan-Fonseca et al., 2017). BSF larvae have 
a high protein content (37-63%) and contain other macro- 
and micro-food substances needed for animal feed. Based 
on previous research studies, the use of BSF larvae in fish, 
pig and poultry feed can partially replace traditional feed 
ingredients (Cullere et al. 2016). The utilization of BSF 
larvae as a source of poultry feed ingredients has led to 
efforts to enrich certain nutritional values to produce high 
quality and economic value livestock products.  A number 
of studies have examined the biofortification potential of 
insects with selenium as an organic selenium source (Ferrari 
et al 2022; Zhang et al 2024). This new type of organic 
selenium source called selenium conjugated insect protein 
(SCIP) is made through two biotransformation processes: 
microbial fermentation and insect larval synthesis. SCIP 
provides excellent bioavailability, biosafety, and high 
biological value to livestock (Qiu et al 2021).

Selenium is an essential mineral involved in metabolism, 
immune response, antioxidant activity, and animal growth 
(Gu and Gao, 2022). Selenium plays a role in the formation 
of the enzyme glutathione peroxidase which functions to 
remove peroxides, protecting cells and membranes from 
oxidative damage (Silva et al, 2019). 

The poultry industry has challenges in reducing the 
impact of lipid oxidation of unsaturated fatty acids in 
meat and egg products when stored, resulting in various 
rancid flavors and aromas (Nemati et al 2021). Wang et al. 
(2021) reported that selenium supplementation in feed can 
improve growth performance, selenium content in muscle, 
antioxidant activity and meat quality of broilers.  The 
use of selenium doses in livestock needs to be considered 
because there are toxicity effects at high levels. Kim and Kil 
(2020) reported that feed supplementation with inorganic 
Se showed a decrease in body weight gain and greater feed 

intake compared to poultry given feed containing organic 
Se at the same dose of 15 mg/kg feed. 

Broiler ducks are one of the poultry animals that are utilized 
for meat production. Duck meat has high nutritional value 
because it contains essential amino acids and has a healthy 
fatty acid profile (Ismoyowati and Sumarmono, 2019). 
Consumers prefer duck meat for its delicate flavor and 
texture, as well as its high content of easily digestible protein, 
polyunsaturated fatty acids, and vitamins (Cao et al., 2021). 
The content and composition of fatty acids in meat is one 
of the main factors that determine meat quality, including 
meat color, freshness, flavor, and nutritional value (Kamal 
et al., 2022). The worldwide population of ducks (Anas 
spp.) reaches 1.15 billion and about 1.0 billion (89%) are 
in Asia (FAO, 2022). Duck meat production in Indonesia 
has averaged 37.8 thousand tons/year over the past 5 years, 
contributing less than 1% of national meat production 
from all livestock species (Directorate General of Animal 
Husbandry and Animal Health Indonesia, 2021). Many 
previous studies have reported the effects of selenium 
supplementation on growth, production performance, and 
meat quality of poultry, especially chicken, but very limited 
on broiler ducks. Therefore, the objective of this study was 
to investigate the potential of Se-conjugated protein black 
soldier fly larvae meal (Se-BSFL) as a feed ingredient on 
carcass characteristics and meat fatty acid profile in broiler 
duck.

MATERIALS AND METHODS

Ethical Clearance 
Under the ethical number (No. 004-KEP-UB-2024), this 
experiment methodology was conducted according to the 
Animal Care and Research Ethics Committee's guidelines 
at the Institut Biosains Universitas Brawijaya, Indonesia. 

Birds, Diets and Housing
A total of 200 (one-day-old) hybrid broiler ducks were 
randomly allocated into four dietary treatments in 
five replicates, with 10 ducklings per replicate and 50 
ducklings per group. All experiment ducklings were raised 
in the communal cages (100 cm width × 200 cm length 
× 60 cm height). The birds were housed at an initial 
ambient temperature of approximately 32°C, which was 
gradually reduced to 22°C under routine management 
practices. Relative humidity was maintained at 50–70%. A 
continuous lighting schedule was used for the first 7 days, 
followed by 23 hours of lighting for the remainder of the 
experiment. The experimental compartment was equipped 
with water fountains and feeders. Throughout the rearing 
period, fresh water and feed were given on a continuous 
basis. There were two phases to the feeding plan during 
the trial period: starter (day 1:21) and finisher (day 22:42). 
Four experimental diets were formulated as starter-finisher 
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diets as recommended by the NRC (1994). The diets 
provided included basal diet without Se-BSFL meal (0%), 
basal diet with 5% of Se-BSFL meal, basal diet with 7.5% 
of Se-BSFL meal, and basal diet with 10 mg/kg Se-yeast 
as control diet. The nutritional composition of the Se-
BSFL meal and BSFL meal utilized in the study is detailed 
in Table 1. Table 2 presents the chemical composition of 
the basal diet. The selenium conjugated BSF protein (Se-
BSFL) meal was supplied from the Department of Poultry 
Product Processing, Community College State of Putra 
Sang Fajar Blitar, Indonesia. The procedure for preparing 
Se-BSFL meal by enriching sodium selenite through two 
biotransformation steps refers to the research of Qui et al 
(2021). First, fermentation of larval growth media enriched 
with sodium selenite using Saccharomyces cerevisiae yeast 
at optimal conditions by Faramarzi et al (2020). The 
growth media consisted of bran and soybean meal as raw 
materials for 400 mg of sodium selenite, according to 
previous research (Kurniawan et al., 2024). Second, the 
fermented growth medium was fed to the larvae. Finally, 
the selenium-enriched larvae were dried and ground. 

Table 1: Nutritional and selenium content of BSFL and 
Se-BSFL meal.

Nutritional Content BSFL meal Se-BSFL meal
Dry Matter Content (%) 94.85 94.65
Ash (%) 6.15 6.58
Crude Protein (%) 41.71 41.81
Crude Lipid (%) 36.90 36.80
Gross Energy (cal/kg) 5900 6140
Selenium Content (mg/kg) 1.26 223.61

Note: Result of laboratory nutrition and feed technology, 
university of brawijaya.

Characteristics Carcass Performance 
Measurement
At the end of the rearing period on day 49,  one bird 
per replicate per treatment was randomly selected, 
weighed, and slaughtered by cutting the jugular vein in a 
professional slaughtering room. The birds are fasted for 
12 hours before being slaughtered, bled, scalded and their 
feathers mechanically plucked. The process of collecting 
and transporting the ducks is done with proper handling so 
as to ensure minimal stress and injury. Bleeding slaughter 
is done effectively by ensuring thorough removal of blood. 
Scalding at the right temperature and duration loosens 
feathers for easier plucking and to avoid skin damage. Rapid 
cooling to 4°C or lower to prevent bacterial growth. The 
broiler duck carcass characteristics were then established 
by weighing the carcass, the muscles in the breast and legs, 
and determining the relative weight as a percentage of the 
live body weight.

Table 2: The composition and nutritional content of the 
basal diet.

Ingrediens (%) 0-21 Day 22-49 Day
Corn 10,05 19,03
Soybean meal 29,05 20,07
Rice bran 45,00 45,00
Fish meal 7,00 7,00
Palm oil 2,00 2,00
Premix 1,50 1,50
Salt 0,10 0,10
L-Lysine 0,10 0,10
DL-Methionine 0,20 0,20
BSFL meal 5,00 5,00
Calculation results
Energi Metabolis (kcal/kg) 2.860 2.945
Crude Protein (%) 23,00 18,00
Crude Lipid (%) 7,96 9,08
Crude Fiber (%) 3,00 2,92
Calcium (%) 0,60 0,55
Phosphorus (%) 0,33 0,28
Lysine (%) 1,58 1,38
Methionine (%) 0,65 0,60
Test results*
Gross Energy (cal/kg) 3.906 4.163
Crude Protein (%) 22,68 18.50

Note: *Result of laboratory nutrition and feed technology, 
university of brawijaya.

Meat Fatty Acid Profile 
The pectoralis major muscle was examined to determine 
the meat's fatty acid (FA) content. These methods were 
developed considering Vilela et al. (2021) as a basis. The 
FA profile was determined using gas chromatography 
(GC). FAME, or fatty acid methyl esters, are produced by 
converting fatty acids. The associated fatty acids' FAME 
was determined using gas chromatography. To identify 
fatty acid methyl esters, individual standards' retention 
durations were examined. They were discovered by 
comparing the fatty acids' retention lengths to the assigned 
standards. The chromatographic peak regions were utilized 
to calculate the relative amounts of fatty acids. 

Statistical Analysis
All data were presented as means, which were compared 
using the SPSS program and one-way ANOVA in a 
completely randomized design. The LSD test mean 
differences were estimated based on the least significant 
difference. All tests were considered significant when the 
p-value was less than 0.05.
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Table 3: The effect of dietary Se-BSFL meal on carcass characteristics of broiler ducks at 49 days of age. 
Parameter Se-BSFL meal (%) Se-yeast 10 mg/kg

0 5 7,5
Slaughter weight (g) 2,277 ± 90b 2,299 ± 166b 1,909 ± 132a 1,866 ± 221a

Carcass (g) 1,443 ± 75b 1,495 ± 110b 1,206 ± 80a 1,250 ± 118a

Breast (g) 199±33a 168±26ab 106±23b 103±47b

Thigh (g) 206±18a 207±7a 177±23b 174±23b

Heart (g) 12.24±0.3a 12.60±2.1a 11.00±0.7ab 10.20±1.5b

Liver (g) 51.6±3.0 58.2±9.7 53.2±11.2 56.7±4.0
Gizart (g) 59.6±8.4 62.3±5.6 50.5±8.4 57.2±8.0
Abdominal Fat (g) 31.2±13 35.9±6.6 26.8±6.4 30.2±12
Percentage 
Carcass (%) 63.37 ± 2.86 65.04 ± 1.29 63.18 ± 2.83 62.74 ± 4.63
Breast (%) 18.93 ± 1.16 18.58 ± 2.48 16.95 ± 1.00 16.31 ± 1.08
Thigh (%) 12.71 ± 0.67a 13.92 ± 0.48ab 14.42 ± 1.08b 14.13 ± 0.95b

Heart (%) 2,26 ± 0,18a 2,53 ± 0,40 ab 2,78 ± 0,52ab 3,09 ± 0,62b

Liver (%) 0,53 ± 0,03 0,55 ± 0,11 0,57 ± 0,03 0,54 ± 0,03
Gizart (%) 2,63 ± 0,47 2,71 ± 0,20 2,65 ± 0,53 3,10 ± 0,54
Abdominal Fat (%) 1,36 ± 0,56 1,55 ± 0,22 1,40 ± 0,33 1,57 ± 0,49

Note: Means within a row with different superscripts are different (P <0.05).

RESULTS AND DISCUSSION

Effect of Se-BSFL on the Carcass 
Characteristics
The effects of dietary Se-BSFL supplementation on the 
carcass characteristics of the broiler ducks are presented 
in Table 3. The dietary 7.5% Se-BSFL meal and 10 mg/
kg Se-yeast significantly decreased (p <0.05) between all 
treatments in slaughter weight, carcass yield, breast yield, 
breast percentage, thigh yield and thigh percentage. There 
were no significant differences in dietary Se-BSFL of 
carcass percentage the broiler ducks. The dietary Se-BSFL 
significantly (p<0.05) affected liver weight and percentage, 
but not significantly different heart and abdominal fat in 
broiler ducks.

Effect of Se-BSFL on the Fatty Acid Profiles 
The fatty acid composition of of broiler duck breast 
samples in each dietary treatment is shown in Table 4. 
The dietary Se-BSFL had a significant impact (p<0.05) on 
some fatty acid composition of breast meat such as palmitic 
acid, stearic acid, oleic acid, linoleic acid in broiler ducks. 
The dietary Se-BSFL had a significant increase (p<0.05) in 
monounsaturated fatty acid and polyunsaturated fatty acid 
compared to dietary Se-yeast.

The monounsaturated fatty acid profile of meat increased 
significantly (p<0.05) in line with the increase in Se-BSFL 
feeding level, but in contrast, the polyunsaturated fatty 
acid profile decreased significantly (p<0.05).  The dietary 
Se-BSFL had a significant increase(p<0.05) in oleic acid 

resulting in higher total MUFA in broiler duck breast muscle 
whereas dietary Se-BSF significantly decreased linoleic 
acid, which was the main cause of PUFA decrease (p <0.05).
 
The carcass characteristics are essential markers in poultry 
production because they help to evaluate meat production 
metrics and explain the amount of nutrients deposited in 
the body. The body mass or weight, as well as the size of 
the non-carcass components (head, feet, organs, intestines, 
feathers, and internal fat), have an impact on the carcass 
features (Bai et al., 2022). The dietary Se-BSFL meal had 
a significant effect on all carcass characteristics except the 
proportion of the carcass, the heart, and the quantity of 
abdominal fat. This confirms previous findings. According 
to Al-Quwaie (2023), adding selenium nanoparticles to the 
broiler diet significantly reduced fat and enhanced breast 
muscle, while the carcass parameters remained constant. 
Ahmadi et al. (2018) discovered that when compared to 
control birds, NS-supplemented Male Ross 308 chicks had 
higher percentages of breast and drumstick tissue and less 
fat. According to Elkhateeb et al. (2022), broilers fed a diet 
supplemented with various kinds of selenium had a higher 
proportion of the abdomen and dressing, but internal 
organs did not differ within treatments. Abdel-Moneim et 
al. (2022) found that supplementing the diet with Spirulina 
platensis and selenium nanoparticles improved the dressing 
percentage and carcass yield while decreasing abdominal fat 
in heat-stressed broiler chickens at market age as compared 
to a control diet. Se-chitosan, Na selenite, vitamin E, or any 
combination of these nutrients had no effect on the relative 
weights of the carcass, breast, legs, gizzard, pancreas, and 
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abdomen in broiler chickens at 21 and 42 days (Bami et 
al., 2021). According to Bakhshalinejad et al. (2019), 
carcass characteristics were unchanged by selenium source, 
inclusion rate, or combination. Furthermore, Mohamed et 
al. (2020) showed that neither bacterial selenoprotein nor 
sodium selenite had any effect on carcass characteristics in 
broiler chickens fed 0.30 mg Se/kg of feed. Markovic et al., 
. (2018) reported that breast percentage in carcasses was 
higher with high selenium (Se) yeast supplementation. The 
increase in breast percentage in the groups receiving the 
highest Se content may reflect better protein assimilation 
and improved growth through Se-enhanced metabolism 
of thyroid hormones that regulate animal growth. In this 
study, carcass characteristics decreased with higher Se-
BSFL levels. This is thought to be because high selenium 
levels can reduce feed intake and final body weight. This 
is consistent with the findings of Kim and Kil (2020), that 
increasing organic or inorganic Se levels in feed to 15 mg/
kg can reduce feed intake and body weight of broilers. Park 
et al. (2021) suggested that carcass yield is closely related 
to live weight or slaughter weight. Broilers with low live 
weight will produce low carcass weight.

The fatty acid content of the feed has an impact on the 
fatty acid profiles of broiler meat. This has led several 
studies aimed at developing animal products by altering 
the fatty acid composition of meat in the diet to include 
bioactive fatty acids that are better for human nutrition 
(Saleh et al., 2021; Verge-Merida et al., 2022). The current 
study investigated the effects of Se-BSFL supplementation 
on broiler ducks' fatty acid profiles. The available literature 
reported the similar observation in broiler chicks (Cullere 
et al., 2019; Kim et al., 2020; Kieronczyk et al., 2023). 
Se-BSFL significantly increased the levels of MUFA and 
medium chain fatty acids (palmitic) in meat. This study also 
confirmed an unfavourable association between the overall 
concentration of polyunsaturated fatty acids (PUFAs) in 
broiler chicken meat and the diet. Juniper et al. (2022) 
reported that addition of Se caused relatively small and 
inconsistent changes in meat fatty acid profiles. An increase 
in long-chain PUFA concentrations has been observed 
in meat tissues after selenium supplementation. Dietary 
selenium is thought to affect tissue PUFAs indirectly by 
decreasing the rate of peroxidation, thereby affecting the 
action/expression of elongases and desaturases involved in 
their synthesis. On the other hand, Kim et al. (2020) found 
that the addition of Se-BSFL lowered the concentration of 
PUFA. Cullere et al., (2019) found that adding BSFL oil to 
chicken diets improved broiler meat's n-6/n-3 content. The 
increased content of n-6 PUFA and lower concentration of 
n-3 PUFA are responsible for these effects. Daszkiewicz 
et al. (2022), discovered higher SFAs in the muscles 
of chickens fed a BSFL diet. Schiavone et al. (2019), 
discovered no significant rise in SFAs in the breast muscles 
of chickens fed a BSFL diet. The current study found that 

Se-BSFL meal had a significant effect on the proportion 
of MUFAs in the breast muscle of broiler ducks, which 
is consistent with the findings of Schiavone et al (2019) 
and Cullere et al (2018), who found that the proportion 
of MUFAs increased in the thigh muscles of birds fed 
BSFL meal when compared to the control group. After 
being fed a defatted BSFL diet, broiler quails and chickens' 
breast muscles contain a higher percentage of MUFAs. 

Table 4: The effect of dietary Se-BSFL meal on fatty acid 
profiles of broiler ducks at 49 days of age.
Fatty acid profile (%) Se-BSFL meal (%) Se-yeast 

10 mg/kg0 5 10

Caproic (C6:0) 0.00a 0.00a 0.00a 1.06b

Caprylic (C8:0) 0.00a 0.07a 0.00a 14.19b

Decanoic (C10:0) 0.04a 0.00a 0.00a 9.53b

Lauric (C12:0) 0.00a 0.25a 2.50b 19.57c

Tridecanoic (C13:0) 0.02 0.00 0.00 0.00
Myristic (C14:0) 0.71a 0.10a 2.61b 8.14c

Pentadecanoic (C15:0) 0.07 0.00 0.00 0.00
Palmitic (C16:0) 16.89b 12.72a 17.21b 11.68a

Heptadecanoic (C17:0) 0.00 0.17 0.15 0.15
Stearic (C18:0) 4.66a 7.26b 9.97c 6.63b

Arachidic (C20:0) 0.39 0.00 0.00 0.00
Heneicosanoic (C21:0) 0.21 0.00 0.00 0.00
Docosanoic (C22:0) 0.40 0.00 0.00 0.00
Myristoleic (C14:1) 0.10 0.00 0.00 0.00
Palmitoleic (C16:1) 1.94 0.38 0.62 0.58
Heptadecenoic (C17:1) 0.00 0.08 0.13 0.00
Oleic (C18:1ω9) 38.38b 44.64c 46.62c 29.36a

Eicosenoic (C20:1ω9) 0.16 0.37 0.00 0.27
Erucic (C22:1ω9) 4.29 1.37 0.00 0.00
Nervonic (C24:1ω9) 0.29 0.00 0.00 0.00
Linoleic cc (C18:2ω6) 31.72c 30.40c 21.90b 11.41a

Alfa Linolenic ccc (C18:3ω3) 0.39 0.56 0.00 0.26
Gamma Linolenic ccc 
(C18:3ω6)

0.43 0.83 0.00 0.43

Eicosadienoic (C20:2ω6) 0.09 0.00 0.00 0.00
EPA (C20:5ω3) 0.92 1.10 0.00 0.00
DHA (C22:6ω3) 0.69 0.00 0.00 0.00
SFA 23.39b 20.57a 32.43c 70.94d

MUFA 45.16b 46.83c 47.37c 30.21a

PUFA 34.24c 32.88c 21.90b 12.10a

n9 43.12b 46.37b 46.62b 29.63a

n6 32.24c 31.23c 21.90b 11.84a

n3 2.00d 1.66c 0.00a 0.26b

Note: Means within a row with different superscripts are 
different (P <0.05).
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CONCLUSSIONS AND 
RECOMMENDATIONS

In conclusion, the dietary high levels of Se-BSFL meal 
supplementation could decrease carcass characteristics of 
broiler duck. The dietary 5% Se-BSFL is recommended 
because it does not show a decrease in slaughter weight and 
carcass weight and shows the highest carcass percentage. .
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