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ABSTRAK 

Irawan AC, Rahmawati N, Astuti DA, Wibawan IWT. 2019. Suplementasi black soldier fly (Hermetia illucens) untuk aktivitas 

dan kapasitas makrofag fagositosis pada ayam petelur. JITV 24(4): 182-187. DOI: http://dx.doi.org/10.14334/jitv.v24i4.2025  

Larva Black Soldier Fly bersifat sebagai antibiotik alami. Pemanfaatan larva BSF dalam ransum unggas sebagai alernatif 
sumber protein konvensional, diharapkan dapat meningkatkan status kekebalan dan menjaga kesehatan ternak sehingga 
mengurangi penggunaan antibiotic growth promoters (AGP). Penelitian ini bertujuan mengevaluasi pengaruh jenis pemberian 
protein BSF terbaik untuk mengetahui status kesehatan ayam petelur berdasarkan aktivitas dan kapasitas fagositosis makrofag 
terhadap Staphyllococcus aureus non protein A. Hasil penelitian ini menunjukkan bahwa perlakuan BSF ekstrak (P3) memiliki 
nilai kapasitas fagositosis tertinggi, hal ini membuktikan BSF ekstrak dapat memicu sel makrofag bekerja maksimal memfagosit 
sel bakteri atau partikel asing. Rataan nilai aktivitas dan kapasitas fagositosis makrofag peritoneum menunjukkan perlakuan BSF 

ekstrak (P3) tertinggi, masing – masing sebesar 91.34 ± 0.38% dan 22.84 bakteri makrofag-1.  

Kata Kunci: Aktivitas dan Kapasitas Fagositosis Makrofag Peritoneum, Antibiotic Growth Promoters (AGP), Black Soldier Fly 
(BSF) 

ABSTRACT 

Irawan AC, Rahmawati N, Astuti DA, Wibawan IWT. 2019. Supplementation of black soldier fly (Hermetia illucens) on activity 
and capacity phagocytic macrophage of laying hens. JITV 24(4): 181-187. DOI: http://dx.doi.org/10.14334/jitv.v24i4.2025   

Black Soldier Fly are natural antibiotics. It is expected that the use of BSF larvae in poultry rations as an alternative source 
of conventional protein will contribute to improving the immune status and maintaining animal health, thereby reducing the use 
of antibiotic growth promoters (AGPs). This study aimed to evaluate the effect of the best type of BSF protein for determining 
the health status of laying hens based on the activity and capacity of macrophage phagocytosis on the non-protein A bacterium 

Staphyllococcus aureus. Results of this study indicated that the BSF extract (P3) has the highest phagocytic capacity value. This 
result proves that the BSF extract can induce macrophage cells to optimally process bacterial cells or foreign phagocyte particles. 
The highest average activity value, and phagocytic capacity of peritoneal macrophages was resulted from  BSF extract (P3), 
respectively was 91.34 ± 0.38% and 22.84 macrophage-1 bacteria. 

Key Words:  Activity and Capacity Of Phagocytic Peritoneal Macrophages, Antibiotic Growth Promoters (AGPs), Black Soldier 
Fly (BSF) 

INTRODUCTION 

The role of AGPs (antibiotic growth promoters) can 

increase chicken growth by 4-8% and feed conversion 

by 2-5% and kill pathogenic bacteria in chicken 

digestion track, such as, Salmonella sp., Campylobacter 

sp., Enterococci sp. and Escherichia coli. Negative 

effects of using antibiotics that are uncontrolled and 

inappropriate may lead to microbial resistance to 

antibiotics. The use of AGP increases the resistance or 

residues in the body, although it helps to increase 

chicken performance. Meeting protein needs in animal 

feed through the substitution of conventional food 

ingredients is the research focus. Fishmeal in Indonesia 

still depends on imports, but the price is expensive 

causing poultry farmers are having difficulty to 

maintain the business. Alternative solutions for animal 

protein needed at affordable prices and as a replacement 

for AGP, is black soldier fly (Hermetia illucens). 
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Insects have advantages over casein, insects boost 

immunity because they contain defensins, which are 

components of protein that is rich in cystine (Lv et al. 

2016). Insects containing amino acid-derived 

antibacterial peptides can be used as antibacterial agents 
by Ravi et al. (2011), the fat content of an insect-

assisted insect peptide in the body will activate 

lysozyme enzymes so that it can increase immunity and 

active cell phagocytosis (Villarroel et al. 2010). 

The nutrient content of BSF (Hermetia illucens) 

includes: energy 5,282 Kcal GE / kg, crude protein 

42,1%, fat 26%, calcium 7,56% and phosphorus 0.9% 

(St-Hilaire et al. 2007: Makkar et al. 2014). It is 

reported that the calcium mineral contained in the BSF 

flour was 88% (Finke 2013). According to Rambet et 

al. (2016) it is possible to replace fishmeal with BSF 

larvae flour up to 100% for fattening diet, with the 
digestibility of dry matter (57.96 – 60.42%), energy 

(62.03 – 64.77%) and protein  (59-75. 32%). The BSF 

larvae has a protein content of 40-50% and a fat content 

of 29-32% (Bosch et al. 2014). 

Hermetia illucens also have protease, amylase and 

lipase enzymes. Proteases convert proteins into amino 

acids, amylases convert starch into maltose and lipases 

convert fats into fatty acids and glycerol (Kim et al. 

2011). BSF larvae are natural antibiotics. It has been 

reported that BSF larvae extracted with methanol 

solvent showed antibiotic properties in Gram-negative 
bacteria such as Klebsiella pneumonia, Neisseria 

gonorrhoeae and Shigella sonnei. Conversely, the 

results of the analysis also showed that larval extract 

was not effective for Gram-positive bacteria such as 

Bacillus subtilis, Streptococcus mutans and Sarcina 

lutea (Choi et al. 2012). According to Kim & Rhee 

(2016), high-lauric BSF larvae are a type of fatty acid 

that acts as a natural antimicrobial agent and chitin. 

BSF larvae were able to reduce Salmonella enterica 

serovar Enteritidis populations in human feces up to 6 

log10 for 8 days, but were not effective for Enterococcus 

sp. and X174 bacteriophages (Lalander et al. 2013). 
These BSF larvae were able to reduce the population of 

Escherichia coli O157: H7 and Salmonella enterica 

serovar enteritidis in poultry feces (Erickson et al. 

2004) and E. coli in dairy cows (Liu et al. 2008).  

MATERIALS AND METHODS 

The larvae of BSF were obtained from PT. Biocycle 

Indo Bogor. The larvae used were fed rations in the 

form of crude palm oil and harvested at the age of 15 

days. After harvested, the larvae were treated in 3 

forms, namely fresh BSF, dried BSF and BSF extract. 

Fresh/life BSF 

The method used for this treatment was self-mixing 

system, according to the nutrient requirements of the 

laying hens. The feed ingredients consisted of corn, rice 

bran, coconut oil, fish meal, soybean meal, CaCO3, salt, 

premix, methionine and lysine were evenly mixed in the 

base ration for the control treatment, while for the  

fishmeal  was reduced into 5%, and  fresh BSF was 
given upto 8%. Fresh BSF was administered at top of 

basal diet (topping) in the tray.  

Dried BSF 

The first stage of dried BSF production was to 

separate pupa from the cocoon layer by washing and 

steaming at 90°C for 10 minutes. The larvae were then 

heated to 55°C for 24 hours to remove the water. Then 

the larva was ground to flour with a blender and put in 

airtight plastic. The percentage of fishmeal used in the 

basic ration was reduced to 5% and 8% BSF dried. The 

drying process of BSF may increase the possibility of 

transmitting pathogenic bacteria to livestock such as 
Salmonella sp. (Lalander et al. 2013). 

Extract BSF 

The steps for producing the BSF extract were 

carried out according to the modified method of Choi et 

al. (2012). The BSF larvae were washed and steamed 

for 10 minutes at 90°C, then the larvae were heated at 

55°C for 24 hours to remove water, then the larvae were 

ground to flour with a blender and then with a denanol 

ratio of 1:10 (w/v) for 24 hours at room temperature, 2x 

filtered solution using whatman paper then use a 

reduced pressure rotary evaporator at 40oC to get BSF 
methanol extract. 

Maintenance of laying hens 

Laying hens were kept in group battery cages (4 

treatments x 5 replications x 10 laying hens). 

Maintenance was carried out for 8 weeks, starting with 

the age of 18 weeks to 26 weeks. Provision of 120 g / 

head / day ration and drinking water was given in ad 

libitum. Provision of treatment rations was given twice 

a day at 08.00 am and at 03.00 pm. 

 

Activity and capacity of phagocytic peritoneal 

macrophages test 

This test was performed at the end of the study 

using 20 laying hens from 4 treatment rations, each 

consisting of 5 repetitions. In the first step, all hens 

were injected intraperitoneally with a dose of 1 ml of 

Staphylococcus aureus non protein A at a dose of 1 ml 

containing 105 CFU / ml of bacterial particles for 4 

hours. In the next phase, laying hens were slaughtered, 

stretched and then cuts were made on both strips.
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Table 1. The nutritional content of  laying hens feed during the study 

Ingredients 
Treatment (%) 

      P0       P1      P2      P3 

Maize 56.12 54.67 54.50 54.01 

Bran 7.01 3.49 5.41 6.23 

Coconut oil 1.98 1.95 1.70 1.96 

Soybean meal 22.65 22.45 20.84 19.86 

Fish meal 08.00 5.00 5.00 5.00 

Fresh BSF  - 8.00 - - 

Dried BSF  - - 8.00 - 

Extract BSF  - - - 8.00 

CaCO3 3.49 3.66 3.61 3.70 

Salt  0.24 0.26 0.22 0.42 

Premix 0.20 0.23 0.36 0.42 

Methionine 0.20 0.12 0.16 0.21 

Lysin  0.10 0.17 0.20 0.21 

Total  100 100 100 100 

Proximate composition1)     

Dry Matter (%)     

Crude Protein (%) 20.16 20.01 20.00 20.00 

Crude Fat (%) 5.31 6.70 6.96 6.63 

Crude Fiber (%) 2.78 2.92 3.20 3.34 

Metabolis Energy (kkal kg-1) 2900.55 2908.10 2901.43 2903.88 

Calsium (%) 4.00 4.01 4.00 4.10 

Phosphor (%) 0.36 0.27 0.27 0,27 

Lysin (%) 0.86 0.87 0.85 0.88 

Methionine (%) 0.44 0.44 0.49 0.45 

Calculation results based on Leeson and Summers (2005), P0: ration contains 8% fish meal; P1: ration with 5% fish meal + 8% fresh BSF; P2: 

ration with 5% fish meal + 8% dried BSF; P3: ration with 5% fish meal + 8% extract BSF. 

Table 2. The average activity and capacity of phagocytosis of peritoneal macrophages against non protein A 

Staphylococcus aureus 

Items  
Treatment 

P0 P1 P2 P3 

Activity (%) 72.02±1.38d 88.55±0.36b 83.44±0.32c 91.34±0.38a 

Capacity  

(macrophage bacteria -1) 
20.77±1.98a 22.25±0.72a 22.44±0.14a 22.84±0.55a 

Different superscripts on the same line show significant differences (P <0.05), P0: ration contains 8% fish meal; P1: ration with 5% fish meal + 

8% fresh BSF; P2: ration with 5% fish meal + 8% dried BSF; P3: ration with 5% fish meal + 8% extract BSF. 
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Subsequently, the subcutaneous tissues of the chest and 

abdomen were ejected, cuts were made to the 

abdominal muscles along the last rib to open the 

abdominal cavity. Subsequently, liquid was withdrawn 

from the peritoneal cavity using a syringe. 
Peritoneum liquid was dropped into the glass slide 

and smeared evenly on its surface, fixed with 100% 

methanol and air dried for 5 minutes. The slide was 

stained with 10% Giemsa solution for 25 minutes, then 

rinsed with distilled water and dried. The preparations 

were examinated under a microscope using 100 

magnification. Phagocytosis activity was calculated best 

on percentage of macrophage cells that actively 

phagocyt in 50 macrophage cells. The phagocytic 

capacity was calculated from the total number of 

phagocytic bacteria divided by 50 macrophage cells. 

Two macrophage cells were observed, the exhibiting 
phagocytic activity and the lacking phagocytic activity 

against non-protein A Staphylococcus aureus bacteria. 

Statistical Analysis 

Activity and capacity of phagocytic peritoneal 

macrophages for laying hens were analyzed based on 

randomized design followed with advanced test using 

Duncan (Steel & Torrie 1995). Data processing was 

done  using computer software program of Microsoft 

Excel 2010 and SPSS for Windows version 21. 

RESULTS AND DISCUSSION 

Effect of using various BSF larvae in the diet had a 
significant effect ( P<0.05) on the immunity of laying 

hens by examining the activity response and phagocytic 

capacity of peritoneal macrophages exposed to 

Staphyllococcus aureus non protein A. 

Macrophages are cells derived from white blood 

cells present in tissues called monocytes (Abbas et al. 

2017). Monocytes and macrophages are phagocytic 

cells that mainly function in the nonspecific immune 

system or in innate immunity. Evaluation of the activity 

and capacity of macrophages in this study was 

performed in vitro. Test results were likely to be higher 

than  in vivo test results because the unique chemotaxis 
of bacteria in the body produces and  accepted by 

macrophages, making them more active (Wibawan & 

Soejoedono 2013). Mean phagocytic activity of 

macrophages in this study was between 72.03 and 

91.35%, in line with that  reported by Muhsinin et al. 

(2016) which ranged  76.00 to 90.78% in sentin chicken 

genotype NRAMP-1 by Staphylococcus aureus. 

Average value of macrophage-phagocytic capacity of 

20.77 - 22.84 macrophage-1 bacteria was higher than 

that reported by Poetri et al. (2008) which was 1.60 

macrophage-1 bacteria in commercial single hens 

(Single Comb Brown Leghorn) at 24 weeks of age and 

in the same range as that reported by Muhsinin et al. 

(2016) that was  21.76 - 22.49 macrophages-1 bacteria 

in Sentul genotypes NRAMP-1. The purpose of the 

phagocytosis-macrophage capacity test is to detect the 
ability of a macrophage cell to phagocytose foreign 

particles or bacterial cells that enter the host body. The 

P3 treatment has the highest value of phagocyte 

capacity, respectively is 91.34 ± 0.38% and 22.84 

macrophage-1 bacteria. This shows that the BSF extract 

stimulates the macrophage cells to optimally engulf the 

bacterial cells or foreign particles of the phagocytes.  

Results of this study showed that chitin content in 

various BSF larvae might influence the activity value 

and phagocytic capacity of macrophages. Comparison 

of three different species of BSF larvae with different 

chitin content suggested that: BSF live prepupa phase of 
8.72% dry matter (Diener et al. 2009), BSF live pupal 

phase of 2.7-9.6 g / kg dry matter (Finke 2007: 

Kroeckel et al. 2012: Bovera et al. 2016), whereas dry 

BSF and BSF extract did not contain chitin, that lost 

during processing due to steaming. Chitin is a fibrous 

protein that is not water soluble but is damaged by 

denaturation (Klunder et al. 2012). The use of 

antibiotics might be reduced by the use of BSF larvae, 

Hong Kong caterpillars and crickets (van Hius et al. 

2013).  

According to Henry et al. (2015), chitin is a 
polysaccharide compound found in the arthropod 

exoskeleton that lacks the chitinase enzyme, making it 

indigestible to most monogastric animals, including 

poultry (Sánchez-Muros et al. 2014). Increased 

population of Lactobacillus sp. chitin content of more 

than 3% in the ration can reduce the population of 

Escherichia coli and Salmonella sp. This preserves the 

health of the chicken digestive tract. Populations of 

Lactobacillus sp. increases when the release of 

lysosomal enzymes such as β-glucuronidase and β-

galactosidase in the digestive tract is also increased, 

resulting in an increase in the activity value and the 
phagocytic capacity of macrophages. neutrophils, 

eosinophils and basophils (Perdigón et al. 2001). 

According to Wibawan & Soejoedono (2013), 

lymphocyte cells produce antibodies in the blood serum 

that lead to bacterial death. Phagocytosis mediated by 

heterophilic cells can also lead to bacterial death. 

Phagocytic cells are divided into three types, namely 

granulocyte cells (heterophile, eosinophil, and 

basophil), macrophages and dendritic cells (Devereux 

2002). Phagocytes are present in endogenous cells such 

as neutrophils and eosinophils 
(polymorphonuclear/PMN), monocytes and in tissues 

such as macrophages, Kupffer cells, histocytes, 

microgial cells and alveolar macrophages (Iswara 

2012). Phagocytosis is the last stage in a series of 

processes in a nonspecific immune system in which 
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immune cells (lymphoid cells) ingest foreign particles 

or bacterial cells that enter the body (Wibawan & 

Soejoedono 2013). The formation process of 

macrophages is when an infection occurs, the immune 

system activates monocytes that pass from the blood 
into the tissues. The capacity of monocytes in the form 

of macrophages is greater than that of heterophile, ie a 

macrophage cell can phagocytose about 100 bacterial 

cells (Guyton & Hall 2010). 

CONCLUSION 

Supplemention using combination of 5% fish meal 

+ 8% extract BSF can stimulate macrophage cells to 

work optimally in phagocytosis to ingest foreign 

particles of phagocytes or gram negative bacteria in 

laying hens. 
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