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Abstract 
The fatty acid (FA) composition of broiler meat basically depends on the dietary FA profile. Black soldier 
fly larvae (BSFL) are rich in lauric acid, which has claimed health benefits for both animals and humans. 
This study investigated the effects of feeding live BSFL on growth performance and the FA profile in 
muscle and the liver of broiler chickens.  
Broilers were fed 42 days with up to 10% live BSFL and compared with a control diet without larvae. 
Growth performance data were collected weekly. At the end of the trial, samples of pectoralis major 
muscle and liver were collected to determine the FA profile using gas chromatography (GC). At the end 
of the trial, broiler fed BSFL showed a significantly higher body weight (+6.5 %) and higher carcass 
weight (+6.7%) than the control group. In the whole-body composition analysis, a trend of increasing 
protein content was observed, while no differences were found in the crude fat and crude ash content.  
The BSFL feeding changed the FA profile in the intramuscular fat (IMF) of the birds’ pectoralis major 
muscle. Saturated fatty acids (SFA) in IMF were significantly increased, which extends the shelf life of 
meat, as SFA are less susceptible to FA oxidation than MUFA and PUFA. The increased SFA are primarily 
due to the increase in lauric acid, which was found to be 5% of total FAs in the IMF of the breast muscle. 
In the liver, there was only an increase in C14:0 and C18:0 compared to control group, while lauric acid 
was at an undetectable level.  

Introduction 
Black soldier fly larvae (BSFL) lipids are rich in medium chain fatty acids (MCFA), namely lauric acid 
(C12:0), which may make up to half of total fatty acids (FA). As in humans, lauric acid is also supposed 
to have potential health benefits for animals due to its antimicrobial capacity (Wu et al., 2021). Lauric 
acid is often found in coconut oil. Numerous positive health effects of coconut oil have been claimed. 
Lauric acid makes up approximately half of the FA in coconut oil and is responsible for many of its 
properties. The triglyceride structure of coconut oil enables it to be digested more rapidly compared 
with other oils with predominantly long-chain fatty acids (LCFA). In the human diet, most of the lauric 
acid ingested is transported directly to the liver via the portal vein. C12:0 can be metabolized into ketone 
bodies, which are important sources of energy for extrahepatic organs, such as the brain, heart, and 
muscles. Among all FAs, lauric acid contributes the least to fat accumulation. In addition, lauric acid has 
the strongest antimicrobial activity against gram-positive bacteria and some viruses and fungi among 
all SFAs (Dayrit, 2014; Roopashree et al., 2021).  
The FA composition of broiler meat depends on the dietary FA profile (Schiavone et al., 2019). Dalle 
Zotte et al. (2018) showed that the inclusion of BSFL fat in the diet of growing rabbits reduced the IMF 
content but increased the C12:0 and myristic acid (C14:0) content in the meat. The high-fat content of 
BSFL can, therefore, modify the intramuscular fat (IMF) and FA profile of broiler meat, thus influencing 
the diet of humans (Ewald et al., 2020).  
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This study aimed to determine the effect of live BSFL feeding on growth performance and FA 
composition of the muscle and liver of broiler chickens. We hypothesized that feeding live BSFL to 
broilers will not compromise their growth performance and will influence the nutritional value and health 
benefits of meat by favorably changing the fatty acid profile.  

Materials and methods 
A total of 36 one-day-old male broiler chickens (Ross 308), with an initial body weight (BW) of 51g 
(±4g), were allocated equally (3 pens/treatment) to one of two treatments: control (CON) and BSFL 
diets. Birds were raised for 42 days in AVIA-Boxes (2sqm/box) with wood shavings as litter in the broilers 
research unit of the University of Applied Sciences in Bingen, Germany. All birds were fed ad libitum 
with a commercial broiler diet (basal diet). Birds in BSFL group were fed live BSFL in addition to the 
basal diet. Initially, BSFL was fed 5% of the expected daily feed intake (DFI, DM basis) once a day. On 
day 21, the amount of BSFL was increased to 10% and offered twice daily. Body weight and feed intake 
(FI) were recorded weekly to calculate average daily feed intake (ADFI), average daily gain (ADG), and 
feed conversion ratio (FCR).  
At the end of the trial (day 42), the carcass weight of 12 birds/treatment was determined to calculate 
the dressing percentage. Samples of the pectoralis major muscle and liver were collected to determine 
the FA profile. The samples of two birds per pen were pooled to obtain 6 samples/treatment. A duplicate 
determination was made in each sample. The remaining 6 birds/treatment were used for whole-body 
composition analysis. 
To determine the FA profile, the fat was extracted from freeze-dried and pulverized samples according 
to the Soxhlet method, using n-heptane as the solvent, then concentrated by rotary evaporation and 
dried at 103°C for 1h. After saponification, the conversion into corresponding methyl esters with a boron 
trifluoride-methanol complex was followed. Subsequently, liquid extraction using n-heptane as the 
extraction solvent and washing with saturated sodium chloride solution and deionized water was 
performed. A final centrifugation of the organic n-heptane phase allowed the isolation of the supernatant 
necessary for GC analysis. Separation of the FA methyl esters was performed using an Agilent GC 6890 
N GC (Agilent Technologies, Santa Clara, CA, USA) equipped with a flame ionization detector (FID) and 
a capillary column. For the analysis, 1 μL of the sample was injected into the column in a split ratio of 
1:50. The percentage of each fatty acid methyl ester was determined based on its peak area relative to 
the total area of all fatty acid methyl esters. 

Results 
Growth performance: There was no difference in BW on day 21, when broilers were fed 5% BSFL, while 
BW increased significantly (+6.5%, day 42) by increasing BSFL feeding up to 10%. The birds in BSFL 
group also showed a higher (p>0.05) carcass weight (+6.7%), while there was no difference in dressing 
percentage between treatments. Birds fed with BSFL showed a 7% reduced ADFI of basal diet during 
the 42 days of trial (p<0.05), while the ADFI (in DM) of basal diet including live BSFL did not differ 
(p>0.05). Consequently, the FCR of the basal diet was significantly lower in BSFL treatment (p<0.05). 
FCR of basal diet including live larvae showed a tendency of improvement (p<0.1). The whole-body 
composition analysis showed a trend of increasing protein content but no differences in the crude fat 
and crude ash content (Table 1). 
Fatty acid profile: BSFL are rich in lauric acid (42%) and myristic acid (8.7%) and consist of almost 70% 
SFAs. Feeding BSFL led to an increased proportion of SFAs in the diet. Especially, the C12:0 and C14:0 
were available for broilers in the BSFL group, which were not present in the control diet. A transfer of 
FAs from BSFL, especially C12:0 and C14:0, into the IMF of breast muscle was observed as a result of 
BSFL feeding. This transfer could not be identified in the liver. The proportion of SFA in the IMF of 
breast muscle increased significantly due to larvae feeding, whereas the proportion of MUFA and UFA 
content decreased significantly compared to the control group (Table 2).  
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Table 1: Growth performance and whole-body composition of broilers fed live black soldier fly larvae 

Growth performance parameters n CON BSFL p-value1 
ABW (d 21), g  18 1208 ±90 1225 ±72 0.519 
ABW (d 42), g  18 3159a ±217 3363b ±255 0.016 
ADG (d 21), g  18 55.4 ±3.3 55.9 ±4.1 0.505 
ADG (d 42), g  18 74.2a ±5.2 78.9b ±6.0 0.020 
ADFI (basal diet), g  3 102a ±4.4 94b ±1.0 0.040 
ADFI (basal diet + larvae), g  3   102  ±4.4 103 ±1.0 0.528 
FCR (basal diet), g/g  3 1.30a ±0.04 1.13b ±0.03 0.002 
FCR (basal diet + larvae), g/g  3 1.30a ±0.04 1.24b ±0.03 0.080 
Slaughter weight, g  12 2505 ±222 2674 ±274 0.117 
Dressing percentage  12 79.0 ±1.4 79.4 ±1.5 0.516 
Whole body composition       
Crude protein, % OM  6 54.15 ±1.82 57.15 ±2.88 0.056 
Crude fat, % OM  6 32.68 ±1.12 32.07 ±2.82 0.629 
Crude ash, % OM  6 5.72 ±0.48 5.27 ±0.46 0.129 

CON = control, BSFL = control + live Larvae (BSFL), 5-10% on top; Mean ± standard deviation; ABW = average body weight; 
ADG = average daily gain; ADFI = average daily feed intake (DM); FCR = feed conversion ratio; OM = organic matter; 1p-value 
to ANOVA (GLM) p<0.05 
 
Table 2: Fatty acid profile: Proportions (%) of individual fatty acids in the total fatty acid pool in diets, larvae fat, liver (n=3), and 
intramuscular fat (IMF) of pectoralis major muscle (n=6) of 42-day-old broiler chickens 

 Diet 
Larvae 

Liver IMF muscle 

 CON1 BSFL2 CON BSFL CON BSFL 
Total FA Content (%) 7.32 8.91 25.53 16.49 13.41 6.06a 7.60b 
Saturated fatty acids (SFAs):        
C10:0 - 0.10 1.10 - - - - 
C12:0 - 3.67 42.01 - - -a 4.83b 
C14:0 - 0.76 8.74 0.56a 0.78b 0.60a 2.28b 
C16:0 16.73 16.58 14.92 23.16 21.38 21.43a 20.60b 
C17:0 - - - 0.19 0.25 - - 
C18:0 5.35 5.16 3.22 17.69a 20.56b 6.94 6.88 
C20:0 - - - 0.37 0.21 0.14 0.21 
C21:0 - - - 0.52 0.69 - - 
C22:0 - - - 0.74 0.76 0.31 0.16 
Total SFAs 22.09 26.27 69.98 43.11 44.50 29.43a 34.92b 
Monounsaturated fatty acids (MUFAs):    

  
  

C14:1; 9c - - - - - - 0.07 
C16:1; 9c - 0.18 2.11 2.20 1.31 3.76a 3.06b 
C18:1; 9c 29.65 27.94 10.04 28.15 21.92 33.03a 29.07b 
C20:1; 11c 0.48 0.44 - - - - - 
Total MUFAs 30.13 28.56 12.15 30.35 23.23 36.79a 32.28b 
Polyunsaturated fatty acids (PUFAs):        
C18:2; 9c, 12 c 42.80 40.50 16.49 15.27 18.12 27.53 27.31 
C18:3; 6c, 9c, 12c 3.14 2.98 1.38 0.47 0.58 2.09 2.10 
C18:3; 9c, 12c, 15c - - - 0.44 0.40 0.34 0.26 
C20:2, 11c, 14c - - - - - 0.11 0.03 
C20:3; 8c, 11c, 14c 0.40 0.45 - 6.22 8.13 1.15a 0.94b 
C20:5; 5c, 8c, 11c, 14c, 17c 0.50 0.37 - 0.49 0.75 - - 
C22:6; 4c, 7c, 10c, 13c, 16c, 19c - - - 0.59a 0.99b - - 
Total PUFAs 46.84 44.31 17.87 23.48 28.96 31.22 30.68 
Total UFAs (MUFAs + PUFAs) 76.97 72.87 30.02 53.83a 52.19b 68.01a 62.96b 
Unassignable signals 0.95 - - 3.06 3.31 2.56 2.15 

“-“ = not detected; a, b, significant difference according to ANOVA (GLM) p<0.05; 1Basal diet; 2Basal diet + larvae intake 
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Discussion 
Birds fed with live larvae showed a higher growth performance with reduced feed consumption. 
The dietary FA profile was modified by larvae due to the high difference between the feed and larvae 
profile. Out of the 14 fatty acids identified in the IMF of breast muscle, five were significantly modified 
by BSFL feeding. The total FA content in the IMF reduced, while the total SFA increased significantly. 
The results of this study are in line with Dalle Zotte et al. (2018), which also observed a reduction in 
the IMF content by feeding BSFL fat but an increase in the C12:0 and C14:0 content in rabbit meat. 
Schiavonne et al. (2019) found an increase in C12:0, C14:0, and C16:0 in the muscle lipids compared 
to the soybean-based feeding, even when using defatted BSFL meal. Animal fat consists mainly of LCFA, 
which is one of the main risk factors for cardiovascular diseases. MCFA differ from LCFA in that they 
help to protect against heart diseases. MCFA have been reported to lower the risk of atherosclerosis 
and heart diseases (Dayrit, 2014; Roopashree et al., 2021). Feeding BSFL increased the proportion of 
“healthier“ MCFA and reduced LCFA, suggesting potential health benefits to the host.   
Initially, it seems as if feeding BSFL would make chicken meat unhealthier due to the increase in SFAs, 
which are undesirable in human nutrition. However, lauric acid is primarily responsible for the increase 
in SFA, which, as described in the introduction, also has health benefits in human nutrition, is quickly 
digestible, and is a good source of energy. Furthermore, SFA are generally less susceptible to FA 
oxidation than MUFA and PUFA, which extends the shelf life of the meat (Woods and Feron, 2009). 
Consequently, feeding live BSFL had a positive effect on the FA profile in the breast muscle of broiler 
chickens. 

Conclusion 
Feeding 5-10% live BSFL led to an increase in growth performance and improved feed efficiency. The 
BSFL are rich in lauric acid, which also accumulates in the intramuscular fat of the breast muscle of 
broiler chickens fed with live larvae. Based on the literature, this could make chicken meat healthier and 
increase shelf life. Further research is needed to confirm this.   
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