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Abstract – This was the first experiment testing insect 

oil from Hermetia illucens in the diet for growing 

rabbits. The trial was designed to assess the effect of 

two different oil sources, insect oil or linseed oil, at 

two inclusion levels in the diet of growing rabbits on 

fatty acid (FA) profile and oxidative stability in hind 

leg meat. Four isoprotein and isofibrous diets were 

formulated with two oil sources (oil from Hermetia 

illucens or linseed oil) at two inclusion levels (3 or 

6%). Rabbits (12×4) were individually caged and 

experimental diets were fed ad libitum from weaning 

to 70 days of age, then slaughtered. The hind legs 

were excised 24 h post mortem from carcass and 

deboned. The fatty acid profile of hind leg meat was 

evaluated, and the meat oxidative stability was 

assessed after 5 days of chilling and 6 weeks of 

freezing using the thiobarbituric acid (TBA) method. 

The meat of rabbits fed with insect oil diet was 

characterized by higher saturated fatty acids and 

lower unsaturated fatty acids content compared to 

that of rabbits fed with linseed oil diet. All the FA-

based nutritional indexes of meat were more 

favorable for linseed diet (P<0.001). The oxidative 

stability of meat was not affected (P>0.05) by lipid 

source or level after 5 days of chilling, but after 6 

weeks of frozen storage, meat from animals fed insect 

oil presented lower (P<0.001) TBA values than meat 

from animals fed insect oil. This study showed that if 

the FA profile of Hemetia illucens oil can be 

improved, it would be a promising feed ingredient for 

growing rabbits. Consequently, further research on 

this topic is required. 
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I. INTRODUCTION 

 

Currently, there has been increasing interest in the 

use of insects as food in general, and particularly as 

feed ingredient for monogastric animals. This 

because there is the urgent need for alternative and 

sustainable feed ingredients to partly replace the 

conventional feedstuffs such as soybean meal and 

soybean oil [1]. The protein of insects has a high 

biological value [2], and thus can be a potential 

replacement of soybean meal. Lipids, are also a 

major component of insects and are produced 

during protein isolation technologies, thus being 

another feed ingredient for potential application in 

animal farming. Lipid content and composition of 

insects vary according to their species and life stage, 

although the FA profile presents certain uniformity, 

with high amounts of unsaturated FA found relative 

to saturated fatty acid (SFA) [3]. Among insects, 

Hermetia illucens is a Diptera of the Stratiomydae 

family which was indicated as one of the most 

promising insects for industrial feed production in 

the Western world [4]. The interest of people in 

reducing the amount of fat in food products has 

been followed by the increased concern with fat 

quality of food. In fact, some specific fatty acids 

(FA) have been associated with several positive 

health effects, while others or their imbalance could 

have negative effects [5]. 

Fatty acid composition of meat can be manipulated 

through changes in animal diet, particularly in 

monogastric. In rabbits, different dietary fat sources 

had been used to modify the FA composition of 

meat [6;7]. However, the FA profile of the 

intramuscular fat does not entirely reflect the FA 

composition of the diet [8]. 
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Rabbit meat usually presents excellent nutritive and 

dietetic properties and may be considered as 

functional food [9]. Nevertheless, it is important to 

confirm that these properties are maintained with 

the inclusion of new dietary fats sources, such as 

insect oil.  

The utilization of linseed oil in rabbit diets, rich in 

linolenic acid, contributes to increase omega-3 FA 

in rabbit meat, which can improve the nutritional 

value of rabbit meat but can have negative effects 

on the meat oxidative stability during conservation.   

The aim of this study was to test for the first time 

the inclusion of Hermetia illucens oil in the diet for 

growing rabbits and to compare it with the linseed 

oil. With this purpose, the effect of a dietary 

inclusion (3 or 6%) of either insect or linseed oils 

on the chemical composition, FA profile and 

oxidative stability of rabbit meat were studied. 

 

II. MATERIALS AND METHODS  

 

2.1. Animals and experimental design 

 

The rabbits were weaned at 5 week of age and 

divided in four homogenous groups (by live weight), 

of twelve animals each. The rabbits were 

individually housed and fed ad libitum the 

experimental diets until 10 weeks of age. Four 

isoprotein and isofibrous diets were formulated 

incorporating 3 or 6% of insect oil (extracted from 

Hermetia illucens larvae) and 3 or 6% of linseed oil. 

The chemical composition and FA classes of 

experimental diets are shown in Table 1. 

 
Table 1. Chemical composition (g/kg

 
DM) and fatty 

acids profile (% of total FAME) of experimental diets  

 

2.2. Slaughter, carcass dissection and meat 

sampling 

 

At the end of the experimental period, the rabbits 

were slaughtered. The hind legs were excised 24 h 

post mortem from carcass and deboned. One of the 

hind legs was used for the determination of lipid 

oxidation after 5 days chilling at +4 °C and the 

other after 6 weeks after slaughter (frozen storage at 

-20 ºC until lipid oxidation analysis). The last was 

also used for FA analysis. 

 

2.3. Chemical analyses 

 

The feed samples were analyzed for dry matter 

content which was measured by oven drying at 104 

ºC for 24 h. Crude protein was measured by the [10], 

NDF according to [11] and ether extract was 

measured in a Soxhlet extractor. 

 

2.4. Fatty acid analysis 

 

Boneless rabbit leg meat was ground and 

approximately 25 g were collected and stored at -20 

ºC until freeze-drying. For the FA analysis, freeze-

dried samples were individually weighed 

(approximately 0.15 g) into glass tubes, then 1 ml 

of internal standard (C19:0, 1 mg/ml in hexane) and 

1 ml of toluene were added, followed by the 

addition of 2 ml of sodium methoxide in methanol 

(0.5 M). Tubes were kept at 50 ºC for 10 min in a 

water bath. Then, 3 ml of 5% HCl methanolic 

solution were added and the sample was kept in a 

water bath at 80 ºC for 10 min. After cooling to 

room temperature, FA were extracted with 4 ml of 

hexane; the hexane was evaporated under nitrogen 

and the final residue dissolved in 1 ml of hexane. 

Vials were stored at -20 ºC until gas 

chromatography (GC) analysis. The lipid extraction 

of diets and that of raw materials was performed 

according to [12]. Fatty acids in meat and diets 

were quantified using a Shimadzu GC-2010 Plus 

chromatograph (Shimadzu, Kyoto, Japan) with 

flame ionization detection (GC-FID), equipped with 

a SP-2560 GC column (100 m, 0.25 mm ID, 0.20 

μm f.t.). Quantification of FA was performed using 

the chromatographic peak area according to the 

internal standard method. The FA composition was 

expressed as % of total FAME. The average amount 

of each FA was used to calculate the sum of the 

total saturated (SFA), total monounsaturated 

(MUFA) and total polyunsaturated fatty acids 

(PUFA). The saturation (SFA/PUFA: S/P), 

Lipid source (S)     Insect oil   Linseed oil  

Inclusion level (L) 30 g/kg 60 g/kg 30 g/kg 60 g/kg  

Chemical composition:  

Dry matter 91.1 91.4 91.3 91.8 

Crude Protein 17.8 17.7 17.8 17.9 

Ether extract  5.2 8.6 5.7 8.6 

NDF 34.5 35.1 32.8 31.6 

FA classes:  

ΣSFA 46.8 56.0 16.1 13.6 

ΣMUFA 14.7 13.7 19.7 20.4 

ΣPUFA 38.5 30.3 64.2 66.0 

   18:2 n-6 34.5 27.0 30.9 24.5 

   18:3 n-3 2.9 3.7 33.2 41.5 
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atherogenic (AI) and thrombogenic (TI) indexes 

were calculated according to [13] using the 

equations presented by [14]. 

 

2.5. Lipid oxidation of meat 

 

The meat lipid oxidation was evaluated according 

to the method of [15], in which the thiobarbituric 

acid (TBA) value represented the content of 

malondialdehyde (MDA). Briefly, 15 g of ground 

leg meat with 30 ml of extracting solution (7.5% 

trichloroacetic acid in water, 0.1% propyl gallate 

and 0.1% ethylenediaminetetraacetic acid) were 

homogenized at 13500 rpm for 2 min with an Ultra-

Turrax homogenizer T-25 (Ika, Janke & Kundel, 

Germany). The homogenate was filtered through 

Whatman N° 93 filter paper, and then, 5 ml clear 

filtrate were used for the TBA reaction after the 

addition of 5 ml of 0.02M TBA water solution (total 

volume of 10 ml). Samples were then heated in 

boiling water for 40 minutes and, after cooling, the 

absorbance was measured by a spectrophotometer 

(Hitachi U-2001, Tokyo, Japan) set at 530 mn. The 

TBA value was calculated from a standard curve 

determined by using TEP standard (1,1,3,3 

tetraethoxypropane) and was expressed as mg 

MDA/kg of meat.  

 

 2.7. Statistical Analysis 

 

Data were analyzed by analysis of variance, 

according to a 2×2 factorial arrangement, 

considering the lipid source, the lipid level and their 

interaction as independent variables [16]. When the 

F value of the interaction oil source x oil level was 

significant (P<0.05) means were compared by the 

least square difference test. 

 

III. RESULTS AND DISCUSSION 

 

Table 2 shows the effect of lipid source and level 

on slaughter weight and general FA composition 

of rabbits’ hind leg meat. The FA composition of 

meat was largely affected by the lipid source and 

level of inclusion. The SFA were higher (P<0.001) 

and the PUFA were lower (P<0.001) in meat 

from rabbits fed insect oil than in meat from 

rabbits fed linseed oil and such differences were 

accentuated (P<0.01) by increasing the dietary 

inclusion level of oil. The MUFA were lower 

(P<0.001) in meat from rabbits fed insect oil than 

in meat from rabbits fed linseed oil and increasing 

the level of both oil the MUFA proportion in 

meat decreased (P=0.003). 

 
Table 2. Effect of lipid source (S) and level (L) on 

rabbits slaughter weight (SW, kg), fatty acid 

composition (FA, % of total FAME) and nutritional 

indexes of their hind leg meat 

Lipid 

source (S) 
Insect oil Linseed oil 

RSD1 

Significance 

Inclusion 

level (L) 

30 

g/kg 

60 

g/kg 

30 

g/kg 

60 

g/kg 
S L SxL 

N. 11 8 9 10     

SW, kg 2.47 2.38 2.40 2.44 0.38 ns ns ns 

FA classes: 

ΣSFA 43.2a 45.3b 36.3c 31.3d 2.16 *** ns *** 

ΣMUFA 22.5 19.6 25.8 23.9 2.26 *** ** ns 

ΣPUFA 34.3a 35.1a 37.9b 44.7c 8.10 *** *** ** 

FA indexes: 

n-6/n-3  14.6 14.4 2.06 1.31 1.03 *** ns ns 

S/P 0.70a 0.73a 0.55b 0.44c 0.06 *** * ** 

AI 0.79b 0.93a 0.48c 0.37d 0.10 *** ns *** 

TI 1.18a 1.21a 0.55b 0.36c 0.09 *** ** *** 
1
RSD: Residual standard deviation. 

*,**,***: Means within row with different superscripts 

differ for P≤0.05, P≤0.01 and P≤0.001, respectively. 

 
Table 3. Effect of lipid source (S) and level (L) on the 

oxidative status of rabbits hind leg meat, analyzed after 5 

days of chilling and after 6 weeks of frozen storage  

Lipid source (S) Insect oil 
Linseed 

oil 
RSD1 

Significance 

Inclusion level (L) 
30 

g/kg 

60 

g/kg 

30 

g/kg 

60 

g/kg 
S L SxL 

N. 11 8 9 10     

TBA2 (mg MDA /kg meat): 

5 days 0.19 0.37 0.32 0.37 0.17 ns * ns 

6 weeks 0.57a 0.51a 1.24a 1.67b 1.27 *** * ** 

1
RSD: Residual standard deviation. 

2
TBA: thiobarbituric acid (MDA value representing the 

content of malondialdehyde).  

*,**,***: Means within row with different superscripts 

differ for P≤0.05, P≤0.01 and P≤0.001, respectively. 

 

Consistently with the FA composition of meat, the 

n-6/n-3 ratio and the AI and TI indexes of meat 
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were reduced (P<0.001) with linseed oil feeding. 

The n-6/n-3 ratio of hind leg meat from rabbits fed 

insect oil were about twice the 7.02±3.62 average 

value of 14 studies referred in the bibliography [9], 

by making the different indexes come close to red 

meat values (Ulbricht & Southgate, 1991). 

No effects of lipid source and level were found in 

the oxidative status of meat measured after 5 days 

of chilling (Table 3). However, when oxidative 

stability was evaluated after 6 weeks of frozen 

storage, the linseed oil increased (P<0.001) the 

MDA content of meat compared to insect oil, being 

thus indicative of a larger oxidative damage of 

meat. Increasing the linseed oil inclusion level, but 

not the insect oil, exacerbated this pattern. Thus, 

increased PUFA content in meat resulted in higher 

values of MDA in long storage time, which is 

consistent with higher lipid oxidation and reduced 

shelf-life [17].  

 

IV. CONCLUSION 

 

This study showed that if the FA profile of 

Hermetia illucens oil can be improved, i.e. through 

the modulation of the rearing substrate, it would be 

a promising feed ingredient for growing rabbits: 

further research on this topic is thus necessary. As 

well established in literature, the supplementation 

with linseed oil confirmed to effectively improve 

the n-6/n-3 ratio as well the atherogenic and 

thrombogenic indexes of rabbit meat, however 

reducing its oxidative stability.  
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