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RESEARCH ARTICLE                                         

Effect of silkworm (Bombyx mori L.) pupae oil dietary inclusion on growth 
performance, digestibility and carcase traits of growing rabbits

Marco Cullerea , Zsolt Szendr}ob , Zsolt Maticsc# , Zsolt Gerencs�erc , Yazavinder Singha and 
Antonella Dalle Zottea 

aDipartimento di Medicina Animale, Produzioni e Salute-MAPS, University of Padova, Legnaro, Italy; bInstitute of Physiology and 
Animal Nutrition, Hungarian University of Agriculture and Life Sciences, Kaposv�ar Campus, Kaposv�ar, Hungary; cInstitute of Animal 
Sciences, Hungarian University of Agriculture and Life Sciences, Kaposv�ar Campus, Kaposv�ar, Hungary 

ABSTRACT 
The study aimed to evaluate the effect of the dietary inclusion of silkworm (Bombyx mori) oil 
(SWO) in rabbit diets as a total replacement of sunflower oil on growth performance, carcase 
traits, total tract apparent digestibility (TTAD) and nutritive value of the diets. A total of n ¼ 64 
mixed-sex weaned rabbits (5-week-old) were pair-housed in cages and fed with a commercial 
diet containing 1.3% sunflower oil (control). From 7 to 10 weeks of age, two experimental groups 
were formed: half of the rabbits received a control diet, and the other half received a diet where 
the sunflower oil was replaced by the SWO. During the trial, growth parameters and feed intake 
were weekly recorded to calculate productive parameters. At 10 weeks of age, rabbits were 
slaughtered and dissected to determine carcase traits. In parallel to the growth trial, another 
twenty-four 55-day-old rabbits were individually housed in digestibility cages and randomly 
assigned to one of the two experimental groups (n ¼ 12 rabbits/group) to study the TTAD and 
nutritive value of the diets. Overall, the dietary inclusion of SWO did not affect the in vivo per-
formance and carcase traits of rabbits. Additionally, the TTAD of rabbits was unaffected by SWO 
inclusion, although the SWO diet exhibited lower digestible energy (DE) compared to the control 
diet (p < .05). These findings emphasise the importance of further investigating the nutritive 
value of SWO-supplemented diets in future studies. In conclusion, SWO can be considered a 
promising energy source for growing rabbits, an alternative to conventional vegetable oils.  

HIGHLIGHTS 

� Silkworm oil (SWO) is a feasible feedstuff for rabbit diets to substitute conventional energy 
sources.
� Total tract apparent digestibility of nutrients was not altered by the inclusion of SWO in 

growing rabbit diets.
� Growing rabbits fed with SWO as complete replacement sunflower oil showed satisfactory 

growth performance and carcase traits.
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Introduction

Silkworm (Bombyx mori L.) pupae (SWP) are obtained 
in great quantities from the silk production process 
(60% of the cocoon weight) and, despite a quote of 
them being directly consumed as food in some areas 
of the world, they are mainly considered a by-product. 
For this reason, they are often discarded thus repre-
senting a loss of nutrients (Sheikh et al. 2018). In fact, 
pupae are a nutrient-rich product which is character-
ised by a remarkable content of high biological value 
protein, and a great proportion of oil which contains a 

notable amount of linolenic acid (C18:3 n-3). This con-
fers to this oil an extremely healthy n-3 rich fatty acids 
(FA) profile (up to about 60% of n-3 FA), which can be 
recommended for any diet. But these are not the only 
interesting nutritional compounds present in silkworm 
pupae oil: in fact, it contains tocopherols of whom 
a-tocopherol is the main representative and ranges 
between 73 and 131 g/kg oil. Silkworm oil (SWO) also 
contains relevant amounts of carotenoids (neoxanthin, 
violaxanthin, and lutein) and polyphenols in the inter-
val 42–80 mg gallic acid equivalent (GAE)/g oil (Yap 
et al. 2023).
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In Italy, sericulture has a long tradition and, after a 
long production stop linked to the greater economic 
convenience of producing silk in other countries, the 
national industrial production of valuable yarn is starting 
again. In this perspective, exploiting silkworm pupae as 
value-added products for other industrial compartments, 
including the feed industry, represents a concrete possi-
bility to build-up a circular productive process avoiding 
the production of waste (Altomare et al. 2020).

Owing to this, it must be emphasised that research 
studying the application of SWP into food-producing ani-
mals’ feed formulations is still in its infancy, as the 
almost totality of studies, albeit limited, was conducted 
on poultry species (Banday et al. 2023). From existing 
data, it appears that the mulberry silkworm inclusion 
level is a key factor for guaranteeing satisfactory growth 
performance: this insect species naturally contains anti-
nutritional compounds, namely chitin and particularly 1- 
deoxynojirimycin (1- DNJ), the latter having a proven 
negative effect on the digestibility of diets since it sig-
nificantly reduces starch absorption (Dalle Zotte et al. 
2021). The oil fraction, instead, could be used as an 
energy source with a healthy FA profile, and without 
nutritional drawbacks. From the research conducted to 
date considering the possible utilisation of the mulberry 
SWO in different species, it emerged that the incorpor-
ation of SWO into the diet of Wistar rats (7% inclusion, 
8-week trial) improved hyperlipidaemia and hypergly-
caemia (Mentang et al. 2011). When tested into juvenile 
carp’s diet (Chen et al. 2017; Xu et al. 2020), SWO 
improved growth performance without affecting the 
health status of the fish up to 22.5 g/kg. The interesting 
aspect of SWO is that in the EU it can be used in feed 
formulations for strict herbivore species too (Regulation 
EC No. 999/2001; EC 2001), thus opening further possibil-
ities for promising feed applications.

Based on these premises, the present research aimed 
to evaluate for the first time the potential dietary inclu-
sion of SWO (Bombyx mori) in rabbit diets as a total 
replacement of sunflower oil. This manuscript deals 
with the impact on the TTAD, nutritive value of diets, 
growth performance and carcase traits, while physico-
chemical meat quality traits (including the FA profile 
and contents of meat, liver and perirenal fat), sensory 
characteristics and shelf-life have been published else-
where (Cullere et al. 2022; Dalle Zotte et al. 2022).

Materials and methods

Silkworm (Bombyx mori L.) pupae oil

Silkworm cocoons were obtained from a local farmer 
and subsequently transported to the Department of 

Animal Medicine, Production, and Health (MAPS) of 
the University of Padova (Padova, Italy). The cocoons 
were cut to obtain the full-fat SWP, which were then 
subjected to oil extraction (cold pressing). The result-
ing product, SWO, was utilised in the formulation of 
the experimental diet for growing rabbits.

Animals and experimental design

The trial was conducted at the experimental rabbit 
farm located at the Kaposv�ar Campus, Hungarian 
University of Agriculture and Life Sciences (G€od€oll}o, 
Hungary), by using Pannon White rabbits. All rabbits 
were handled according to the principles stated in the 
European Directive 2010/63/EU regarding the protec-
tion of animals used for experimental and other scien-
tific purposes (EC 2010), and according to the 
Hungarian legal requirements (32/1999./III 31/and 178/ 
2009/XII 29/).

A total of n ¼ 64 mixed-sex weaned rabbits 
(5 weeks of age) were pair-housed in wire mesh cages 
(0.61 m � 0.32 m; 10.2 rabbits/m2). From 5 to 7 weeks 
of age, all rabbits received a control diet consisting of 
1.3% sunflower oil (control). Then, from 7 to 10 weeks 
of age, rabbits were fed with the experimental diets (n 
¼ 32 rabbits/treatment): the first group was fed with 
the control diet (the same as the period of 5–7 weeks), 
while the second group (SWO) received a diet contain-
ing 1.3% SWO as a complete replacement of sunflower 
oil. Diets were formulated to meet the minimum 
requirements for growing rabbits (de Blas and Mateos 
2020); they were isonitrogenous, isoenergy, and in pel-
let form. Feed and water were provided ad libitum 
throughout the experiment. During the experiment, 
the ambient temperature range was 15–18 �C, and a 
16 light–8 dark lighting regime was applied. The 
ingredients and the chemical composition of experi-
mental diets are shown in Tables 1 and 2, respectively. 
The FA profile of SWO and the experimental diets 
were presented elsewhere (Dalle Zotte et al. 2022).

The individual body weight (BW) of rabbits (n ¼ 32 
rabbits/group) and feed intake (FI) per cage (n ¼ 16 
cages/group) were measured weekly, and the daily 
weight gain (DWG) and feed conversion ratio (FCR) 
were calculated. Morbidity of animals was monitored 
weekly, whereas mortality was checked daily. At 
10 weeks of age and after overnight fasting, all the 
rabbits were weighed (slaughter weight), slaughtered, 
and bled by cutting the carotid arteries and jugular 
veins. Then the skin, genitals, urinary bladder, gastro-
intestinal tract and the distal part of the legs were 
removed. Carcases were chilled for 24 h at 4 �C, and 
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then the dressing out percentage was determined. 
Rabbit carcases were dissected according to the rec-
ommendations of the World Rabbit Science 
Association (Blasco and Ouhayoun 2010). After dissec-
tion, the reference carcase (RC) weight and parts, as 
well as fat depots, were weighed and used to com-
pute the ratios to the RC.

Digestibility trial

A separate in vivo digestibility trial was conducted at 
the facilities of the farm ‘Il Tramonto’ (Casalserugo, 
Padova, Italy). The farm has a scientific agreement 
with the MAPS Department, University of Padova. The 
digestibility trial was conducted according to the 

European standardised method, as described by P�erez 
et al. (1995). A total of n ¼ 24 fifty-five-day-old Martini 
(Budrio di Longiano, Italy) rabbits (n ¼ 12 rabbits/ 
treatment) were individually housed in digestibility 
cages and subjected to an adaptation period of 
10 days during which they were fed with a commer-
cial feed. Subsequently, they were randomly assigned 
to one of the two experimental dietary treatments 
(control or SWO) and subjected to a 4-day collection 
period of faeces.During this period, overall individual 
FI was recorded. At the end of the digestibility, two 
rabbits per treatment were excluded based on injuries 
or aberrant feed waste behaviour.

The digestibility trial focused on determining the 
total tract apparent digestibility (TTAD) of various 
nutritional components, including dry matter (DM), 
organic matter (OM), crude protein (CP), ether extract 
(EE), ash, crude fibre (CF), neutral detergent fibre 
(NDF), acid detergent fibre (ADF), acid detergent lignin 
(ADL), starch and energy. Subsequently, the nutritive 
value of the experimental diets was calculated based 
on the obtained digestibility data.

Chemical analyses

The chemical analyses of the experimental diets and 
faeces were carried out following the Association of 
Official Analytical Chemists (AOAC 2000) methods to 
determine DM (method no. 934.01), CP (method no. 
2001.11), CF (method no. 978.10), ash (method no. 
967.05) and starch (amyloglucosidase-a-amylase, 
method no. 996.11). The EE was determined after acid 
hydrolysis (EC 1998). The energy content of diets and 
faeces was measured using an adiabatic bomb calor-
imeter (ISO 1998). Fibre fractions: NDF, ADF and ADL 
were analysed using a sequential procedure according 
to Van Soest et al. (1991). Hemicellulose and cellulose 
were calculated as NDF-ADF and ADF-ADL, 
respectively.

Statistical analysis

The normality of the data distribution was assessed 
using the Shapiro–Wilk statistic (PROC UNIVARIATE). 
Subsequently, data conforming to a normal distribu-
tion were subjected to a one-way analysis of variance 
(ANOVA) with the experimental diet (control vs. SWO) 
considered as a fixed effect, following the general lin-
ear model (PROC GLM) procedures of SAS 9.1.3 statis-
tical analysis software for Windows (SAS Inc., Cary, NC) 
(SAS 2008). In the context of performance assessment, 
the cage was designated as the experimental unit, 

Table 1. Ingredients (g/kg) of the experimental diets.

Ingredients

Experimental diets

Control SWO

Dehydrated alfalfa meal (17.5 g CP/100 g) 150 150
Meadow grass hay (11 g CP/100 g; 30.5 g CF/100 g) 150 150
Sunflower meal (36 g CP/100 g) 148 148
Dried sugar beet pulp 120 120
Ground wheat 100 100
Wheat bran 100 100
Oat meal (11.5 g CP/100 g) 55.0 55.0
Ground barley 40.0 40.0
Full-fat soybean meal (34 g CP/100 g) 35.0 35.0
ArbocelVR a 35.0 35.0
Vitamin-mineral premixb 30.0 30.0
Corn cob meal 20.0 20.0
Sunflower oil 13.0 0.00
Silkworm oil 0.00 13.0
Lignobond DDVR c 2.00 2.00
Limestone 1.50 1.50
DL-methionine 0.70 0.70

SWO: silkworm oil; CP: crude protein.
aCrude fibre concentrate based on lignocellulose.
bVitamin and mineral premix provided the following per kg of diet: vita-

min A, 325000 IU; vitamin D, 45000 IU; vitamin E, 1375 IU; crude protein, 
13.85%; lysine, 7.4%; methionine, 2.7%; Zn, 2600 mg/kg; Cu, 320 mg/kg.

c100% calcium lignosulphonate.

Table 2. Chemical composition (g/kg as fed) and gross 
energy (MJ/kg) content of the pre-weaning diet and of the 
experimental diets.

Pre-weaning diet

Experimental diets

Control SWO

Dry matter 923 918 916
Crude protein 180 186 190
Ether extract 45.5 37.2 39.7
Ash 77.5 79.8 83.7
Nitrogen-free extractsa 403 351 353
Crude fibre 160 186 182
NDF 285 328 323
ADF 179 204 201
ADL 44.4 47.7 50.5
Starch 201 167 170
Gross energyb 16.2 17.5 17.2

SWO: silkworm oil.
aCalculated: 100 − (water þ crude protein þ ether extract þ crude 
fibre þ ash).

bCalculated: [(nitrogen-free extracts � 4.11) þ (crude protein �
5.64) þ (ether extract � 9.44) þ (crude fibre � 4.78)] � 10.
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while for digestibility data and carcase traits, the indi-
vidual rabbit served as the experimental unit. Least 
square means were obtained using the Bonferroni 
test, and the significance was calculated at a 5% confi-
dence level.

Results and discussion

Due to their potential for sustainability and thanks to 
their interesting nutritional composition, different 
insect species and the derived products, i.e. protein 
and fat fractions, are steadily emerging as novel ingre-
dients for different food-producing animal species, 
mainly as an alternative to conventional feedstuffs 
such as fishmeal, soybean meal, vegetable oils, etc. 
(van Huis and Oonincx 2017). In the case of rabbit, the 
possible use of insects as feed ingredient in the EU is 
limited to the fat fraction, since the protein fraction of 
an animal-origin food cannot be fed to a strict herbi-
vore. For this reason, and also because rabbits repre-
sent a niche meat species, research on the possible 
use of insects as alternative feed for their rations is 
still limited to a few studies, as it will be shown later 
in this section.

The growth performance of rabbits from 5 to 
10 weeks of age is presented in Table 3. From 5 to 
7 weeks of age rabbits received the same sunflower 
oil-based diet, thus no differences between the two 
groups were expected which was confirmed by the 
results. This feeding strategy was chosen in the per-
spective of a cost-benefit utilisation of the SWO: since 
the SWO is a relatively expensive source of n-3 FA and 
the period of 7–10 weeks is sufficient to incorporate 
those FA into rabbit meat (Dalle Zotte et al. 2022), it 
was chosen to provide the experimental feedstuff only 
in the finishing phase. Starting from week 8 and 
throughout the experiment, the complete substitution 
of sunflower oil with SWO resulted in comparable per-
formance of control and SWO rabbits. Specifically, rab-
bits of the two dietary groups exhibited similar BW 
(2506 and 2544 g for control and SWO rabbits at 
10 weeks of age, respectively), DWG (46.4 and 47.5 g/ 
day for control and SWO rabbits in the period 5– 
10 weeks, respectively), as well as daily FI (121 and 
123 g/day for control and SWO rabbits in the period 
5–10 weeks, respectively) and FCR (2.61 and 2.59 for 
control and SWO rabbits in the period 5–10 weeks, 
respectively). The only exception regarded the DWG in 
the period 7–8 week, which showed a value 5% higher 
in SWO rabbits compared to control ones (p < .05).

Productive data found confirmation in the results of 
the digestibility trial (Table 4), since rabbits of the two 
dietary treatments showed similar DM intake, as well 
as comparable DM, CP, EE, ash, CF and fibre fractions 
(NDF, ADF, hemicelluloses and cellulose), starch and 
energy digestibility. Despite this, it was observed that 
the inclusion of SWO affected the nutritive value of 
the diets, as it lowered the digestible energy (DE) 
compared to the control diet (11.3 vs. 11.7 MJ/kg for 
SWO and control diet, respectively; p < .05). As a 
result, the DP to DE ratio was also different in the two 
dietary treatments with the SWO diet having a higher 
value than the control one (12.4 vs. 11.9, respectively; 
p < .001). No matter the treatment, diets showed sub- 
optimal DP and DE: in fact, nutritional recommenda-
tions for intensively farmed growing rabbits indicate 
9.7–11.5 MJ/kg of DE to avoid negative effects on rab-
bit performance, while for DP 100–110 g/kg feed are 
recommended to prevent digestive disorders (de Blas 
and Mateos 2020). Despite this apparent issue, the 
productive performance of growing rabbits was satis-
factory and no morbidity and/or mortality episodes 
were observed throughout the trial. The present result 
on DE, and thus DP/DE, was unexpected since the two 
diets had identical formulations and chemical compos-
ition. Furthermore, despite sunflower and SWO oils 

Table 3. Effect of the dietary inclusion either with 1.3% sun-
flower oil (control) or 1.3% silkworm (Bombyx mori L.) oil 
(SWO) on the live performance of growing rabbits.

Experimental diets

SEMb p ValueControl SWOa

No. of rabbits 32 32
Body weight, g
5th week 881 881 8.50 .971
6th week 1226 1242 11.7 .482
7th week 1598 1615 12.3 .426
8th week 1924 1959 12.4 .161
9th week 2250 2291 14.1 .147
10th week 2506 2544 15.8 .234

Daily weight gain, g
5–6 weeks 49.3 51.6 0.93 .219
6–7 weeks 53.1 53.3 0.73 .918
7–8 weeks 46.6 49.0 0.60 .040
8–9 weeks 46.7 47.5 0.82 .594
9–10 weeks 36.6 36.1 0.83 .783

Daily feed intake, g
5–6 weeks 85.0 86.0 0.93 .704
6–7 weeks 113 115 1.28 .541
7–8 weeks 123 126 1.30 .230
8–9 weeks 144 147 1.80 .413
9–10 weeks 142 142 1.60 .942

FCRc

5–6 weeks 1.74 1.67 0.02 .091
6–7 weeks 2.15 2.16 0.03 .840
7–8 weeks 2.64 2.57 0.03 .286
8–9 weeks 3.10 3.10 0.03 .992
9–10 weeks 3.91 3.95 0.06 .740

aSWO rabbits received the control diet until 7 weeks of age, then the 
SWO diets between 7 and 10 weeks of age.

bSEM: standard error of the means.
cFCR: feed conversion ratio.
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have diverse FA profiles, being the second rich in lino-
lenic acid (C18:3 n-3) and thus n-3 PUFA (Dalle Zotte 
et al. 2022), SWO is considered an energy source nutri-
tionally equivalent to commonly used vegetable oils, 
including sunflower oil (Tangsanthatkun et al. 2022). 
Therefore, given the present result on the DE, the 
nutritional value of SWO for growing rabbits should 
probably be investigated more accurately.

Insect fats/oils can have a very diverse FA compos-
ition, which is linked to the species biological charac-
teristics, including feeding substrate (Riekkinen et al. 
2022). For instance: black soldier fly (Hermetia illucens) 
fat is particularly rich in saturated FA (45–83% of total 
FA), and yellow mealworm (Tenebrio molitor) fat in 
monounsaturated FA (45–53% of total FA), whereas 
SWO in n-3 polyunsaturated FA (28–60% of total FA) 
(Yap et al. 2023). FA digestibility is known to possibly 
vary depending on the fat source, proportion of FA in 
diet and presence of microbial population in caecum, 
potentially leading to differences in the DE of diets 
among rabbits fed varied fat sources (Fern�andez et al. 
1994; de Blas and Wiseman 2010). This can explain 
why research conducted up to now testing the insect 
fat/oil fraction in meat-producing rabbit diets high-
lighted different effects on the TTAD. When growing 
rabbits were fed either with 30 g/kg or 60 g/kg black 
soldier fly fat as a replacement of linseed oil (Martins 
et al. 2018), the digestibility of the EE worsened com-
pared to that of rabbits fed linseed oil. The possible 
negative effect was attributable to the composition of 
triacylglycerols and the regiospecific distribution of 

lauric acid (C12:0) within the triacylglycerols of black 
soldier fly fat. Despite this, the productive perform-
ance of rabbits was similar in all treatment groups. 
Conversely, a partial (50%) or total substitution of soy-
bean oil either with black soldier fly or yellow meal-
worm fats, did not affect growing rabbits’ digestibility 
and thus performance traits (Gasco et al. 2019). 

A different scenario pertains to the use of insect 
meal in rabbit nutrition, as at certain species-specific 
inclusion levels the antinutritional factors such as chi-
tin and/or other bioactive compounds (i.e. 1-DNJ in 
the case of silkworm meal; Dalle Zotte et al. 2021), 
demonstrated to negatively affect digestibility 
(Gugołek et al. 2021). This was mainly attributable to a 
depression in the large intestinal microbiota metabol-
ism activity, leading to lesser enzymatic activity and 
lower short-chain FA concentration (Strychalski et al. 
2021), thus leading to reduced growth performance 
(Gugołek et al. 2019).

The carcase traits of rabbits fed with control and 
SWO diets are shown in Table 5. Similar to that 
observed for growth traits, rabbits of the two groups 
coherently showed comparable outcomes (p > .05). 
Specifically, control and SWO rabbits had similar 
slaughter weight (2547 and 2593 g for control and 
SWO rabbits, respectively), RC weight (1335 and 
1346 g for control and SWO rabbits, respectively), 
dressing out percentage (60.8 and 60.3% for control 
and SWO rabbits, respectively), and incidence of the 
meat cuts (% RC), namely fore, intermediate and hind 
part, as well as fat depots (p > .05). Research studies 

Table 4. Effect of the dietary inclusion either with 1.3% sun-
flower oil (control) or 1.3% silkworm (Bombyx mori L.) oil 
(SWO) on the total tract apparent digestibility (TTAD) of 
growing rabbits and nutritive value of the experimental diets.

Traits

Experimental diets

SEMa p ValueControl SWO

No. of rabbits 10 10
Live weight, g 2160 2154 148 .924
Dry matter (DM) intake, g/d 141 147 17.6 .450
TTAD, %
DM 60.3 60.2 1.77 .980
Organic matter 61.6 61.5 1.76 .879
Crude protein 75.2 76.3 2.37 .299
Ether extract 76.0 74.8 3.02 .384
Ash 44.9 46.9 2.56 .097
Crude fibre 16.1 17.0 3.14 .560
Neutral detergent fibre (NDF) 28.4 30.0 2.70 .181
Acid detergent fibre (ADF) 21.1 20.6 5.59 .840
Hemicelluloses (NDF-ADF) 41.2 48.8 8.60 .061
Cellulose (ADF-ADL) 28.9 28.2 5.08 .752
Starch 98.8 98.7 0.23 .179
Energy 61.5 60.6 1.73 .256

Nutritive value
Digestible protein (DP, g/kg) 138 140 4.42 .299
Digestible energy (DE, MJ/kg) 11.7 11.3 0.33 .022
DP to DE ratio (g/MJ) 11.9 12.4 0.13 <.001

aSEM: standard error of the means.

Table 5. Effect of the dietary inclusion either with 1.3% sun-
flower oil (control) or 1.3% silkworm (Bombyx mori L.) oil 
(SWO) on rabbit carcase traits.

Traits

Experimental diets

SEMa p ValueControl SWO

No. of rabbits 32 32
Slaughter weight (SW), g 2547 2593 15.5 .135
Chilled carcase (CC), g 1550 1564 11.0 .530
Reference carcase (RC)b, g 1335 1346 9.81 .573
Dressing out percentage, % SW 60.8 60.3 0.19 .153
RC yield, % CC 86.1 86.1 0.11 .879
Drip loss, % 3.01 3.10 0.06 .415
Ratio to CC, %:
Head 8.02 8.20 0.06 .123
HLTTOc 1.32 1.28 0.02 .360
Liver 3.60 3.63 0.04 .701
Kidneys 0.97 0.99 0.01 .348

Ratio to RC, %
Fore part 28.4 28.3 0.12 .546
Intermediate part 30.9 30.9 0.14 .773
Hind part 39.0 39.2 0.10 .442
Perirenal fat 1.28 1.21 0.05 .424
Scapular fat 0.39 0.37 0.02 .673
Dissectible fat 1.67 1.58 0.06 .429

aSEM: standard error of the means.
bReference carcase: without head, and visceral organs.
cHLTTO: heart, lung, thymus, trachea and oesophagus.
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considering the possible use of insect fat in rabbit 
nutrition are limited but, consistently with the present 
findings, Martins et al. (2018) and Gasco et al. (2019) 
also did not observe any differences in carcase traits 
of rabbits fed with fat obtained either from black sol-
dier fly or yellow mealworm. Even if it is known that 
dietary fat supplementation often increases the dress-
ing out percentage and fat deposits in rabbits 
(Fern�andez-Carmona et al. 2000), the results of the 
present research were justified by the fact that the fat 
content of the insect-containing diets was the same, 
only the fat source was different.

Conclusions

The 1.3% incorporation of oil derived from the silk-
worm (Bombyx mori) pupae in the diet of growing rab-
bits demonstrated to be feasible, as a complete 
replacement of sunflower oil in the last phase of the 
production cycle (7–10 weeks of age) led to satisfac-
tory digestibility, in vivo performance, and carcase 
traits. Special attention is worth dedicating to the 
nutritive value of the diets, since it was observed that 
SWO lowered the DE of rabbit diet, despite existing lit-
erature consider it to be nutritionally equivalent to 
commonly used vegetable oils. The latter suggests 
that the nutritional value of this emerging fat source 
needs to be better assessed. This, however, did not 
generate any undesirable effects on rabbit morbidity, 
mortality, and on the traits considered in the present 
study.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

This research was supported by the University of Padova 
(Italy) Funds (DOR 2082232/20).

ORCID

Marco Cullere http://orcid.org/0000-0001-9409-8202 
Zsolt Szendr}o http://orcid.org/0000-0002-0359-150X 
Zsolt Matics http://orcid.org/0000-0001-6826-1176 
Zsolt Gerencs�er http://orcid.org/0000-0002-0987-1588 
Yazavinder Singh http://orcid.org/0000-0003-3811-4372 
Antonella Dalle Zotte http://orcid.org/0000-0001-9214- 
9504 

Data availability statement

The data that support the findings of this study are available 
upon reasonable request.

References

Altomare AA, Baron G, Aldini G, Carini M, D’Amato A. 2020. 
Silkworm pupae as source of high-value edible proteins 
and of bioactive peptides. Food Sci Nutr. 8(6):2652–2661. 
doi: 10.1002/fsn3.1546.

[AOAC] Association of Official Analytical Chemists. 2000. 
Official methods of analysis. 17th ed. Arlington (VA): 
AOAC.

Banday MT, Adil S, Sheikh IU, Hamadani H, Qadri FI, Sahfi 
ME, Sait HS, Abd El-Mageed TA, Salem HM, Taha AE, et al. 
2023. The use of silkworm pupae (Bombyx mori) meal as 
an alternative protein source for poultry. Worlds Poult Sci 
J. 79(1):119–134. doi: 10.1080/00439339.2023.2163955.

Blasco A, Ouhayoun J. 2010. Harmonization of criteria and 
terminology in rabbit meat research. Revised proposal. 
World Rabbit Sci.4(4):93–99. doi: 10.4995/wrs.1996.278.

Chen H, Tian J, Wang Y, Yang K, Ji H, Li J. 2017. Effects of 
dietary soybean oil replacement by silkworm, Bombyx 
mori L., chrysalis oil on growth performance, tissue fatty 
acid composition, and health status of juvenile Jian carp, 
Cyprinus carpio var. J World Aquacult Soc. 48(3):453–466. 
doi: 10.1111/jwas.12373.

Cullere M, Singh Y, Gerencs�er Zs, Matics Zs, Cappellozza S, 
Dalle Zotte A. 2022. Silkworm (Bombyx mori L.) oil in 
growing rabbit nutrition: effects on meat physicochemical 
traits, sensory profile and shelf-life. J Insects Food Feed. 
8(7):733–741. doi: 10.3920/JIFF2021.0084.

Dalle Zotte A, Singh Y, Gerencs�er Zs, Matics Zs, Szendr}o Zs, 
Cappellozza S, Cullere M. 2022. Feeding silkworm (Bombyx 
mori L.) oil to growing rabbits improves the fatty acid 
composition of meat, liver and perirenal fat. Meat Sci. 
193:108944. doi: 10.1016/j.meatsci.2022.108944.

Dalle Zotte A, Singh Y, Squartini A, Stevanato P, Cappellozza 
S, Kovitvadhi A, Subaneg S, Bertelli D, Cullere M. 2021. 
Effect of a dietary inclusion of full-fat or defatted silkworm 
pupa meal on the nutrient digestibility and faecal micro-
biome of fattening quails. Animal. 15(2):100112. doi: 10. 
1016/j.animal.2020.100112.

de Blas C, Mateos GG. 2020. Feed formulation. In: de Blas C, 
Wiseman J, editors. Nutrition of the rabbit. 3rd ed. 
Wallingford (UK): CABI.

de Blas C, Wiseman J, editors. 2010. Nutrition of the rabbit. 
2nd ed. Wallingford (UK): CABI. doi: 10.1079/ 
9781845936693.0000.

[EC] (European Commission). 1998. Commission Directive 98/ 
64/EC of 3 September 1998 establishing community 
methods of analysis for the determination of amino acids, 
crude oils and fats, and olaquindox in feeding stuffs and 
amending Directive 71/393/EEC. Off J Eur Union. L257:14.

[EC] (European Commission). 2001. Directive 999/2001 of the 
European Parliament and of the Council of 22 May 2001 
laying down rules for the prevention, control and eradica-
tion of certain transmissible spongiform encephalopathies. 
Off J Eur Union. L147:1.

[EC] (European Commission). 2010. Directive 2010/63/EU of 
the European Parliament and of the Council of 22 

756 M. CULLERE ET AL.

https://doi.org/10.1002/fsn3.1546
https://doi.org/10.1080/00439339.2023.2163955
https://doi.org/10.4995/wrs.1996.278
https://doi.org/10.1111/jwas.12373
https://doi.org/10.3920/JIFF2021.0084
https://doi.org/10.1016/j.meatsci.2022.108944
https://doi.org/10.1016/j.animal.2020.100112
https://doi.org/10.1016/j.animal.2020.100112
https://doi.org/10.1079/9781845936693.0000
https://doi.org/10.1079/9781845936693.0000


September 2010 on the protection of animals used for sci-
entific purposes (text with EEA relevance). Off J Eur Union 
L276:33.

Fern�andez C, Cobos A, Fraga MJ. 1994. The effect of fat 
inclusion on diet digestibility in growing rabbits. J Anim 
Sci. 72(6):1508–1515. doi: 10.2527/1994.7261508x.

Fern�andez-Carmona J, Pascual JJ, Cervera C. 2000. The use 
of fat in rabbit diets. World Rabbit Sci. 8(C):29–59.

Gasco L, Dabbou S, Trocino A, Xiccato G, Capucchio MT, 
Biasato I, Dezzutto D, Birolo M, Meneguz M, Schiavone A. 
2019. Effect of dietary supplementation with insect fats 
on growth performance, digestive efficiency and health of 
rabbits. J Anim Sci Biotechnol. 10:1–9. doi: 10.1186/ 
s40104-018-0309-2.

Gugołek A, Kowalska D, Strychalski J, Ognik K, Ju�skiewicz J. 
2021. The effect of dietary supplementation with silkworm 
pupae meal on gastrointestinal function, nitrogen reten-
tion and blood biochemical parameters in rabbits. BMC 
Vet Res. 17(1):204. doi: 10.1186/s12917-021-02906-w.

Gugołek A, Strychalski J, Kowalska D. 2019. Growth perform-
ance and meat composition of rabbits fed diets supple-
mented with silkworm pupae meal. Span J Agric Res. 
17(3):e0607. doi: 10.5424/sjar/2019173-14882.

[ISO] (International Organization for Standardization). 1998. 
Animal feeding stuffs, animal products and faeces or 
urine. Determination of gross calorific value – bomb cal-
orimetric method. Reference number 9831, prepared by 
Technical Committee ISO/TC 34, Agricultural Food 
Products, Subcommittee SC 10, Animal feeding stuffs. 
https://www.iso.org/obp/ui/#iso:std:iso:9831:ed-1:v1:en.

Martins C, Cullere M, Dalle Zotte A, Cardoso C, Alves SP, de 
Bessa RJB, Freire JPB, Falc~ao-e-Cunha L. 2018. 
Incorporation of two levels of black soldier fly (Hermetia 
illucens L.) larvae fat or extruded linseed in diets of grow-
ing rabbits: effects on growth performance and diet 
digestibility. Czech J Anim Sci. 63(9):356–362. doi: 10. 
17221/22/2018-CJAS.

Mentang F, Maita M, Ushio H, Ohshima T. 2011. Efficacy of 
silkworm (Bombyx mori L.) chrysalis oil as a lipid source in 
adult Wistar rats. Food Chem. 127(3):899–904. doi: 10. 
1016/j.foodchem.2011.01.045.

P�erez JM, Lebas F, Gidenne T, Maertens L, Xiccato G, Parigi- 
Bini R, Dalle Zotte A, Cossu ME, Carazzolo A, Villamide MJ. 
1995. European reference method for in vivo determin-
ation of diet digestibility in rabbits. World Rabbit Sci. 3(1): 
41–43. doi: 10.4995/wrs.1995.239.

Riekkinen K, V€akev€ainen K, Korhonen J. 2022. The effect of 
substrate on the nutrient content and fatty acid compos-
ition of edible insects. Insects. 13(7):590. doi: 10.3390/ 
insects13070590.

[SAS] (Statistical Analysis Software for Windows). 2008. 
Statistics version 9.1.3 ed. Cary (NC): SAS Institute.

Sheikh IU, Banday MT, Baba IA, Adil S, Nissa SS, Zaffer B, 
Bulbul KH. 2018. Utilization of silkworm pupae meal as an 
alternative source of protein in the diet of livestock and 
poultry: a review. J Entomol Zool Stud. 6(4):1010–1016.

Strychalski J, Ju�skiewicz J, Kowalska D, Gugołek A. 2021. 
Performance indicators and gastrointestinal response of 
rabbits to dietary soybean meal replacement with silk-
worm pupae and mealworm larvae meals. Arch Anim 
Nutr. 75(4):294–310. doi: 10.1080/1745039X.2021.1962171.

Tangsanthatkun J, Peanparkdee M, Katekhong W, 
Harnsilawat T, Tan CP, Klinkesorn U. 2022. Application of 
aqueous saline process to extract silkworm pupae oil 
(Bombyx mori): process optimization and composition ana-
lysis. Foods. 11(3):291. doi: 10.3390/foods11030291.

van Huis A, Oonincx DGAB. 2017. The environmental sustain-
ability of insects as food and feed. A review. Agron 
Sustain Dev. 37(5):1–14. doi: 10.1007/s13593-017-0452-8.

Van Soest PJ, Robertson JB, Lewis BA. 1991. Methods for 
dietary fiber, neutral detergent fiber, and nonstarch poly-
saccharides in relation to animal nutrition. J Dairy Sci. 
74(10):3583–3597. doi: 10.3168/jds.S0022-0302(91)78551-2.

Xu X, Ji H, Belghit I, Sun J. 2020. Black soldier fly larvae as a 
better lipid source than yellow mealworm or silkworm oils 
for juvenile mirror carp (Cyprinus carpio var. specularis). 
Aquaculture. 527:735453. doi: 10.1016/j.aquaculture.2020. 
735453.

Yap JWL, Lee YY, Tang TK, Chong LC, Kuan CH, Lai OM, 
Phuah ET. 2023. Fatty acid profile, minor bioactive constit-
uents and physicochemical properties of insect-based oils: 
a comprehensive review. Crit Rev Food Sci Nutr. 63(21): 
5231–5246. doi: 10.1080/10408398.2021.2015681.

ITALIAN JOURNAL OF ANIMAL SCIENCE 757

https://doi.org/10.2527/1994.7261508x
https://doi.org/10.1186/s40104-018-0309-2
https://doi.org/10.1186/s40104-018-0309-2
https://doi.org/10.1186/s12917-021-02906-w
https://doi.org/10.5424/sjar/2019173-14882
https://www.iso.org/obp/ui/#iso:std:iso:9831:ed-1:v1:en
https://doi.org/10.17221/22/2018-CJAS
https://doi.org/10.17221/22/2018-CJAS
https://doi.org/10.1016/j.foodchem.2011.01.045
https://doi.org/10.1016/j.foodchem.2011.01.045
https://doi.org/10.4995/wrs.1995.239
https://doi.org/10.3390/insects13070590
https://doi.org/10.3390/insects13070590
https://doi.org/10.1080/1745039X.2021.1962171
https://doi.org/10.3390/foods11030291
https://doi.org/10.1007/s13593-017-0452-8
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1016/j.aquaculture.2020.735453
https://doi.org/10.1016/j.aquaculture.2020.735453
https://doi.org/10.1080/10408398.2021.2015681

	Effect of silkworm (Bombyx mori L.) pupae oil dietary inclusion on growth performance, digestibility and carcase traits of growing rabbits
	Abstract
	Introduction
	Materials and methods
	Silkworm (Bombyx mori L.) pupae oil
	Animals and experimental design
	Digestibility trial
	Chemical analyses
	Statistical analysis

	Results and discussion
	Conclusions
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


