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ABSTRACT

This study aimed to evaluate the effect of theadietncorporation of silkwormBombyx mori) oil
(SWO) in rabbit diets as a total replacement offlewrer oil, on the total tract apparent digestilyili
(TTAD) and nutritive value of experimental dietso This purpose, twenty-four 55-days-old rabbits
(Martini group hybrid) were individually housed digestibility cages and randomly assigned to one
of the two experimental groups (12 rabbits/grotipg: first group received a standard commercial diet
containing 1.30% sunflower oil (Control), whered® tsecond group received a diet in which
sunflower oil was replaced entirely with 1.30% waitkm oil (SWO). Rabbits haad libitum access to
water and feed throughout the experimental tridle Tigestibility trial consisted of a seven-day
adaptation period followed by a four-day collectipgriod. The experimental diets and the collected
faeces were analysed to evaluate the TTAD, ancdhdlvitive value of the diets was then calculated.
No morbidity and mortality was observed during thal in both groups. The inclusion of SWO did
not influence the TTAD of nutrients. However, SWietdlisplayed a higher digestible protein (DP) to
digestible energy (DE) ratio than the Control grqig:0.001), which resulted from the highest DP
(P=0.001) and the lowest DE (P=0.022). In conclus®BWO has provided a TTDA comparable to
that of sunflower oil and can therefore replacanplzased oil in diets for growing rabbits withoutya
adverse effect on nutrients digestibility and om miutritive value of the diets.

Keywords: Insect, Rabbitln-vivo digestibility.

INTRODUCTION

Several research have been conducted to investtiateative feed ingredients to fulfil the nutital
requirement of the growing rabbit (Dalle Zotteal., 2018; Martinset al., 2018; Gascat al., 2019;
Gugoteket al., 2019). Intensive rabbit production requires hegtergy diets to achieve high growth
rates and simultaneously diets with high fibre tevent the impairment of the sensitive rabbit
digestive function and health (Martims al., 2018; Gascet al., 2019). Therefore, insect oil could
represent an environmentally friendly and nutriéitynimportant source of lipids for the rabbit'sti
also modulating the fatty acid (FA) compositionrabbit meat (Dalle Zotte and Szetd2011). To
this regard, despite research is extremely scacprevious trial successfully tested the dietary
incorporation of black soldier flyHermetia illucens) pupae (BSF) fat into growing rabbit diets and
observed that overall apparent digestibility ofrimuts, growth performance and meat quality traits
were promising (Dalle Zottet al., 2018; Martinset al., 2018). Another study testing BSF and yellow
mealworm (YM) oils in rabbit diets did not revedhisstically significant differences in terms of
performance, apparent digestibility and health aifbits (Gascat al., 2019). The only drawback
found in all the studies mentioned above was toeease of saturated fatty acids (SFA) in the rabbit



World Rabbit Science Association
12th World Rabbit Congress - November 3-5 2021 - Nantes, France, Communication N-41, 4pp.

meat, due to the peculiar FA profile of the BSFKyvach in SFA. Another potentially interesting
insect source of protein and lipids for growinglrildiets can be the silkwornB@mbyx mori) pupa.
During processing, the silk industry generates gioguct, the silkworm pupae, which is a rich
source of protein and of lipids rich in polyunsated fatty acids (Gugotedt al., 2019). This industry
waste can be utilised as an alternative feed ingmnedbr livestock species. The dietary replacenodnt
conventional oils with silkworm oil (SWO) could laepromising alternative as a feed energy source
for growing rabbits and for increasing the omedaA3content of their meat. Based on these premises,
the present research aimed to investigate the ti@tel apparent digestibility (TTAD) and nutritive
value with complete dietary substitution of sunfewveil with SWO in growing rabbits.

MATERIALS AND METHODS

Animals and experimental design

The study was conducted at the facilities of a f@iinTramonto, Casalserugo, Padova, Italy) with
which the Department of Animal Medicine, Productiamd Health - MAPS (University of Padova)
has a scientific agreement. A total of twenty-f&&-days-old rabbits (Martini group hybrid) were
individually housed in digestibility cages and randy assigned to one of the two experimental
dietary treatments (n=12 rabbits/treatment): thst fgroup received a commercial diet containing
1.30% sunflower oil (Control), whereas the secormlg received a diet in which sunflower oil was
completely (1.30%) replaced by silkworiBofnbyx mori) oil (SWO). Rabbits hadd libitum access to
water and feed. The temperature and photoperiddernse rabbitry were 18-19 °C and 16L:8D,
respectively. Thdan-vivo digestibility trial was conducted according to tBaropean standardised
method (Pereert al., 1995). Rabbits were submitted to seven-daysdaptation to the experimental
diets. Two rabbits per treatment were excludechatend of the adaptation period on the basis of
injuries or feed waste behaviour. The total trggpeaent digestibility (TTAD) of dry matter (DM),
organic matter (OM), crude protein (CP), ether aott(EE), ash, crude fibre (CF), neutral detergent
fibore (NDF), acid detergent fibre (ADF), acid defent lignin (ADL), starch and energy, were
determined, and the nutritive value of the expenitakdiets were calculated.

Chemical Analyses

The chemical analyses of diets and faeces wergéedaout following the Association of Official
Analytical Chemists (2000) methods to determine (éthod no. 934.01), CP (method no. 2001.11),
CF (method no. 978.10), ash (method no. 967.05)staaeth (amyloglucosidaseamylase, method
no. 996.11). The EE was determined after acid Hysi(EC, 1998). The energy content of diets and
faeces were measured using an adiabatic bomb roakeri (ISO, 1998). Fibre fractions: NDF, ADF,
and ADL were analysed usingequential procedure according to Van Soest et(k91).
Hemicellulose and cellulose were calculated as NAIBF and ADF-ADL, respectively. The
chemical composition and gross energy of experialeli¢ts are displayed in Table 1.

Table 1: Analysed chemical composition (g/kg as fed) andsgrenergy (MJ/kg) content of the
experimental diets.

Experimental diets

Control SWO
Dry matter 910 912
Crude protein 173 175
Ether extract 28.5 28.6
Ash 70.8 75.2
Crude fibre 163 165
NDF 338 340
ADF 215 216
ADL 52.1 51.2
Starch 158 150
Gross energy 17.3 17.0
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Statistical Analysis

The experimental data on total tract apparent dlglity of nutrients and nutritive values of diets
were analysed using the GLM procedures of SAS Sthtistical analysis software for Windows (SAS
Institute, 2008) with diets as a fixed effect. Téxgerimental unit was a single animal. Least square
means were obtained using the Bonferroni test t@dignificance was calculated at 5% confidence
level.

RESULTS AND DISCUSSION

Throughout the experimental trial, neither morlyidior mortality was observed in rabbits. The total
tract apparent digestibility (TTAD) and the nuiréivalue of the experimental diets are presented in
Table 2. The dietary replacement of sunflower aihvEWO showed no significant effect on nutrients
digestibility in growing rabbits (P>0.05). Otherudies replaced conventional fat with insect fat,
specifically the BSF or the YM fat, thus direct quamison is not possible. However, the result of the
present research agrees with the previous findiagarding the dietary inclusion of insect fat from
BSF and YM (0.75% and 1.5% inclusion level for batkects; Gascet al., 2019), and from BSF
(3% and 6% fat inclusion level; Martiesal., 2018) for growing rabbits.

Table 2: Effect of the dietary replacement of sunflower @ither with 0% (Control) or 1.30% of
silkworm Bombyx mori L.) oil (SWO) on the total tract apparent digedityo (TTAD) of growing
rabbits and nutritive value of the experimentatglie

Experimental diets

RSD! p-value
Control SWO

N. 10 10

Average live weight, g 2160 2154 148 0.924

Dry matter (DM) intake, g/d 141 147 17.6 0.450

Total Tract Apparent Digestibility, %:
DM 60.3 60.2 1.77 0.980
Organic matter (OM) 61.6 61.5 1.76 0.879
Crude protein (CP) 75.2 76.3 2.37 0.299
Ether extract (EE) 76.0 74.8 3.02 0.384
Ash 44.9 46.9 2.56 0.097
Crude fibre (CF) 16.1 17.0 3.14 0.560
Neutral detergent fibre (NDF) 28.4 30.0 2.70 Q.18
Acid detergent fibre (ADF) 21.1 20.6 5.59 0.840
Acid detergent lignin (ADL) -13.7 -22.4 114 0310
Hemicelluloses (NDF-ADF) 41.2 48.8 8.60 0.061
Cellulose (ADF-ADL) 28.9 28.2 5.08 0.752
Starch 98.8 98.7 0.23 0.179
Energy 61.5 60.6 1.73 0.256

Nutritive value:
Digestible Protein (DP, g/kg) 138 146 4.42 0.001
Digestible Energy (DE, MJ/Kkg) 11.7 11.3 0.33 @02
DP to DE ratio (g/MJ) 11.9 12.9 0.13 <0.0001

IRSD = residual standard deviation.

The nutritive value of experimental diets was atdcby the inclusion level of SWO: SWO group
displayed higher digestible protein (DP) (128146 g/kg for Control and SWO groups, respectively;
P<0.001), and lower digestible energy (DE) (1%s711.3 MJ/kg for Control and SWO groups,
respectively; P=0.022) compared to the Control grevhich resulted in a higher DP to DE ratio (11.9
vs 12.9 g/MJ for Control and SWO groups, respectivé}<0.001). However, as the nutrients
digestibility was overlapping in the two experimangroups, the observed result could simply be
attributable to the chemical composition of thetsli€Table 1): in fact, the protein content was
numerically higher in the SWO group (173 and 17&ggdbr Control and SWO diets, respectively),
while starch (158 and 150 g/kg for Control and S\i€ls, respectively) and gross energy (17.3 and
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17.0 MJ/kg for Control and SWO diets, respectivadgntents seemed higher in the Control one.
Results regarding the nutritive value of the diethe present study are consistent with those tegor
by Gascoet al. (2018), as they observed a similar trend fornbgitive value of diets in growing
rabbits when soybean oil was completely replacati BiSF fat. Differently, Martingt al. (2018)
observed that diets supplemented with BSF fat ligtteh DE, thus obtaining a lower DP to DE ratio.

CONCLUSIONS

The use of oil obtained from silkworrBgmbyx mori) pupa in rabbit nutrition displayed comparable
apparent nutrient digestibility in growing rabbifBherefore, silkworm oil can be considered as an
alternative feed ingredient for growing rabbits.rtRar studies should be performed to assess the
impact of SWO on rabbit meat quality and sensoofiler.

ACKNOWLEDGEMENTS

Research funded by Padova University research fxaR2082232/20.

REFERENCES

Association of Official Analytical Chemists (AOAC) Q0. Official methods of analysis, 17th edition. AOAArlington,
VA, USA.

Dalle Zotte A., SzendrZs. 2011. The role of rabbit meat as functionabfdveat Sci., 88, 319-331.

Dalle Zotte, A., Cullere, M., Martins, C., Alves, S.Freire, J.P., Falcdo-e-Cunha, L., Bessa, RJB. Aat8rporation of
black soldier fly Hermetia illucens L.) larvae fat or extruded linseed in diets ofwiry rabbits and their effects on meat
quality traits including detailed fatty acid compms. Meat Sci., 146, 50-58.

EC 1998. Commission Directive 98/64/EC of 3 Septenit#98 establishing Community methods of analysis tfar
determination of amino acids, crude oils and fatg] olaquindox in feeding stuffs and amending Divec71/393/EEC.
Official Journal of the European Union L257, 14.

Gasco L., Dabbou S., Trocino A., Xiccato G., Capuzd®h.T., Bisato I., Dezzutto D., Birolo M., Meneguz. Msciavone A.,
Gai F. 2019. Effect of dietary supplementation vitthect fats on growth performance, digestive &fficy and health of
rabbits.J. Anim. Sci. Biotechn., 10(1), 4.

Gugotek, A., Strychalski, J., & Kowalska, D. 201Growth performance and meat composition of rabfets diets
supplemented with silkworm pupae megdan. J. Agric. Res., 17(3), 0607.

International Organization for Standardization ()S®98. Animal feeding stuffs, animal products dadces or urine.
Determination of gross calorific value — Bomb catwetric method. Reference number 9831, prepared biriieal
Committee ISO/TC 34, Agricultural Food Products, Submittee SC 10, Animal feeding stuffs.

Martins, C., Cullere, M., Dalle Zotte, A., Cardoso, 8lyes, S.P., Bessa, RJB, Bengala Freire J.P., Fal€@onha, L. 2018.
Incorporation of two levels of black soldier fliA¢rmetia illucens L.) larvae fat or extruded linseed in diets ofwgiry
rabbits: effects on growth performance and dieg¢stidility. Czech J. Anim. Sci., 63, 356-362.

Perez, J. M., Lebas, F., Gidenne, T., Maertensicgato, G., Parigi-Bini, R., Dalle Zotte, A., Cos#4, E., Carazzolo, A.,
Villamide, M. J., Carabafio, R. 1995. European refezanethod for in vivo determination of diet digbaiiy in rabbits.
World Rabbit ci., 3(1), 41-43.

Statistical Analysis Software for Windows (SAS) 080 Statistics version 9.1.3 €8ASInst. Inc. Cary, NC, USA.

Van Soest, P. V., Robertson, J. B., & Lewis, B. A91.9Methods for dietary fiber, neutral detergebefi and nonstarch
polysaccharides in relation to animal nutritidndairy Sci., 74(10), 3583-3597.



EFFECT OF DIETARY REPLACEMENT OF SUNFLOWER OIL WITH SILKWORM (BOMBYX
MORI L.) OIL ON THE TOTAL TRACT APPARENT DIGESTIBILITY AND NUTRITIVE
VALUE IN GROWING RABBITS

Singh Y.1, Cullere M.1, Gerencsér Zs.?, Matics Zs.?, Cappellozza S.3, Dalle Zotte A.?

1Department of Animal Medicine, Production and Health - MAPS, University of Padova, Italy
2Hungarian University of Agriculture and Life Sciences, Kaposvar Campus, Kaposvar, Hungary

3CREA, Sericulture Laboratory of Padova, Padova, Italy

G

UNIVERSITA Depal“tment of Animal SZENT ISTVAN & ,,
DEGLI STUDI Medicine, UN IVERSITY \ C r e a

DI PADOVA Production and Health KAPOSVAR

12th World Rabbit Congress, 3-5 November 2021, Nantes, France

Lonl glio per la ricerca in agricoltura
[an2 111 dell'economia agraria

November 3-5 2021 — Nantes France



1222+2022
8nn
A NN I

UNIVERSITA Department of Animal
INTRODUCTION NP e
DI PADOVA Production and Health

Why Silkworm (Bombyx mori) Oil?

- § = @

v’ Silkworm pupae are energy and protein rich by-products of silk industry, which often represents environmental issue

v" Silkworm pupae meal contains chitin, a potential anti-nutritional factor

v’ Silkworm pupae meal contains 1-Deoxynojirimycin (1-DNJ), an alpha-glucosidase inhibitor: prevent the degradation of

complex carbohydrates into glucose

v' The oil is free of 1-DNJ and chitin, and it is rich in PUFAs, especially omega-3, which may improve the fatty acid

composition of rabbit meat

v’ It is not yet known whether silkworm oil can affect the energy and nutrients digestibility when added to rabbits diet

Antonella Dalle Zotte
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To evaluate the effect of the dietary incorporation of silkworm oil (SWO) in rabbit
diets as a total replacement of sunflower oil

on

The total tract apparent digestibility (TTAD) and nutritive value of experimental diets

afflmm| :";:é
g I Zﬁl Antonella Dalle Zotte
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A total of twenty four 55-days-old rabbits (Martini group hybrid) were individually housed in digestibility cages
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and randomly assigned to one of the two experimental groups (n=12 rabbits/treatment):

» The first group received a commercial diet » The second group received a diet in which sunflower oil
containing 1.3% sunflower oil (Control) was completely (1.3%) replaced by silkworm oil (SWO)

I“m ” m lmml!”"nnm.
+ [ Antonella Dalle Zotte
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In vivo digestibility trial erezetar, 1005)

Experiment Layout

v’ Trial duration: 11 days (7 days adaptation and 4 days sample collection)
v Feed and water: ad libitum
v' Temperature and Photoperiod of rabbitry: 18-19 °C and 16L:8D, respectively

v" Morbidity and Mortality were daily monitored

2 “""“"”'GDI.F;"““

Antonella Dalle Zotte

“ ml!iil!n'
L

HHHE
=

>rld RAb



52 UNIVERSITA Department of Animal
W MATERIAL AND METHODS NP e
e DI PADOVA Production and Health

Computations and

Statistical analysis
Chemical analyses
— DM, OM, CP, EE, ASh] *{ Feed intake }

4[ Diets ,

Fibre fractions

Samples collection

Total Tract Apparent
digestibility (TTAD)

— Faeces | Starch

Nutritive value of the
experiment diets

Antonella Dalle Zotte
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CHEMICAL COMPOSITION AND GROSS ENERGY CONTENT OF MAIN FATTY ACID CLASSES (% FAME) OF SILKWORM OIL (SWO)
THE EXPERIMENTAL DIETS AND EXPERIMENTAL DIETS
Experimental diets
Experimental diets
Control SWO SWO
Dry matter, % 91.8 91.6 Control SWo
Crude protein’ % 18.6 19.0 Total SFA 29.2 16.4 23.0
Ether extract, % 3.72 3.97 Total MUFA 33.0 28.4 25.7
Ash, % 7.98 8.37 Total PUFA 37.1 51.7 44.8
Crude fibre, % 18.6 18.2 Total n-6 5.39 48.0 32.8
NDF, %
32.8 32.3 Total n-3 31.7 3.72 12.0
ADF, % 20.4 20.1
n-6/n-3 0.17 12.9 2.70
ADL, % 4.77 5.05
Starch, % 16.7 17.0
Gross energy (MJ/kg) 17.5 17.2

Diets were isonitrogenous and isoenergy

Antonella Dalle Zotte
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Dry matter (DM) intake, g/d Average live weight, g
150 2160
2160
NS 2154
145 2150
140 2140
2130
135
2120
130 2110
125 2100
Control Control SWO

No, morbidity and mortality were observed during the trial period

Antonella Dalle Zotte
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THE TOTAL TRACT APPARENT DIGESTIBILITY (TTAD, %)
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Experimental diets

Control SWO Significance
DM 60.3 60.2 ns
Organic matter 61.6 61.5 ns
Crude protein 75.2 76.3 ns
Ether extract 76.0 74.8 ns
Ash 44.9 46.9 ns
Crude fibre 16.1 17.0 ns
NDF 28.4 30.0 ns
ADF 21.1 20.6 ns
Hemicelluloses (NDF-ADF) 41.2 48.8 ns
Cellulose (ADF-ADL) 28.9 28.2 ns
Starch 98.8 98.7 ns
Energy 61.5 60.6 ns
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NUTRITIVE VALUE OF THE EXPERIMENTAL DIETS
Digestible Protein (DP, g/kg) Digestible Energy (DE, MJ/kg) DP to DE ratio (g/M))
148 11,8 13,0 12,9
146 11,7
146 11,7 12,6
144 p<0.001 11,6 p<0.05 p<0.001
12,2
142 11,5 11,9
140 11,4 11,8
138 11,3
138 11,3
11,4
136 11,2
134 11,1 11,0

Antonella Dalle Zotte
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No health issues were observed
during the in vivo digestibility
trial

CONCLUSIONS

The complete replacement of
sunflower oil with silkworm

(Bombyx mori) oil:

Displayed comparable TTAD in

growing rabbits BUT modified

diet nutritive value in favour of
DP content

Silkworm oil can be considered
as an alternative feed
ingredient for growing rabbits
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Results on growth performance
and carcass traits follows (04-2)

The assessment of the impact
of SWO on rabbit meat quality
and sensory trait is in progress

Antonella Dalle Zotte
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‘ Thanks! 8

Any questions?

Antonella Dalle Zotte



