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PAPER

Effect of dietary supplementation with full-fat silkworm (Bombyx mori L.)
chrysalis meal on growth performance and meat quality of Rhode Island
Red� Fayoumi crossbred chickens

Mohammad Yousuf Miaha , Yazavinder Singhb , Marco Cullereb , Sandro Tentib and
Antonella Dalle Zotteb

aDepartment of Poultry Science, Sylhet Agricultural University, Sylhet, Bangladesh; bDipartimento di Medicina Animale, Produzioni e
Salute – MAPS, University of Padova Agripolis, Padova, Italy

ABSTRACT
The objective was to study the effect of the partial substitution of soybean meal and oil with full-
fat silkworm (Bombyx mori L.) meal (SWM) in the diet of growing chickens, on their growth and
meat quality traits. A total of 195 1-day-old chicks of both sexes were allocated to 15 littered floor
pens and assigned to three dietary treatments (5 replicates/treatments) until 8weeks of age: a
commercial diet (Control) and other two diets with an inclusion of either 25% (SWM25) or 50%
(SWM50) SWM. At 8weeks of age, two males/replicates were slaughtered and carcases dissected
to compute yields. Pectoralis major muscle was subjected to pH and L�a�b� colour values, prox-
imate composition and fatty acid profile analysis. All chickens showed satisfactory growth per-
formance throughout the trial, with the best growth being observed in the SWM25 group.
Carcase traits remained unaffected by the dietary treatment, but SWM25 chickens had a higher
breast yield (p< .05) than the Control group. The pH of SWM50 breasts was higher than Control
(p< .01). Dietary treatments affected meat protein content, differing between SWM25 and
SWM50 (22.2 versus 23.3%, respectively; p< .05). SWM dietary inclusion increased n-3 PUFA and
lowered the n-6 PUFA proportions in a level-dependent manner. Consequently, n-6/n-3 ratio
diminished, thus improved, with the dietary SWM inclusion. Results showed that it is possible to
partly substitute soybean meal/oil with SWM in the diet of chickens, ensuring satisfactory per-
formance and carcase traits, and providing meat with a healthier n-6/n-3 ratio.
HIGHLIGHTS

� Silkworm (Bombyx mori) chrysalis is a possible sustainable feed ingredient for growing chick-
ens, alternative to conventional soybean.

� The dietary inclusion of silkworm full-fat meal in chicken diets provided satisfactory growth
performance, carcase and meat quality traits.

� The dietary inclusion of full-fat silkworm meal in chicken diets enriched meat lipids with
omega-3 fatty acids.
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Introduction

The supply of an adequate protein amount together
with a balanced amino acid profile is essential for
poultry species to provide satisfactory growth per-
formance: to this purpose, soybean and fish meal are
currently the main feed ingredients (Agazzi et al.
2016). In recent years, however, the continuously
increasing price of these feedstuffs is making the eco-
nomic sustainability of the poultry meat industry prob-
lematic, particularly in some developing countries
(Gale and Arnade 2015). Together with the economic

issue, soybean and fish meal are also not seen as sus-
tainable, as they have a substantial environmental
impact: soy needs a relevantly high amounts of water
and land to grow, whereas fishmeal is mainly com-
posed of blue fish, whose natural global stocks are
rapidly dwindling due to overexploitation (van Huis
and Oonincx 2017). Furthermore, they are nutrient
sources which can also be consumed by humans, thus
threatening food security, a concept which will be
increasingly stressed in the near future due to the
increasing World population (Horlings and Marsden
2011). In this scenario, the search for new and
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sustainable feed ingredients for farmed animals, has
identified in insects one of the promising alternatives
to replace the conventional feedstuffs (Veldkamp and
Bosch 2015). Insects are potentially highly sustainable
as they are poikilothermic and characterised by a high
feed conversion efficiency, they require low amounts
of water and land to be farmed, and many of them
can be successfully grown on organic side streams,
converting low-value organic by-products into high-
value protein (van Zanten et al. 2014) In parallel,
insects, which can either be used as a whole or being
separated into protein meal and fat, are excellent
sources of nutrients: in general, they have a high pro-
tein content with a nutritive value similar to soybean
meal, they are good sources of fatty acids, vitamins
and microminerals (Rumpold and Schl€uter 2013). In
recent years, most research efforts have been directed
towards insect species such as the black soldier fly
(Hermetia illucens), the housefly (Musca domestica) and
the yellow mealworm (Tenebrio molitor): they generally
provided positive outcomes when tested as part of
diets intended for different poultry species (Pieterse
et al. 2014; Biasato et al. 2016; Cullere et al. 2016,
2018; Dalle Zotte et al. 2019).

Another insect species of potential interest for
poultry diets is the silkworm (Bombyx mori), more pre-
cisely the chrysalis (or spent silkworm pupae), which is
a by-product derived from the silk production. They
are obtained in such large quantities (8 kg of wet
pupae for 1 kg of raw silk) that despite being con-
sumed in South East Asia as traditional food and as
agricultural fertiliser, most of them are discarded as
waste (Yu et al. 2018), thus representing a nutrient
loss and also an environmental treat.

The spent silkworm pupae are rich in nutrients, so
as to be often categorised as functional food (Kwon
et al. 2012). They have a high protein content (roughly
higher than 50%) with an amino acid profile which
was reported to be similar to that of fish meal (Ullah
et al. 2017a). They are also rich in lipids (about 30%)
whose 30% is represented by the healthy polyunsatur-
ated fatty acids (PUFA). Among them, nearly the 40%
is represented by the a-linolenic acid which is an
essential fatty acid (FA), precursor of n-3 FA (Guil-
Guerrero et al. 2018). Furthermore, spent silkworm
pupae contain vitamins (mainly B group and vitamins
A and E) and minerals (mainly potassium, phosphorus,
zinc). For these reasons, the spent silkworm pupae
could potentially be used as a top-class unconven-
tional feed source for poultry diets. Existing research
on this topic has been exclusively conducted in devel-
oping countries and mainly focussed on performance

traits, while aspects related to the nutritional quality
of the meat have not been investigated yet. As it was
recently reviewed by Sheikh et al. (2018), available sci-
entific data are extremely variable as different studies
testing the same soybean/fishmeal substitution levels
on chickens provided controversial results. Therefore,
the new scientific insights that the present research
study wanted to explore are: (1) try to contribute to
establish a sort of reference threshold for the dietary
incorporation of the spent silkworm pupae into
chicken diets, and (2) to provide knowledge about its
effect on the nutritional quality of the animal product
which is consumed. Therefore, the present research
studied the effect of a partial substitution of soybean
meal and a total substitution of soybean oil with full-
fat silkworm meal (SWM) in the diet for growing chick-
ens on their growth performance, carcase traits and
meat quality.

Material and methods

Experimental design and bird management

The study was carried out in the experimental poultry
farm of the Sylhet government (Bangladesh) and it
was approved by the Animal Experimentation Ethics
Committee, Sylhet Agricultural University, Sylhet
(approval number AUP2018001).

One hundred ninety-five 1-day-old Rhode Island
Red� Fayoumi crossbred (Sonali) chicks of both sexes
(n¼ 99 males and n¼ 96 females) were used for the
experiment. Chicks were obtained from a local hatch-
ery: they were vaccinated against Newcastle disease,
infectious bronchitis, infectious bursal disease and
fowl poxvirus. The experimental design consisted of
three different dietary treatments, having 5 replicates
each (13 chicks/replicate). Chicks were randomly
assigned to 15 floor pens (275� 91 cm) located in an
open-sided shed. Pen bedding consisted of 5 cm-
depth dried rice husk. From the first day until the end
of the experiment (8weeks of age), chicks received
the following experimental corn–soybean meal-based
mashed diets: a commercial diet (Control) which was
formulated according to the nutritional requirements
of the Sonali crossbred, a diet in which the 25% of
soybean meal was replaced by silkworm (B. mori)
chrysalis meal (SWM25), and a diet in which the 50%
of soybean meal was replaced by SWM meal (SWM50):
in both SWM25 and SWM50 diets, the inclusion
replaced also the 100% soybean oil.

Ingredients of the experimental diets are listed in
Table 1. Diets and water were offered ad libitum
throughout the experiment and birds were subjected
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to 18 L:6D photoperiod (30 lux). Temperature and rela-
tive humidity were monitored but not controlled.
Individual body weight (BW) and pen feed intake (FI)
were recorded weekly to calculate individual daily
weight gain (DWG) and pen feed conversion ratio
(FCR). Chicken health status and mortality were moni-
tored daily.

Slaughter, carcase dissection, sampling procedure
and breast muscle physical analysis

At 8weeks of age, two male chickens/replicate/treat-
ment were randomly selected, weighed and slaugh-
tered at a commercial slaughterhouse located near
the poultry farm: chickens were electrically stunned
(120 V, 200Hz), bled, soft-scalded (53 �C for 2min),
plucked and eviscerated to obtain commercial car-
cases, which included head, neck, wings, shanks and
giblets (heart, liver and gizzard). Carcases were subse-
quently air-chilled (precooling at 5 �C for 60min, fol-
lowed by chilling at 0 �C for 90min), stored at þ4 �C
and transported to the Department of Poultry Science,
Sylhet Agricultural University (Bangladesh). For each
treatment, carcases were weighed; yields on the
slaughter weight were subsequently calculated using
the carcase, gizzard, liver, heart, leg, thigh, drumstick
and breast weights. Twenty-four hours post mortem
the Pectoralis major muscle was subjected to pH (pHu;
portable pH metre FG2-Five GoTM; Mettler Toledo,
Greifensee, Switzerland) and instrumental colour
(RM200QC colorimeter; X-Rite Co., Neu-Isenburg,
Germany) measurements (L�a�b�; CIE 1976). All pHu
and colour readings were taken in duplicate. Five

breast muscles were randomly selected (one per repli-
cate)/treatment and individually ground with a Retsch
Grindomix GM 200 (7000 g for 10 s), frozen at �40 �C,
freeze-dried and ground again (7000 g for 5 s) to
obtain a fine powder. Samples were then shipped to
the Department of Animal Medicine, Production and
Health of the Padova University (Italy) for proximate
composition and fatty acid (FA) profile determinations.

Chemical analysis of the silkworm meal and the
experimental diets

Dried silkworms and experimental diets were sampled
and finely ground; their chemical composition was
analysed in duplicate following the Association of
Official Analytical Chemists (Association of Official
Analytical Chemists 2000) methods to determine dry
matter (method no. 934.01), crude protein (method
no. 2001.11), crude fibre (method no. 978.10) and ash
(method no. 967.05) content. Ether extract (EE) was
determined after acid hydrolysis (EC 1998). Calcium
and P analyses were performed by ICP-OES (Spectro
Ciros Vision EOP) after microwave digestion (AOAC
2000, method no. 999.10). For the SWM, only dry mat-
ter, crude protein, ether extract, and ash content were
analysed. The analysed chemical composition of the
SWM and of the experimental diets is depicted in
Table 2. The FA profile of the SWM and of the experi-
mental diets is listed in Table 3.

Meat proximate composition and FA profile
determination

The proximate composition of the freeze-dried breast
meat samples were analysed in accordance with the
AOAC (2000) methods. The lipid extraction was

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

Control SWM25 SWM50

Maize 520 560 510
Rice bran 115 100 163
Soybean meal 280 210 140
Bombyx mori chrysalis meal 0 70 140
Meat and bone meal 45 20 0
Soybean oil 10 0 0
Dicalcium phosphate 20.0 31.5 40.0
DL-Methionine 2.5 2.0 1.0
L-Lysine 2.0 1.0 0.5
NaCl 2.5 2.5 2.5
Na-Bicarbonate 0.5 0.5 0.5
Vitamin–mineral premixa 2.5 2.5 2.5
aThe vitamin–mineral premix provided the following per kg of diet:
Vitamin-A, 125000 I.U.; Vitamin-D3 2500, I.U.; Vitamin-E, 20mg; Vitamin-
K3, 4mg; Vitamin-B1, 2.5mg; Viaamin-B2, 2mg; Viatamin-B6, 4mg; Folic
acid, 40mg; Pantothenic acid, 12.5mg; Vitamin-BI2, 12mg; Biotin, 0.l mg;
Cobalt, 0.4mg; Copper, 10mg; Iron, 60mg; Manganese, 60mg; Zinc,
50mg; Selenium, 0.15mg; Choline chloride, 300mg.
SWM¼ Silkworm meal; SWM25: diet in which the 25% of soybean meal
was replaced by SWM; SWM50: diet in which the 50% of soybean meal
was replaced by SWM.

Table 2. Chemical composition (g/kg, as is basis) of the silk-
worm chrysalis meal (SWM) and of the experimental diets.

SWM

Experimental diets

Control SWM25 SWM50

Dry matter 899 897 898 900
Crude protein 502 170 170 168
Ether extract 335 67 60 64
Nitrogen-free extractsa – 566 582 581
Crude fibre – 49 48 49
Ash 63 45 39 38
Ca – 9.6 10 10
P – 6.0 7.0 7.8
ME (MJ/kg)b 12.8 12.8 12.8
aCalculated as indicated by Cullere et al. (2016).
bCalculated according to National Research Council, subcommittee on
Poultry Nutrition (1994).
SWM¼ Silkworm meal; SWM25: diet in which the 25% of soybean meal
was replaced by SWM; SWM50: diet in which the 50% of soybean meal
was replaced by SWM.
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performed by Accelerated Solvent Extraction (M-ASE)
using the binary mixture of solvents chloroform:
methanol 1:2, combining the traditional Folch method
(Folch et al. 1957) with that provided by Lee et al.
(1996). The total lipid content was determined gravi-
metrically after the removal of the solvent by evapor-
ation under nitrogen stream at 50 �C. The FA profile
was determined as follows: samples were trans methy-
lated using a methanolic solution of H2SO4 (4%) in
order to determine fatty acid methyl esters (FAME). A
biphasic separation was obtained by adding 0.5ml of
distilled water and 1.5ml of N-heptane to each sam-
ple. FAME were quantified by gas chromatography
(Shimadzu GC17A), equipped with an Omegawax 250
column (30m � 0.25mm � 0.25 mm) and FID detector.
Helium was used as the carrier gas at a constant flow
of 0.8mL/min. The injector and detector temperature
was 260 �C. Peaks were identified based on commer-
cially available FAME mixtures (37-Component FAME
Mix, Supelco Inc., Bellefonte, PA). The results are
expressed as % of total detected FAME.

Statistical analysis

Live weight and DWG data were subjected to a two-
way ANOVA with experimental diet (Control, SWM25
and SWM50) and sex as fixed effects, and their inter-
action, following the GLM procedure of the SAS 9.1.3
statistical analysis software for Windows (SAS Institute
2008). Repeated data (growth traits) were analysed by
a PROC MIXED and pen was considered as random
effect (experimental unit: the single chicken). For
growth traits, the initial weight was used as covariate.
For FI, FCR (experimental unit: the pen), carcase and
meat physicochemical traits (experimental unit: the
single carcase) a one-way ANOVA tested the effect of
the experimental diets. Post-hoc pairwise contrasts
were evaluated by Bonferroni adjustments: p< .05,
p< .01 and p< .001 were assigned as signifi-
cance levels.

Results

Table 4 shows the effect of dietary inclusion of 25 and
50% SWM to chicken diets on daily weight gain
(DWG), which was measured at weekly intervals. The
diets significantly affected (p< .0001) DWG at weeks 2,
7 and 8 and, more importantly, the overall DWG:
SWM25 provided the best results both for males (13.5
versus 13.0 versus 12.5 g for SWM25, Control and
SWM50 chickens, respectively) and females (12.7 ver-
sus 12.1 versus 11.7 g for SWM25, Control and SWM50
chickens, respectively). As for sex, it significantly
affected the DWG throughout the experiment
(1–8weeks), with males showing always higher
(p< .0001) DWG than females. A significant (p< .05)
interaction was also observed between dietary level of
SWM and bird sex for DWG at weeks 4, 5 and 7, show-
ing a reduced sex effect in SWM-fed chickens. The
effect of the dietary inclusion of SWM on body weight
of birds separated by sex is depicted in Figure 1; in
both sexes the diet effect started after 4weeks of
experimental diet feeding, with the highest body
weight for SWM25 birds at week 7, but lower than
SWM50 at week 8. The feed intake (FI) differed
(p< .05) between SWM25 and SWM50 groups (40.8
versus 39.2 g/day/bird, respectively), with the Control
group being intermediate (39.7 g/day/bird; Table 5).
Despite this, the FCR did not differ significantly among
the experimental groups. All birds were in good health
throughout the study and no mortalities occurred. The
dietary inclusion of SWM did not overall affect the
chicken carcase traits (Table 6), with the exception of
the heart percentage and breast yield: the heart per-
centage was higher in the SWM25 group compared to

Table 3. Fatty acid profile (% of total FAME) of the of the
Bombyx mori pupae meal (SWM) and of the experimen-
tal diets.

Fatty acid (FA)
Bombyx mori
pupae meal

Experimental diets

Control SWM25 SWM50

C6:0 0.00 0.09 0.06 0.05
C14:0 0.00 0.24 0.21 0.19
C15:0 0.17 0.00 0.00 0.00
C16:0 24.2 15.6 17.1 18.2
C17:0 0.00 0.10 0.10 0.11
C18:0 5.45 3.45 3.35 3.90
C20:0 0.00 0.12 0.13 0.06
C23:0 0.59 0.00 0.00 0.00
C24:0 0.00 0.10 0.11 0.00
C16:1 1.04 0.04 0.05 0.06
C18:1 n-9 31.2 32.8 34.5 34.0
C18:1 n-11 0.00 1.01 0.72 0.58
C20:1 n-9 0.00 0.39 0.50 0.61
C24:1 n-9 0.54 0.00 0.00 0.00
C18:2 n-6 6.16 40.7 33.8 28.4
C18:3 n-6 0.00 0.29 0.00 0.00
C20:3 n-6 0.00 0.07 0.00 0.00
C20:4 n-6 0.00 0.06 0.07 0.00
C22:2 n-6 0.06 0.00 0.00 0.00
C18:3 n-3 29.5 2.17 7.21 12.0
C20:5 n-3 0.00 0.06 0.00 0.00
C22:6 n-3 0.00 0.09 0.00 0.06
SFA 30.4 19.7 21.1 22.5
MUFA 32.8 34.3 35.8 35.2
PUFA 35.7 43.4 41.1 40.5
n-6 6.22 41.1 33.8 28.4
n-3 29.5 2.32 7.21 12.0
n-6/n-3 0.21 17.7 4.69 2.36
Identified FA, % 98.9 97.4 97.9 98.2

MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;
SFA: saturated fatty acids.
SWM¼ Silkworm meal; SWM25: diet in which the 25% of soybean meal
was replaced by SWM; SWM50: diet in which the 50% of soybean meal
was replaced by SWM.
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the Control, with SWM50 being intermediate (p< .05).
The same pattern was also observed for the breast
yield, found higher in the SWM25 group compared to
the Control (p< .05). The pHu of the Pectoralis major
muscle was significantly higher in SWM50 than in
Control birds (6.13 versus 5.93, p< .01), however, the
L�a�b� colour values did not show any statistically sig-
nificant change.

Table 4. Effect of the dietary inclusion of 0% (Control), 25% (SWM25) and 50% (SWM50) silkworm meal on chickens’ daily
weight gain (g) for every week of the experiment.

Experimental groups

SE1 p-Diet p-Sex p-Diet�SexControl SWM25 SWM50

N. 32 33 40 25 27 38
Sex M F M F M F
Week 1 4.05 3.40 3.88 3.27 4.16 3.53 0.14 0.22 <0.001 0.98
Week 2 4.25 3.73 5.32 4.79 4.99 4.36 0.20 <0.001 <0.001 0.87
Week 3 12.0 10.0 13.4 12.8 11.9 13.4 0.59 0.06 <0.001 0.12
Week 4 15.2A 13.7B 15.8A 15.5A 14.4AB 13.6B 1.14 0.57 <0.001 0.01
Week 5 22.2AB 20.7C 23.8A 23.5A 23.3A 21.8BC 0.66 0.05 <0.001 0.01
Week 6 19.6 17.9 20.3 19.1 20.2 18.7 0.97 0.75 <0.001 0.60
Week 7 21.7ABbc 15.2C 25.1Aa 22.4ABc 17.8BCd 16.4C 0.85 <0.001 <0.001 <0.001
Week 8 20.4 13.2 24.7 18.6 16.3 10.5 1.36 <0.001 <0.001 0.72
Weeks 1–8 13.0 12.1 13.5 12.7 12.5 11.7 0.17 <0.001 <0.001 0.72
1SE: Pooled standard error; A–CMeans in the same row with different superscript letters differ for p< .01; a–dMeans in the same row with different super-
script letters differ for p< .05.
SWM¼ Silkworm meal; SWM25: diet in which the 25% of soybean meal was replaced by SWM; SWM50: diet in which the 50% of soybean meal was
replaced by SWM.
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Figure 1. (a) Effect of the dietary inclusion of 0% (Control), 25% (SWM25) and 50% (SWM50) silkworm meal on the weekly body
weight (g) of male chickens. a–cDifferent superscript letters differ for p< .05. A,BDifferent superscript letters differ for p< .01. (b)
Effect of the dietary inclusion of 0% (Control), 25% (SWM25) and 50% (SWM50) silkworm meal on the weekly body weight (g) of
female chickens. a,bDifferent superscript letters differ for p< .05. A,BDifferent superscript letters differ for p< .01.

Table 5. Effect of the dietary inclusion of 0% (Control), 25%
(SWM25) and 50% (SWM50) silkworm meal on feed intake
(FI) and feed convertion rate (FCR) of chickens.

Experimental groups

SE1 p ValueControl SWM25 SWM50

N. pens 5 5 5
FI week 1–8, g/day/bird 39.7ab 40.8a 39.2b 0.86 .03
FCR week 1–8 3.21 3.09 3.23 0.10 .10
1SE: Pooled standard error; a,bMeans in the same row with different
superscript letters differ for p< 0.05.
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The proximate composition of the chicken breast
was modified by the dietary treatment (Table 7).
Specifically, the protein content was lower in SWM25
than in SWM50 and Control breasts (22.2 versus
23.3 g/100 g meat; p< .05). Instead, SWM25 breasts
showed lower ash content than Control breasts (1.05
versus 1.11 g/100 g meat; p< .05) and SWM50 breasts
presented intermediate mean value 1.09 g/100 g meat.

The inclusion of the SWM in the diets for growing
Sonali chickens had a moderate effect on the meat FA
profile (Table 8). Overall, saturated (SFA), monounsatu-
rated (MUFA) and polyunsaturated (PUFA) FA propor-
tions remained similar in the three dietary groups.

Despite this, some significant effects on single FAs
were observed: the C18:1 n-11 decreased with
increased dietary SWM inclusion level (2.05 versus 1.81
versus 1.65% total FAME, for Control, SWM25 and
SWM50 breasts, respectively; p< .05). The silkworm
meal increased the proportion of linolenic acid (C18:3
n-3) in the meat in an inclusion level-dependent man-
ner: 0.88 versus 1.88 versus 3.20% for Control, SWM25
and SWM50 breasts, respectively (p< .001). This effect
was also quantitatively (mg/100 g meat) appreciable,
as shown in Figure 2. This resulted in a higher n-3
PUFA proportion for the highest SWM inclusion level
(p< .01) and had a lowering effect on the n-6/n-3 ratio
on both SWM groups (7.5 and 4.9, for SWM25 and
SWM50, respectively), compared to the Control group
(14.0; p< .001). To the latter result, the n-6 proportion
also contributed as it linearly decreased from the
Control to the SWM50 breast meats (24.1 versus 21.3
versus 20.9% for Control, SWM25 and SWM50 breasts,
respectively; p< .05 between Control and SWM50).

Discussion

Observed protein and ether extract content in SWM
are coherent with data reported in literature (Makkar
et al. 2014). However, in this sense, appreciable

Table 6. Effect of the dietary inclusion of 0% (Control), 25%
(SWM25) and 50% (SWM50) silkworm meal on carcase traits,
internal organs and breast meat traits of male chickens.

Treatments

SE1 p ValueControl SWM25 SWM50

N. of birds 10 10 10
Slaughter weight (SW), g 821 846 809 15.3 .27
Carcase weight (CW), g 600 605 580 13.7 .40
Slaughter yield, %SW 73.2 71.6 71.7 1.51 .69
Gizzard, %SW 3.73 3.31 3.59 0.17 .64
Liver, %SW 3.61 3.56 3.51 0.16 .91
Heart, %SW 0.83b 1.03a 0.95ab 0.04 .03
Leg, g 155 158 151 4.17 .56
Leg, %SW 25.8 26.2 26.1 0.67 .92
Thigh, g 86.3 87.1 86.0 2.42 .93
Thigh, %SW 14.9 14.6 14.8 0.66 .96
Drumstick, g 68.6 70.8 65.6 3.26 .54
Drumstick, %SW 11.3 11.5 11.2 0.37 .80
Breast (Pectoralis major m.)
Weight, g 98.8 103 102 3.75 .73
% SW 16.4b 18.0a 17.1ab 0.33 .02
pHu 5.93b 5.97ab 6.13a 0.04 .01
L� 57.3 59.1 56.1 1.33 .31
a� 2.84 3.64 3.18 0.40 .40
b� 8.63 10.5 8.50 0.77 .15

1Pooled standard error; a,bMeans in the same row with different super-
script letters differ for p< .05.
L�, a�, b� is the way to indicate colour coordinates for the CIE colour
(CIE L�a�b�) system.
SWM¼ Silkworm meal; SWM25: diet in which the 25% of soybean meal
was replaced by SWM; SWM50: diet in which the 50% of soybean meal
was replaced by SWM.

Table 7. Effect of the dietary inclusion of 0% (Control), 25%
(SWM25) and 50% (SWM50) silkworm meal on the breast
meat proximate composition (g/100 g meat) of male chickens.

Treatments

SE1 p ValueControl SWM25 SWM50

N of samples 5 5 5
Water 74.8 75.8 74.7 0.35 .07
Protein 23.3a 22.2b 23.3a 0.29 .03
Lipids 0.83 0.91 0.95 0.19 .09
Ash 1.11a 1.05b 1.09ab 0.01 .04
1Pooled standard error. a,bMeans in the same row with different super-
script letters differ for p< .05.
SWM¼ Silkworm meal; SWM25: diet in which the 25% of soybean meal
was replaced by SWM; SWM50: diet in which the 50% of soybean meal
was replaced by SWM.

Table 8. Effect of the dietary inclusion of 0% (Control), 25%
(SWM25) and 50% (SWM50) silkworm meal on the breast
meat fatty acid profile (% of total FAME) of male chickens.

Treatments

SE1 p ValueControl SWM25 SWM50

N of samples 5 5 5
C14:0 0.09 0.09 0.07 0.08 .98
C16:0 22.6 23.1 22.2 0.44 .32
C18:0 10.8 10.6 9.87 0.45 .38
C20:0 0.15 0.24 0.21 0.04 .24
C16:1 1.90 1.70 1.56 0.22 .56
C18:1 n-9 29.8 31.4 32.5 1.08 .24
C18:1 n-11 2.05a 1.81ab 1.65b 0.10 .04
C18:2 n-6 18.3 16.5 17.0 0.66 .17
C20:2 n-6 0.27 0.28 0.24 0.03 .66
C20:3 n-6 0.52 0.42 0.41 0.05 .31
C20:4 n-6 4.93 3.96 3.17 0.63 .19
C22:2 n-6 0.04b 0.20a 0.04b 0.03 .02
C18:3 n-3 0.88B 1.88ABb 3.20Aa 0.27 <.001
C20:5 n-3 0.21 0.23 0.33 0.06 .31
C22:6 n-3 0.73 0.94 0.89 0.29 .88
SFA 33.7 34.0 32.3 0.54 .10
MUFA 33.7 34.9 35.7 1.19 .52
PUFA 25.9 24.4 25.3 0.85 .49
PUFA n-6 24.1a 21.3ab 20.9b 0.74 .02
PUFA n-3 1.82B 3.05AB 4.43A 0.39 <.01
n-6/n-3 14.0A 7.50B 4.91B 1.06 <.001

MUFA: Monounsaturated Fatty Acids; PUFA: Polyunsaturated Fatty Acids;
SFA: Saturated Fatty Acids. 1Pooled standard error. a–cMeans in the same
row with different superscript letters differ for p< 0.05. A–BMeans in the
same row with different superscript letters differ for p< .01.
SWM¼ Silkworm meal; SWM25: diet in which the 25% of soybean meal
was replaced by SWM; SWM50: diet in which the 50% of soybean meal
was replaced by SWM.
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variations can be observed (crude protein: 50–72%;
ether extract: 6–37%), mainly depending on the silk-
worm chrysalis diets (i.e., different mulberry leaves
nutrients composition), stage of harvesting, manage-
ment conditions, methods of processing and storage
(Ojewola et al. 2005; Ijaiya and Eko 2009; Makkar et al.
2014). The extremely variable composition of nutrients
could be problematic in the formulation of livestock
diets, therefore it would be advisable to standardise
the silkworm production procedures if the secondary
purpose (primary purpose is the silk yarn) is to obtain
raw material for feed formulation. This, together with
the inclusion level and the type of product tested, has
contributed to the heterogeneous productive perform-
ance obtained in poultry until now (i.e., full-fat or
defatted SWM) (Makkar et al. 2014).

In this study, the feed intake and the daily weight
gain were observed to be the lowest at the highest
SWM inclusion level, likely due to both lower palatabil-
ity and the increased dietary chitin content, which is a
component of the exoskeleton of silkworm chrysalis,
which has been reported to reduce the digestibility of
nutrients in chickens (Makkar et al. 2014; Ullah et al.
2017b). However, chitin was also found to act as pre-
biotic by improving the immune response of birds
(Bovera et al. 2015) and by increasing the caecal pro-
duction of butyric acid, which is considered the prime
energy source for enterocytes (Khempaka et al. 2011).

Moreover, silkworm meal contains growth-promot-
ing factors (ecdysteroid), which are reported to stimu-
late protein synthesis and tissue formation (Fagoonee
1983). Benefits in growth performance were found in
broiler chickens (Fagoonee 1983; Konwar et al. 2008)
and in Japanese quails (Koudela et al. 1995).

The chitin effect on chicken health status could not
be evaluated in the present study as all birds under
study were healthy and no cases of morbidity/mortal-
ity were observed throughout the trial. However, if
considering chicken live performance, the lower inclu-
sion level (SWM25) provided the best benefits, likely
attributable to the lower dietary chitin content.

The lack of differences for carcase traits and
internal organ proportion among dietary treatments
confirms that the two SWM inclusion levels did not
negatively affect bird relative growth and health. Our
results do not support the findings by Khatun et al.
(2003) and Ijaiya and Eko (2009) who observed the
highest slaughter yield for the dietary groups contain-
ing higher level of fish meal replacement with silk-
worm meal, and authors explained this result as due
to the better amino acid profile of SWM compared to
fish meal. In our study, however, a higher breast meat
incidence was observed for the SWM25 group com-
pared to the Control and SWM50 groups, thus partly
agreeing with the assumption by the above-men-
tioned authors, as the amino acid composition of
SWM proteins generally better meets animal require-
ments than soybean meal (Makkar et al. 2014).
Nonetheless, the higher breast yield observed for
SWM25 chickens could also just be as a result of their
higher feed intake.

Data show a linear increase of the breast pH from
the Control to the highest SWM inclusion level.
Unfortunately, to our knowledge, no studies have
explored the relationship between dietary SWM inclu-
sion and meat pH, and, when testing other insects in
poultry feeding, i.e., defatted black soldier fly (H. illu-
cens) meal, no differences were found for breast pH of
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Figure 2. Effect of the dietary inclusion of 0% (Control), 25% (SWM25) and 50% (SWM50) silkworm meal on the breast muscle
C18:3 n-3 (mg/100 g of meat) of male chickens. a–cDifferent superscript letters differ for p< .05. �C18:3 n-3: 6.75 versus 15.0 ver-
sus 28.4mg/100 g meat for Control, SWM25 and SWM50 treatments, respectively.
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broiler chickens (Schiavone et al. 2019). Only in a
recent study (Zeng et al. 2019), which tested the effect
of the dietary inclusion of mulberry leaves (the only
dietary source of B. mori) on finishing pigs, loins from
mulberry leaves-fed pigs showed higher ultimate pH
compared to control diet-fed pigs (p< .08), attributing
the higher muscle pH to the quercetin present in mul-
berry leaves, which can inhibit muscle glycolysis by
the down-regulation of glycolysis-related enzymes,
reduce lactic acid accumulation in muscle after slaugh-
ter. It is likely that bioactive compounds with hypogly-
caemic activity present in silkworms (Rattana et al.
2019) could act similarly, thus explaining the higher
muscle pH found in chickens in the present study. The
lowest amount for protein content, which was found
in the meat of male chickens fed SWM25 likely
depended on their lower growth rate recorded the
week before slaughter, counterbalancing the opposing
trend observed the previous week. Therefore, this
result does not suggest a direct relationship with the
dietary SWM inclusion. Further research with a larger
number of samples is needed to better understand
and corroborate this result.

The breast meat lipids from chickens fed the
Control, SWM25 and SWM50 diets showed similar pro-
portions of SFA, MUFA and PUFA. This has been
expected as the FA classes of the experimental diets
did not differ substantially.

The higher proportion of C18:3 n-3 (a-linolenic
acid) in meat lipids which was found in SWM-fed
chickens was expected. Unlike other feed ingredients
from terrestrial animals, silkworm alipids contain high
amounts a-linolenic acid, with reported values ranging
from 11 to 45% of the total fatty acids (Rao 1994;
Usub et al. 2008). In our study, the SWM dietary sup-
plementation positively and linearly increased the n-
3 FA amount in the chicken breasts, with the a-lino-
lenic acid showing an increase by a factor of 2.2 in
SWM25 and by a factor of 4.2 in SWM50. EPAþDHA
contents (data not shown, as the difference among
treatments was not significant) also increased with
SWM dietary inclusion level (40.9, 48.6 and 55.5mg/
100 g meat for Control, SWM25 and SWM50), improv-
ing the food nutritional claim ‘source of omega-3 FA’,
that may only be declared if the product contains at
least 40mg of the sum of EPAþDHA/100 g of product
(European Commission).

Due to the reduction of the n-6 FA with the SWM
dietary supplementation, the n-6/n-3 ratio of the
breast meat in SWM groups sharply decreased, falling
within the recommended ratio (4:1 to 10:1) by nutri-
tion experts worldwide to decrease the risk of

cardiovascular diseases (Simopoulos 1989; Fernandes
2002). These low n-6/n-3 ratio are difficult to reach in
meat food products from mammal livestock, with con-
ventional feedstuffs, thus SWM dietary supplementa-
tions may play an important role in achieving this.

Furthermore, considering that cardiovascular dis-
eases contribute significantly to global disability and
of mortality in humans, and that recent studies (Zhang
et al. 2020) have positively associated n-6/n-3 ratios
with the risk of depressive symptoms, any effort to
reduce the n-6/n-3 PUFAs ratio in the diets of the
population of Western countries would concur to
partly alleviate suffering and social discomfort.

Conclusions

The present study showed that silkworm (B. mori) is a
rich source of crude protein and provides lipids with a
high amount of omega-3 fatty acids. Silkworm meal
may be used to replace 25% soybean meal (7% diet-
ary inclusion) in the RIR� Fayoumi crossbred chicken
diets, promoting good growth performance, carcase
traits and proximate composition. Increasing the SWM
inclusion level to 50% replacement (14% dietary inclu-
sion) favourably modifies the fatty acid profile of the
chicken breast meat, significantly reducing the n-6/n-3
PUFAs ratio.
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