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Silkworms have been farmed for their silk since ancient times. After silk reeling, their chrysalides are con-
sumed as food in several Asian countries. Despite the long rearing tradition of this insect, few studies
have investigated the silkworm’s microbiological safety all along the life cycle, focusing on detecting silk-
worm pathogens or on the safety of the dried chrysalis for food consumption. However, the in-farm rear-
ing process, which takes around forty days, may affect the microbial load of the silkworm and of the
rearing environment, as well as the quality of fresh cocoon and other performance parameters. No data
is available on how microbial contamination changes during the rearing period and between different
farmers. Furthermore, in light of the possible use of the chrysalis as food, it is crucial to understand
how its microbial load varies according to the water content. To address these specific questions, we con-
ducted an investigation involving the analysis of specific microbial indicators commonly used in the food
chain. We collected environmental and silkworm samples from several farms. The examination covered
the entire life cycle of silkworms, beginning with the first instar larvae and concluding with the scrutiny
of both freshly harvested and dried pupae. Silkworm farms in Northeast Italy proved to be an appropriate
model system for carrying out the experimentation. Additionally, an evaluation of rearing performance
was conducted, with a focus on the quality of fresh cocoons and the survival rate of the insects.
� 2024 The Authors. Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

The present study addresses the lack of data on changes in
microbial contamination during rearing and among different
farms. Furthermore, it emphasises the importance of understand-
ing how microbial load varies during the process in view of the
potential use of dried pupae as a novel food. The data obtained
could be useful to farmers in implementing new safety measures
and identifying critical points in their rearing practices. Finally,
the rearing performance indicators, including the pupal survival
rate, are essential indicators for the silk industry and for evaluating
farmers’ performances.

Introduction

Several insects are considered to be viable and sustainable
sources of protein suitable for both human and animal consump-
tion. Their traditional use as food has been widely documented
in literature for Asian countries (Mitsuhashi, 1997; Yhoung-Aree
et al., 1997; Mishra et al., 2003; Han et al., 2017). However, over
the last decade, insect-based products have also gained popularity
in Western countries. Regulations aimed at ensuring consumer
safety have therefore been gradually applied to their production
(EFSA Scientific Committee, 2015). In countries with a tradition
of insect consumption, wild harvesting is common; conversely,
Western countries have adopted an intensive farming approach
to ensure stable and efficient insect production all over the year.
This is the case for many insects authorised as feed ingredients
or evaluated as a novel food in Europe (EFSA Panel on Nutrition,
Novel Foods and Food Allergens (NDA) et al., 2021b;
‘Commission Regulation (EU) 2017/893 of 24 May 2017;
‘Commission Regulation (EU) 2021/1925 of 5 November 2021).

Unlike other insects, which have been exploited for mass rear-
ing only in the 21st century, the silkworm (Bombyx mori) was
introduced to the Byzantine Empire in the 6th century AD accord-
ing to the legend (Lecocq, 2019). Furthermore, in Europe, sericul-
ture is predominantly carried out by small farmers due to the
absence of automation and the restricted vegetative season of mul-
berry, which is the sole food source for Bombyx mori.
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Since silkworms are farmed animals and could potentially be
used as feed ingredients or food in the future (‘Regulation (EU)
2015/2283 of the European Parliament and of the Council of 25
November 2015), it is important to investigate and monitor the
microbiology of both the rearing environment and the animal
itself. Currently, there are available data on the safety of the silk-
worm pupae as food (Marzoli et al., 2022). However, to our knowl-
edge, no specific research has systematically examined the
microbiology of silkworms throughout their whole life cycle in cur-
rent farming systems, excluding studies solely focused on harmful
microorganisms causing diseases in the insect (Pasteur, 1870). This
study examines microbial contamination of silkworm larvae and
their rearing environment during the various phases of the rearing
process in the Veneto region (Italy) in the spring season of 2022.

We wanted to investigate whether the microbial load of silk-
worms at different life stages could be significantly different and
whether it was influenced by different rearing practices, although
they originated from the same larval source.We also wanted to assess
whether current rearing and processing techniques allow the produc-
tion of fresh and dried pupae with microbiological qualities that meet
the standards required for their use in the food and feed sectors.

The study focuses on microorganisms that are relevant for food
and feed safety, as well as microorganisms commonly used as
hygiene indicators to determine if they can be used to monitor good
practices in the farming system. Additionally, we explored potential
correlations between themicrobiological indicators and environmen-
tal variables, such as temperature and relative humidity.
Material and methods

Selection of the silkworm farms and hygiene protocol

This study monitored five silkworm farms in the Veneto region
(Northeast Italy). The farms were selected based on the farmers’
rearing experience and compliance with silkworm-rearing guideli-
nes prepared by the Centre of Research of Agriculture and Environ-
ment, laboratory of Sericulture (CREA-AA) (Cappellozza, 2010)
(Supplementary Figure S1). This public research institution assists
silkworm farmers and produces pathogen-free silkworm eggs. In
this experimental study, CREA-AA provided young larvae of the
same polyhybrid strain to all participating farms. Due to the ongo-
ing collaboration, CREA-AA researchers were able to easily monitor
the farms, resulting in accurate information collection on the effec-
tive specific rearing practices adopted by farmers, including the
implemented safety measures.

Following the production protocol mentioned above, farmers
are required to sanitise all tools and rearing facilities before use.
Additionally, they must identify and maintain optimal environ-
mental conditions throughout each phase of rearing. The protocol
essentially conveys the disinfection rules outlined in the Food
and Agriculture Organization manual (Pang-chuan and Da-
chuang, 1988) to Italian farmers clearly and understandably.
Hydrogen peroxide was suggested as a preferable disinfectant, to
replace formalin in environmental sanitation due to its minimal
environmental footprint and the absence of hazardous residues
for human safety. Furthermore, hydrated lime can be used for
bed cleaning and a diluted solution of sodium hypochlorite can
be employed to sanitise instruments and facilities. These practices
aim to minimise the risk of silkworm diseases and obtain high-
quality fresh cocoons in the context of sustainable agriculture.
Silkworm rearing and cocoon processing

Silkworm rearing is typically organised in a centralised manner
wherein a nursery farm is responsible for growing the silkworms
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until the third instar. After this phase, the young larvae are dis-
tributed to farmers to complete the rearing process for commercial
cocoon production. Collective incubation and rearing of the young
larvae by experienced workers are employed to mitigate rearing
errors during a period when silkworms are particularly susceptible
to diseases. In the case study described in the paper, only one
farmer reared silkworm larvae from the first instar to the cocoon
spinning stage, while others received third-instar larvae. It is note-
worthy that the handling procedures differ between the initial
three instars and the subsequent two. In the first three instars, lar-
vae are fed cut leaves. This process requires daily removal of litter,
which involves extensive handling by operators. However, during
the last instars, larvae feed directly on the leaves of the mulberry
branches. These branches are administered at regular intervals,
forming a layered structure. Larvae ascend to consume fresh
leaves, while the dried branches allow litter to fall through the
gaps (Fig. 1).

Mulberry leaves and branches are typically sourced from the
mulberry fields surrounding the farm. Farmers monitor and par-
tially control temperature and relative humidity using stoves and
fans to compensate for external environmental fluctuations, fol-
lowing the environmental parameters suggested in the rearing
manual (Pang-chuan and Da-chuang, 1988). All farmers conducted
a sanitising treatment before receiving the larvae, and each farmer
implemented different sanitising procedures and organised the
farming environments in a specific way, as summarised in Table 1.

The farmers were organised as shown in Fig. 2. Farm 0 and Farm
1 received the newly hatched larvae, at the first instar, from the
egg incubation centre (CREA-AA). Farm 1 reared the larvae until
the cocoon was completed, while Farm 0 (nursery) reared the lar-
vae until the beginning of the third instar, keeping them separated
in batches of 20 000 larvae (silkworm boxes). Subsequently, Farm 0
allocated the predetermined number of larvae to Farm 2, Farm 3,
and Farm 4. Farm 2, Farm 3, and Farm 4 reared the larvae from
the third instar until cocoon completion.

After completing the cocoon stage, all farmers (Farm 1 to Farm
4) deflossed the cocoons (silk floss removal from cocoons) and
sorted them into first and second quality. The main differences
between first and second�quality cocoons lie in the occurrence
of shape irregularities or minor stains in the latter. The viability
of fresh pupae remains consistent between first and second�qual-
ity cocoons. First�quality cocoons undergo drying followed by
boiling during the reeling process, whereas second�quality
cocoons are solely dried to prevent pupal metamorphosis and their
silk is used for innovative applications that do not require reeling.
Usually, these cocoons are cut and the chrysalides are extracted to
separately use fibroin and sericin of the silk shell. Consequently,
pupae from second�quality cocoons are optimal candidates for
use in the food chain. The cocoons were then placed into jute bags,
according to their batch number, and delivered to CREA-AA. At this
point, the cocoons were dried in a ventilated oven at 80 �C for 6 h,
followed by 2 h at 70 �C and 2 h at 60 �C.

The number of reared larvae differed among farms. Farm 2 and
Farm 3 each reared 40 000 larvae divided into two batches. Farm 4
reared 80 000 larvae, divided into four batches. Farm 1 reared
140 000 larvae divided into seven batches, with each batch corre-
sponding to a box of silkworm eggs. These batches were physically
separated and traceable from hatching until cocoon drying.

Experimental sampling

The purpose of this study was to analyse the microbiological
contamination of both silkworms and their rearing environments.
Samples were collected at various life stages of the silkworms,
including: at the beginning of the third instar, in the middle of
the fifth instar (fifth day), during spinning (prepupa), in the pupal



Fig. 1. Difference in silkworm rearing methods between the first three instars (on the left) and the last two instars (on the right).

Table 1
Features of the rearing environments and sanitising procedures adopted by each silkworm farm.

Farmer Environment sanitising
method

Tools sanitising method Reared larval instars Rearing facility organisation Notes

0 H2O2 (35%) sprayed
throughout the rearing room

Dipping in a diluted solution of
sodium hypochlorite (0.5%) for
24 hrs; water rinsing, drying
under sunlight

1st to 3rd (newly
hatched larvae
received from CREA-
AA, Padova, Italy)

one single room used for shelf-
rearing from 1st to 3rd instars

Shoe- sanitising
procedure,
Gloves and overcoats
used by operators at
litter changes

1 H2O2 (35%) sprayed
throughout the rearing room

H2O2 (35%) 1st to cocoon (1st
instar larvae received
from CREA-AA,
Padova, Italy)

one room for the first 2 instars, a
wider or larger room from the 3 rd
instar to cocoon spinning

Shoe-sanitising
procedure

2 Hydrated lime H2O2 (35%) 3rd to cocoon
spinning (3rd instar
larvae received from
the nursery farm)

one single room from 3 rd instar to
cocoon spinning

No shoe-sanitising
procedure

3 High-pressure washer at high
temperature (140–150 �C)

Dipping in a diluted solution of
sodium hypochlorite (0.5%) for
24 hrs

3rd to cocoon
spinning (3rd instar
larvae received from
the nursery farm)

one single room for instars from 3 rd
to cocoon, increasing the dedicated
space (reducing density) as rearing
progresses

No shoe- sanitising
procedure; dogs
allowed to occasionally
enter the room

4 High-pressure washer with
water and bleach in the first
room, hydrated lime in the
second room

High-pressure washer with
water and bleach

3rd to cocoon (3rd
instar larvae received
from the nursery
farm)

one room for the 3 rd and 4th
instars, and a wider room from the
5th instar to cocoon spinning

Overshoes only to enter
the first room; the
second room also hosts
two cows
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stage (fresh pupa) and the pupal stage after cocoon drying (dried
pupa) (Fig. 3). Each sample consisted of approximately 50 g of fresh
larvae or pupae individually selected from a limited area of the
rearing rooms. For each life stage mentioned above, three indepen-
dent samples were randomly collected, from distinct positions
within each farm.

Environmental samples were collected from a 900 cm2 surface
using an environmental sponge. Three different areas were sam-
pled inside each farm for both insect and environmental samples.
The samples were then cold stored at 4 �C and transported to the
analysis lab within 3 h of the collection. The sampled area consists
of the surface at the bottom of the rearing area, where leaves and
branches were placed. This area in the last instars was not in direct
contact with silkworms but only with their litter.

Throughout the experimental period, one operator was solely
responsible for collecting all samples and took appropriate mea-
sures to prevent contamination of both the surroundings and the
insects, as well as to avoid cross-contamination of the experimen-
tal material. The insects collected were consistently taken from the
same rearing batches within each farm. The operator responsible
for collection wore alcohol-sterilised gloves and a face mask while
handling the sampling materials. Samples of larvae and fresh
pupae were collected on-site directly from the farms, while dried
pupae were obtained from CREA-AA where they were dried shortly
after the delivery by the farmers.
3

Both fresh and dried pupae were extracted from cocoons by cut-
ting them. Cutting instruments were disinfected when moving
from one repetition or batch to another. Sensors were employed
to monitor the temperature and humidity of farms 1, 2, 3, and 4
from the fifth instar up to the spinning phase. Mean, minimum
and maximum values of temperature and humidity were calcu-
lated daily based on gathered data.

Microbiological and statistical analyses

Microbiological analyses were performed on both the silkworm
and the environmental samples based on the advice of a public
authority veterinarian. The analyses aimed to detect a wide variety
of microbes using standard procedures that can be implemented in
possible hygiene self-monitoring procedures. The following analy-
ses were performed on each sample: enumeration of presumptive
Bacillus cereus at 30 �C, enumeration of moulds and yeasts, meso-
philes count (total viable count at 30 �C), and enumeration of col-
iforms at 30 �C.

Bacillus cereuswas included among the indicators due to its pre-
vious documentation in studies concerning silkworms (Li et al.,
2015; Fasolato et al., 2018; Frentzel et al., 2022). Bacillus cereus is
a foodborne pathogen that can survive in harsh environments by
producing spores and biofilms. It represents a serious food safety
issue due to its ability to synthesise various toxins that cause gas-



Fig. 2. Scheme of the experimental silkworm rearing organisation. The reproduction centre (CREA-AA, Padova, Italy) provided newly hatched larvae to Farm 0 (F0) and Farm 1
(F1). Farm 0 reared the larvae until the beginning of the third instar and then allocated them to Farm 2, Farm 3 and Farm 4 (F2, F3, F4), which reared them from the third instar
to cocoon completion. On the other hand, Farm 1 reared the larvae from the first instar until cocoon completion.

Fig. 3. Silkworm sampling scheme. Sampling was designed in relation to the silkworm life stages and processing steps. All samples were collected alive on the farm except for
the dried pupae collected at CREA-AA. Displayed lengths were proportional to each life stage duration.

L. Tassoni, S. Belluco, F. Marzoli et al. Animal 18 (2024) 101221
trointestinal diseases (Huang et al., 2020). We did not search for
specific pathogens like Salmonella spp. due to the lack of literature
evidence indicating their presence in silkworms (Marzoli et al.,
2022).

Sample processing of silkworms and environmental sponges
was conducted according to ISO 6887:2017 and ISO 18593:2018.
Briefly, 20 g of silkworm sample was diluted in buffered pepton
water (BPW) in 1:10 ratio. Regarding environmental sponges,
BPW was added in relation to the sampled surface allowing the
expression of results as colony forming unit per cm2 (CFU/cm2).
4

After BPW addition, all the samples were thoroughly homogenised
and diluted.

The references for the methods for microorganism quantifica-
tion and their limit of detection are reported in Supplementary
Table S1.

These microorganisms are considered generic indicators of
hygiene in the food production chain. They could also be used to
evaluate good hygiene practices in the future production of silk-
worms for food purposes. The analyses were conducted at the Lab-
oratory of Safety and Quality of the Food Chain of Istituto
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Zooprofilattico Sperimentale delle Venezie (Vicenza, Italy) (an Ital-
ian health authority and research organisation in the fields of ani-
mal health, food safety and zoonoses).

The data were analysed using SAS software, version 9.4 (Copy-
right� 2002–2012 by SAS Institute Inc., Cary. NC. USA) and XLSTAT
for Excel (https://www.xlstat.com). Microbial count data were log-
transformed (lg (x + 1)) to normalise the distribution. The normal-
ity of the log-transformed data was tested through the Shapiro-
Wilk test. Factorial ANOVA was used to test the effect of farm
and life stages on normally distributed data. The Kruskal-Wallis
non-parametric test was used when normality was not achieved.
Posthoc pairwise comparisons among levels were performed using
Tukey’s or Dunn’s correction. Spearman’s rank correlation was
used to test the potential relationship between different microbial
indicators, as well as the microbial counts and environmental
parameters, i.e. humidity and temperature values.

Rearing performance parameters

Silkworms are primarily reared for silk production. Therefore,
we collected parameters related to the cocoons obtained at the
end of the process. Specifically, we measured the total fresh weight
of cocoons produced by each farmer. The cocoons were then sorted
based on the quality (Vasta et al., 2023), and we estimated the
quantity of first-quality cocoons. These data were recorded when
the farmers delivered the fresh cocoons they produced to CREA-
AA for drying.

The survival rate of silkworm larvae was also estimated by cal-
culating the ratio between the final number of fresh cocoons
obtained by each farmer and the precise number of larvae they ini-
tially received as presented in Equation 1. A representative sample
was randomly collected from each farmer to assess the average
weight of fresh cocoons (FC) and the total fresh cocoon weight
(TFC) was used to estimate the number of fresh cocoons. The total
number of initial larvae was estimated by multiplying the initial
number of batches (ILB) per the number of larvae per box (B).

Estimatedpercentage of larvae reaching thepupal stage

¼ ðTFC=FCÞ=ðILB � BÞ
The survival parameter is crucial in assessing rearing perfor-

mance, as a higher survival rate of the larvae is correlated with
an increased yield of fresh cocoons. Additionally, it plays a vital
role in addressing concerns related to animal welfare. It is antici-
pated that the consideration of animal welfare in insect production
will gain increasing influence in the coming years (Pali-Schöll et al.,
2019; Delvendahl et al., 2022; Klobučar and Fisher, 2023; ‘IPIFF
Ensuring High Standards of Animal Welfare in Insect Production,
20190).

Results

Silkworm microbiological data

The microbiological data exhibited significant variability, with
even the means obtained from triplicate analyses of the same farm
occasionally displaying high SDs. These deviations indicate a sub-
stantial variation in microbiological contamination within the
same room.

The coliform counts exhibited a wide range, varying from < 1.04
lg CFU/g (detected in dried pupae of Farm 1 and Farm 2) to 7.34 lg
CFU/g, which was found in third-instar larvae reared in Farm 0.
Notably, high coliform counts were also observed in the spinning
larvae of Farm 4 and the fresh pupae of Farm 3, reaching 7.23 lg
CFU/g and 7.11 lg CFU/g, respectively. For dried pupae, coliform
values ranged from < 1.04 lg CFU/g to 3.58 lg CFU/g. The highest
5

value was exhibited by Farm 3, while Farms 2 and 1 displayed
the lowest value of < 1.04 lg CFU/g (Table 2).

Mesophile counts ranged from 2.38 lg CFU/g to 8.04 lg CFU/g,
with the lowest value observed in dried pupae and the highest in
third-instar larvae. Fresh pupae displayed mesophile counts rang-
ing from 4.18 lg CFU/g to 7.56 lg CFU/g, both values derived from
two samples collected at the same farm (Table 2).

The mould counts exhibited a range from < 0.3 lg CFU/g to 5.76
lg CFU/g. None of the fresh pupal samples exceeded the value of
3.91 lg CFU/g, which was recorded at Farm 1. Moulds were not
detected in the dried pupae from Farm 2 and Farm 4. However,
one sample from Farm 3 and one from Farm 1 were contaminated
with moulds, with counts of 2.7 lg CFU/g and 4.93 lg CFU/g, respec-
tively (Table 2).

Yeasts were below the limit of detection in the majority of the
samples. The highest yeast counts were measured in third-instar
larvae from Farm 0, reaching 5.58 lg CFU/g. Notably, samples of
spinning larvae and fresh pupae showed no yeast contamination.
However, fifth-instar larvae from all the farms showed yeast con-
tamination, with counts equal to or above 2.30 lg CFU/g. In the case
of dried pupae, yeasts were below the limit of detection (< 2 lg
CFU/g) except for two samples collected in Farm 2 reaching 2.6
lg CFU/g and one collected in Farm 3, which reached 3.49 lg CFU/
g (Table 2).

Presumptive Bacillus cereus was absent from all but one of the
larval samples except one obtained from Farm 4 during the fifth
instar. No pupal samples, either fresh or dried, displayed any
detectable contamination of Bacillus cereus.

The boxplots displaying the values of the three replicates are
reported in Supplementary Figures S2–S5.

ANOVA was employed to test for differences in coliforms and
mesophiles among various stages and conditions. In terms of col-
iform counts, dried pupae displayed the lowest value, and the dif-
ference with other samples was significant. Spinning larvae and
fresh pupae showed significantly higher counts compared to dried
pupae and fifth instar larvae (Fig. 4a).

Similarly, the mesophile count was found to be the lowest in
dried pupae, and this difference was statistically significant com-
pared to the fifth instar, spinning larvae, and fresh pupae (Fig. 4b).

To assess differences in mould and yeast among life stages, the
Kruskal-Wallis test was used due to the non-normal distribution of
the sampling data. Mould microbial counts were significantly
higher in the fifth instar compared to the spinning larvae, fresh
pupae, and dried pupae (Fig. 5a). No significant differences were
found among other life stages.

Yeast contamination levels also followed a similar pattern to
moulds. Specifically, the fifth instar displayed significantly higher
counts compared to spinning larvae, fresh pupae and dried pupae
(Fig. 5b).

Differences among farmers were tested using Kruskal-Wallis
test. Few significant differences were detected especially between
F0 and F1 for coliforms, mesophiles and yeasts at the third instar
(Supplementary Table S2).

Environmental microbiological data

Considerable variability was observed among farmers in the
data obtained from environmental samples. The initial coliform
values before starting silkworm rearing ranged from <0.3 to 3.94
lg CFU/cm2, with Farm 1 exhibiting the highest count. The environ-
mental microbial count of Farm 1 notably decreased during the
third instar, while all farms experienced an increase in microbial
count during the spinning phase. The coliform counts ranged from
4.17 to 4.92 lg CFU/cm2 (Table 3). This increase in microbial count
between the prerearing and spinning phases is a consistent trend
across all farms, except for Farm 1. Before the start of rearing activ-

https://www.xlstat.com


Table 2
Coliform, mesophile, mould and yeast counts (lg CFU/g) per farm and sampling moment in the silkworm rearing. The mean values of the three replicates were reported together
with their SD.

Microorganism Farmer Third instar Fifth instar Spinning Fresh pupa Dried pupa

Coliforms F0 7.2 (±0.3) na na na Na
F1 5.4 (±0.2) 3.5 (±0.3) 4.9 (±1.1) 3 (±1.4) 0.7 (±1.1)
F2 na 2.9 (±0.7) 5 (±0) 5.1 (±0.5) 0 (±0)
F3 na 2.5 (±0.7) 5 (±0) 4.9 (±2.2) 2.8 (±0.9)
F4 na 3.5 (±0.3) 5.7 (±1.5) 4.5 (±0.6) 2 (±0.8)

Mesophiles F0 7.8 (±0.2) na na na Na
F1 6.6 (±0.2) 5.4 (±0.1) 6 (±0.5) 5.1 (±0.2) 3.4 (±1.2)
F2 na 5.2 (±0.3) 5.7 (±0.2) 5.6 (±0.2) 3.4 (±0.9)
F3 na 5.2 (±0.3) 6.4 (±0.4) 5.6 (±1.8) 3.7 (±1.3)
F4 na 5.9 (±0.2) 6.1 (±1.4) 5.3 (±0.2) 3.6 (±0.4)

Moulds F0 3.9 (±0.8) na na na Na
F1 3.8 (±0.5) 3.9 (±0.7) 0.9 (±1.5) 2.3 (±2) 1.6 (±2.8)
F2 na 4.2 (±1.3) 1.6 (±1.4) 1.6 (±1.4) 0 (±0)
F3 na 3.2 (±0.1) 2.3 (±0.4) 0.8 (±1.4) 0.9 (±1.6)
F4 na 3.3 (±0.1) 0 (±0) 1.3 (±1.2) 0 (±0)

Yeasts F0 4.2 (±1.3) na na na Na
F1 0 (±0) 0.8 (±1.3) 0.7 (±1.2) 0 (±0) 0 (±0)
F2 na 2.6 (±0.2) 0 (±0) 0 (±0) 1.5 (±1.4)
F3 na 2.5 (±0.2) 0 (±0) 0 (±0) 1.2 (±2)
F4 na 3.5 (±0.1) 0 (±0) 0 (±0) 0 (±0)

Abbreviations: na = Not applicable.

Fig. 4. Box plot charts reporting the coliform (a) and mesophile (b) microbial counts of fifth instar, spinning phase, fresh pupa and dried pupa samples of silkworm. A one-way
ANOVA test was performed to identify significant differences, followed by TUKEY as posthoc to determine which life stages were significantly different. The P-values of TUKEY
test were * � 0.05, ** � 0.01, *** � 0.001, **** � 0.0001. g2

g = generalised eta squared; pwc = pairwise comparison; Tukey HSD = Tukey honestly significant difference test; p.
adjust = adjusted P-value.
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ities, mesophiles ranged from 0.77 to 6.14 lg CFU/cm2 across all
farms. During the spinning phase, mesophiles ranged between
3.04 and 5.92 lg CFU/cm2, with Farm 3 exhibiting the highest
counts (Table 3).

Moulds were not detected in Farm 0 and Farm 4 before rearing.
However, a count of 4.83 lg CFU/cm2 was found in Farm 2. The
highest mould counts during the spinning phase were observed
in Farm 1, ranging from 4.81 to 5.30 lg CFU/cm2 (Table 3). At the
beginning of the rearing process, Farms 0, 1, and 2 had no yeasts
present in their environments, while Farms 3 and 4 had yeast
counts ranging from 1.04 to 2.00 lg CFU/cm2. During the spinning
phase, yeasts were not detected in any of the farms except for Farm
4, where a sample showed a count of 2.23 lg CFU/cm2 (Table 3). The
6

boxplots displaying the values of the three replicates are reported
in Supplementary Figures S6–S9.

Differences among farmers were tested using Kruskal-Wallis
test and few significant differences were detected especially in
the third phase as it regards mesophiles and moulds count (Sup-
plementary Table S3).

Correlation between temperature and silkworm microbiological data

Table 4 shows significant findings from Spearman’s correlation
between larval microbiological counts and environmental condi-
tions. The results indicate a positive correlation (correlation coeffi-
cient: 0.541, P-value: 0.004) between mean temperatures and



Fig. 5. Box plot charts reporting the mould (a) and yeast (b) microbial counts of fifth instar, spinning phase, fresh pupa and dried pupa samples of silkworm. A Kruskal-Wallis
test was performed to identify significant differences, followed by Dunn’s test to determine which instars showed significant differences. The P-values of Dunn’s test were **�
0.01, *** � 0.001, **** � 0.0001. pwc = pairwise comparison; p.adjust = adjusted P-value.

Table 3
Coliforms, mesophiles, moulds and yeasts count (lg CFU/cm2) per farm and sampling moment in the silkworm rearing. The mean values of the three replicates were reported
together with their SD.

Microorganism Farmer Prerearing Third instar Spinning

Coliforms F0 0 (±0) 0.4 (±0.4) na
F1 2.4 (±2.1) 1.1 (±0.9) 2 (±1)
F2 0 (±0) na 4.4 (±1.9)
F3 1.6 (±1.4) na 5.8 (±0.5)
F4 0.4 (±0.6) na 3.4 (±1.6)

Mesophiles F0 2.4 (±0.3) 0.9 (±0.3) na
F1 5.4 (±1.1) 3.4 (±1.6) 3.9 (±0.2)
F2 3.6 (±0.2) na 4.8 (±0.4)
F3 5.1 (±0.5) na 5.8 (±0.2)
F4 1.1 (±0.3) na 4 (±1)

Moulds F0 0 (±0) 1.7 (±0.8) na
F1 3.9 (±0.8) 0 (±0) 5.1 (±0.2)
F2 2.3 (±2.4) na 4 (±0.2)
F3 4.2 (±0.2) na 4.1 (±0.3)
F4 0 (±0) na 2.3 (±0.8)

Yeasts F0 0 (±0) 0.3 (±0.6) na
F1 0 (±0) 0.4 (±0.8) 0 (±0)
F2 0 (±0) na 0 (±0)
F3 0.7 (±1.2) na 0 (±0)
F4 0.3 (±0.6) na 0.4 (±0.8)

Abbreviations: na = not applicable.
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coliform counts, suggesting that higher temperatures were associ-
ated with increased coliform counts. Similarly, mesophiles corre-
late with mean temperatures (correlation coefficient: 0.410, P-
value: 0.035). In contrast, moulds and yeast exhibit a negative cor-
relation with mean temperature values (correlation coefficients of
�0.418 and �0.680 and P-values of 0.031 and < 0.001,
respectively).

Production performance indicators

The survival rates of the pupae varied among the selected farm-
ers. Farmer 2 achieved the highest rate at 72%, closely followed by
Farmer 4 with a rate of 71%. Farmers 1 and 3 recorded relatively
lower survival rates, approximately around 50% (Table 5).
7

In terms of cocoon yield, Farmers 2 and 4 achieved the highest
production of fresh cocoons per box compared to Farmers 1 and 3.
The quantity of fresh cocoon per box was the highest for Farmer 4
at 33.9 kg, followed by Farmer 2 at 30.2 kg. Farmer 1 obtained
27.8 kg, and Farmer 3 obtained 26.9 kg. When assessing the pro-
duction in relation to the quantity of first-quality fresh cocoons,
the disparities among the farmers became more evident. Farmers
2 and 4 produced the highest percentage � and the highest quan-
tity � of first-quality fresh cocoons compared to Farmers 1 and 3.
Farmer 2 achieved the highest percentage of 65.6% (equivalent to
19.7 kg), indicating that a larger proportion of cocoons met the
standards for the first quality. Farmer 4 obtained a percentage of
47.0%, while Farmer 1 and Farmer 3 had 50.2 and 21.0%, respec-
tively (Table 5).



Table 4
Spearman’s correlation matrix between silkworm larvae microbial counts and monitored temperature and humidity values.

Variables Mean temp Min temp Max temp Mean hum Min hum Max hum

Col_lv 541* 85 431* 93 �125 �142
Mes_lv 410* 201 321 43 �228 �374
Mol_lv �418* 44 �390* 136 290 143
Yea_lv �680* �241 �430* �147 30 �47

Abbreviations: Mean temp = Mean temperature in the rearing period; Min temp = Minimum temperature in the rearing period; Max temp = Maximum temperature in the
rearing period; Mean hum =Mean humidity in the rearing period; Min hum =Minimum humidity in the rearing period; Max hum =Maximum humidity in the rearing period;
Col_lv = Coliform count in larval phases; Mes_lv = Mesophile count in larval phases; Mol_lv = Mould count in larval phases; Yea_lv = Yeast count in larval phases.

* Values differ significantly from 0 at P < 0.05.

Table 5
Production performance indicators of the four farms. Each batch corresponds to a box of 20 000 silkworm larvae. The number of silkworm pupae per batch at the end of rearing
was estimated based on the mean fresh cocoon weight. The survival rate was calculated by dividing the number of pupae per batch by the initial number of 20 000 larvae.

Farmer n� of rearing
batches

n� pupae/batch
(estimate)

Survival rate
(%)

Kg of fresh
cocoons/batch

Kg of first-quality fresh
cocoon/batch

Percentage of first-quality fresh
cocoon/batch

F1 7 10 054 0.5 27.8 13.9 50.2%
F2 2 14 470 0.72 30.2 19.7 65.6%
F3 2 10 227 0.51 26.9 5.6 21.0%
F4 4 14 140 0.71 33.9 15.9 47.0%
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In summary, Farmers 2 and 4 had the highest success rates in
terms of pupal survival, yield of fresh cocoons, and quantity of
first-quality cocoons. Farmer 1 demonstrated moderate results
across most aspects, while Farmer 3 had the lowest performance,
with the lowest survival rates and the lowest yield of first-
quality cocoons.

Discussion

Silkworm microbiological data

Few statistically significant differences were identified when
comparing the microbial counts of the same developmental stage
among various farmers. The observed highest microbial counts in
Farm 0 could potentially be attributed to the larger number of lar-
vae reared in that farm in the current rearing organisation. High-
density farming environments are inherently vulnerable to poten-
tial risk factors. The proximity of animals and the involvement of
the same operators handling various batches contribute to the
transmission of microorganisms among the animals. Additionally,
ensuring adequate ventilation and frass removal in densely popu-
lated farms can be challenging, further facilitating the spread of
microbes.

These differences, observed during the third instar, were lost
after the larvae from Farm 0 were distributed to Farms 2, 3, and
4, where only a limited number of batches were reared at the same
time. The comparative analysis of the microbial counts in fresh and
dried pupae demonstrates the effectiveness of the drying process
in significantly reducing the microbial counts of coliforms, meso-
philes, and moulds. However, no differences were observed in
yeast counts between fresh and dried pupae. This is not a relevant
issue since the majority of both fresh and dried pupae samples
showed no yeast contamination. Furthermore, it is reassuring to
note that presumptive Bacillus cereus counts were below the detec-
tion level in all the samples. This alleviates concerns regarding this
specific microorganism. Although there are no defined microbio-
logical criteria for silkworms intended for human consumption,
the present results can be compared with the limits reported in
available scientific opinions available from EFSA (EFSA Panel on
Nutrition, Novel Foods and Food Allergens (NDA) et al., 2021a, b;
EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA
Panel) et al., 2023).

Upon examining the microbial counts in dried pupae, it is evi-
dent that most samples were free of moulds and yeasts. However,
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two samples displayed moulds count exceeding 2 lg CFU/g and 3
samples displayed yeast count equal to or exceeding 2 lg CFU/g.
These values may be attributed to a high microbial count in the
fresh pupae prior to the drying process or to errors in the manage-
ment of the drying process. The approved levels for yeast and
mould counts in already approved insect-based novel foods are 2
lg CFU/g (100 cfu/g) for both, except for UV-treated Tenebrio moli-
tor powder, which has a limit of 1 lg CFU/g (10 cfu/g)(EFSA Panel on
Nutrition, Novel Foods and Food Allergens (NDA Panel) et al.,
2023).

Upon examining the coliform counts in dried pupae and com-
paring them to the Enterobacteriaceae counts shown in the
insect-based novel food reports, satisfactory results were only
observed for Farm 2, where no coliform contamination was
detected. Farm 1 presented counts below 100 cfu/g (2 lg CFU/g),
which were still considered acceptable in most insect-based novel
food reports. However, both Farm 3 and Farm 4 exhibited at least
one sample with values exceeding 2 lg CFU/g. When examining
mesophilic bacteria (Total viable count) values of dried pupae, it
was observed that all samples, except for one from Farm 3, had
counts below 105 cfu/g. This limit was reported for mesophilic bac-
teria in all available reports. The study’s findings align with previ-
ous research in the literature, which consistently shows that the
implementation of a hot air-drying process effectively reduces
the microbial counts of insects (Yan et al., 2023; Dandadzi et al.,
2023). The results support the effectiveness of the drying process
in reducing microorganism levels, highlighting its potential as a
valuable method for improving the quality and safety of insect
products.

Differences among farmers were not consistent along the rear-
ing period.

Environmental microbiological data

The observed differences in environmental contamination
among farmers may be partly attributed to the various supports
and instruments used in silkworm rearing. The sampled surfaces,
including jute bags, polymeric materials, paper, and metal fences
exhibit significant differences across farmers. Each of these materi-
als can affect the growth of microorganisms differently, depending
on their ability to retain moisture and the surface area they provide
for microbial colonisation. For instance, jute bags may have a
higher level of transpiration, which could affect humidity levels,
but they also offer a larger surface area for microorganisms to
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grow. On the other hand, fences may limit microbial growth com-
pared to other materials by minimising the available surface. It is
important to note that these materials are used as supports to hold
mulberry branches in a grid pattern during silkworm rearing.

Therefore, due to the diversity of supports and their distinct
characteristics, the microbial environment may exhibit notable dif-
ferences among farmers. It is important to take into account this
variability when interpreting and comparing environmental con-
tamination data. Understanding the influence of different rearing
materials on microbial growth is crucial for optimising sericulture
practices and ensuring a healthy environment for silkworms dur-
ing their growth and development.

Correlation between rearing conditions and microbiological data

As expected, this study provides evidence that temperature and
humidity have an impact on environmental microbial growth.
Specifically, higher temperatures appear to promote the growth
of coliforms, while elevated humidity levels seem to support the
growth of moulds. Although no direct correlation was found
between coliforms and moulds, the data suggest that high humid-
ity levels may promote mould growth at the expense of other
microorganisms, such as coliforms.

However, when examining microbial growth in larval samples,
the clear impact of temperature and humidity observed in environ-
mental samples was not evident. This inconsistency is likely due to
the involvement of more intricate factors, such as the silkworms’
diet and the microbial flora present in their digestive tracts. The
relationships between the additional variables and the microbial
composition and growth in the larval samples may be less straight-
forward compared to the environmental samples due to possible
interactions.

Production performance indicators

As it regards the production performance indicators, the sur-
vival rate and quantity of fresh cocoons per batch observed in this
study are consistent with historical data recorded by CREA-AA
researchers over the last few years. The quantity of first-quality
fresh cocoons, although highly variable among different breeders,
also fell within the variability observed in previous years. Further-
more, the silkworm larvae in the current study did not exhibit
alarming levels of specific diseases. Based on the farming perfor-
mances observed in this study, it is likely that the observed levels
of microbial population did not have any detrimental effects on the
silkworms.

Overall considerations, limits and next steps

This study focuses on a limited number of microbial indicators
that are useful for monitoring from a food safety perspective. How-
ever, it is likely that both pathogenic and non-pathogenic microbes
make up the whole silkworm microbiota and that some of these
microbes are symbionts that colonise the silkworm gut and partic-
ipate in physiological processes.

As reported in the literature, lepidopteran gut microorganisms
could be involved in a variety of physiological processes ranging
from host nutrition and detoxification to immunity and protection
by secreting antimicrobial peptides and outcompeting pathogens
(Shao et al., 2024).

For future studies, it would be valuable to investigate the inter-
action between specific microorganisms and silkworms, as well as
explore the potential effects of individual microorganisms on ani-
mal health. Such investigations can provide deeper insights into
the complex relationship between microorganisms and silkworms,
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contributing to the optimisation of silkworm-rearing practices and
enhancing overall farming outcomes.

As reported in the literature, the silkworm gut microbiota com-
prises four main phyla, Bacteroidetes, Actinobacteria, Firmicutes
and Proteobacteria (Chen et al., 2018). Furthermore, the composi-
tion of the gut microbiota changes during larval growth, particu-
larly between the first two and the last three instars (Chen et al.,
2018). Shifts in the microbiota composition may also occur in
response to environmental stress, such as the presence of heavy
metals in mulberry leaves (Chen et al., 2023).

Microbial contamination could also originate from the rearing
environment. The feeding process, which involves collecting mul-
berry leaves from the field, exposes silkworms to potential micro-
bial contamination from the external environment. In addition,
other insects may inadvertently enter the farm during this process
and introduce further microbial challenges. In fact, the presence of
other insects and small animals within the farm area cannot be
ruled out. Farmers themselves could be a source of contamination,
particularly concerning coliforms due to improper hygiene prac-
tices. As pointed out by Chen et al., the labour-intensive nature
of sericulture could potentially expose the silkworm to a wide vari-
ety of non-indigenous microbes (Chen et al., 2018). Considering the
various sources of contamination, farmers should implement strict
hygiene practices and biosecurity measures to minimise the risk of
microbial contamination. They should regularly monitor and take
appropriate measures to ensure the health and safety of the silk-
worms and to maintain the overall quality of the rearing environ-
ment. By considering these factors, farmers can mitigate potential
risks and optimise their silkworm-rearing practices. However, it is
important to maintain an objective and balanced approach to the
subject.

The current organisation of silkworm rearing, at least in the
Veneto region, has both advantages and potential concerns that
require careful consideration for future improvements, particularly
in the perspective of using silkworm pupae as food. One positive
aspect is that newly hatched larvae are provided by an indepen-
dent research centre, and sanitary controls are conducted to ensure
the initial healthiness of the silkworms. Furthermore, as the farm-
ers’ community remains relatively small, individual farmers can
benefit from valuable assistance and professional training to
enhance their rearing practices. This personalised support can lead
to improved overall rearing efficiency and quality.

However, some critical points in the current organisation
require attention. One concern is the practice of rearing silkworm
larvae from the third instar, while the first two instars are managed
by a nursery farm. This ‘‘weaning” phase involves transporting lar-
vae between farms, which can expose them to contamination and
stress, negatively impacting their health and development. Fur-
thermore, conducting this phase in a single farm makes it vulner-
able to disease outbreaks and contamination if improper
practices are adopted, due to the high larval densities. To improve
safety and efficiency, it is thus crucial to carefully select the most
appropriate farm to rear the first instars while guaranteeing the
application of preventive measures.
Conclusions

The collected data provide an important first step in investigat-
ing microbial contamination levels in silkworm farming and how
they change throughout the rearing process. These data collected
provide a foundation for future research, particularly in relation
to the use of chrysalides as a new food source. Understanding
the patterns of microbial contamination during the rearing process
enables researchers to develop targeted safety measures to reduce
contamination, starting from the first instars of silkworm larvae. A
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significant finding from this study is that, although fresh pupae
may occasionally exhibit high levels of microbial contamination,
the drying process is remarkably effective in reducing microbial
counts. This underscores the substantial potential of the drying
process to enhance the safety and quality of silkworm pupae as a
food product, at least for the microbial indicators investigated in
this study. Furthermore, the study provides comprehensive
insights into the specific procedures adopted by each farmer and
their compliance to good practice guidelines in their respective
farms. This information can help address sanitary concerns by dis-
cussing identified risk factors with farmers and during training
courses. Future studies should focus on a more comprehensive
and detailed characterisation of all microorganisms, with particu-
lar attention to pathogenic strains. A thorough characterisation of
the microorganisms present in silkworm farms is essential to opti-
mise rearing performances, ensure farm health, and enhance food
safety. A deeper understanding of microbial dynamics can help
the sericulture industry progress towards more efficient and safe
practices, ultimately benefiting both farmers and consumers.
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