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Abstract

Insect rearing for food and feed has seen a sharp increase in Europe and is expected to grow further. Exploring the
potential use of insect by-products like frass is crucial to improving the economic feasibility and circularity of the
insect industry. This review study explores the potential uses of frass in agricultural applications by considering frass
contents (nitrogen (N), phosphorus (P), potassium (K), and other compounds that have the potential to improve
plant health) as well as chemical and microbiological safety. To this end, literature has been reviewed, and frass
samples have been analysed. Our results showed that from the available data on frass contents, frass has fertilizing
product potentials, such as fertilizer and biostimulants. Data on the occurrence of chemical and microbiological
contaminants in frass are limited. However, the available data suggest that contamination depends on the feed
substrates, type of contaminants, and insect species. These potential food safety hazards include mycotoxins,
dioxins, heavy metals, pesticide residues, veterinary drugs and human food-borne pathogens (e.g. Clostridium
perfringens, Bacillus cereus, Listeria monocytogenes, Salmonella spp.). Therefore, frass application in agricultural
activities raises a concern whether such hazards will transfer and accumulate in crops and the environment (e.g. soil,
water); studies on this topic are still limited. Considering this possible safety risk, it is important to establish proper
mitigation strategies. Further research is needed to fill data gaps for hazard prioritisation and risk assessment, e.g.
on the occurrence of hazards in frass (of different species reared on various feed substrates) and the fate of these
hazards in crops and the environment following frass application. Finally, studies on frass valorisation will benefit
from a holistic approach covering multiple topics, including safety, economic, and environmental impacts.
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1 Introduction

Over the last decade, the popularity of using insects as
food and feed in Western societies has gained momen-

tum (Kim et al., 2019). The opportunities for insect
use in food and feed come to the forefront, given the
ongoing protein transition in Europe. In the European
Union (EU), four insect species are currently authorised

Published with license by Koninklijke Brill BV | DOI: 10 . 1 163/23524588-00001224
© R .A . Safitri et al ., 2024 | ISSN: 2352-4588 (online)
This is an open access article distributed under the terms of the CC BY 4.0 license.

https://dx.doi.org/10.1163/23524588-00001224
https://www.brill.com/jiff
https://orcid.org/0000-0002-5156-4127
https://orcid.org/0000-0001-6240-0796
https://orcid.org/0000-0001-8565-2240
https://orcid.org/0000-0002-3246-0437
https://orcid.org/0000-0002-0620-6187
https://orcid.org/0000-0003-3439-854X
https://orcid.org/0000-0002-7801-394X
https://dx.doi.org/10.1163/23524588-00001224


2 R.A. Safitri et al.

as novel foods (Commission Implementing Regulation
(EU) 2017/2470), while eight insect species are autho-
rised for feed (Commission Regulation (EU) 142/2011)
(European Commission, 2011, 2017).

The fast-growing insect industry generates a substan-
tial amount of insect-rearing by-products. Along with
that come possible uses of insect by-products, like frass
or frass-derived chitin (van Huis et al., 2021). Frass con-
sists of a mix of predominantly insect faeces (excreta),
remnants of shed exoskeletons (exuviae) and residual
substrates (Barragán-Fonseca et al., 2022; Fowles and
Nansen, 2019). Regulation (EU) 2021/1925 also defines
frass as follows: “a mixture of excrements derived from
farmed insects, the feeding substrate, parts of farmed
insects, dead eggs and with a content of dead farmed
insects of not more than 5% in volume and not more
than 3% in weight” (European Commission, 2021).

Valorising insect frass is essential to improve the eco-
nomic feasibility and circularity of the insect-rearing
industry, highlighting the urgency to explore potential
uses of insect frass. Multiple studies have investigated
prospective uses of frass, including for agricultural pro-
duction (e.g. fertiliser), biogas production, and pharma-
ceuticals (e.g. medicine and cosmetics). With increasing
attention on using agricultural waste for insect rearing,
the potential occurrence of microbiological and chem-
ical hazards warrants attention when considering the
valorisation of insect by-products thereof (like frass).
Past studies on frass application for agricultural pro-
duction mainly focused on nutritional aspects such as
nitrogen, phosphorus, potassium (NPK) and chitin but
lacked consideration of safety aspects. The application
of frass in agricultural production that may contain
certain chemical or microbiological hazards raises con-
cerns about whether these hazards might be introduced
into the environment and food chain, for instance, by
hazards transferring to soil and groundwater and accu-
mulating in the edible parts of plants. Before placing
frass-derived products on the market, it is important to
evaluate the safety aspects of frass, as also required by
current legislation (European Commission, 2021).

This literature review aims to explore the potential
uses of insect frass for agricultural production, consid-
ering frass nutrient contents and other compounds that
can have the potential to improve plant health as well
as chemical and microbiological safety. As these aspects
may vary greatly depending on insect species, our study
mainly focuses on frass from insects currently allowed
for food and feed production in the EU, in particular
Hermetia illucens (black soldier fly larvae/ BSFL), Tene-
brio molitor (yellow mealworm/YMW), Acheta domes-

ticus (house cricket/ HC), and Alphitobius diaperinus
(lesser mealworm/LMW). BSFL is currently allowed for
feed, while the other three species are allowed for food
and feed.

2 Materials andmethods

Literature reviews were performed to identify relevant
references that discussed the three topics: (1) macronu-
trients (NPK) and compounds affecting plant health
(such as chitin), (2) chemical safety, and (3) microbi-
ological safety of frass, focusing on BSFL, YMW, LMW
and HC. First, peer-reviewed studies published between
2018 and 2022 that have comprehensively evaluated
each topic above were identified. These studies were
regarded as the main references for each topic. A snow-
balling method was used to identify relevant publi-
cations based on the reference lists of the selected
main references. Second, an additional literature search
was performed to identify more recent studies pub-
lished after the main references. These references were
extracted from bibliographic databases, i.e. Scopus, Web
of Science, PubMed, and SpringerLink. All identified ref-
erences were assessed for their relevancy in two steps
based on a set of inclusion and exclusion criteria: (1)
initial screening and (2) full-text screening. An initial
screening was performed based on the title, keywords,
and abstract to determine references deemed relevant
to our study focus. Next, full texts of the (deemed) rele-
vant references were read in full, relevant articles were
selected, and data from included references were fur-
ther analysed. The quality of included studies were crit-
ically appraised on several aspects including the aim
of the study, methodology, and reporting of the find-
ings. The following three subsections elaborate on the
literature review methodology for each topic, and an
overview of the steps in this literature review is avail-
able in Figure 1. Other relevant information, such as
search terms, bibliographic database consultations, and
inclusion and exclusion criteria, are available inSupple-
mentary Table S1.

If applicable, data on NPK, chemical, and microbi-
ological analyses from experiments performed within
the Horizon 2020 SUSINCHAIN project (unpublished
data) on eight frass samples collected from several Euro-
pean insect-rearing companies were compared to the
data from the literature review. These frass samples were
derived from various insect species fed with different
substrates consisting of agricultural waste, i.e. BSFL (n =
4), YMW (n = 1), HC (n = 2), and LMW (n = 1).
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Potential uses of insect frass in agricultural production 3

Figure 1 Overview of steps in the literature review study.

Nutrient contents and compounds affecting plant
health
Eight review papers exploring the nutrient contents of
frass for various agricultural applications were found
relevant, i.e. Schmitt and de Vries (2020), Amrul et al.
(2022), Lopes et al. (2022), and Basri et al. (2022) on
BSFL frass, and Poveda (2021), (Barragán-Fonseca et al.,
2022), Bloukounon-Goubalan et al. (2021) and Chavez
and Uchanski (2021) on insect frass for fertilisers. No
papers that explored YMW frass were obtained. Snow-
balling references from these papers resulted in 487 hits,
and an additional search resulted in 3523 references.
Duplicates were removed, and these references were
evaluated based on the title, keywords, and abstract.
When considered relevant, the full texts of these ref-
erences were read in full to identify studies that pro-
vided results on N, P, K, or pH values in clearly defined
units of fresh frass (Table 1). In total, this resulted

in a total of 41 included papers. Additional literature
(31) were collected for compounds that have potential
effects on plant health, such as chitin. There was a lack
of studies on the chitin of frass derived from insect
species reared for food and feed production. Neverthe-
less, because there is a wealth of information on non-
food and feed insects, the search was then elaborated
to encompass this part of the literature. Even though
it does not provide direct information on the potential
of frass of insects derived from food and feed produc-
tion, it gives potential opportunities for chitin in future
research options. This search was non-exhaustive and
focused on some key references as inspiration for poten-
tial future research leads.

Chemical safety
The safety of insects for food and feed has been compre-
hensively evaluated by van der Fels-Klerx et al. (2018),
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Table 1 Nutrient contents measured as carbon-to-nitrogen ratio (C/N), nitrogen, phosphorus, potassium (NPK) in % dry matter (DM)
and pH of frass from various insect species relevant for feed and food, mainly Hermetia illucens (black soldier fly/BSFL),
Tenebrio molitor (yellow mealworm/YMW), and Acheta domesticus (house cricket/HC). Studies on LMW were not found

Parameter Value BSFL YMW HC Other speciesa Total
C/N Average 13.8 10.8 12.3 14.7 13.1

SD 6.1 4.0 3.8 6.1 5.7
# 44 14 4 5 67

N Average 2.95 4.53 4.52 3.27 3.30
SD 1.22 2.19 1.40 0.75 1.50
# 63 14 4 9 90

P Average 1.28 1.43 1.21 1.26 1.30
SD 0.97 0.53 0.33 0.76 0.87
# 60 13 4 8 85

K Average 1.97 1.89 1.36 2.36 1.96
SD 1.29 0.54 0.22 0.63 1.11
# 49 13 4 7 73

pH Average 7.78 6.10 6.51 6.88 7.39
SD 0.83 0.34 0.25 0.63 0.98
# 39 8 2 6 55

aOther species of insects covered in identified studies were crickets (apart from HC), house flies, locusts, and silkworms.
Sources: Authors’ compilation of multiple references, i.e. Arabzadeh et al. (2022), Banavar et al. (2022), Bortolini et al. (2020), Bulak et al.

(2020), Cai et al. (2019), Chen et al. (2022), Chiam et al. (2021), Naser El Deen et al. (2023), El Boushy (1991), Ferruzca-Campos et al. (2023),
Fischer et al. (2021), Fischer and Romano (2021), Fuhrmann et al. (2022), Gao et al. (2019b), Gärttling et al. (2020), Gärttling and Schulz
(2022), Geng et al. (2022), Houben et al. (2020), Liang et al. (2023), Liu et al. (2019, 2020), Łochyńska and Frankowski (2019, 2021), Matos et
al. (2021), Muin et al. (2023), Nicksy et al. (2021), Nogalska et al. (2023), OVAM (2022), Parodi et al. (2020), Pas et al. (2022), Przemieniecki
et al. (2022a), Rehman et al. (2017), Romano (2022), Romano et al. (2023), Sarpong et al. (2019), Setti et al. (2019), Tanga et al. (2022), Wang
et al. (2022b), Watson et al. (2021a,b), Yildirim-Aksoy et al. (2020), Zhang et al. (2012) and SUSINCHAIN experiments (n = 8, unpublished
data).

with additional insights on the chemical contaminants
by Meyer et al. (2021). The latter authors, Meyer et al.
(2021), discussed chemical hazards in edible insects
as investigated in literature published from 1 January
2017 to 1 September 2020. These reviews focused on
the safety of insects as related to their substrate; how-
ever, cited studies also tended to present analytical
results in the frass. Cited references were collected
from both review studies, and after initial screening,
53 studies were deemed relevant and included for full-
text screening. Based on the exclusion criteria (Sup-
plementary Table S1), 24 references were considered
relevant and further examined for data analysis. Fur-
thermore, an additional literature identifying articles
published between September 2020 and September
2022 added relevant five references. In total, 29 studies
were included for further analysis.

Microbiological safety
The scope of this review study on microbiological safety
focused on human pathogens, considering the potential

transfer of harmful microorganisms to humans through
agricultural products. While certain microorganisms
may entail hazards specifically for farmed animals, this
approach aligns with current research and regulatory
frameworks, which often emphasize human health risks
associated with the use of organic fertilisers, including
insect frass. Other microbiological hazards concerning
livestock (e.g. avian influenza, swine fever) were not
considered in this study. A recent review of biological
contaminants in insects as food and feed by Vandeweyer
et al. (2021) has been consulted. In total, 83 references
(excluding regulatory texts) were obtained from this
publication using the snowballing method, of which 16
were selected as relevant regarding the microbiologi-
cal safety of insect frass. An additional literature search
identified 2,614 references published in 2023, of which
39 additional references were considered relevant for
this review after removing duplicates and evaluating
for relevance. Eventually, only three studies could be
included via the snowballing method and ten via the
additional literature search, as they contained actual
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microbiological data associated with insect frass or rear-
ing residue.

3 Results and discussion

Nutrient content and compounds affecting plant health
Insect frass has on average NPK of 3.3-1.3-2.0 (in %
dry matter (DM)) or 3.3-3.0-2.4 (% DM as phospho-
rus pentoxide (P2O5) and potassium oxide (K2O)) with
a carbon-to-nitrogen (C/N) ratio of 13.1 and a near-
neutral pH (7.4) (Table 1). It is also evident from Table 1
that the nutrient content is highly variable both within
and between insect species. Published literature studies
have indicated that this is related to the variability in the
feeds they are provided, as insects will try to maintain
internal homeostasis (Poveda, 2021; Zhang et al., 2022).
As both insect species and their feed substrates are very
diverse, the NPK composition of the frass represents this
variability. According to Fielding et al. (2013), the N con-
tent of the frass is also directly proportional to the N
in the feed. One example of the frass variability is the
frass of YMW fed on expanded polystyrene. This frass
had both the highest N content (10.6%) and the low-
est P (0.03%) observed in a review (Przemieniecki et al.,
2022b). The results in the literature are heavily biased
towards the BSFL and, to a lesser extent, the YMW. No
significant differences in the average NPK value were
found, and only the average pH differed between slightly
acidic for the mealworm (pH 6.1) and alkaline for the
BSFL (pH 7.74). For BSFL, it is known that the pH of frass
tends to converge to higher, alkaline pH values indepen-
dent of the initial pH of the feed (Meneguz et al., 2018).
The latter is important as the pH of the soil is an impor-
tant factor in soil chemistry as it determines the avail-
ability of nutrients for the plant. Therefore, the observed
variability in insect frass may be both beneficial or coun-
terproductive, depending on its potential use (Goulding,
2016; Penn and Camberato, 2019). Moreover, a notewor-
thy compound in frass is chitin, an inherent part of the
insect’s exoskeleton and peritrophic membrane in the
insect gut (Fescemyer et al., 2013). Sharp (2013) reported
that chitin and its derivates could have benefits to pro-
tect crops agains various pests, pathogens, and physio-
logical disorders. Most identified literature studies were
conducted on frass derived from insects for pest man-
agement (frass and pure chitin), and studies on the frass
of insects reared for food and feed were limited.

Chemical safety of insect frass
The number of studies on the chemical safety of frass
was limited as most studies focused on the accumu-
lation of chemical substances in insect larvae, with
some studies also measuring the contamination of the
residual materials that constitute frass, i.e. remaining/
undigested substrates, excreta (faeces), and exuviae
(exoskeleton). From these studies, BSFL and YMW were
most frequently investigated, while studies on LMW
were barely reported, and no studies that examined
the chemical contaminants in HC frass were identified.
Mycotoxins were the most frequently studied, followed
by heavy metals and pesticide residues. The most fre-
quently investigated chemical hazards were mycotoxins
(12) and heavy metals and trace elements (9). As find-
ings on certain contaminants (e.g. pesticide residues,
veterinary drugs) in frass were limited, understanding
the occurrence of these contaminants in insect larvae
may help in estimating their likelihood of occurrence
in frass. Findings on chemical contaminants in insect
larvae and/or frass (residual materials), as elaborated in
prior studies, are discussed per hazard group below and
summarised in Supplementary Table S2.

Natural toxins: toxins produced by insects, plant toxins
and mycotoxins
According to van der Fels-Klerx et al. (2018), toxins in
insects can be present due to the synthesis of toxins by
the insects or the accumulation of natural toxins from
the substrates (e.g. mycotoxins and plant toxins). The
former is not considered a potential hazard as insects
intended for food and feed (e.g. BSFL, YMW, LMW) do
not indicate production of toxic substances through-
out their life stages considered for consumption. Nat-
ural toxins such as mycotoxins might be present on the
feed substrate and either accumulate in the larvae or be
excreted into faeces. Mycotoxins are a wide range of sec-
ondary metabolites produced by various fungal species
infecting cereals or vegetable crops at the pre- or post-
harvest stages (Hussein and Brasel, 2001). Some studies
have been performed on the occurrence of mycotoxins
in larvae and frass, but no studies were identified for
plant toxins.

Studies on the occurrence and metabolism of myco-
toxins in insect larvae were quite widespread, among
other reasons, due to the possibility of using mycotoxin-
contaminated crops for insect rearing, subsequently
reducing food loss. Extensive studies have been per-
formed to understand the metabolism and bioconver-
sion of certain mycotoxins by insects, mainly focusing
on aflatoxin B1 (AFB1). A review study by Meyer et al.
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(2021) concluded that the tolerance of insects to myco-
toxin exposure varies depending on the species and
mycotoxins. Most studies focused on BSFL and YMW
reported that mycotoxins, i.e. AFB1, zearalenone (ZEN),
deoxynivalenol (DON), ochratoxin A (OTA), fumonisin
B1 (FB1), and fumonisin B2 (FB2), were not expected to
accumulate in the larvae; however, mycotoxins and their
metabolites were regularly detected in the excreta, indi-
cating the occurrence of biotransformation of certain
mycotoxins (Meyer et al., 2021).

Camenzuli et al. (2018) reported that BSFL could
either excrete or metabolise AFB1, DON, OTA, and ZEN
present in their feed substrates. Purschke et al. (2017)
showed that AFB1 and ZEN present in BSFL feed sub-
strates were also partially present in the residual sub-
strates, while DON in residual substrates were found
in higher concentration due to possible undetected,
masked mycotoxins in the initial substrates. A recent
study also reported that BSFL does not bioaccumulate
AFB1, DON, OTA, and ZEN from contaminated sub-
strates, and BSFL frass contained high levels of myco-
toxins ranging from 0 to 3.9-fold of the concentrations
in the substrates (Gold et al., 2023). This is unlikely due
to synthesis but due to the difference in the dry matter
between feed substrates and frass.

Both BSFL and YMW larvae have a high tolerance
to mycotoxins and do not accumulate them; however,
YMW appeared to metabolise mycotoxins differently
(Bosch et al., 2017). Multiple studies showed that YMW
larvae partially converted mycotoxins to metabolites
found in frass. For example, AFB1 to aflatoxin M1 (AFM1)
(Bosch et al., 2017), AFB1 to possibly aflatoxin Q1 (AFQ1)
and AFM1 (Mancini et al., 2020), and AFB1 to AFM1,
AFP1, and unknown metabolites AF-OH (Gützkow et al.,
2021), AFB1 to 13 metabolites (Zhao et al., 2022), DON
to 3-ADON and unknown metabolites (Ochoa Sanabria
et al., 2019), and ZEN to α-zearalenol (α-zel) and β-
zearalenol (β-zel) (Niermans et al., 2019). Another study
also reported that up to 41% of the DON present in feed
substrates was excreted by YMW, and the remaining
could not be accounted for, suggesting that DON might
have been metabolised by the larvae (Van Broekhoven
et al., 2017).

Camenzuli et al. (2018) reported that, like BSFL, LMW
larvae excreted or metabolised AFB1, DON, OTA, and
ZEN present in their feed substrates. Leni et al. (2019)
showed that DON and FB2 were found in LMW frass;
however, the mass balance calculation of mycotoxins in
LMW was always <60%, indicating partial metabolism
into unknown metabolites. Similarly, Meijer et al. (2022)
found that LMW larvae appeared to be highly resistant

to AFB1, and its concentration in the excreta was up
to 40% of the spiked concentration in the substrates.
However, it was not clear if the remaining amount was
detoxified or converted into unknown metabolites.

From the findings above, it can be concluded that
available data on mycotoxins and their metabolites
in insect larvae and frass suggest that certain insect
species (e.g. BSFL, YMW, and LMW) have been observed
to excrete or metabolise mycotoxins present in their
feed substrate without necessarily accumulating them
in the larvae, highlighting the potential occurrence of
(unknown) mycotoxins metabolites in insect frass.

Dioxins, dioxin-like-PCBs and PAHs
Dioxins, dioxin-like polychlorinated biphenyls (dl-like
PCBs), and polycyclic aromatic hydrocarbons (PAHs)
are toxic environmental pollutants that can contami-
nate crops and their products. As insects are reared on
various kinds of waste streams, these pollutants might
be found in the insect larvae as well, prompting an eval-
uation of their occurrence in frass. Data on the occur-
rence of dioxins, dl-PCBs, and PAHs in insect frass are
limited, as previous studies mostly focused on the occur-
rence of these pollutants in the larvae.

Van der Fels-Klerx et al. (2020) examined dioxin,
dl-PCB, and PAH concentrations in substrates, BSFL,
and the residual materials of BSFL fed with supermar-
ket waste. The study reported that the concentrations
of dioxins and dl-PCBs (WHO-2005- PCDD/F-PCB-TEQ
upper bound) were slightly higher in both BSFL and
residual materials (0.3-0.4 ng TEQ/kg dry weight (dw))
than in the initial substrates (0.2-0.3 ng TEQ/kg); con-
centrations in the substrates and larvae were below EU
limits for feed materials at the time of the study. Mean-
while, the concentration of PAH-16 (upper bound) was
considered low, i.e. 1.9-6.6 μg/kg dw in the substrates,
1.9-2.1 μg/kg dw in the larvae, and 2.1-5.2 μg/kg dw in the
residual materials. In agreement with van der Fels-Klerx
et al. (2020), our experimental data results (unpub-
lished data) showed that dioxin and dl-PCB concentra-
tions varied across frass samples (n = 8) (0.022-0.340 ng
TEQ/kg product) and were generally higher than in the
corresponding substrates (0.019-0.023 ng TEQ/kg prod-
uct). Based on the findings on BSFL, the accumulation
of dioxins and dl-PCBs can be expected in other insect
species reared for food and feed (van der Fels-Klerx et
al., 2020). These findings also show a possibility that
dioxins and dl-like PCBs can be expected in insect frass.
However, their pathway of occurrence in frass is not yet
understood, e.g. whether from excreted compounds or
exuviae.
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Pesticide residues
Pesticide residues may be present in substrates derived
from plant materials and agricultural production waste.
To date, few studies have been performed to investi-
gate pesticide residues in insect larvae but not in frass.
Van der Fels-Klerx et al. (2018) reported that tested pes-
ticides did not accumulate in insect species BSFL and
YMW; available data on insects grown for food and feed
suggested that pesticide accumulation in insect larvae
is not likely a food safety concern (Meyer et al., 2021).
Nonetheless, understanding the fate of pesticides dur-
ing insect rearing can help understand their likelihood
to be present in the frass. For example, no accumula-
tion of two fungicides (azoxystrobin and propiconazole)
was detected in BSF larvae grown in a composting sys-
tem, with degradation linked to microbiological activity
being the possible cause (Lalander et al., 2016). Simi-
larly, Purschke et al. (2017) reported that when BSFL fed
with maize spiked with chlorpyrifos and chlorpyrifos-
methyl (3 mg/kg) and pirimiphos-methyl (0.5 mg/kg),
no absorption and accumulation of these insecticides
were observed, nor were there any effects reported on
the larval biomass. From multiple pyrethroid insecti-
cides in the feed substrates, only bifenthrin was accu-
mulated in the larvae, as shown with a bioaccumulation
factor (BAF) of 2.17 (Li and Bischel, 2022). A BAF is cal-
culated by dividing the concentration of the contami-
nant in the substrates by the concentration in the larvae;
BAF > 1 indicates bioaccumulation of the contaminant
in insect larvae (van der Fels-Klerx et al., 2020).

In studies involving YMW, low accumulation of some
pesticides (benalaxyl, myclobutanil, and epoxicona-
zole) could be associated with metabolism, degradation,
and active excretion (Gao et al., 2013; Lv et al., 2013; Lv
et al., 2014). Houbraken et al. (2016) reported that YMW
larvae exposed to carrots spiked with 12 pesticides with
a log octanol-water partition coefficient (log Kow) rang-
ing from −2.63 to 6.4 showed a trend that pesticides
with higher log Kow values appeared to bioaccumulate
more in the larvae, while pesticides with lower Kow were
excreted. The extent to which the polarity of a sub-
stance affects bioaccumulation and how this applies to
other lipophilic persistent organic pollutants (POPs) is
unclear but should be a point of further investigation.

Our experimental sample results (unpublished data)
showed that from a wide range of pesticides screened as
laid down in Directive 2002/32/EC and Regulation (EU)
396/2005, only a few pesticide residues were detected in
4 out of 8 of frass samples, with cypermethrin being the
most frequently detected residue. The concentration of
the pesticide residues in frass was generally higher than

in the corresponding substrates. Interestingly, some pes-
ticide residues that were not initially present in sub-
strates were found in frass samples; however, the reason
for such occurrence is unclear. Altogether, findings from
multiple studies suggested that pesticide residues may
constitute a safety concern in frass due to excretion or
the possibility of the substances remaining in the undi-
gested substrates (i.e. no bioaccumulation).

Heavy metals
Heavy metal accumulation (measured as a bioaccumu-
lation factor (BAF)) in insects depends on the type of
heavy metal, insect species, substrate, and possibly the
presence of packaging materials of the substrate (Truzzi
et al., 2019; van der Fels-Klerx et al., 2020). Some heavy
metals are known to accumulate in the larvae, such as
cadmium (Cd) in BSFL and arsenic (As) in YMW larvae
(van der Fels-Klerx et al., 2016). Fewer studies investi-
gated the concentration of heavy metals in frass. These
studies were performed from the rearing of BSFL and
YMW larvae.

Cai et al. (2018) found that BSFLs were highly toler-
ant to heavy metals in the diet. Concentrations in the
treatment residues were considered low, i.e. mercury
(Hg) 1.5 mg/kg dw, lead (Pb) 60.9 mg/kg dw, and Cd
1.1 mg/kg dw. These values were lower than Chinese
standards for fertilisers and EU limits, except for Hg
(EU limit 1 mg/kg dm) (European Commission, 2019).
Another study reported that Cd and Pb tended to bioac-
cumulate in BSFL and were found in slightly higher con-
centrations in the residual substrate than in the initial
substrates (in initial substrates and residual substrates,
respectively, for 1.5 and 1.8 mg/kg for Cd and 15.2 and
19.8 mg/kg for Pb). Likewise with other heavy metals,
concentrations in initial substrates and residual sub-
strates were, respectively, 15.2 and 19.7 mg/kg for nickel
(Ni), 3 and 3.8 mg/kg for As, and 0.2 and 0.3 mg/kg for
Hg (speciation unknown) (Purschke et al., 2017). Diener
et al. (2015) reported that the BAF of metals (Cd, Pb, zinc
(Zn)) varied across BSF life stages. This study reported
that Cd accumulated in BSFL with BAF ranged from 2.46
to 2.79. Meanwhile, Pb did not accumulate in BSFL (BAF
values < 1 to ~1) but accumulated in the exuviae (BAF
1.9 to 2.56). Moreover, a recent study showed that most
heavy metals and non-essential elements (Zn, molybde-
num (Mo), iron (Fe), cobalt (Co), Pb, As) from the sub-
strates were partitioned into the residues and not into
mature BSFL and their concentrations in the residues
were significantly higher than in the larvae and sub-
strates, suggesting that BSFL had low bioaccumulation
and could demonstrate a mechanism to excrete them
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(Bohm et al., 2022). Proc et al. (2020) also reported that
the concentration of some elements and metals, includ-
ing As, Cd, Hg, and Pb, were higher in residual substrates
than in the initial substrates.

YMW exhibited differences in Cd concentrations in
larvae and adult stages, during which Cd concentrations
decreased during moulting (Lindqvist and Block, 1995).
Van der Fels-Klerx et al. (2016) reported that Cd and
Pb did not bioaccumulate in YMW larvae. This study
also reported that residual materials of YMW rearing
(excreta and leftover substrates) contained high Pb con-
centrations up to sixty times that of Pb in YMW lar-
vae (<limit of detection 0.1 mg/kg). Truzzi et al. (2019)
assessed multiple heavy metals (Cd, Pb, Ni, As, Hg) in
YMW larvae, feed, and frass and reported that Hg and
Pb tended to bioaccumulate in the larvae (BAF 1.5 to 6.9
and BAF 5 to 34 for Hg and Pb, respectively). Meanwhile,
Cd, Ni, and As were (partly) excreted and did not bioac-
cumulate (BAF < 1).

Our sample results (unpublished data) showed that
heavy metal concentrations in frass samples (n = 8)
were generally higher than in the corresponding sub-
strates, except for Cd in BSFL frass and Hg, which was
not detected in all samples. Past studies showed that
the occurrence of heavy metals in the residual materi-
als of insect farming can vary depending on the types
of heavy metals and insect species. The mechanisms of
how these heavy metals are present in the frass also
vary, e.g. via excretion of faeces or from undigested sub-
strates. Undigested substrates tend to have a lower dry
matter due to evaporation and, consequently, a higher
concentration of heavy metals when compared to the
concentration in initial substrates. Limited uptake of
certain heavy metals could also influence the concentra-
tion of the respective metals in the residual materials.

Veterinary drugs
Insects grown on animal by-products (e.g. manure) may
be exposed to residues of veterinary drugs adminis-
tered to the animals. Additionally, veterinary drugs (i.e.
antibacterial and antifungal agents) may also be sprayed
or mixed with the substrate to combat infection from
insect pathogens and reduce the probability of insect
mortality (van der Fels-Klerx et al., 2018). Data on the
presence or possible accumulation of veterinary drugs
in reared insects are limited (Meyer et al., 2021), likewise
in frass.

From these available data, it was concluded that
residues from some veterinary drugs could be found
in edible insects and may affect larval growth and the
safety of insect products. For instance, salicylic acid and

metoprolol were found in BSFL, LMW, and HC larvae
(De Paepe et al., 2019). Lalander et al. (2016) showed
no bioaccumulation of carbamazepine, roxithromycin,
or trimethoprim in BSFL, suggesting substance degrada-
tion associated with microbiological activity. Altogether,
these studies showed that insect larvae could degrade
or metabolise veterinary drugs in the substrates. More-
over, Hoek-van den Hill et al. (2021) also reported that
the “natural breakdown” of these drugs could also occur
during insect rearing. That study reported that the mass
balance calculation for the tested drugs showed that, on
average, <40% of the initial amount in the substrates
was found back in the larvae and residual materials. The
remaining amount could be accounted as missing, pos-
sibly due to the natural breakdown of the compounds
as observed in the experimental treatment of substrates
in the absence of larvae in the respective study. The
authors did not elaborate on the exact mechanism for
this natural breakdown.

To summarise the findings on the chemical safety of
insect frass, one main route of insect exposure to chemi-
cal hazards is via the feed substrates in which insects are
reared (Meyer et al., 2021). Therefore, the chemical haz-
ards in frass might also vary depending on the substrate
composition. In addition to the substrate, the poten-
tial bioaccumulation and metabolism of these hazards
also depend on the insect species and growth phase. As
insects are commonly reared on a range of agricultural
side streams and studies on the occurrence of various
chemical hazards on insect frass reared on different sub-
strates are still limited, obtaining these data would be
valuable to assess and manage the corresponding safety
and risks regarding frass application in agricultural pro-
duction.

Microbiological safety of insect frass
In addition to chemical safety, insect frass must adhere
to microbiological safety standards to be applied in
agricultural production. Based on the existing literature
addressing microbiological safety in insect frass, the pre-
dominant emphasis (within the 55 studies selected) has
been on insects as food and feed, with comparatively
limited attention directed towards the assessment of
frass. Further, findings in the literature mainly refer to
BSFL and YMW frass (summarised in Supplementary
Table S2). With the growing industrial production of
insects and the large volumes of frass generated this way,
the microbiological quality of the frass, when employed
in agriculture, should gain importance.

In general, untreated insect frass may be highly con-
taminated with microorganisms, as reported for total
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viable counts (TVCs, up to 10.5 log colony forming units
(cfu)/g), numbers of Enterobacteriaceae (up to 9.3 log
cfu/g), lactic acid bacteria (up to 8.7 log cfu/g), bacte-
rial endospores (up to 7.7 log cfu/g), and fungi (up to
9.0 log cfu/g) in BSFL and YMW frass obtained from sev-
eral substrates (Gold et al., 2020; Mancini et al., 2019a;
Osimani et al., 2018, 2019, 2021; Van Looveren et al.,
2022a; Wynants et al., 2019b). Studies on the occurrence
of foodborne viruses or parasites in insect frass were not
found in the selection of available literature.

Several species within the following microbial groups
may be potential human pathogens, such as the enter-
obacteria Salmonella and Escherichia coli, lactic acid
bacteria from the genus Enterococcaceae, and the en-
dospore-forming bacteria Bacillus cereus and Clostrid-
iumperfringens. Furthermore, the presence of fungi may
result in mycotoxin production. To a limited extent,
some of these potential food-borne pathogens have
specifically been investigated. For instance, Osimani et
al. (2018) investigated the presence of Salmonella spp.
and Listeriamonocytogenes in two batches of YMW frass
obtained from rearing on wheatmeal, but the pathogens
were not detected (in 25 g). Mancini et al. (2019a)
reported the absence of E. coli and B. cereus in YMW
frass (wheat bran substrate supplemented with potato
slices). Van Looveren et al. (2022a) reported the absence
of Salmonella in BSFL frass (with chicken feed as sub-
strate) and additionally did not detect Clostridium per-
fringens counts above the detection limit of 1.0 log
cfu/g (both for endospores and total counts). In another
study, however, Clostridium perfringens vegetative cells
and endospores were detected up to 2.2 log cfu/g in the
frass of BSFL (reared on a mixture of potato starch, a
wheat and potato processing product and protein kib-
bles) (Van Looveren et al., 2022b). Salmonella Agona
and B. cereus were also detected in BSFL frass origi-
nating from different substrates (Wynants et al., 2019a).
Finally, Gold et al. (2020) summarised the major bacte-
rial genera that were already identified in BSFL frass, as
determined by DNA-based techniques. This list includes
the genera Clostridium and Bacillus, both of which con-
tain pathogenic species.

In addition to the data found in the literature, our
sample results (unpublished data, n = 8) showed simi-
lar TVC results as in the literature, i.e. the TVCs of the
frass samples were, on average, between 7.2 and 10.5
log cfu/g. In general, TVCs increased from the initial
substrate towards frass. This result may have occurred
from a combination of microbial growth in the substrate
and the insect, which may both provide favourable
niches for the proliferation of certain microbial species.

Regarding the food-borne pathogens investigated, C.
perfringens, S. aureus, L. monocytogenes, Campylobacter
spp. and Salmonella spp. were not detected. (Presump-
tive) B. cereus, on the other hand, was detected in 5 out
of 8 frass samples, up to an average of 5.8 log cfu/g. In
most cases, the substrate used in the rearing cycle that
was sampled for frass was contaminated with B. cereus
as well, but at a (slightly) lower level. The highest counts
were observed for HC frass samples, but at least one frass
sample for all insect species contained B. cereus.

More in-depth, a few studies have investigated the
fate of food-borne pathogens in substrates, insects, and
frass after artificial inoculation during insect rearing.
For instance, Cesaro et al. (2022) monitored the persis-
tence of E. coli during the rearing of YMWs. Here, it was
observed that, after successful inoculation of the sub-
strate (wheat middlings) and independent of the inocu-
lation level, E. coli did not accumulate in the frass (limit
of detection 1.0 log cfu/g). Mancini et al. (2019b), on the
other hand, observed that L. monocytogenes persisted
in the frass after inoculation of the substrate (brewer’s
spent grain and bread). For BSFL, De Smet et al. (2021)
studied the dynamics of Salmonella spp. during rearing
on inoculated chicken feed as substrate. In this case,
the pathogen was able to grow in the substrate, and
the BSFL frass was observed to contain up to 8.3 log
cfu/g Salmonella spp. after 6 days of rearing. In a similar
experiment by Wynants et al. (2019b) for YMW, a reduc-
tion in Salmonella counts was observed instead. Alto-
gether, these results indicate that when contamination
of a certain pathogen should occur (e.g. via substrate,
insect, or rearing environment), it depends on the rear-
ing substrate and both the insect and bacterial species
whether the pathogen persists in the rearing cycle and
may end up in the frass.

Potential applications of frass in agricultural
production
The potential use of frass as fertiliser is characterised
by the nutrient contents (NPK), particularly N. Table 1
shows that NPK content in frass may vary by species and
feed substrates. Utilising nutrient contents in frass as a
substitute for mineral fertilisers not only improves the
circularity of the insect industry but also reduces the
global warming potential from the production and use
of mineral fertilisers (Mannaa et al., 2024; Salomone et
al., 2017). Several experiments indicated that insect frass
can have a similar nutritional value as other manure
types or chemical fertilisers (Chirere et al., 2021; Klamm-
steiner et al., 2020; Setti et al., 2019). Yet, the application
of excessive quantities could lead to plant growth inhi-
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bition (Borkent and Hodge, 2021; Chiam et al., 2021;
Kawasaki et al., 2020).

There are potential solutions to improve the effi-
ciency of frass as fertiliser, e.g. combining the appli-
cation of frass with earthworms or other substances
like nitrification inhibitors or mineral nitrogen fertilis-
ers and processing frass before application. Dulaurent
et al. (2020) indicated that earthworm activity in pots
can enhance the short-term recycling of nutrients. The
combined use of frass and the addition of nitrification
inhibitors could also result in yield gains and prevent
nitrite accumulation (Watson et al., 2021a). Finally, the
combined use of a mineral nitrogen source and frass
may be necessary to compensate for this and improve
the synchronisation of nitrogen release for optimal
plant growth (Beesigamukama et al., 2021; Esteves et
al., 2022; Tanga et al., 2022). The latter is important as
both immobilisation of nitrogen (Beesigamukama et al.,
2021; Esteves et al., 2022; Kagata and Ohgushi, 2013) and
rapid mineralisation (Chiam et al., 2021; Houben et al.,
2020; Klammsteiner et al., 2020; Temple et al., 2013) are
possible and likely depending on the C/N ratio and/or
application dose of the frass (Rummel et al., 2021).

Furthermore, high N (ammonia (NH3) and N2O) and
C (mainly CO2) losses may occur in two possible mech-
anisms, i.e. due to soil microbiome activity (Rummel
et al., 2021) or volatilisation (Gärttling et al., 2020).
The latter mechanism could be observed in frass with
high pH and ammonium content (such as BSFL frass)
whereby CO2 is released due to breakdown of organic
materials, while NH3 becomes gaseous as pH increases
(Gärttling et al., 2020). The soil microbiome may also
decrease oxygen levels during the degradation of the
organic carbon in the frass, resulting in adverse effects
on root respiration (Arabzadeh et al., 2022). Frass can
be applied directly as fertiliser or applied after a fur-
ther processing step like composting, vermicomposting,
or anaerobic digestion (Lopes et al., 2022). Composting
frass may increase the possible application rate (from
10 to 40%) potentially by reducing the phytotoxicity
of frass (Song et al., 2021). Some studies have investi-
gated the performance of applying insect frass (partic-
ularly BSFL frass) as fertilisers with promising results
as it produced comparable results compared to fertilis-
ing with other fertilisers, for example, in chilli pepper
Quilliam et al. (2020) and maize (Beesigamukama et
al., 2020). In comparison to compost, fertilisation using
YMW frass resulted in significantly higher (16-fold) edi-
ble plant parts of various vegetables (Hénault-Ethier et
al., 2023).

Aside from fertiliser, another potential use of frass
in agricultural production is as a soil improver. Soil
improvers can affect plant growth by improving the
physical and biological properties of the soil, such as
water retention, aeration, and microbial activity and
diversity (European Commission, 2019). Schmitt and de
Vries (2020) argued that adding BSFL frass to soil is ben-
eficial for the plant/insect ecosystem, for example, by
the production of more flowers per plant. Watson et al.
(2021b) reported that frass application in the soil is suit-
able for ameliorating heavy-metal-contaminated soils as
these metals (Cd, Cu, Ni, Zn) may sorb to functional
groups in the frass.

Frass also has the potential to improve plant growth
and health, for instance, as a biostimulant and biocon-
trol. Biostimulant potentials in frass have been reported
in past studies. For example, Radzikowska-Kujawska et
al. (2023) showed that frass application could mitigate
drought and promote basil plant growth. Likewise, frass
application was reported to reduce salinity stress in
lettuce plants (Cardarelli et al., 2023). Frass can also
have a significant positive effect on plant growth on top
of the fertilisation potential, even in small additions.
For example, 0.1% of HC frass resulted in a significant
improvement in tomato plant height (+3%), stem diam-
eter (4%), and the number of leaves (8%), while 0.5%
and 1% decreased all those values (Ferruzca-Campos et
al., 2023).

Biocontrol properties of insect frass can be divided
into three categories: (1) reducing the likelihood of pest
infestation of the plant, i.e. preventing oviposition, (2)
reducing the effects of the pest infestation on the plant,
and (3) direct stimulation of plant growth, with these
effects not being mutually exclusive. Multiple studies
have documented the deterrent effect of the frass of
non-food and feed insects on the oviposition of pests.
For example, Hashem et al. (2013) reported that an
extract of Spodoptera littoralis (L6) frass resulted in a
complete prevention of S. littoralis and 99% prevention
of Agrotis ipsilon oviposition. Oviposition deterrence of
frass on conspecifics has been reported for several other
species as well: Monochamus alternatus (Anbutsu and
Togashi, 2002), Ostrinia sp. (Ditrick et al., 1983; Li and
Ishikawa, 2004), and S. frugiperda (Williams et al., 1986).
Besides chitin, which has a deterrent effect on pest
oviposition, some studies reported that some chemical
agents found in frass also showed similar effects (Zhang
et al., 2019; Shah et al., 2020; Roh et al., 2023; McFarlane,
1984; Weaver et al., 1990). For example, pentacosane,
linoleic acid, and a few other chemicals identified in the
frass of Phthorimaea operculella acted as a deterrent for
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the same species (Zhang et al., 2019), while linoleic acid
deterred Pectinophora gossypiella (Shah et al., 2020) and
Bactrocera dorsalis (Roh et al., 2023). Volatile fatty acids
found in the frass of both cockroaches (propionic, isova-
leric, and valeric acid) and YMW (butyric and propionic
acid) repel the presence of conspecifics (McFarlane,
1984; Weaver et al., 1990). On the other hand, for both
species, lactic acid was also found in the frass of those
species, which attracted conspecifics (McFarlane and
Alli, 1986; Weaver et al., 1989). Whether or not a specific
compound in the frass is a deterrent is frequently tested
individually, while frass will always contain a blend of
chemicals that may work antagonistically or synergis-
tically. Furthermore, it is possible that the frass has no
direct effect on the pest species’ oviposition rate but
may attract predators. The frass of Dendroctonus valens
elicited a high oviposition rate in Rhizophagus grandis,
a predator of that species (Grégoire et al., 1991). A more
extensive review of oviposition deterrents was written
by Kumari and Kaushik (2016).

Besides the direct deterrent effect, frass can reduce
the effects of pest species or diseases. These reduced
effects may occur from the anti-herbivore jasmonic acid
(JA) pathway being triggered (Blakstad et al., 2023) or
the antagonistic salicylic acid (SA) immune response
pathway. Frequently, this is linked with the presence of
chitin (Sharp, 2013), yet other substances may also play
a role, or the effect is indirect by an alteration of the
soil microbiome (Barragán-Fonseca et al., 2022). Wan-
tulla et al. (2023a) observed a reduced survival of the
cabbage root fly larvae (Delia radicum) when BSFL exu-
viae were mixed with the soil (0.5%) or when frass was
used (1%). However, this was not observed when YMW
or HC exuviae were used, indicating that the effects can
be insect species-specific. This result may, in part, be
due to changes in the microbiological community of the
rhizosphere. The exuviae of HC, BSFL, and YMW stim-
ulated bacterial growth but reduced diversity, and the
bacterial communities were different for exuviae from
different insect species. BSFL exuviae specifically stim-
ulated the genus Pseudomonas and Burkholderiaceae for
a prolonged period (Wantulla et al., 2023b). Previous
studies indicated that Pseudomonas may both promote
plant growth and control pest species and plant diseases
(Kupferschmied et al., 2013). Similarly, members of the
Burkholderia genus may also exhibit activity against
plant pathogens or pest species (Cordova-Kreylos et
al., 2013; Eberl and Vandamme, 2016). Another exam-
ple comes from Quilliam et al. (2020), who observed
significantly fewer dead plants during a Fusarium wilt
(Fusarium oxysporum) outbreak in plots treated with

BSFL frass compared to the control, potentially related
to the chitin in the frass. In contrast to the previous
examples, frass of the Colorado potato beetle (Leptino-
tarsa decemlineata) may suppress the defence response
of the treated crop (Gao et al., 2022) and frass of S.
frugiperda may suppress caterpillar-induced defences
(JA pathway) but also suppresses the performance of
the corn leaf aphid (SA pathway, Rhopalosiphummaidis)
(Ray et al., 2020). This result indicates the complexity of
the plant/host interactions when using frass, as it may
depend on the species producing the frass, the compo-
sition of the frass, the target plant, the target organism,
and/or even the involved plant organ (Ray et al., 2016).

Possible effects of hazards in frass after agricultural
application
As elaborated above, frass has the potential to be a fertil-
izing product, given its macronutrient content and the
presence of other compounds that can have potential
effects on plant health. Moreover, findings from pub-
lished studies showed that a range of chemical contami-
nants and microorganisms (including pathogens) could
be present in insect frass, mainly because they were ini-
tially present in the feed substrates and due to microbial
colonisation during rearing, as explained in the previous
sections. Therefore, valorising insect frass for agricul-
tural production warrants further attention on the fate
of these hazards after application, for example, if cer-
tain contaminants will transfer and accumulate in the
environment or be taken up by and transferred to the
different parts of the plants (food and non-food crops)
or livestock animals (Figure 2).

Available data on microbiological safety showed that
the transmission of potentially harmful microorgan-
isms like C. perfringens, B. cereus, L. monocytogenes,
Salmonella spp. and others from substrate to insects and
their frass may be possible. While no data are currently
available on the further transfer of these pathogens to
the food chain via the application of frass in agriculture,
it can be expected that pathogen presence in frass may
entail health risks further in the food chain, e.g. for farm
animals and/or consumers. Studies on the transfer of
chemical contaminants in frass to plants and environ-
ments are limited (i.e. only the transfer of Cd in BSFL
fertilisers to soil and plants has been studied by Wang
et al. (2022a)) and therefore recommended for future
research. In order to bridge this knowledge gap, stud-
ies on animal manure fertilisers were considered in this
analysis as they may contain food safety hazards similar
to those of frass.
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Figure 2 Possible effects of hazards in frass after frass application for agricultural production.

Plants can take up chemical contaminants from the
environment, consequently affecting plant health and
growth as well as posing safety risks if the accumu-
lated contaminants translocate to the edible parts of
the plants (Olowoyo and Mugivhisa, 2019). As elabo-
rated in the previous section, multiple studies reported
the occurrence of mycotoxins and their metabolites in
insect frass, mainly from BSFL and YMW larvae. This
observation raises a concern about whether frass also
contains mycotoxin-producing fungi. Gold et al. (2023)
reported that in BSFL frass contaminated with aflatoxins
and other mycotoxins, Aspergillus fungi-producing afla-
toxins were not detected in the frass. Likewise, Fusarium
spp. was not detected in YMW frass containing DON
(Ochoa Sanabria et al., 2019). These findings suggest that
at least these mycotoxin-producing fungi groups will not
propagate in the soil following frass application. Van
Huis et al. (2013) also suggested that stabilizing residual
materials after insect larvae consume the feed substrate
will keep nitrogen fixed, thus minimising moulds and
mycotoxins formation thereof in frass, as in the case of
BSFL reared on brewers’ and distillers’ grains. It is worth
noting that this mitigation strategy could be applicable
to minimizing mould growth in residual materials and
thus did not account for mycotoxins that are already
present in the feed substrate (i.e. distiller’s grains).

Some chemical contaminants like dioxins and dl-
PCBs are persistent pollutants and take a long time to
break down once present in the environment (Stock-
holm Convention, 2004). Dumortier et al. (2012) as-
sessed the potential transfer of dioxins from various
fertilisers to soil. They reported that manure fertilisa-
tion resulted in <1 ng TEQ/m2 dioxins transfer to soil,
which was relatively lower than other organic fertilis-
ers (Dumortier et al. 2012). Dioxins in the environment

(soil, sediment, and air) accumulate in the food chain,
mainly in animal fatty tissues, consequently posing food
safety risks as dioxins can be present in animal-derived
food (Adamse et al., 2017; Weber et al., 2018). Similarly,
plant tissues may accumulate dioxins, thus affecting
plant health and constituting potential contamination
of crops used for feed or food (Chen et al., 2023; Hanano
et al., 2018; Mierzejewska-Sinner et al., 2024).

Plants can take up pesticide residues present in the
agricultural soil, although various factors influence the
uptake process (Sandanayake et al., 2022). No stud-
ies were found that investigated the fate of pesticide
residues in insect frass when applied in agricultural
production, for instance, as fertiliser. Like insect frass,
animal manure may contain pesticide residues trans-
ferred from the fodders or feed (Bruinenberg et al.,
2023). Muola et al. (2021) reported that applying poultry
manure contaminated with glyphosate decreased plant
growth and reproduction in forage grass (Festuca praten-
sis) and strawberry (Fragaria x vescana); however, this
study did not measure the concentration of glyphosate
in the edible parts of forage grass or strawberry.

Heavy metals are widely present in the environment
and can be taken up by plants, leading to adverse
impacts on plant growth and feed/food safety (Alenge-
bawy et al., 2021; Vasilachi et al., 2023). Like frass, fertilis-
ers derived from animal by-products (e.g. manure) and
other organic materials (e.g. effluents, sludge, wastewa-
ter) may contain heavy metals, and long-term, contin-
uous application in agricultural soil may result in soil
contamination by toxic metals, leading to contamina-
tion in crops grown in the respective soil (Nookabkaew
et al., 2016; Olowoyo and Mugivhisa, 2019; Zhao et al.,
2014). Studies have documented the ability of differ-
ent plants to be either excluders or bioaccumulators of
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Table 2 Microbiological standards applying to the placing of insect frass on the EU market as fertiliser (Regulation (EU) 2021/1925 and
Regulation (EU) 142/2011)

Sampling moment Microorganism Sample number (n) Criteria
c m M

During or immediately after processing Escherichia coli 5 5 0 1000
OR
Enterococcaceae 5 5 0 1000

During or on withdrawal from storage Salmonella 5 0 0 0
absence in 25 g

n = number of samples to be tested; c = number of samples for which the bacterial count in cfu/g may be between m and M; m = threshold
value (lower limit) for the number of bacteria;

M = maximum value (upper limit) for the number of bacteria; if the bacteria number for one sample exceeds M, the batch is considered
insufficiently processed.

heavy metals from the soil; however, several other fac-
tors may affect the uptake of toxic metals (Olowoyo and
Mugivhisa, 2019).

Studies investigating an integrated approach to the
possible transfer of heavy metals in insect substrates
to frass and the corresponding application are limited.
Wang et al. (2022a) investigated Cd concentration in
frass obtained from BSFL reared on Cd-contaminated
substrates and the impact of applying such frass to
soil and maize. The results showed that around 61.2-
73.5% of Cd in the substrates were found in frass,
and Cd content in the soil and maize increased fol-
lowing frass application, indicating Cd transfer from
frass to soil and plants. However, only the applica-
tion of frass obtained from high Cd contamination
in substrates (30 mg/kg) significantly hampered maize
growth. In contrast, Watson et al. (2021b) observed that
the application of BSFL, YMW, and LMW frass can
amend heavy metals-contaminated soil by reducing the
bioavailability of heavy metals in soil. Two studies in
China also reported that applying BSFL frass in heavy
metal-contaminated soil could reduce the accumula-
tion of heavy metals in rice plants and brown rice; these
studies did not measure heavy metal concentrations in
the frass (Geng et al., 2022; Wang et al., 2022b).

Mitigation strategy
Mitigation strategies on chemical and microbiological
safety risks following frass application in agricultural
production cannot be separated from the insect-rearing
stage. First, performing risk assessments on substrates
for insect rearing and frass before its utilisation would
be a valuable approach. This approach would not only
increase the available data on relevant hazards related
to insect frass but may also better prioritise hazards for

further mitigation measures. Since both nutrients and
contaminants are partially dependent on the feed sub-
strates, having standardised requirements on substrates
could be helpful in reducing variability in both aspects,
resulting in more consistent nutrient contents and min-
imising the presence of hazards. For example, to moni-
tor/ limit the occurrence of hazards in frass, the require-
ments for insect feed substrates can include maximum
limits of hazards.

Secondly, a treatment of frass may be necessary to
minimise microbiological and chemical safety risks. The
placing on the market of insect frass as fertiliser is
harmonised by Commission Regulation (EU) 2021/1925
and Regulation (EU) No 142/2011, provided that the
frass is subject to heat treatment of at least 70 °C
for at least 60 min and representative samples must
be taken to monitor the compliance to microbiologi-
cal criteria (Table 2) for E. coli or Enterococcaceae and
Salmonella. Next to heat treatment, measures must be
taken accordingly to reduce spore-forming bacteria and
prevent toxin formation in case they would represent
relevant hazards. The section in Regulation (EU) No
142/2011 containing the conditions for the placing on
the market of frass also mentions an alternative stan-
dardised process to the parameters (70 °C for 60 min)
mentioned earlier: the competent national authority
may authorise different parameters if the applying com-
pany “demonstrates that such parameters ensure min-
imising of biological risks” (European Commission, 2011).
However, this alternative route is, at this time, not per-
mitted for insect frass. Regulation (EU) 2021/1925 and
Regulation (EU) 142/2011 have specifically addressed
microbiological criteria on frass; requirements on chem-
ical contaminants are not included in these regulations.
Furthermore, Regulation (EU) 2019/1009 on fertilising
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product regulation set maximum levels of chemical con-
taminants (i.e. heavy metals) for fertilising products (e.g.
fertiliser, soil improver, and biostimulants).

While limited data is available, it can be stated that
direct microbiological risks associated with insect frass
are limited to two foodborne pathogens, i.e. B. cereus
and C. perfringens. Since they are occasionally detected
in frass samples and since these microorganisms may
survive heat treatments in their endospore form, both
organisms should be taken into account in the con-
text of insect frass risk management. Also, L. monocyto-
genes and Salmonella were microorganisms that, if they
colonise the rearing cycle, may persist and end up in
insect frass. For these bacteria, however, a heat treat-
ment as required by Regulation (EU) 2021/1925 should
be sufficient to reduce the microbiological food safety
risks they induce. Van Looveren et al. (2022a) investi-
gated the effect of the required heat treatment on BSFL
frass as required by Regulation (EU) 2021/1925. They
concluded that heat treatment of 60 min at 70 °C only
had a limited effect on the TVC and bacterial endospore
count of the BSFL frass (Van Looveren et al., 2022a).
The latter is important to consider since endospore-
formers like B. cereus and C. perfringens may be linked
to insect frass samples, as described above. Moreover,
it was observed that the heat treatment was effective
in eliminating high numbers of Salmonella and other
Enterobacteriaceae. Similarly, a preliminary study by De
Volder et al. (2022) concluded that the effect of the
legally prescribed heat treatment on frass depends on
the insect species the frass was derived from and may
differ for samples from a different origin. For example,
for YMW frass, the heat treatment of 60 min at 70 °C was
insufficient to eliminate the Enterobacteriaceae. In this
regard, it was stipulated that the water activity (aw) and
moisture content of the frass are important parameters
that determine the effectiveness of the heat treatment.

Although heat treatment is necessary to eliminate
microbiological hazards in frass, such a heat treatment
may simultaneously jeopardise the potential of frass
for agricultural application since it may change nutri-
ent and biostimulant profiles as well as destroy plant
growth-promoting rhizobacteria (PGPR) (Barragán-Fon-
seca et al., 2022). As suggested by Lopes et al. (2022),
future challenges will, therefore, be to develop treat-
ment protocols that address (microbiological) health
risks while preserving the valuable frass attributes, like
nutritional and microbiological benefits (Lopes et al.,
2022). In this regard, the minimal reduction of TVC fol-
lowing the heat treatment of BSFL frass, as observed by
Van Looveren et al. (2022a), is encouraging.

Besides the legally required heat treatment, techni-
cally, frass can be directly applied as a fertiliser or after a
further processing step like composting, vermicompost-
ing, or anaerobic digestion (Lopes et al., 2022). Song et
al. (2021) reported that composting frass may increase
the possible application rate (from 10 to 40%) poten-
tially by reducing the phytotoxicity of frass (Song et al.,
2021). However, there is a lack of studies on the effects
of frass treatment and/ or processing on chemical con-
taminants or if such treatment and/ or processing to
remove chemical contaminants have been considered.
Future processing technologies should, therefore, simul-
taneously address both microbiological and chemical
hazards while preserving the benefits of frass. Conduct-
ing a risk-benefit analysis would then be recommended,
while other aspects such as economic analysis and life
cycle analysis of frass processing can be of importance
to understand the economic feasibility and environ-
mental impacts of frass valorisation.

4 Conclusions

Exploring the potential valorisation of insect frass for
agricultural production should include consideration of
frass contents (NPK, chitin) as well as chemical and
microbiological safety. Available data on frass content
show that frass has a promising potential as fertilisers
as well as effects on plant health. However, as insects
can be reared on various agricultural waste streams,
insect frass may contain or accumulate chemical con-
taminants present in the substrates (e.g. mycotoxins,
dioxins, heavy metals, pesticide residues, and veterinary
drugs) and human food-borne pathogens (e.g. C. per-
fringens, B. cereus, L. monocytogenes, Salmonella spp.).
Limited data on these hazards are available, suggest-
ing that the occurrence of chemical and microbiological
hazards in frass depends on the feed substrates, type
of contaminants/pathogens, insect species, and their
growth phase. Moreover, applying frass in agricultural
production raises the question of whether the hazards
will constitute safety risks in the crops and environ-
ment. Data on this topic are not yet widely available.
While no data are available, it can be expected that
pathogen presence in frass may entail health risks fur-
ther in the food chain. Additionally, studies on manure
and other organic materials applied as fertilising prod-
ucts (as a proxy to frass analysis) reported possible
transfer and accumulation of chemical contaminants to
soil and crops (in particular, heavy metals, dioxins, pes-
ticides, and veterinary residues). Moreover, frass treat-
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ment and/or processing prior to application might be
necessary to minimise hazards while simultaneously
preserving frass benefits. Heat treatments followed by
the minimal reduction of TVC seem encouraging in
achieving microbiological safety and preserving frass
benefits, while the effects of frass treatment and/or pro-
cessing of frass on chemical contaminants have not
yet been explored. Future technologies should, there-
fore, address both chemical and microbiological safety
in frass. Further studies are strongly recommended to
investigate data gaps valuable for prioritising hazards
and performing risk assessment, e.g. the occurrence of
hazards in insect frass (of different species reared on
various feed substrates) and the transmission of these
hazards to food/ feed crops and the environment from
frass application. Finally, a holistic evaluation covering
risk-benefit, economic, and environmental impact anal-
ysis can provide a comprehensive overview not only of
the safety but also of economic and circularity aspects
of frass valorisation for agricultural production.
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