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Frass from Tenebrio Molitor fed with polyurethane foams used as fertilizer determines 
the volatile organic compounds of Bellis perennis flowers
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Abstract. Frass, the excrement of Tenebrio molitor larvae, contains significant amounts of nutrients and 
beneficial microorganisms, making it a promising biofertilizer. However, frass derived from larvae fed 
with polyurethane (PU) foams remains largely unexplored. This study evaluated the growth and volatile 
organic compound (VOC) profiles of Bellis perennis cultivated with frass from T. molitor fed either bran 
(BRAN) or PU foams (PU), compared to plants grown with conventional chemical fertilizer (FERT). Plant 
growth, flowering, nutrient content in both plants and floral VOC emissions were analyzed. PU-derived frass 
showed higher nitrogen and calcium levels than BRAN-frass and resulted in increased flower production 
throughout the experiment, although plant biomass did not differ significantly among treatments. VOC 
analysis revealed distinct profiles associated with BRAN- and PU-derived frass, including compounds with 
known antimicrobial properties. These findings suggest that PU-frass is a viable biofertilizer for ornamental 
plants and may influence flower-associated chemical signaling.
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Introduction

The European Green Deal, which includes the 
“From Farm to Fork” strategy, aims to reduce the 
use of chemical pesticides by 50% and chemical 
fertilizers by 20% by 2030 (Montanarella and 
Panagos, 2021). Various managements allow 
farmers to reduce these agrochemicals without 
decreasing crop productivity. In some cases, 
productivity even increases. These management 
systems include organic agriculture, the use 
of organic amendments, biofertilizers, and 
biopesticides, integrated pest management, and 
the use of added-value tailored compost with an 

induced biofertilizer or biopesticide effect through 
composting management (Hernandez-Lara et al., 
2021, 2022). 

Edible insects are nothing new. They currently 
feed two billion people worldwide due to their rich 
protein content (Ordoñez-Araque et al., 2022). The 
mass production of the beetle Tenebrio molitor 
(mealworm) opens the possibility of obtaining 
new by-products for agricultural use, such as 
frass. This is the name given to insect excrement, 
which can be used in sustainable agriculture as 
an organic fertilizer and a biostimulant to increase 
plant tolerance under abiotic stresses and boost 
resistance to biotic stresses (Zunzunegui et al., 
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2024). In nature, insect frass is included in the 
nutrient cycle, forming a fundamental part of 
the exchange between plant material and soil 
(Poveda et al., 2019). It contains significant 
quantities of nutrients and beneficial microbes, 
making this product suitable for use in agriculture 
(Beesigamukama et al., 2023). Beesigamukama et 
al. (2022) compare the frass from nine insect species 
(H. illucens, Gryllus bimaculatus, Scapsipedus 
icipe, Bombyx mori, Gonimbrasia krucki, T. molitor, 
Schistocerca gregaria, Pachnoda sinuate, and 
Oryctes rhinoceros), reporting that not only does 
the frass of H. illucens and T. molitor have adequate 
contents of macronutrients and micronutrients, T. 
molitor frass also has the highest Mg and P content. 
Although the nutritional composition of frass mostly 
depends on the insects’ diet, in general, it contains 
a large amount of organic matter and an abundance 
of nutrients, such as nitrogen (N), phosphorus 
(P), and potassium (K), along with a narrow C/N 
ratio (Watson et al., 2022). The nitrogen supplied 
by frass is one of the most noteworthy aspects 
of its potential use as a fertilizer (Poveda et al., 
2019). Frass has also been found to enhance the 
soil’s microbial biomass and add biomolecules and 
microbes that promote plant’s growth (Watson et 
al., 2022) and antagonistic capacity toward various 
pathogens (Barragán-Fonseca et al., 2022) .

In 2020, a research by the European Bedding 
Industry Association showed that 49% of 
mattresses were landfilled in the European Union, 
33% were sent to energy plants, and 17% were 
recycled (EBIA, 2020) Therefore, the makers of 
flexible polyurethane foam (PU-foam), the principal 
material in mattresses, should develop existing and 
new recycling technologies to reduce the impact of 
their products on the environment.

The mealworms of T. molitor have an inherent 
ability to degrade various polymers, using them as 
energy and a source of nutrients with the assistance 
of their gut microbiota (Orts et al., 2022; Yang et 
al., 2018). Moreover, the intestinal tracts of yellow 
mealworms can secrete emulsifying substances 
to facilitate plastic biodegradation (Brandon et 
al., 2021). Using this insect to biodegrade plastic 
can reduce the cost of mattress disposal, which 
is a significant economic benefit, not only as a 
solution for polymer recycling but also for the 

production of added-value by-products such as 
frass. Nevertheless, the effect of mealworm food 
on the qualities of their frass for agricultural use 
has been little analyzed.

Using frass for agriculture is extensive. However, 
the frass from mealworms fed with biodegradable 
compounds such as PU-foam is not so common. Our 
research has focused on the use of frass for floral 
cropping. Soil composition and nutrient availability 
are known to alter floral traits (Caruso et al., 2019; 
Strauss and Whittall, 2006) by changing the plant’s 
volatile organic compounds (VOCs). These are 
generally lipophilic compounds with low molecular 
weight and high vapor pressure. They represent 
about 1% of the secondary metabolites identified in 
the plant kingdom. VOCs are produced in all plant 
organs, such as roots, stems, leaves, fruits, seeds, 
and flowers, which have been found to release the 
greatest quantities and diversity of VOCs (Amorim et 
al., 2024; Lo et al., 2024). Their physical properties 
allow them to cross cell membranes and be released 
into the atmosphere or soil without a diffusion 
barrier (Pichersky et al., 2006). Recently, scientific 
advances have greatly improved our understanding 
of VOC biosynthesis and have shown that VOC 
emissions are also epigenetically regulated (Patrick 
et al., 2021; Vlachonasios, 2021). Depending on 
their biosynthetic pathway, floral VOCs can be 
classified into three major families: terpenoids, 
phenylpropanoids/benzenoids, and fatty acid and 
amino acid derivatives (Raguso, 2004; Knudsen, 
2006). Although they have attracted attention for 
their perfume, cosmetic, aroma, and medicinal 
applications, the primary functions of floral 
volatiles are ecological (Dudareva and Pichersky, 
2008). They mediate ecological interactions 
between flowers and visitors, including pollinators, 
florivores, and pathogens, and serve as signals in 
plant-to-plant communication (Levin et al., 2003). 
Some VOCs may have no function of their own but 
are necessary for metabolic processes (Tholl et al., 
2021). Depending on the species and the influence 
of biotic and abiotic factors, the diversity and 
quantity of volatiles emitted by flowers can vary 
(Lo et al., 2024).

Here, we evaluate the use of frass from T. molitor 
fed with bran and with PU-foam for cropping daisies 
(Bellis perennis). We tested three hypotheses: 1) 
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both frasses (bran and PU-foam) can substitute 
chemical fertilization partially or totally; 2) frass 
from T. molitor-fed PU-foam increases the number 
of flowers per plant and biomass; 3) frass from 
T. molitor-fed PU-foam induced more volatile 
compounds related to attracting pollinators, the 
plant’s defenses, and communication with other 
plants.

Materials and methods

Frass and Plants
The frass was obtained from mealworms (T. 

molitor) fed with bran (frass-Bran) and with PU-
foam (frass-PU), following the protocol in Ros et 
al. (2025). The characteristics of both frasses are 
shown in Table 1. The frass did not contain remains 
of PU foam. The daisies (Bellis perennis) were 
obtained from a nursery in Murcia (Spain) after 25 
days grown in peat.

Pot experiment
The pot experiment was carried out in plastic 

pots filled with 500 g of soil mixed with peat (375 
g soil + 125 g peat). The characteristics of the soil 
(pH 8.6; EC 217 µS cm−1; TOC 17.5 g kg−1; TN 1 
g kg−1) and peat (pH 6.5; EC 260 µS cm−1) were 
as follows. Three treatments were implemented to 
provide the plants with the equivalent of 150 kg 
N ha−1. The treatments were: (i) Frass from bran 
(BRAN), (ii) Frass from PU-foam (PU), and (iii) 
NPK-mineral fertilizer (FERT). Each experimental 
treatment was tested in six replicates using a 
completely randomized design with one plant per 
pot. The experiment was carried out in a growth 
chamber during the whole growth cycle, with 16:8 
hours of light and 30ºC during the day and 20ºC 
at night, growing under artificial light with a PAR 
of 300 μmol photons m−2 s−1 provided by an Arize 
top light current 255VDC. The pots were regularly 
watered to maintain the soil moisture near 80% 
of water holding capacity and avoid leaching. The 
pots were moved inside the growth chamber every 
2 days to ensure a random effect. After 12, 13, and 
14 Weeks After Sowing (WAS), the flowers were 
weighed and counted. The plant weight (biomass) 
was recorded after 14 WAS. The plants were dried 
until they reached a constant weight at 60ºC for 

further analysis, and the flowers were kept in an 
airtight glass jar for Volatile Organic Compound 
(VOC) analysis.

Nutrient and human pathogen analysis
The total nitrogen (TN) and total organic 

carbon (TOC) were determined using an elemental 
CHNS-O analyzer (Truspec CN, Leco, St. Joseph, 
Mich., USA). Nutrients were measured using ICP-
MS (7500CE, Agilent, Santa Clara, CA, USA). In 
addition, the human pathogens Salmonella and 
E. coli were analyzed according to the proceeding 
PNT-04 (qPCR) by Microgaia Biotech (Murcia, 
Spain). The remains of the PU in the frass were 
measured following Ros et al. (2025).  

Volatile Organic Compounds (VOCs)
The flowers were plucked, and 0.9 g of petals 

were placed in an airtight glass jar and stored in the 
refrigerator in their original trays. They were tested 
within 3 days of delivery.  

SPME-GC–MS Analyses
The SPME/GC–MS analysis was performed 

following the study described by Martínez-Moreno 
et al. (2024), making the appropriate adjustments 
and slight modifications. Gas chromatographic 
analyses were performed on an HP 8890B 
gas chromatography (GC) system coupled to 
an HP 5977B quadrupole mass spectrometer 
(Agilent Technologies, Palo Alto, CA, USA). Prior 
to extracting the volatiles, the samples were 
equilibrated at room temperature (25ºC) for 15 
min. Two grams of sample were placed in 20 
mL glass autosampler vials and sealed with blue 
PTFE/white silicone septum (Chromacol) from 
Merck KGaA (Darmstadt, Germany). The vials were 
automatically transferred to the autosampler oven 
thermostated at 40ºC for an incubation time of 5 
min.

For the SPME, a DVB/Carboxen/PDMS 
50/30, stable flex-gray fiber was used (Supelco, 
Bellefonte, PA, USA). The first step was to bake 
it for 3 min at 250ºC. After that, it was placed 28 
mm into the headspace of the 20 mL vial for 10 
min. Immediately after the exposure, the fiber was 
transferred to the GC injector for 5 min of thermo-
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desorption at 270ºC with an inlet mode of split 
(ratio 1:20) through an ultra-inert liner (5190-
2292-900 μL, Agilent Technologies). An analytical 
column of medium polarity (VF-WAXms, 30 m × 
0.25 mm × 0.25 μm, Agilent Technologies) was 
used with the following temperature program: 
40ºC for 5 min, with a temperature ramp of 4ºC 
min−1 up to 250ºC (holding time 1 min). The mass 
selective detection was performed in the scan mode 
(30–500 amu, EI (70 eV), detector temperature 
230ºC, frequency of 1.6 scans/s, and a cycle time 
of 622.9 ms). The sample vials were interspersed 
with empty vials to avoid cross-contamination. The 
SPME fiber was thermally conditioned according to 
the manufacturer’s instructions before use, and a 
5-minute conditioning was performed at the end of 
each extraction to ensure no carryover.

Data were processed using the Mass Hunter 
Qualitative Analysis software (version B.10.00, 
Service Pack 1, Agilent Technologies Palo Alto, 
CA, USA). To find the compounds, the algorithm 
“compound discovery by deconvolution” was 
used to select peaks of the GC and MS spectra 
with an absolute height greater than or equal to 
5000 counts. Tentative identification of volatile 
compounds was achieved by comparing mass 
spectra results (Wiley11N17 main/NIST20 mass 
spectral library; Wiley, Chichester, UK) with a score 
greater than 80% and comparing the calculated 
retention indices with those published in the 
literature. According to the accepted criteria defined 
by the Metabolomics Standards Initiative (Sumner 
et al. 2007), qualitative results based on spectral 
similarity to the commercial mass spectral database 
without the use of reference standards should 
be reported as putative compound identifications 
(Level 2).

Statistical Analysis
The statistical analyses were conducted in 

R v4.1.2 (R Development Core Team, 2021). 
Prior to the analyses, we set a random seed for 
reproducibility using the set.seed (123) command. 
A principal component analysis (PCA) was 
conducted using the FactoMineR v2.11 package 
(Husson and Pages, 2024), using the arguments 
scale.unit = TRUE and ncp = 4 in the PCA function. 
The PCA results were visualized using the fviz_
pca function from the factoextra v1.0.7 package 
(Kassambara and Mundt, 2020). Normality and 
homoscedasticity assumptions were assessed 
using the rstatix v0.7.2 package: a Shapiro test 
using shapiro_test() and a Levene test using 
levene_test() (Kassambara and Mundt, 2020). 
Once the assumptions were confirmed, a one-
way analysis of variance (ANOVA) was conducted, 
followed by a post hoc Tukey’s HSD test with the 
agricolae v1.3-6 package (de Mendiburu, 2023).

Results

Frass characterization
Both frasses showed high TOC and nutrient 

content (Table 1). The content of TOC was higher in 
frass-PU than in frass-Bran. Neither of the frasses 
showed human pathogens (Salmonella and E. coli). 
Frass-PU showed significantly higher amounts of 
the macronutrients N and Ca than frass-Bran, while 
frass-Bran showed significantly higher amounts of 
other nutrients such as P, K, and Mg, as well as 
micronutrients such as Cu, Fe, Mn, and Zn (Table 
1). 
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Table 1. Elemental composition of frass from polyurethane foams and bran

Chemical properties Frass-PU Frass-Bran
Total N (TN) (g kg-1) 84±0.4b 57±1.0a
Total organic Carbon (TOC) (g kg-1) 470±0.5b 410±0.8a
Total Phosphorous (P) (g kg-1) 9.1±0.1a 12.2±0.2b
Total Potassium (K) (g kg-1) 11.7±0.1a 19.8±0.4b
Total Magnesium (Mg) (g kg-1) 3.5±0.1a 5.3±0.1b
Total Calcium (Ca) (g kg-1) 14±0.1b 1.6±0.0a
Total Copper (Cu) (mg kg-1) 14.95±0.10a 27.40±0.30b
Total Iron (Fe) (mg kg-1) 112.18±2.51a 149.00±18.50b
Total Manganese (Mn) (mg kg-1) 68.42±0.79a 155.06±1.74b
Total Zinc (Zn) (mg kg-1) 95.29±1.44a 99.06±3.21a
C/N 5.7±0.02a 7.21±0.14b

Letters indicated significant differences(p<0.05) between treatments for each parameter

Promotion of plant growth, productivity, and 
nutritional content 

In the Bellis perennis plant biomass, the fresh 
and dry weights of BRAN, PU, and FERT did not 
show differences at 14WAS (Table 2). Likewise, the 
macro- and micro-nutrients of the plant at 14WAS 
(Table 3) in general, did not show significant 
differences among the treatments.

Table 2. Bellis perennis biomass

Treatments
Fresh weight 

(gr)
Dry weight

(gr)
BRAN 13.50±2.08a 4.85±0.49a
PU	 13.50±1.73a 4.17±1.12a
FERT 12.66±1.15a 4.33±0.25a

Bran: Frass from bran feed; PU: Frass from PU feed; FERT: 
only fertilization

Letters indicated the significant differences (p<0.05) 
between treatments for each parameter

Table 3. Chemical properties of Bellis perennis after 14WAS

Treatments
TN

(g kg-1)

P

(g kg-1)

K

(g kg-1)

Ca

(g kg-1)

Mg

(g kg-1)

Fe

(mg kg-1)

Na

(mg kg-1)

Mn

(mg kg-1)

Zn

(mg kg-1)

Cu

(mg kg-1)

BRAN 6.1±0.4a 0.5±0.1ab 10.3±0.7b 8.1±1.0b 1.3±0.1a 28.6±9.1b 0.10±0.01a 52.3±2.82a 9.09±1.08a 2.00±0.24a

PU 6.0±0.7a 0.5±0.1a 8.0±0.4a 6.4±0.4a 1.2±0.2a 15.4±1.8a 0.12±0.05a 42.5±1.08a 10.40±2.28a 1.73±0.27a

FERT 7.1±0.1a 0.8±0.2b 10.4±1.2b 8.3±0.2b 1.4±0.2a 27.0±4.5b 0.15±0.06a 48.4±2.11a 14.06±2.70a 2.48±0.54a

WAS: weeks after sowing; Bran: Frass from bran feed; PU: Frass from PU feed; FERT: only fertilization. Letters indicated the 
significant differences (p<0.05) between treatments for each parameter

Since the Bellis perennis seedlings were sown 
(14WAS), the Bellis flowers were counted and 
weighed at 12WAS, 13WAS, and 14WAS (Table 4). 
The number of flowers per plant increased during 

the experiment for BRAN and PU but not for FERT. 
PU, followed by BRAN, showed the maximum 
number of flowers per plant during the experiment 
(Table 4). 
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Table 4. Number of Bellis perennis flowers per plant 

Treatments/

sampling 
Timing

12WAS 13WAS 14WAS

BRAN 1.00±0.57 3.6±2.00 5.75±1.00
PU 2.33±1.15 5.00±1.00 7.33±1.50
FERT 2.00±1.00 5.33±2.5 1.53±0.57

WAS: weeks after sowing; Bran: Frass from bran feed; PU: 
Frass from PU feed; FERT: only fertilization

VOCs of Bellis perennis flowers 
Across the different treatments, 39 VOCs were 

detected for Bellis perennis flowers.  BRAN and 
PU showed 49% (19) and 59% (23) of the total 
VOCs, respectively, while FERT showed 85% (33) 
(Table S1). Out of the total VOCs, 14 metabolites 
were common to FERT, BRAN, and PU, and only 
two were common to BRAN and PU. Of the VOCs 
detected, only three were characteristic of only 

BRAN, while only one VOC was characteristic of PU 
(Table S1). 

The PCA of the VOCs explained 60.2% (axe 1) 
and 17.8% (axe 2) of the total variance (Figure 1; 
Table S2). The first principal component (axe1) 
grouped the treatments into three groups: FERT, 
PU, and BRAN. Three metabolites [(+)-4-Carene; 
(E)-2, 6-Dimethylocta-2, 5, 7-trien-4-one; 
2-(Bromomethyl)-1, 3, 3-trimethylcyclohexene; 
gamma-Terpinene] separated BRAN from PU and 
FERT (Figure 1). Four metabolites [2-Cyclohexen-
1-one, 3-methyl-6-(1-methylethylidene); Bicyclo 
[3.1.0] hex-2-ene, 4-methyl-1-(1-methylethyl) and 
Naphthalene, decahydro-4a-methyl-1-methylene-
7-(1-methylethenyl)-, [4aR-(4a. alpha., 7. alpha.,8a. 
beta.)]- contributed to the separation of PU from 
BRAN and FERT (Figure 1).

Figure 1. Principal component analysis of VOCs from Bellis perennis flowers
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Table 5. Principal metabolites associated to BRAN and PU treatments

Metabolite 
code

Name FERT BRAN PU

1 (+)-4-Carene 0 ± 0   b 1529196 ± 605060   a 0 ± 0   b

2
(E)-2,6-Dimethylocta-2,5,7-
trien-4-one (Cis-tagetone)

0 ± 0   b 5450638 ± 518218   a 0 ± 0   b

15
2-(Bromomethyl)-1,3,3-

trimethylcyclohexene
0 ± 0   b 1415540 ± 360403   a 0 ± 0   b

6 gamma-Terpinene
0 ± 0   c 4036022 ± 1847646   b 7414496 ± 414456   a

16
2-Cyclohexen-1-one, 3-methyl-

6-(1-methylethylidene)-

4200365 ± 
3602703

3391690 ± 2702235 6273254 ± 466846

24

Bicyclo[3.1.0]hex-2-ene, 
4-methyl-1-(1-methylethyl)

(Beta-Thujene)
0 ± 0   a 0 ± 0   a 2894698 ± 2070512   a

34

Naphthalene, decahydro-4a-
methyl-1-methylene-7-(1-
methylethenyl)-, [4aR-(4a. 

alpha. 7. alpha., 8a.beta.)] (beta-
seline)

0 ± 0   b 822456 ± 261362   a 876194 ± 84556   a

Different letters indicate differences between treatment (p<0.001) for each metabolite 

Discussion

Frass as fertilizer to grow Bellis perennis
Insect frass has nutrients easily assimilated 

by the roots due to the insect’s physiological 
mechanisms for shaping its body waste. According 
to Poveda et al. (2021), the nutritional content of 
frass and its possible capacity as a fertilizer are 
closely linked to the feed received by the insect. The 
insect frass of the T. molitor mealworm produces 
frass rich in macro- and micro-nutrients that can 
be used as organic fertilizer (Amorim et al., 2024). 
PU-foam as feed for mealworms from T. molitor 
can be a sustainable environmental alternative to 
convert PU-foams (Orts et al., 2022)  into frass 
that can be used as organic fertilizer. This topic has 
been scarcely addressed in the literature. The frass 
used in this study did not show human pathogens 
or traces of PU-foams (Ros et al., 2025). We 
observed that frass-Bran and frass-PU were rich in 
macronutrients, although frass-PU showed higher 
N and Ca content than frass-Bran. This could be 
because PU foams are used as polymers composed 
of repeating units containing urethane linkages 

formed by the reaction between isocyanates and 
polyols. This urethane linkage includes additional 
functional groups (like triazine and azanediyl), 
contributing to the overall nitrogen content of 
the polymers (Nanbedeh and Faghihi, 2021). The 
amount of N in polyurethane varies depending 
on its specific chemical structure, particularly the 
types and ratios of isocyanates and polyols used in 
its synthesis. In our case, frass-PU reached 7% of 
total nitrogen. Furthermore, in the formulation of 
our PU foam, carbonate calcium was incorporated 
as an additive to increase the viscoelastic properties 
of the foam (Donate-Robles and Martín-Martínez, 
2011). Although the larvae use as much of the 
ingested nutrients as possible, their efficacy in 
absorbing nitrogen or other nutrients from the gut 
to maintain the body’s stoichiometric homeostasis 
is not perfect. This forces the larvae to excrete 
these nutrients in the frass (Zhang et al., 2014), 
which results in higher amounts of N and Ca in the 
frass-PU.

Using insect frass from different origins 
(including PU-foams) as an alternative source 
of nutrients can reduce dependence on mineral 
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and synthetic fertilizers and potentially lower 
agricultural production costs. However, the use 
of insect frass as fertilizer in agriculture is novel, 
and research on frass composition is still incipient, 
particularly compared with other commonly used 
animal manures or composts of different origins 
(Amorim et al., 2024). In addition to providing 
nutrients, insect frass can offer other important 
compounds for plant development. Frass also 
provides sugars, alkaloids, and phenols, as well 
as beneficial microorganisms that favor better 
plant adaptation and protection against biotic and 
abiotic stresses by activating tolerance and defense 
responses and fixing atmospheric nitrogen and/or 
solubilizing phosphates (Ji et al. 2014).  Although, 
like compost, not all frasses show the same results 
in all crops in terms of plant defense (Acevedo 
et al., 2017;  Poveda, 2021), similar results were 
observed by Kagata and Ohgushi (2012), where 
frass from the cabbage moth (Mamestra brassicae) 
promoted the growth of cabbage plants (Brassica 
rapa var. perviridis). van de Zande et al. (2024) 
observed that after 8 weeks, Tenebrio molitor 
frass, at 5 g kg−1, exhibited higher biomass than 
the control plants and those with mineral fertilizer. 
Nyanzira et al. (2023) observed an increase in plant 
growth promotion and yield in wheat with 2% 
frass. Antoniadis et al. (2023) observed an increase 
in plant growth promotion of spinach with 1% v/v 
frass.

Regarding the fresh and dry plant biomass 
weight of Bellis perennis, PU and BRAN showed 
similar weight to FERT after 14 WAS, while the 
number of flowers increased during the experiment, 
principally in PU. This could be due to the release of 
nutrients from the frass, which had a similar effect 
on plant development as mineral fertilizer (Blakstad 
et al., 2023; Houben et al., 2020; Hénault-Ethier et 
al., 2023). Currently, there is no research available 
on the use of frass from T. molitor fed PU-foam for 
crop cultivation. 

It is probable that the frass, and principally 
frass-PU, contains some microorganisms acting as 
biofertilizers, biostimulants, or biocontrol agents 
(Porto de Souza Vandenberghe et al., 2017), as well 
as chitin and other compounds that may stimulate 
beneficial soil microbes (Poveda, 2021) and 
enhance the number of flowers and plant growth. 

This should be studied more in-depth in the future.

Emission of Volatile organic compounds (VOCs) 
in response to frasses

More than 50% of the VOCs found in this 
experiment were terpenoids. Terpenes are highly 
aromatic compounds that, along with benzenoid 
VOCs, determine the smell of many plants and 
herbs and show defense functions in plants. 
Pollinator attraction is mediated by benzenoids 
(Schiestl, 2010). Thus, terpenoids and essential 
oils hold great insecticidal potential and can act as 
alternatives to synthetic pesticides (Siddiqui et al., 
2024).

FERT produced the highest number of VOCs 
(33), with only ten unique to FERT. This was 
followed by PU (23), with only one characteristic 
VOC (Bicyclo[3.1.0]hex-2-ene, 4-methyl-1-(1-
methylethyl)), and BRAN (19), with only three 
specific VOCs ((+)-4-Carene; (E)-2,6-Dimethylocta-
2,5,7-trien-4-one; and 2-(Bromomethyl)-1,3,3-
trimethylcyclohexene). This suggests that FERT 
stimulated a broader array of metabolic pathways 
than BRAN and PU, which showed limited specificity 
in VOC induction. These differences align with the 
chemical composition of the fertilizers, which often 
contain readily available nutrients that can enhance 
secondary metabolite production (Kaur et al., 
2017). 

On the other hand, among the 39 detected 
VOCs, 14 were common across all the treatments, 
reflecting a core set of metabolites that plants 
may consistently produce under varying nutrient 
and compound inputs. The VOCs that contributed 
to the separation in the PCA between BRAN 
and the others were (+)-4-Carene; (E)-2,6-
Dimethylocta-2,5,7-trien-4-one or cis-tagetone; 
and 2-(Bromomethyl)-1,3,3-trimethylcyclohexene, 
VOCs associated with plant odor. VOCs such as 
Gamma-Terpinene; 2-Cyclohexen-1-one, 3-methyl-
6-(1-methylethylidene); Bicyclo[3.1.0]hex-2-ene, 
4-methyl-1-(1-methylethyl) or β-thujene; and 
Naphthalene, decahydro-4a-methyl-1-methylene-
7-(1-methylethenyl)-, [4aR-(4a.α.,7.α.,8a.β)] or 
β-selinene were associated with PU. Gamma-
Terpinene and β-thujene are related to plant odor. 
β-Thujene is a molecule that gives a spicy odor 
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(Xiao et al., 2016), while Gamma-Terpinene is a 
natural product found in medicinal and aromatic 
plants, such as thyme, and is used in perfume 
and flavoring. In addition, it possesses antioxidant 
and antibacterial properties (Nabavi et al., 2015). 
Naphthalene, decahydro-4a-methyl-1-methylene-
7-(1-methylethenyl)-, [4aR-(4a.α.,7α.,8a.β)] or 
β-selinene is a natural product found in essential oils 
from a variety of plants with functional antioxidant, 
antiradical, and antimicrobial properties (Sacchetti 
et al., 2006). 

Other metabolites common to the three 
treatments had different effects on the daisy flowers. 
Bisabolenes are present in essential oils, and various 
derivatives function as pheromones in insects such 
as stink bugs and fruit flies. 1,3-Cyclohexadiene, 
5-(1,5-dimethyl-4-hexenyl)-2-methyl-, [S-(R,S*)]* 
and Caryophyllene smell spicy and have anti-
inflammatory and insecticide effects (Huang et 
al., 2012). Benzaldehyde, 4-(1-methylethyl) is a 
component of floral scents (Farré-Armengol et al., 
2020) and is a product of the plant’s metabolism, 
which can have antibacterial activity against some 
pathogens (Neto et al., 2021). Finally, Germacrene 
D has antibacterial and antifungal properties 
(Montanari et al., 2011).

Conclusions

The study highlights the influence of new 
fertilizers, such as the frasses from Tenebrio 
molitor fed with bran and, especially, with PU-foam, 
for producing ornamental flowers such as Bellis 
perennis as efficiently as chemical fertilizer but with 
different VOC patterns. Frass-PU contained higher 
N and Ca content than frass-Bran and produced 
more flowers during the experiment, although no 
differences in plant weight were observed among 
frass fertilization (BRAN and PU) and fertilization 
(FERT). The VOCs produced by Bellis perennis 
flowers with frass fertilization (BRAN and PU) 
showed lower VOCs than FERT but with specific 
functions, e.g., antimicrobial function. This study 
highlights the need to integrate the ecological 
functions of VOCs into the evaluation of fertilization 
strategies, promoting sustainable practices that 
enhance plant health and ecosystem services.
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