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EARTHWORMS FOR FEED PRODUCTION FROM VEGETABLE
WASTE: ENVIRONMENTAL IMPACT ASSESSMENT

high-water content and the difficult storage.In this conte
waste into valuable products: the vermicompost, that cg
protein content can be used for feed and food prod
production of vermicompost and dry earthworm meal.

as functional unit. Inventory data were collected.duri
Northern Italy where earthworms were fed y
kg of fresh earthworms (16% of dry mattg
vegetable wastes. Between earthworm
all the evaluated impact categories excep
are the main hotspots for Climatg

Key words: feed, protein sa

Received: February, 2019; Revised

5 from the production and processing sectors.
r management is complicated by the usually

zer, and the earthworms that, thanks to their high
aims to evaluate the environmental impact related to the
5 applied, 1 kg of dry meal for feed production was selected
ests carried out in 2017 in a composting plant located in

June, 2019; Accepted: August, 2019; Published in final edited form: October, 2019

1. Introduction

Food loss and waste have a negative
environmental impact due to the natural resources
used for food production as well as for their
management and disposal. In the European Union, 88
million tons of food is wasted annually, 30% of which
comes from the production and processing sectors. In
particular, the fruit and vegetable retail sector
generates large amounts of waste. In industrialized
countries, fruit and vegetable waste (FVW) are mainly
generated before reaching consumers, during all
phases of the supply and handling chain, such as
market oversupply or nonfulfillment of aesthetic and
quality standards (Plazzotta et al., 2017). Even without
official quality standards, food retailers generally do
not offer food with abnormal appearance, based on the

assumption that consumers do not purchase or
consume foods that deviate from regular products,
which can mean yielding lower profits (Loebnitz et al.,
2015). For this reason, related to not reflecting
aesthetic standards (shape, color or size), many
products are discarded, even if they were produced for
human consumption, they are still healthy, safe, and
edible and could still reach the consumers (Stuart,
2009). FVW poses environmental problems due to the
squandering of environmental, human and economic
resources used to produce it and represents also a loss
of valuable biomass (Plazzotta et al., 2017).

In order to reduce the impacts associated with
food waste and to avoid the squandering of valuable
resources, the search for sustainable solutions to the
valorisation of food waste is highly necessary and
encouraged. A possible strategy is the utilization of
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FVW as feeding substrate for the rearing of terrestrial
invertebrates to be used as potential protein source for
feed and/or food supply chains. Among terrestrial
invertebrates, earthworms could be an interesting
solution. Earthworms grown on FVW can contribute
to the waste disposal efficiency and bio-transform
FVW into valuable products: the vermicompost, that
can be sold as organic fertilizer, and the earthworms
themselves that, thanks to their high protein content,
can be a new food/feed source. Earthworms are rich in
proteins, particularly in essential amino acids and they
can contribute to human and animal nutrition (Yadav
and Garg, 2011; Zhejun and Jiang, 2017). Currently,
earthworms are just employed to convert food waste
(FW) in a bioconversion process to mitigate the FW
problem as a sustainable, cost-effective and ecological
approach in dealing with FW management (Huang et
al., 2016). Up to now, the attention on alternative
protein sources has regarded mainly the insects both
as human food (Halloran et al., 2016; Oonincx and De
Boer, 2012; San Martin et al., 2016) and as animal
feed (Smetana et al., 2016; Salomone et al., 2017). No
studies addressed the environmental performances of
dried meal production from earthworms.

In this context, this study aims to evaluate the
environmental impact of the earthworms’ dried meal
production for feed purposes using fruit and vegetable
waste (FVW) as feedstock. Primary data collected
during field trials were combined with secondary data
coming from literature; the environmental impact wa
quantified, and the environmental hotspots identifie

2. Methodology

Life Cycle Assessment (LCA
approach, structured and recognized

environmental impact (ISO
2006).
In details, there are 4 step

(i) goal of the study definitiongat foresees the
selection of the functional unit, the definition of the
system  boundary and the solving of
multifunctionality;

(if) Life Cycle Inventory (LCI) data collection, in
which the flow of materials and energy from the
studied systems and the environment are identified
and quantified;

(iii) Life Cycle Impact Assessment; during
which, thanks to specific characterization factors, the
inventory data are converted in few numeric indicators
of environmental impact;

(iv) interpretation of the results and identification
of the process hotspots.

Over the last years, although originally
developed for industrial processes, LCA has been
more and more applied also to agricultural systems
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(Moudry et al., 2018; Schmidt Rivera et al., 2017) and
waste to energy processes (Bacenetti and Fiala, 2015;
Lijé et al., 2015; Vida and Tedesco, 2015) and waste
treatment solutions (Bacenetti et al., 2016; Bjelic et
al.,, 2017; Lijo et al 2017; Salomone et al., 2017;
Smetana et al., 2016).

2.1. Goal and scope definition

The goal of the present study is to evaluate the
environmental impacts of the earthworms’ (Eisenia
foetida) production system reared on a low-quality
substrate made of fruit and vegetable waste (FVW).

Concerning the functional unit, in this study, to
avoid allocation between vermicompost and
earthworms dried meal, a mixed functional unit was
selected. According to ISO standards for LCA (1SO,
2006), the functional unit is defined as the quantified
performance of a product system, and is used as a
reference unit in an LCA. In this study, the FU is the
productlon of of dried earthworm meal and 80 kg

e system boundary, a “from
roach was applied. Fig. 1 reports
for the evaluated process; two
re identified:

em 1 (SS1), a mix of young-non-
ult-clitellate earthworms was reared

ituted mainly by tropical fruits, was
nd and then used as feed for earthworms three
s a month. Besides earthworms, during the
omposition of FVW also an odour-free and
ummus-like  substance is  produced:  the
vermicompost. Vermicompost is the co-product of the
production system, it can be used as organic fertilizers.
After 3 months of earthworms rearing, the
vermicompost and the earthworms were collected
through mechanical separation;

- Subsystem 2 (SS2), the collected earthworms
were processed to produce meal. First, they were
repeatedly washed, then kill by cooling and, finally,
dried. During the experimental trials, the dry meal was
produced in a laboratory by drying earthworms in an
oven at 50°C and then proceeding with grinding.

The following activities were included: raw
materials extraction (e.g., fossil fuels, metals and
minerals), manufacture of the different inputs (e.g.,
diesel, electricity, water and trucks for FVW
transport), use of the inputs (diesel fuel emissions),
maintenance and final disposal of capital goods (e.qg.,
the trucks used for the FVW transport). The emissions
of methane, dinitrogen monoxide and ammonia
related to the vermicomposting of FVW were included
too.

The packaging, the distribution as well as use
and end-of-life of the produced meal were excluded
from the system boundary.
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2.2. Description of the process

Earthworms were provided b
production system, located in the pa
(North Italy). Earthworms were rea
about 30 m? made up of F
placed above a non-wove
with a net. During the
temperature, and pH of the
under control in order to 0
conditions.

After 3 months, samples ofEisenia foetida at
the adult stage of development were collected. The
first cleaning procedure consisted of a mechanical
separation from the growth substrate with the use of a
trommel.

As the material rolls, anything smaller than the
holes in the screen falls through, and the rest continues
until it comes out the output end. Subsequently, they
were washed with running tap water and soaked for
some hours, to remove the residual particles of waste
and to clear their gut. Finally, to produce the meal,
after being frozen at -28°C, they were dried at 65°C
and ground.

bstrate were kept
antee optimal living

2.3. Life Cycle Inventory

Inventory data concerning inputs and outputs
relevant to the production of earthworms’ biomass
were collected over a three-month experimental test
performed in year 2017. Primary data were collected

ith questionnaires during interviews with the farmer
d during surveys to the experimental site. More in
detail the following data were directly collected:
amount of FVW used as feed, fossil energy for
preparing the feed substrate, water volumes and land
occupation for earthworms breeding. The main
secondary data refers to the emissions during
vermicomposting. These emissions were retrieved
from literature (Yang et al., 2017). Table 1 reports the
main inventory data for the analyzed production
process.

Background data was retrieved from the
Ecoinvent Database v.3.5 (Moreno Ruiz et al., 2018;
Weidema et al., 2013).

Table 1. Inventory data

Subsystem Inputs/Outputs Amount
1 Fruit and vegetable waste 285.8 kg
1 Transport of FVW 25 km
1 Diesel 1.2 kg
1 Water 22.9 kg
1 Land 2.6 m?
1 Ammonia 99.03 g
1 Dinitrogen oxide 9.56 g
1 Methane 31.60 g
2 Electricity 2.0 kWh
2 Water 22.4 kg
2 Vermicompost 80.0 kg
2 Dried meal 1.00 kg
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2.4. Life Cycle Impact Assessment

The systems considered here have been
modeled using SimaPro LCA software 8.05 and the
impacts estimated according to the ReCiPe method
(Goedkoop et al., 2009). The following 10 impacts are
considered: Climate change (CC), Ozone depletion
(OD), Terrestrial acidification (TA), Freshwater
eutrophication (FE), Marine eutrophication (ME),
Human toxicity (HT), Photochemical oxidant
formation (POF), Particulate matter formation (PM),
Metal depletion (MD) and Fossil depletion (FD).

3. Results and discussions

Table 2 reports the environmental results for
the different evaluated impact categories while Fig. 2
shows the environmental hotspots (i.e. the inputs or
emissions mainly responsible for the total impact).
The main environmental hotspots are:

- Diesel production: the consumption of diesel
fuel for grinding a share of the FVW (e.g., pineapple
leaves) is the main contributor for OD (72%) and FD
(69%) while for the other evaluated impact categories
it is responsible of a share of the total impact ranging
from 10% in CC to 31% in POF;

- Transport of the FVW to the composting
plant is the main responsible for HT and POF (51%

Table 2. Environ

and 52%, respectively, mainly due to the emissions of
pollutants related to the diesel combustion) and MD
(54%, mainly due to the manufacturing of the truck).
Similarly, to the diesel production, the transport plays
a non-negligible role for all the other evaluated impact
categories (from 2% for TAto 21% in TE);

- Electricity consumption during earthworm
processing in SS2 is the main contributor of TE (57%)
and it is responsible for about one-third of HT. For the
other evaluate impact categories the role of electricity
ranges from 1.8% in ME and 18% in MD. For CC, the
consumption of electricity; is responsible for 13% of
the total impact;

- Ammonia emission during vermicomposting
is the main contributor to TA (94%), ME (94%) and
PM (85%, due to the formation of secondary
particulate);

- Dinitrogen oxide emission deeply affects CC
with 45% of the total impact.

With regard tgthe other inputs or emissions:

- The mption of water in SS1 (for rearing
humidity as well as during SS2 (for
i e for a small impact (<2% for
pact categories);
jons of methane only slightly
12%) and POF (2.6%, due to

B S2-Electricity
OS1- Emission of methane

@ S2-Water

Impact category Unit Score
Climate change kg COz2¢eq 6.327
Ozone depletion mg CFC-11 eq 1.142
Terrestrial acidification kg SOz eq 0.257
Freshwater eutrophication gPeq 0.429
Marine eutrophication g Neq 9.637
Human toxicity kg 1,4-DB eq 0.618
Photochemical oxidant formati g NMVOC 12.332
Particulate matter formation PM g PM10 eq 36.997
Metal depletion MD g Fe eq 72.318
Fossil depletion FD kg oil eq 2.212
B S1-Diesel B 51-Transport OS1-Water

W 51 - Emission of dinitrogen oxide

@51 - Emission of ammonia

Relative Contribution (%)

Fig. 2. Identification of the environmental hotspots (S1 = subsystem 1, S2 = subsystem 2)
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Between the two subsystems, SS1, with a share
of the total impact ranging from 70% in HT to 98% in
TA and ME, is the main contributor for all the
evaluated impact categories except than for TE. For
this last impact category, 59% of the impact is related
to SS2.

The environmental impact of the earthworms’
dried meal production for feed purposes using fruit
and vegetable waste (FVW) as growth substrate
showed a higher CC value associated with its
production; this was caused by the considerable
energy input for FVW transport and drying process.
This could be reduced if the vermicomposting process
takes place at the FVW production site. Moreover,
Europe's reliance on imported protein, particularly
soybeans, to feed livestock is inconsistent with
sustainability objectives because soybean is associated
with deforestation and impacts from pesticide use and
transportation  (Tallentire et al., 2018). The
environmental burden for soybean meal is 3.05 kg
CO2 eq kg* (Tallentire et al., 2017). This means that
improvements of the earthworms’ dried meal
production for feed purpose using FVW could be a
promising research field how even the necessity of
alternative protein sources in terms of minor warming
potential and reduction of food waste (Conti et al.,
2018).

4. Conclusions

By means of the Life Cycle Assessment (
method, the environmental impact of the p tio

impact, this production syste ought benefits such
as the recovery of FVW as fe€éling substrate, the
earthworm production as a food/feed source with high
nutritional  profile, and the availability of
vermicompost as an organic fertilizer that allows
reducing the use of mineral fertilizers in other
production systems.

Similarly, to other protein sources, earthworm
dried meal currently has high environmental impacts
mostly due to the transport of FVW for fresh
earthworm production and energy use during
processing. To make earthworm meal sustainable and
competitive on the market, enhancing earthworm
productivity and reducing energy costs of the
processing stages by shifting towards renewable
energy sources is essential.

Additional research and integration with
innovations among different sectors are the key
drivers for the near future. However, the outcomes of
this study can be useful for the development of a
subsidy framework supporting the earthworm dried

meal production chain thanks to the identification of
the hotspot stages and their possible mitigations.

Acknowledgements

This work was supported by Fondazione CARIPLO
Integrated research on industrial biotechnologies 2015 as
part of the “Bioconversion of fruit and vegetable waste to
earthworm meal” project (2015-0501).

References

Bacenetti J., Baboun S.H., Demery F., Aburdeineh 1., Fiala
M., (2016), Environmental impact assessment of
electricity generation from biogas in Palestine,
Environmental Engineering and Management Journal,
15, 1915-1922.

Bacenetti J., Fiala M., (2015), Carbon footprint of electricity
from anaerobic digestion plants in Italy, Environmental
Engineering and Management Journal, 14, 1495-1502.

Bjelic D., Markic D.N., Pesic Z.S., Sorak M., Kikanovic O.,
Ilic M., Mifi@jlov A., (2017), Environmental assessment

al solid waste management in Banjaluka,

govina, Environmental Engineering

t Journal, 16, 1161-1170.

., Balzaretti C.M., Russo V., Tedesco

, Survey on Food Preferences of

., Heijungs R., Huijbregts M., De Schryver

J., Van Zelm R., (2009), ReCiPe 2008, a life

mpact assessment method which comprises
harmonised category indicators at the midpoint and the
endpoint level, First ed. Report I: Characterisation, On
line at: www.Icia-recipe.net.

alloran A., Roos N., Eilenberg J., Cerutti A., Bruun S.,
(2016), Life cycle assessment of edible insects for food
protein. a review. Agronomy for Sustainable
Development, 36, 57.

Huang K., Xia H., Li F., Wei Y., Cui G, Fu X., Chen X.,
(2016), Optimal growth condition of earthworms and
their vermicompost features during recycling of five
different fresh  fruit and vegetable wastes,
Environmental Science Pollution Research, 23, 13569-
13575.

ISO 14040, (2006), Environmental management - life cycle
assessment - principles and framework. International
Organization for Standardization, Geneva, Switzerland,
On line at: https://www.iso.org/standard/37456.html.

ISO 14044, (2006), Environmental management - life cycle
assessment — requirements and guidelines. International
Organization for Standardization, Geneva, Switzerland,
On line at: https://www.iso.org/standard/38498.html.

Lijo L., Gonzalez-Garcia S., Bacenetti J., Negri M., Fiala
M., Feijoo G., Moreira M.T., (2015), Environmental
assessment of farm-scaled anaerobic co-digestion for
bioenergy production, Waste Management, 41, 50-59.

Lijo L., Lorenzo-Toja Y., Gonzélez-Garcia S., Bacenetti J.,
Negri M., Moreira M.T., (2017), Eco-efficiency
assessment of farm-scaled biogas plants, Bioresource
Technology, 237, 146-155.

Loebnitz N., Schuitema G., Grunert K.G., (2015), Who
Buys Oddly Shaped Food and Why? Impacts of Food
Shape Abnormality and Organic Labeling on Purchase
Intentions, Psychology and Marketing, 32, 408-421.

Moreno Ruiz E., Valsasina L., Brunner F., Symeonidis A.,
FitzGerald D., Treyer K., Bourgault G., Wernet G.,
(2018), Documentation of changes implemented in

2121


http://www.lcia-recipe.net/
https://www.iso.org/standard/37456.html

Conti et al./Environmental Engineering and Management Journal 18 (2019), 10, 2117-2122

Ecoinvent database v3.5. Ecoinvent, Zirich,
Switzerland, On line at:
https://www.ecoinvent.org/files/20140630_report_of
changes_ecoinvent_3.01_to_3.1.pdf.

Moudry J., Bernas J., Kopecky M., Konvalina P., Bucur D.,
Moudry J., Kolar L., Sterba Z., Jelinkova Z., (2018),
Influence of farming system on greenhouse gas
emissions within cereal cultivation, Environmental
Engineering and Management Journal, 17, 905-914.

Oonincx D.G., De Boer 1.J., (2012), Environmental impact
of the production of mealworms as a protein source for
humans-a life cycle assessment, PloS one, 7, 51145.

Plazzotta S., Manzocco L., Nicoli M.C., (2017), Fruit and
vegetable waste management and the challenge of
fresh-cut salad, Trends in Food Science and
Technology, 63, 51-59.

Salomone R., Saija G., Mondello G., Giannetto A., Fasulo
S., Savastano D., (2017), Environmental impact of food
waste bioconversion by insects: application of life cycle
assessment to process using Hermetia illucens, Journal
of Cleaner Production, 140, 890-905.

San Martin D., Ramos S., Zufia J., (2016), Valorisation of
food waste to produce new raw materials for animal
feed. Food Chemistry, 198, 68-74.

Schmidt Rivera X., Bacenetti J., Fusi A., Niero M., (2017),
The influence of fertiliser and pesticide emissions
model on life cycle assessment of agricultural products:
The case of Danish and Italian barley, Science of the
Total Environment, 592, 745-757.

Smetana S., Palanisamy M., Mathys A., Heinz V., (2016),
Sustainability of insect use for feed and food: life cycle
assessment perspective, Journal of Cleaner Production,
137, 741-751.

2122

Stuart T., (2009), Waste: Uncovering the Global Food
Scandal, W.W. Norton Publisher, London.

Tallentire C.W., Mackenzie S.G., Kyriazakis 1., (2017),
Environmental impact trade-offs in diet formulation for
broiler production systems in the UK and USA,
Agricultural Systems, 154, 145-156.

Tallentire C.W., Mackenzie S.G., Kyriazakis I., (2018), Can
novel ingredients replace soybeans and reduce the
environmental burdens of European livestock systems
in the future?, Journal of Cleaner Production, 187, 338-
347.

Vida E., Tedesco D.E.A., (2017), The carbon footprint of
integrated milk production and renewable energy
systems - A case study, Science of the Total
Environment, 609, 1286-1294.

Weidema B.P., Bauer C., Hischier R., Mutel C., Nemecek
T., Reinhard J., Vadenbo C.O., Wernet G., (2013),
Overview and methodology. Data quality guideline for
the ecoinvent database version 3. Ecoinvent Report
1(v3). St. Gallen: The Ecoinvent Centre, On line at:
https://Ica-net.com/publications/show/overview-

ta-quality-guideline-ecoinvent-

Yadav A, G K., (2011), Recycling of organic wastes
by em fetida, Bioresource Technology,
102, 28

., Zhang Z., (2017), The Maturity and
issions from VVermicomposting with
ompost Science and Utilization,

] H., (2017), Nutritive Evaluation of
¥as Human Food, In: Future Foods, Heimo





