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On the way to circular economy: a systems approach towards sustainable Arctium
Lappa valorization via valuable medicinal products extraction
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In our work for the first time is outlined the application of a novel methodology to examine whether the roots of
Arctium Lappa, commonly known as burdock, can be considered a potential feedstock for a biorefinery targeted to
producing valuable medicinal products with a wide spectrum of applications. The biorefinery should implement
predominantly mild, advanced green processes and techniques that will allow obtaining from the burdock roots the high
value added products without damaging one or more of the extracts, particularly those that are heat sensitive. The
biorefinery sustainability will be determined using life cycle and techno-economic assessment analyses. The residual
biomass will be available for the production of further products of the same or potentially lower added value than the
primary extracts from the roots. Via further steps, the entire mass of the plant can be used so that zero waste is possible.
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INTRODUCTION

Arctium lappa is a traditional Chinese medicinal
herb and an edible perennial plant of the Asteraceae
family. Popularly known as burdock, this plant is
native to Europe and Asia and was rapidly spread
across North America by the early European
settlers.

The different parts of the plant possess
antioxidant [1-5], antibacterial [1, 5-7] and anti-
inflammatory biological activities [5, 8-9] and are
commonly used to treat various illnesses, such as
throat infections, intoxications, skin infections and
to relieve rheumatic pain and fever.

Recently, it was confirmed that 4. lappa is
capable of improving mucus protection in the
stomach and intestines, besides preventing mucous
injuries caused by alcohol [10]. Some burdock
components have been reported to possess
pharmacological activities like antioxidant, anti-
inflammatory, antiproliferative and antiviral [11-
15].

Burdock thus, can be a potential feedstock for a
wide variety of chemicals. However, as an option
for extraction of all of these components from the
different parts of a single plant, the economic
viability and environmental impacts for cultivation
and conversion need to be studied for the plant
species. This plant is known to originate from the
northern parts of Europe and Asia, but also can be
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found around the world; because of its easy and
rapid acclimatization. It is classified as an invasive
weed in the majority of countries outside its native
range, which makes it very suitable as a feedstock
for the production of useful products as its
utilisation will simultaneously form a method of
control of its spread. At the same time, it develops
to a rather large bush which allows the collection of
substantial biomass from a single plant.

In our work for the first time, the application of
a novel methodology for multi-objective
optimization and systems integration to
monetarizing burdock into added value products is
sketched. It involves an outline of plant collection
and the presentation of a simplified process for the
production of added value products from the most
valuable part of the plant, its roots. Added value
products of this kind can greatly improve the
viability of the further exploration of the respective
biomass. Alternative/additional processes can be
used for the extraction of added value products from
other parts of the plant. The remaining biomass can
be valorised towards the production of additional
products. The valorisation of this biomass forms an
unprecedented opportunity for the implementation
and development of the-top-to-bottom, bottom-to-
top coupled method, described in detail by Pham
and El Halwagi [16]. The method can be also
coupled with the atomic targeting and design as
presented by El-Halwagi in [17]. Furthermore, the
work of Sengupta and Pike [18] focusing on the
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production of different chemicals including biofuels
from waste biomass provides the foundation for the
further exploitation of this biomass and a
methodology to follow towards that objective.

METHODOLOGY

However, as an option for extraction of all of
these components from the different parts of a single
plant, the economic viability and environmental
impacts for cultivation and conversion need to be
studied. Figure 1 displays a macroscopic, overall
procedure, which can form a starting point for the
development of a network of options, the viability
of which needs subsequently to be examined.

The selection of the feedstock is the first step.
Feedstock can be collected either as a weed from
abandoned uncultivated land or obtained as a
cultivated product. In the former case, the cost of the
land and its cultivation can be considered
negligible; however, the control over the desired
quantity and probably quality of the feedstock may
be questionable and it is greatly condition depended.
Cultivated on-purpose burdock is not subject to all
of the above drawbacks. However, the costs of
cultivation (including irrigation, fertilizing of land,
other weed and insects controls, potential weather
protection means) add to the costs of its production.
Of course a combination of the above two sources
of origin could potentially form a much better
solution.

The collection of the feedstock is another
important aspect. Burdock roots are the most
important part of the plant. Thus, deep digging may
be necessary rendering the accessibility of the land
and the capacity to dig out the burdock plants - an
issue of key importance. The cultivated crop fields
can be designed in advance, in a way which makes
crop collection easier, while the selection of the land
for the cultivation can be such, so as to minimalise
the transportation costs. Of course, freely grown
burdock plants may also be accessible and Figure 1.

Feedstock selection, collection and pretreatment
scheme be encountered in locations where
transportation is easy.

Depending on the timeline and the procedures
followed, the collection of the feedstock and the
conditions of its transportation may impose that
preservation and pretreatment of the feedstock is
necessary, either as steps immediately following
collection of the plants or as steps subsequent to
their transportation activity.

The best time for the feedstock collection is in
the summer, when most of the above ground
sections of the plant are almost dry, but the roots are
still containing a high amount of moisture. The
plants can be dug out and left to dry outside,
exploiting the solar energy and contributing to the
viability of the process.
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Fig.1: Feedstock selection, collection and pretreatment scheme
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Fig. 2: Valuable natural medicines production steps

Moreover, mobile units can be employed for the
treatment of parts of the plant, so that only part of it
needs to be transported to a central unit for further
treatment.

Figure 2 shows the necessary subsequent steps
for the production of added value products.

The plants can be dried as collected, or washed
first and then dried. In the latter case, spraying of
the plants with a mold preventing solution is
necessary. In the former, the need of such mold
prevention pretreatment depends on the conditions
i.e. the ambient moisture and whether a possibility
of fungi growth on the plant exists. For high quality
medicinal products and providing that the measures
to prevent mold development are in place, the
drying of the plants is better to be done in an open
air-shaded place. The use of furnaces is not
recommended.

The dried plants are then separated into leaves
and roots; thick branches are collected with the
roots. They are consequently shredded. The

shredded parts can be either milled further to form a
powder which can be sold or used for the
preparation of formulations, or can be used for
making tinctures of arctium lappa. The latter is done
through percolation employing 60° ethanol in water
solution. After removing the liquid extract, a second
percolation can follow using a 1:10 by weight
mixture of ethanol:wet solid. The tinctures and
powders obtained via this procedure possess
excellent, powerful, but at the same time gentle for
the body medicinal properties. Being very valuable
products can have a significant contribution towards
the wviability of an integrated process which
subsequently valorizes the remaining biomass from
this plant.

At present, burdock is underused and there are
just a few studies in the literature devoted to the
obtainment, characterization and application of its
valuable extracts. Burdock root extractions with
supercritical carbon dioxide (scCO;) and
compressed  propane, characterization and
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biological activities of the extracts, influence of
process conditions (pressure and temperature) and
solvent effects on the chemical composition, total
phenolic content and antioxidant activity were
reported in [1,2].

In order to examine a multitude of alternative
techniques to the same feedstock (burdock leaves),
de Souza et al. [19] studied the capabilities of
pressurized liquid extraction with hydroalcoholic
solutions with different mass fractions of water, and
compared those to the results obtained by: i) a
sequential six step supercritical extraction with
ethanol as a co-solvent and ii) a supercritical
extraction procedure where distilled water was
added to the ethanol as an auxiliary solvent, referred
to as scCO,+Aq. EtOH procedure. Furthermore, the
PLE burdock leaves extracts contained higher
concentrations of chlorogenic acid and rutin and
exhibited considerably high DPPH free radical
scavenging activity [19].

Major compounds found in the burdock root
extracts were diisooctyl phthalate (DIOP) and 2,3-
Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one
(DDMP), glycerol, methyl oleate, butanoic acid and
pentadecanal.  Analogous experiments were
performed on the areal parts (leaves) of the plant by
de Souza et al. [2]. A number of important phenolic
compounds like lupeol acetate, amyrin acetate,
diisooctyl phthalate and phytol were identified in
the extracts obtained and it was concluded that
supercritical extraction with ethanol as a co-solvent
has a potential as a viable technique.

The promise to replace fossil sources employing
the remaining waste biomass of burdock as a
feedstock allows a step towards circular economy,
and expands the potential to establish an alternative
supply chain which can be further studied in a
wholesome mode through life cycle assessment.

The feasibility of a biorefinery including
decisions on scale, processes, products, water use,
and waste management through the entire plant,
needs to be studied by means of a techno-economic
assessment. Finally, the environmental impacts and
the safety of the processes need to be quantified for
the processes that convert burdock to products,
including transportation of the species to the
biorefinery.

Therefore, burdock can be a potential feedstock
for a wide variety of chemicals. However, as an
option for extraction of all of the aforementioned
components from a single plant, the economic
viability and environmental impacts for cultivation
and conversion need to be studied for the plant
species. The multiobjective framework will be
applied, where potential tradeoffs are considered.
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The production of high added value products via the
exploitation of its roots and thick stems as shown
schematically in Figures 1 and 2 should be the first
priority. However, for the production of high value
pharmaceuticals, organic, good quality plants are an
obvious necessity. Less qualitative plants together
with the leftover biomass from the aforementioned
extraction process can be used for the production of
valuable chemicals. For that purpose, the valuable
compounds identified to be contained in burdock
biomass by previous research have to be quantified.
The waste biomass after those processes can be
further used for biofuel production via anaerobic
digestion for instance, or to they can be further
treated for the formation of adsorbents, compost,
etc.

CONCLUSION

The ultimate goal of this work is to study
whether burdock can be considered as a potential
feedstock and to determine the viability using life
cycle assessment and techno-economic assessment
analyses.

Using process integration, the traditional
approaches can be modified if it is infeasible, or to
identify product and production pathways which
will improve its feasibility.

For that purpose, a systems-based ‘“forward-
backward” approach as outlined by Pham & El
Halwagi [16] will be followed. The forward part
aims at identifying the possible intermediates while
the reverse synthesis starts with desired products
and moves “backwards” for the identification of
pathways leading to them. The optimization process
will involve the formation of sub-problems. For
each of them, the available technologies and the best
policy will be examined. Subsequently, appropriate
programming algorithms will be developed to
determine the optimal pathways.
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