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Abstract: The extraction of glycyrrhizin from licorice root and stolon with ethanol/water solutions leaves
a lignocellulosic residue, which could be potentially applied in biocomposites. This process proved
difficult in principle, given the considerable hardness of this material as received, which impedes
its use in polymer resins in large amounts. After ball milling, up to 10% of this fibrous residue,
which shows very variable aspect ratio, was introduced into an epoxy matrix, to investigate its
possible future application in sustainable polymers. Of the three composites investigated, containing
1, 5 and 10 wt% of licorice waste, respectively, by performing flexural testing, it was found that the
introduction of an intermediate amount of filler proved the most suitable for possible development.
Thermal characterization by thermogravimetry (TGA) did not indicate large variation of degradation
properties due to the introduction of the filler. Despite the preliminary characteristics of this study,
an acceptable resin-filler interface has been obtained for all filler contents. Issues to be solved in future
study would be the possibility to include a larger amount of filler by better compatibilization and
a more uniform distribution of the filler, considering their orientation, since most of it maintains an
elongated geometry after ball milling.

Keywords: licorice waste; lignin-based composite; mechanical characterization; thermal characterization;
filler morphology

1. Introduction

The generation of lignocellulosic fibrous waste is abundant in the agro-food sector, from a large
variety of botanical species: from this waste, the extraction of lignin has been attempted as an option to
increase its profile of use, getting away from energy recovery to the production of new materials [1].
A large number of possibilities are offered by the different methods of lignin extraction, while on the
other hand, a simpler yet not always viable possibility is given by their integration into biopolymers,
especially if their yield in lignin is not likely to be very high [2].

In particular, the root and the stolon from licorice (Glycyrrhiza glabra) have a very long tradition
of use in different regions in the world, including China, Turkey, Israel and some parts of southern
Europe, such as in southern Italy [3]. Their traditional applications were as medicinal plants, then in
confectionery, but have gradually expanded, even to use in cosmetics; the value of the licorice market
was evaluated at USD 42 million in 2007 [4].
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The root constitutes a lignocellulosic material: analysis performed in [5] measured it as having only
a 3% content of water-soluble polysaccharides, 30.7% cellulose, 27.5% lignin according to Komarov’s
method [6] and 25.1% lignin determined by hydrochloric acid method, with, in any case, a large
amount of hemicellulose [7]. Licorice root is mainly employed in the food industry as a sweetener and
flavoring agent, and also in the tobacco industry, or as a source of saponin [8] or flavonoids, the latter
known also for their anti-inflammatory action [9]. The main component of interest for the production
of licorice is glycyrrhizin, which is a saponin compound formed by the conjugation of glycyrrhetic acid,
a triterpenoid aglycone, with a disaccharide of glucuronic acid. The extraction of glycyrrhizin is often
performed using an ethanol solution at high temperatures [10]. Uses in both traditional and herbal
medicine are particularly related to the inhibitory effect to the action of Helicobacter pylori, therefore
working as a liver protector, due to flavonoids found in licorice root [11]. More recently, this potential
was also suggested for employing licorice extracts for the incorporation in active anti-oxidation food
packaging films based on soy protein [12].

However, a large amount of biomass is still available from the residue of glycyrrhizin extraction
from licorice roots. In particular, quite recent data from China suggest that about 6–7 million tons of
residues of the local licorice species are produced yearly [13]. A number of applications external to the
food industry have been also proposed, none of which appear to have been industrialized as particularly
successful. For example, licorice root powdered biomass showed some potential when used as a
co-compost with cow manures for its suppression of some types of fungi, such as Fusarium oxysporum
f. sp. melonis (FOM) [14]. Another possibility that has been investigated is the production of active
carbons from licorice waste, namely for the removal of methylene blue [15]. This has also been
experimented in mixtures, in particular with pistachio shells, another abundant waste from high-added
value productions in the food sector: the blend of the two wastes offered good properties as an active
carbon precursor for the removal of mercury [16]. A further option very recently explored has been
the use of licorice as a source for cellulose nanofiber (CNF) materials: this showed some potential,
although it involves a considerable transformation of the residue and limited yielding, also due to the
not very large cellulose content of the raw material [17].

In this situation, and especially considering that in terms of a circular economy, even a relatively
small production system, such as the one based on licorice in southern Italy, mainly in the Calabria
region, needs to act with a zero waste philosophy. In practice, the production of licorice from Calabria
is in the order of a few hundred tons per year, but it needs to be considered that the yield offered by
dried roots is only around 20% in licorice, with the rest becoming residue; therefore, thousands of tons
per year of residue are available [18].

It is important, therefore, to find applications compatible with the full use of residues from
production, for example as a prospective filler for polymer matrices, which is the objective of this work.
The use of waste biomass resulting from agricultural, textile or food industry processes, as the filler for
composites, has been often proposed recently, to subtract it, if possible and convenient, to an energy
recovery function. In contrast, its recycling in new materials would be recommendable according to
the waste hierarchy disposed by the European directive 98/2008. Normally, these studies have been
aimed at the introduction in a biopolymer: however, initial evaluations have been carried out using a
traditional oil-based polymer. This, although not biodegradable and not compatible with the biomass,
offers indications for preliminary considerations on the suitability of the process. The leading idea is
that reusing waste biomass is limiting its mechanical and chemical transformation, for economical and
environmental reasons. Examples of this way of proceeding on waste from large productive systems
were offered about oil palm fibers [19] and coconut and banana fibers [20].

In the case of licorice root residue, on which limited knowledge of its performance as a material is
available, the introduction in an epoxy matrix, although preferable for an initial study for its simplicity,
is likely to create some problems due to matrix–filler compatibility, which will possibly limit the
amount of lignocellulosic residue used. On the other side, this can be considered an operation carried
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out in a particularly difficult situation, to understand the possibility for further developments using
more appropriate and possibly compatible thermoplastic polymers.

2. Materials and Methods

2.1. Materials

2.1.1. Residues of Licorice Root

From licorice root, glycyrrhizin was extracted using an ethanol/water (1:1, v/v) solvent, with a
sample to solvent ratio of 1:5 (w/v), during 1 h: residues obtained after extraction were supplied by
Amarelli and Fallani, Rossano Calabro, Italy, and their use as a filler in a composite is the objective of
this study. Before starting any use, the material was stored for a period of around 6 months. The aspect
in which the material was before milling is reported in Figure 1; some agglomeration of fibrous
structures is visible, while on the other hand, in some cases, ribbon-like thinner parts are also visible.
It is also likely that the extraction of glycyrrhizin was not complete, since some blackish staining on the
fibers is also noticeable. To prepare them for introduction in the resin, checking that the material did
not include pieces with dimensions larger than 10 mm, they were suitable for ball milling. Therefore,
the root residues were milled for 2 h using a Retsch PM 100 planetary ball mill with a 250 mL chamber
in agate and equipped with 10 zirconia particles with diameter 10 mm as milling agents.
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Figure 1. Optical microscopy images of the licorice waste residue as obtained.

2.1.2. Preparation of the Composites

EPON™ Resin 828, a difunctional bisphenol A/epichlorohydrin derived liquid epoxy resin, kindly
supplied by Hexion (Solbiate Olona (Varese), Italy), was employed as a matrix for the development of
composites. Triethylenetetramine, supplied by Sigma-Aldrich, was selected as a curing agent (12.9 phr)
for the epoxy.

For the production of the blends, three filler concentrations were considered: 1, 5 and
10 wt%. These concentrations were calculated using the total weight of the reactive system
(epoxy monomer + hardener). Before introducing the filler in the resin, it was dehydrated for 16 h in an
oven at 40 ◦C. To obtain a good dispersion of licorice waste, the epoxy monomer and the root fibers were
mixed together at room temperature via high-shear mechanical mixer for about 30 minutes. Five specimens
per filler concentration were produced and tested, to be compared with five pure epoxy specimens.

After this phase, the systems were sonicated in an ultrasonic bath for 30 min for degassing.
In order to completely remove air bubbles, the blends were further placed in a vacuum chamber.
The obtained composite blends are referred in this paper as L-1%, L-5% and L-10%. The neat epoxy
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was produced and used as a benchmark (Pure Epoxy). The correct amount of hardener was added and
manually mixed, paying attention not to entrap air in the blend. The reactive systems were poured in a
Teflon mold and left to cure. The curing cycle was 12 h at room temperature and a post-cure at 90◦

C for 1 further hour. In this way, samples for mechanical characterization and thermo-gravimetric
analysis (TGA) were obtained.

2.2. Characterisation Methods

Before carrying out the milling operation, the licorice root waste as received was morphologically
characterized using a field-emission scanning electron microscope (SEM) (FESEM Zeiss, model Supra
25, Zeiss AG, Oberkochen 73447, Germany). The microscope was also used to evaluate the dimension
and shape of the milled root fibers before their addition in the epoxy matrix, so to compare the effect of
ball milling. After milling, the licorice root waste was introduced into the composites. A morphological
investigation was again carried out using the same SEM apparatus to evaluate the dispersion of the
licorice root in the composites. For all analysis carried out, the samples were metallized with gold.

The mechanical properties of composites were evaluated with a flexural characterization using
a dynamometer LLOYD Instruments model LR30K (Lloyd Instruments Ltd., Bognor Regis PO22
9ST, UK): three-point bending tests were carried following the normative ASTM D790M-93 (ASTM,
West Conshohocken, Penns., United States).

The thermal stability of the milled waste material, the resin and the composites was evaluated by
TGA. The tests were performed in air and nitrogen with a thermogravimetric analyzer, Seiko model
Exstar 6300, and consisted of dynamic scans at the heating rate of 10 ◦C/min from 30 to 900 ◦C.
Bulk samples of about 10 ± 1 mg were used. To obtain a good reproducibility, at least five samples for
each material were tested.

Additionally, FTIR-ATR (attenuated total reflection) analysis was performed for a qualitative
characterization of the reported licorice root residue. The IR spectrum was recorded with a Perkin Elmer
(20126 Milan, Italy) FTIR spectrometer Spectrum Two UATR equipped with ZnSe crystal (range from
4000 to 450 cm−1) performing 16 scans.

3. Results and Discussions

3.1. Characterization of Licorice Root Extract

The first observations concerned the evaluation of the material as received under the scanning
electron microscope. Due to the limited literature coverage on the specific roots, the explanations would
rather concentrate on what can be deduced from extraction processes carried out on lignocellulosic
waste materials. In particular, it is expected that the extraction would lead to preserving basically the
whole of the lignin structure and a non-negligible part of cellulosic materials [21]. Specific features
were observed. In particular, the material appears to be very fibrous and in fragments of maximum
dimensions exceeding a few millimeters, as is apparent in Figure 2a. The fibers appear to be connected
by a softer matter, in practice allowing their separation or fracture by cleavage (Figure 2b). Evidence of
the hierarchical levels of the botanical structure is also offered, with the spiral winding of the fibrous
material being shown in Figure 2c. Cellulose microfibrils are represented in Figure 2d,e at different
magnifications: here, the typical etched striations are revealed [22]. These are embedded in a more
compact and plate-like structure, most likely attributed to lignin. In the material, as received, the
presence of some spores, as represented in Figure 2f, was also revealed. From the point of view of
the present research, this demonstrates the persistence in the waste material, after extraction, of root
exudates, such as organic acids, amino acids and phenolic compounds, which assist in the development
of plant–fungal symbiosis by inducing spore germination [23]. This would need further investigation
in the sense of possibly affecting the stability of biopolymer in cases when licorice waste is used as filler.
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Figure 2. SEM micrographs of the raw material as obtained: (a) view over the whole width of
a particle; (b) details of cleavage structure; (c) spiraliform arrangement of the fibrous material;
(d) bundle of cellulose micro-fibrils; (e) etched surface of cellulosic micro-fibrils; (f) spore germinated
in as-received material.

To have some more information about the content of cellulose, hemicellulose and lignin,
which constitute the three principal components of biomass, thermogravimetric measurements
were carried out. In particular, as reported in Figure 3, TG-DTA analysis carried out in air on the
material as received led to the clear indication of four different stages, which are here reported,
with their respective amounts. It is not possible in general terms to identify in this way the three
separate components, namely hemicellulose, cellulose and lignin. It has, however, been suggested that
the onset of degradation of the three components may start in the order in which they are mentioned
above, although co-existence of the different degradation phenomena is also frequent [24].

Stage I (7%) is the dehydration process, which is due to water and ethanol content into the intrinsic
mass of the residue, ending around 120 ◦C.

Stage II (41%), where most degradation takes place, is likely to start from hemicellulose, which is
the simplest to pyrolyze among the three major fractions of a lignocellulosic biomass, due to its linear
polymer structure with short side chains, hence decomposing at temperatures between 200 and 350 ◦C
(Tonset for Stage II = 287.2 ◦C) [25].
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Stage III (30%) is mainly correlated with cellulose, which is constructed of semicrystalline
arrangements of chains associated with one another, and decomposing in a temperature range from
350 to 425 ◦C (Tonset for Stage III = 415.3 ◦C). It is suggested that the strong interaction between the
different components would contribute to elevating the cellulose degradation temperature [26].

Stage IV (12%) is when it is most likely that lignin decomposition would occur. Lignin is a complex
structure of phenolic polymer that enclose the polysaccharides of the cell walls which produces hard
and durable composite materials [27,28], in fact, lignin steadily decompose from 450 to 550 ◦C and
over 800 ◦C (Stage IV Tonset = 457.3 ◦C), reflecting the different structures of lignin.

The four stages are not covering the whole temperature range; therefore, around 10% of the
material is not attributed to any of the degradation stages.

In the case of the thermogravimetric tests of the licorice root residues in nitrogen atmosphere,
as reported in Figure 3b, we measured a loss of around 12% below 100 ◦C, which may indicate the
not negligible presence of moisture, or possibly ethanol residues. In contrast, the onset of material
degradation, as indicated by the inflection point of the differential thermogravimetric analysis (DTG)
curve, appears to be at around 260 ◦C, reaching its maximum at 360 ◦C and completed around 400 ◦C,
as is normally the case for lignocellulosic structures. Furthermore, from the amount of mineral mass
remaining at 800 ◦C, in the region of 20%, it can be suggested that the behavior of the licorice waste
was mainly closer to that of hemicellulose, which is in fact its main constituent [29].
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Figure 3. Weight loss of licorice root residue sample during heating rate at 10 ◦C/min under air (a) and
nitrogen (b) flow.

More detailed information about the nature of licorice root residue is also offered by FTIR-ATR
measurements. For the qualitative determination of biomass components in the MID-IR region
Fourier transform mid-infrared spectroscopic analysis is also a rapid and non-destructive technique.
Lignocellulosic biomass is mostly composed of lignin, hemicellulose, and cellulose, but there are small
differences between the proportion and structure of the chemical compositions in different biomass
species. As mentioned above, FTIR provides information about certain components in the plant cell
wall through absorbance bands (see Figure 4).

The major absorption peaks for the present study are selected as follows (Figure 4): the -OH
stretching is represented by very strong peaks at 3336 cm−1, as well as the established aliphatic -CH and
-CH2 stretching at 2856–2904 cm−1. The non-conjugated -C=O in hemicellulose stretching vibration
absorption peak is seen at around 1738 cm−1, while the absorption peak at around 1629 cm−1 is
assigned to aromatic skeletal vibration allied to the out-of-plane stretching of aromatic –CH. The peak
at 558 cm−1 is assigned to C–OH out-of-plane in cellulose [30], while those in the region from 1031 to
1160 cm−1 are assigned to the -C-O stretching vibration in holocellulose, and the peak at 1427 cm−1

is assigned to the -CH, -CH2 bending of aliphatic carbons. The small intensity of peaks at around
1738 cm−1 shows a very low holocellulose to lignin ratio [31]. The strong peak of licorice root at
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1316 cm−1 indicates the high proportion of syringyl units in lignin, combined with the 1629 cm−1 peak.
This appears different from other roots, as reported from Wang et al. [32], who reported instead on
those with a high amount of guaiacyl units.Processes 2020, 8, x FOR PEER REVIEW 7 of 12 
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3.2. Introduction into Epoxy Matrix and Characterization of the Composites

The idea was to evaluate the possibility to introduce it in a polymer matrix, in particular a
traditional thermosetting one, with the idea, in case the results were promising, to proceed, if at
all possible, in further studies towards the use of biopolymers. In practical terms, the material,
introduced as received, proved too hard and of scattered dimensions for the purpose, leading to
clogging within the matrix, even in very small amounts. Therefore, a ball mill grinding process was
applied to reduce the size of the filler.

After material grinding, the introduction of licorice waste into the epoxy matrix was revealed
to be possible to an amount of up to 10% wt., after which again the problems in mixing with the
resin were substantial. The variability of the geometries obtained after grinding was considerable,
as reported in Figure 5, and most particles obtained had a shape far removed from the cylindrical
one. An initial measurement, based on the average length and diameter of the particles as appearing
from the SEM observation, suggested that in a sample of 50 particles, with lengths between 50 microns
and 1.5 mm, the average aspect ratio (= length/diameter) was 5.5, and only about 20% of the particles
had an aspect ratio above 10. This value of aspect ratio is indicated to offer fibers which are likely
to offer some reinforcement effect, even in small amounts and in a random configuration [33]. As a
consequence, the improvement in mechanical performance expected over the pure resin is likely to be
limited. A previous attempt related to the introduction of as-received lignocellulosic waste biomass
from Opuntia fibers into a thermoplastic starch (TPS) matrix indicated an increase only in stiffness,
with considerable issues in maintaining the same stress of the pure matrix, despite its compatibility
with the filler [34].

In comparison, thermogravimetric tests of the neat epoxy resin and of the composite with the
highest amount of filler (L-10%) (Figure 6) indicated that the degradation temperature of epoxy and of
the licorice root waste were quite close to each other, so that the effect of the introduction of filler in
epoxy on the degradation temperature was really small.
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Figure 6. Thermogravimetric tests results in nitrogen atmosphere of pure epoxy and 10% licorice waste
composite (L-10%).

Samples for flexural characterization, which was deemed to be the most significant testing type
for the initial evaluation of randomly oriented lignocellulosic filler in a resin, are shown in Figure 7a.
The results obtained, which are reported in Figure 7b (strength), Figure 7c (stiffness) and Figure 7d
(strain), indicate that the introduction of licorice waste, even in very small quantities, results in a
significant reduction in flexural strength. This is expected when it is not very easy to control the
distribution of the filler particles and therefore they act more as defects, just increasing the rigidity of
the resin, despite some elongated particles also existing, which would possibly behave as reinforcement.
A suggestion could be applying some separation with appropriate sieve meshes, which should not
present particular problems, in view of the relative hardness of the filler material. On the other hand,
there is a small effect on stiffness, yielding an increase of a few percent both with the introduction
of 5 wt% and of 10 wt% of licorice root waste, which appears to have a limited significance, due to
the small amount of filler introduced and to the fact that five specimens per category were tested.
The best compromise, in view of the larger strain retained, can be suggested to be the one obtained by
the introduction of 5 wt% filler, although, in view of the maximal re-use of waste, going up to 10 wt%
could be reasonable.
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Scanning electron microscopy (SEM) images of fracture surfaces, reported in Figure 8, are especially
focused on controlling the formation of an effective interface between the filler and the resin. This is
particularly observed from the accommodation of the resin strain, which appears as such in Figure 8a,
and by the different amounts of filler introduced, 1, 5, and 10 wt%, in Figure 8b–d, respectively.
Here, again, the most promising situation appears to be shown by the intermediate amount of filler,
hence 5 wt%, where the most interesting modification with respect to pure epoxy is revealed. In contrast,
there is a notable effect of the filler orientation in the case of 1 wt%, and a noteworthy presence of air
inclusions, which are likely to be due to the difficult introduction of a possibly excessive amount of
filler, in the case of 10 wt%.

The limited compatibility between the resin and the filler also played a role, but it was quite
promising that a minimal improvement was observed over the resin properties, at least in terms of
stiffness. To ensure the repeatability of the results and possibly avoid the strength loss, a number of
strategies would be necessary, including the control of the aspect ratio by appropriate meshing of the
particles and chemical treatment, e.g., by alkali, for the removal of loose and non-structural parts, etc.
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4. Conclusions

The introduction of licorice waste in an epoxy resin proved feasible in lower amounts, not exceeding
10 wt%, and provided some improvement to the flexural stiffness of the resin, even with only 5 wt%
waste, despite the random arrangement of the filler introduced with a very scattered aspect ratio.
The interface obtained between the matrix and the filler was of limited strength, although no particular
tendency towards pull-out was observed, due to the low amount of fibers introduced. Other critical
aspects were also revealed, in particular the tendency towards spore germination on the waste,
despite long storage, due to it not being dried immediately after glycyrrhizin extraction, and the
difficult mixing with the polymer. While the former suggested a further difficulty in the possible
future use of this waste as the filler of biopolymers, leading to early degradation, the latter would
limit the amount of waste used in the prospective composite. Indications for improvement would be
the treatment of the material to make it less prone to rotting, excluding fibers with too low an aspect
ratio or applying alternative mixing processes, such as production using three-roll calendering. On the
other hand, the attempt to use a refuse from the agro-food industry as received for introduction into a
composite material retains its environmental value, at least as a reference for future developments.
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