proceedings ﬁVl\D\Py

Proceedings

Coffee Silverskin as a Potential Bio-Based
Antioxidant for Polymer Materials: Brief Review *

Aleksander Hejna *

Department of Polymer Technology, Gdansk University of Technology, Narutowicza 11/12 80-233 Gdansk,

Poland; aleksander.hejna@pg.gda.pl

* Correspondence: aleksander.hejna@pg.gda.pl; Tel.: +48-58-347-2234

t Presented at the First International Conference on “Green” Polymer Materials 2020, 5-25 November 2020;
Available online: https://cgpm?2020.sciforum.net/.

Published: 4 November 2020

Abstract: Coffee silverskin is one of the by-products generated by the coffee industry. Although it
is not the most burdensome one, because it stands only for ~4.2 wt % of coffee, it seems like an
auspicious raw material for industrial processes. Coffee silverskin is characterized by a relatively
low moisture content of ~5-7%, so it often does not require quite energy-consuming drying
processes. The chemical composition of coffee silverskin, as well as other renewable materials, may
be significantly affected by its type and origin, in this case, plant Coffea. Nevertheless, due to high
fiber content, it could be considered as exciting material for the manufacturing of wood polymer
composites. At the same time, it contains noticeable amounts of proteins, which may provide
additional features to polymer composites. However, what is most important is the high content of
antioxidants, which could noticeably enhance their lifetime by inhibition of the oxidation reactions.
In the presented paper, attempts of coffee silverskin incorporation into different polymer matrices
were summarized and discussed. Moreover, potential future trends in this area of research were
proposed.
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1. Introduction

Coffee is commonly considered as one of the most popular beverages in the world. Its
consumption exceeded 165 million 60-kg bags in the crop year 2018/2019. The size of consumption is
growing by ~2% annually over the last years [1], which implies increasing production, especially in
South and Central America and Asia. It obviously causes increased amounts of generated by-
products. Generally, by-products from the processing of the fresh coffee cherries into roasted coffee
stand for over 50% of the initial mass of cherry [2]. The primary by-products obtained during coffee
processing are husk, pulp, mucilage, parchment, silverskin, and wastewater [3]. The coffee industry
also generates enormous amounts of spent coffee grounds. The exact amounts of by-products and
their composition depend on the origin of coffee, particularly the coffee plant species. Two species,
which accounts for almost 100% of coffee production are Coffea arabica (Arabica) and Coffea canephora
(Robusta). The composition and amounts of by-products are affected by climate conditions and soil,
where plants are grown [3].

Another factor affecting the generation of by-products is the method of coffee processing. Three
main methods may be distinguished: natural washed and honey. They are aimed to produce coffee
with a different flavor profile. The natural method does not use water. Cherries are dried in the sun
until the whole husk is separated. This by-product consists of the outer skin, pulp, and mucilage [4].
More complex is the washed method. The first step is the mechanical separation of coffee pulp from
beans. Then, beans covered with a sticky mucilagous layer are fermented in pools, facilitating final
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cleaning [5]. After fermentation, beans are dried until the proper level of moisture is achieved. The
honey method is a combination of natural and washed. The pulp is mechanically separated, and
beans covered with mucilage are dried in the sun [6]. Independently of the selected processing
method, beans have to be dried, enabling the separation of parchment — another coffee industry by-
product.

After processing and drying, the most critical step in the manufacturing of coffee is conducted —
roasting. During this process, all the main chemical changes occur, directly influencing the
appearance, aroma, and flavor profile of coffee brew [7]. The caramelization process and Maillard
reactions are directly affecting the color of coffee beans and the generation of melanoidins, which are
natural antioxidants [8]. The only by-product generated in the roasting process is coffee silverskin.

2. Coffee Silverskin

Coffee silverskin stands for ~4.2 wt % of coffee beans, so it is not generated in massive amounts.
Nevertheless, it should be considered an auspicious material for industrial applications, including
polymer composites. It is associated with its low moisture content, which makes it hardly perishable,
contrary to other by-products, especially those obtained during washed processing. The chemical
composition of coffee silverskin is significantly affected by the type and origin of coffee, which can
be seen in Table 1. This by-product contains mainly carbohydrates, making it relatively similar in
chemical composition to the various lignocellulose materials, such as wood flour. Coffee silverskin
also contains significant amounts of proteins, which during processing may also take part in Maillard
reactions, generating melanoidins enhancing the antioxidant activity of the material. Moreover, this
by-product contains noticeable amounts of other compounds showing antioxidant activity, such as
caffeine, polyphenols, tannins, or melanoidins generated during roasting of coffee [9]. They are
responsible for the excellent antioxidant activity of coffee silverskin, which, according to literature
data, is in the range of 9-18 umol TR/g, measured by DPPH assay [10]. The main compounds showing
antioxidant activity present in coffee silverskin are summarized in Figure 1 [11,12]. Other, less
popular include hyperoside, kaempferol, naringin, quercetin, or quinine.

Regarding the utilization of coffee silverskin, areas of interest include pyrolysis, manufacturing
of biofuels or adsorbents, and biotechnological studies aimed at the production of ethanol, a-amylase,
butanol, succinic acid, or mushroom growth. An exciting application is also the regeneration of frying
oil, associated with polyphenols' high content [13]. Due to the antioxidant activity, researchers are
also strongly focusing on the uses related to the food and cosmetics industry [14]. Coffee silverskin
and its extracts show mainly antioxidant, anti-radical, anti-inflammatory, and antimicrobial activity,
but researchers also reported interesting anti-cellulite and anti-hair loss effects [15]. Antioxidant
properties are also utilized in food products, where silverskin may be introduced as a novel food
ingredient, e.g., in the manufacturing of antioxidant beverages [16]. It also shows antidiabetic activity
and may prevent diseases related to oxidative stress, such as diabetes. These exciting features, related
to the antioxidant and antimicrobial properties of coffee silverskin, also encourage using this by-
product as a potential additive for polymeric materials.

3. Applications of Coffee Silverskin in Polymer Technology

From the technological point of view, coffee silverskin can be considered one of the most
promising by-products of the coffee industry. Due to the roasting process's characteristics, it is
characterized by the very low moisture content compared to other by-products. Silverskin does not
require quite energy-consuming drying processes, which beneficially affects the economic issues.
Due to the minimal number of coffee silverskin industrial applications, it is treated as waste by the
roasteries. Therefore, to reduce its volume, it is often pelletized or compacted after mixing with water
or oil, which are aimed to act as binders. Such treatment significantly affects the most significant
advantage of silverskin, the low moisture content. Therefore it is justified to develop the applications
for coffee silverskin, which would provide it added-value. Among the potential examples,
incorporation of this material to the polymer technology seems very promising.
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Figure 1. The main compounds showing antioxidant activity, present in coffee silverskin: (a) caffeine,
(b) caffeic acid, (c) 3-caffeoylquinic acid, (d) 5-caffeoylquinic acid, (e) 3,5-dicaffeoylquinic acid, (f) 3-
feruloylquinic acid, (g) 3-p-coumaroylquinic acid, (h) p-coumaric acid, (i) trans-cynnamic acid, (j)
ferulic acid, (k) gallic acid, (1) vanillic acid, (m) syringic acid, and (n) epicatechin.

As mentioned above, coffee silverskin show quite similar composition to materials
conventionally applied as fillers for wood polymer composites. It usually contains about 60-70% of
fiber, mostly insoluble (~90%). What distinguishes this by-product is the relatively high protein
content (~17-18%), which may provide additional polymer composites features. They can act as
plasticizers of the polymer matrix, and as mentioned earlier, take part in Maillard reactions.
Moreover, due to functional groups' presence, proteins could provide additional possibilities for
interfacial adhesion with polar polymer matrices. Thanks to the high content of antioxidants,
silverskin may be beneficial for polymer composites' storage stability. Nevertheless, the use of this
by-product in polymer technology still focuses mainly on mechanical performance without a more
in-depth analysis of the additional effects. The reported effects of the coffee silverskin incorporation
into polymer composites on their mechanical performance are summarized in Table 2.

Zarrinbakhsh et al. [17] compared coffee silverskin with the other coffee industry by-product-
spent coffee grounds. They introduced 25 wt % of fillers into the polypropylene matrix. Spent coffee
grounds showed twice as higher lipid content comparing to silverskin. Moreover, both fillers showed
different morphology, silverskin particles were flake-shaped with fibrous structures, while spent
coffee grounds were mostly in the form of irregular-shape particles. Properties of composites were
strongly affected by the differences between fillers. In both cases, insufficient interfacial adhesion was
noted, which was related to the significant differences in phases' polarity. Nevertheless, the presence
of silverskin caused over 30% enhancement of tensile and flexural modulus. The authors indicated
the need for compatibilization of composites containing silverskin, which was confirmed later by
other researchers [34].
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Table 1. Composition of the coffee silverskin according to the literature data.

Compound Content, %dry matter
Fibre 71.9 - 624 717 564 742 624 534 692 659 564 677 - 66.9 61.6 - - 699 702 624
Insoluble - - 537 642 491 66.5 - 485 642 607 507 584 - - 54.2 - - 666 669 537
Soluble - - 88 76 73 109 - 49 50 52 63 93 - - 7.4 - - 33 33 88
Protein 155 187 162 190 188 - 186 186 190 185 190 179 126 154 173 144 - 119 11.8 18.6
Fat 58 38 22 - 24 35 22 25 29 32 32 26 - 46 21 4.9 - 21 28 22
Lignin 17.8 28,6 302 - - - - - - - - - 30.5 - - 299 310 - - -
Ash 69 54 47 57 83 - 7.0 - - - - - 45 76 54 58 - 56 58 70
Cellulose 23.6 238 179 - - - - - - - - - 20.9 - - 103 235 - - -
Hemicellulose 12.1 16.7 13.1 - - - - - - - - - 7.7 - - 9.6 7.5 - - -
Caffeine - - 140 - 1.25 091 - 1.35 081 116 097 1.37 - 1.20 - - - - - -
Reference [17] [18] [19] [20] [21] [22] [23] [24] [24] [24] [24] [24] [25] [26] [11] [27] [28] [29] [29] [30]
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Table 2. The impact of coffee silverskin on the mechanical performance of polymer composites.

Values respectively to the neat

Filler = Particle .
Filler polymer matrix, %
Matrix content, size, Additives Ref.
treatment Tensile  Tensile Elongation
wit% mm
strength modulus  at break
PP 25 - - - 119.0 1333 199.3 [17]
10 110.7 149.7 1 55.6
20 - 133 1128.8 1 65.6
PBAT/ 30 182 12427 | 822 (3]
PHBV 10 1 1.6 141.3 1267
20 <0.15 11.6 1101.2 | 444
30 125 1204.1 1 65.6
10 162 1 54.6 1220
20 - 1109 1171.3 1 441
30 147 1233.8 1 69.5
10 Extraction 1147 1 136.6 139.0
20 of 118.6 12504 1 57.6
PBAT/ 30 antioxidants 116.3 13434 1729 (32]
PHBV 10 Extraction 1 0.0 1529 150.8
S Maleinized
20 of 13.1 1207.0 | 644
o linseed oil
30 antioxidants 11.6 1210.3 | 62.7
10 16.2 143.8 1 13.6
Silanization,
20 - 114.0 1 141.0 1 35.6
APTES
30 1194 1265.0 1 61.0
10 1203 189 1 479
PLA 20 <0.5 - - 1225 1220 1465  [33]
30 150.8 1329 1789
10 1193 157.3 | 55.4
PBS 20 <0.5 - - 15.6 1864 1 50.0 [33]
30 0.0 1136.3 1571

Dominici et al. [35] used this hint and performed alkali treatment and esterification with
palmitoyl chloride before introducing silverskin into the polyethylene matrix. It caused enhancement
of elongation at the break because delamination during the tensile test was delayed. This work
confirmed the need for enhancement of the interfacial interactions.

Except for polyolefin matrices, coffee silverskin was mostly introduced into biodegradable
polymers, which should be considered environmentally friendly. Totaro et al. [33] applied poly(lactic
acid) (PLA) and poly(butylene succinate) (PBS) as matrices for coffee silverskin composites. No
additional modifications of filler were applied. Similarly to other works [31-33], a noticeable increase
in tensile modulus was observed, associated with over 40% increase in the degree of crystallinity for
both matrices (up to 82% for PLA). Considering tensile strength, deterioration was noted for both
matrices. However, it was more pronounced for PLA, which was related to its exceptional strength
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and higher processing temperature (190 °C, while for PBS was 125 °C). At elevated temperature,
decomposition of PLA occurred, which was catalyzed by metal ions present in silverskin.

Biodegradable matrix was also applied for composites filled with coffee silverskin by Sarasini et
al. [31], who wused poly(butylene adipate-co-terephthalate)/poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) (PBAT/PHBV) blend. The authors used two types of silverskin, untreated and
sieved through 150 pm sieve. The application of silverskin with the smaller particle size caused the
enhancement of the mechanical performance, compared to the untreated by-product (see Table 2).
Such an effect was related to the higher interface surface area, as suggested by the SEM analysis. The
by-product, independent of the particle size, showed antioxidant activity of 16.06 mg TE/g of dry
weight, determined by DPPH assay. It was associated with phenolics' content and resulted in over
nine-fold elongation of the oxidation induction time compared to the neat PBAT/PHBV blend. The
authors also prepared methanol extracts of composite samples. They showed over 90% DPPH
scavenging activity, while for the neat blend, its value was 0.

In their other work, Sarasini et al. [32] investigated the compatibilization of the above-mentioned
PBAT/PHBV/CSS composites. The authors introduced maleinized linseed oil (MLO) and (3-
aminopropyl)triethoxysilane (APTES). The silverskin was used as received, without grinding and
sieving, and after the extraction of antioxidants in water. As a result, compatibility with PBAT/PHBV
matrix was enhanced, attributed to the removal of water-soluble components and the rougher surface
of fillers. Filler pretreatment resulted in an even 10% increase of tensile strength and over 30%
enhancement of composite stiffness. All of the applied compatibilization methods increased tensile
strength comparing to the neat polymer matrix. The best results were noted for water extraction,
relatively similar to silanization, and significantly higher than for the addition of maleinized linseed
oil. Similar trends were noted for Young’s modulus, while elongation at break was significantly
decreased for all composite samples.

5. Conclusions

The presented paper summarized the literature reports related to the chemical composition of
coffee silverskin and its methods of utilization in polymer technology reported in the literature. As
presented in this work, based on the chemical composition, coffee silverskin may act as filler for wood
polymer composites and as a stabilizer, enhancing their resistance towards oxidation and different
types of microorganisms. It may be directly incorporated into polymer matrices or used as the source
of particular compounds applied as modifiers. There are hardly any reports related to the antioxidant
activity of coffee silverskin in polymer-based materials. Future research works should focus on the
following issues:

* in-depth investigation of the mechanisms of action of particular antioxidants present in the
coffee silverskin in terms of the potential enhancement of the oxidative stability of different polymeric
materials,

e comprehensive analysis of the antimicrobial activity of coffee silverskin and its impact on
the stability of polymeric materials,

*  possibility for the engineering of materials with the desired rate of decomposition under
different conditions.
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