Difficulties with Use of Cocoa Bean Shell in Food
Production and High Voltage Electrical Discharge as a
Possible Solution

Barisi¢, Veronika; Jozinovié, Antun; Flanjak, lvana; Subari¢, Drago;
Babid, Jurislav; Milicevié, Borislav; Doko, Kristina; Ackar, Purdica

Source / Izvornik: Sustainability, 2020, 12

Journal article, Published version
Rad u casopisu, Objavljena verzija rada (izdavacev PDF)

https://doi.org/10.3390/su12103981

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:112:719039

Rights / Prava: Attribution 4.0 International/Imenovanje 4.0 medunarodna

Download date / Datum preuzimanja: 2025-01-06

SClLi, Repository / Repozitorij:
(i) YELEUGILISTE U POZEGI
\aaafjaday STUDIA SUPERIORA POSEGANA Repository of Polytechnic in Pozega - Polytechnic in

@ a7y,

Pozega Graduate Thesis Repository

aoar

DIGITALNI AKADEMSKI ARHIVI [ REPOZITORUIJI


https://doi.org/10.3390/su12103981
https://urn.nsk.hr/urn:nbn:hr:112:719039
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://repozitorij.vup.ftrr.hr
https://repozitorij.vup.ftrr.hr
https://dabar.srce.hr/islandora/object/vup:2739

o ey z
<@ sustainability ﬂw\p\py

Review

Difficulties with Use of Cocoa Bean Shell in Food
Production and High Voltage Electrical Discharge as a
Possible Solution

1 1

Veronika Bari$i¢ "/, Antun Jozinovié¢ ¥, Ivana Flanjak 19, Drago Subarié 1@, Jurislav Babié¢ 1,
Borislav Mili¢evié 12, Kristina Doko 3 and Purdica A¢kar 1-*

1 Faculty of Food Technology Osijek, Josip Juraj Strossmayer University of Osijek, Franje Kuhata 20,

31000 Osijek, Croatia; veronika.barisic@ptfos.hr (V.B.); antun.jozinovic@ptfos.hr (A.].);
ivana.flanjak@ptfos.hr (L.E.); drago.subaric@ptfos.hr (D.S.); jurislav.babic@ptfos.hr (J.B.);
borislav.milicevic@ptfos.hr (B.M.)

Polytechnic in PoZega, Vukovarska 17, 34000 PoZega, Croatia

Federal Agro Mediterranean Institute, Biskupa Cule 10, 88000 Mostar, Bosnia and Herzegovina;
kristina.skender@gmail.com

*  Correspondence: dackar@ptfos.hr

check for
Received: 7 April 2020; Accepted: 9 May 2020; Published: 13 May 2020 updates

Abstract: The cocoa and chocolate industries have huge problems with the utilization of waste
generated during the production process. Waste material generated during production include
cocoa pod husk, pulp, and cocoa bean shell. Cocoa shell is a by-product that has great potential
because of its composition. It consists of dietary fibers, proteins, polyphenols, methylxanthines,
etc. However, despite its favorable composition, cocoa shell often cannot be used directly in food
production because it may contain components that are harmful for human health. Cocoa shell can
carry mycotoxins, different microorganisms, polycyclic aromatic hydrocarbons, and heavy metals.
High voltage electrical discharge presents a novel non-thermal method that has great potential for
the decontamination of waste materials and can also be used for extraction of valuable compounds
from cocoa shell.

Keywords: cocoa shell; HVED; waste material; sustainable production

1. Introduction

The cocoa industry faces fluctuation of cocoa bean price and social and political instabilities in
producing countries. The environmental aspects of the cocoa industry present some relevant issues,
and one of them is management of waste material generated during production [1,2].

The market for functional food is constantly expanding, so it is not surprising that agro-industrial
wastes are seen as new ingredients for this type of products [3]. Economic, social, and environmental
sustainability is the goal of every food production, including that of the chocolate industry.
Many institutions want to ensure waste management to achieve this goal [4].

Cocoa shell is a by-product of the cocoa industry that has a high nutritional value. It can be
used in the food industry, as well as in pharmaceutical, cosmetic, and agricultural industries. A more
detailed review of its use in different industries is given in the paper by Panak Balenti¢ et al. [5].

The production of cocoa beans can be divided into three stages:

— Growing, harvesting, and pre-processing;
—  Primary cocoa processing and production of semi-finished products; and
—  Chocolate industry—manufacturing of finished products [6].
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High voltage electrical discharge (HVED) has become very interesting to many scientists because
it can degrade organic compounds and inactivate bacteria, viruses, and yeasts [7]. This treatment
leads to a number of chemical and physical processes: production of ultraviolet light, shock waves,
production of reactive species, etc. [8]. All these changes are responsible for HVED’s capability to be a
disinfection and extraction technology.

This review shows the benefits and shortcomings of using cocoa shell in food production.
A possible solution for problems that occur with the use of cocoa shell in food production is stated.

2. Cocoa Shell

The cocoa industry generates large amounts of waste that consist of pod husk, pulp, and bean
shell. Namely, cocoa beans, which are the main ingredient in chocolate production, are removed from
the cocoa pod, after which they are fermented and dried. Cocoa bean shell is removed from seeds
before or after roasting of the beans [9].

After the separation of the shell from the seed, it is usually discarded or sold as agricultural mulch.
Since the shell presents 12%-20% of the bean, it is obvious that this is the largest waste generated after
processing the beans [9-11]. According to International Cocoa Organization [12], the world generation
of cocoa waste can be estimated to 700 thousand tons per year.

Cocoa shell has an interesting composition. Itis rich in dietary fibers, proteins [13], polyphenols [14,15],
methylxanthines [16], etc.

Dietary fibers are generally divided into soluble and insoluble fibers. The soluble/insoluble ratio
is very important in human nutrition, and cocoa bean shell has a ratio close to desirable, giving it
potential for direct implementation in food [17]. Dietary fibers of cocoa shell are mainly composed
of pectin and cellulose [13]. In addition, cocoa shell is rich in flavanols (catechin and epicatechin),
which have an antioxidant activity, and methylxanthines (theobromine and caffeine), which have an
effect on the human nervous system [18,19]. Okiyama et al. [20] investigated the lipid profile of cocoa
shell and concluded that it is similar to that of cocoa butter, which could lead to its application as a
partial substitute for cocoa butter.

2.1. Use of Cocoa Shell in Food Production

Cocoa shell composition has driven many scientists into implementing cocoa shell directly in
food products and investigating the properties and sensorial acceptance of the obtained products.
In addition, there are research that investigated the application of different components of cocoa shell
as a food ingredient. This subsection gives an overview of papers that have addressed this topic.

Martinez-Cervera et al. [21] used soluble dietary fiber extracted from cocoa shell in the production
of chocolate muffins. Fibers were used as fat replacers and the results showed decreased hardening
during storage, good texture, higher moisture, and pleasant color of enriched muffins. Soluble dietary
fibers from cocoa shell were also used in production of wheat bread, showing a softening effect [22].
It was concluded that these fibers can be used up to 6% and do not have a negative effect on sensory
acceptability and storage of bread. Enrichment of products like muffins and bread, which are consumed
often, with dietary fibers from the cocoa shell can have beneficial effects on glucose absorption, as was
shown in an in vitro study by Nsor-Atindana et al. [23].

Mazzutti et al. [19] used cocoa shell to obtain lipid-enriched extract and phenolic-rich extract.
These products showed great potential for incorporation in food products. Another study conducted
with extracts of cocoa shell aimed to protect polyphenols that are present in this kind of extract.
Papillo etal. [24] used spray-drying with maltodextrins to achieve this. Results showed that polyphenols
in these extracts were protected during baking and storage.

Alkalized cocoa shell has also found its way into food production. Bernaert and Rysscher [25] used
it for production of a cocoa beverage with a unique taste and rich in dietary fibers. In another study,
they concluded that cocoa shell powder could be used in different food products as a replacement for
cocoa powder [26]. Alkalized cocoa shell was used also in the production of cookies, and the obtained
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product showed higher resistance to breaking compared to wheat cookies [27]. Another study was
conducted to investigate functional beverages with cocoa shell [28], where beverages with the highest
content of bioactive compounds were the least appreciated by consumers. This was probably because
of polyphenols and methylxanthines that give an astringent taste to these products.

Some direct implementations of cocoa shell in food products without previous processing include
the production of pork sausages [29] and extruded snack products [30]. Pork sausages with levels
of cocoa shell of 1% or lower had improved color, viscosity, moisture content, and emulsion stability.
An interesting discovery was also that the addition of cocoa bean shell could inhibit lipid oxidation in
these kinds of products. Jozinovi¢ et al. [30] added cocoa shell in extruded snack products in amounts
of 5%, 10%, and 15%. This enrichment increased resistant starch and polyphenol content. Although
physical properties were slightly poorer than in conventional products, they were still acceptable.

Cocoa shell will also be interesting for incorporation in chocolates because it would not need to be
transported from chocolate factories. It would be directly used in chocolate production, which would
decrease the cost of its use. A great deal of research has been done with focus on enrichment of
chocolates with fiber sources where they replaced sugar or fat [31]. This gives promising hope that the
use of cocoa shell in chocolate production could come to life.

2.2. Problems with Use of Cocoa Shell in Food Production

Since it is obvious that cocoa bean shell has great potential and it is rich in many bioactive
components that can benefit human health, why is it not used in food production yet? One of the
reasons is that cocoa shell may contain undesirable components that need to be removed before its
incorporation in food products. Some of these components are mycotoxins, heavy metals, polycyclic
aromatic hydrocarbons (PAHs), and microorganisms.

2.2.1. Mycotoxins

Cocoa beans are fermented, dried, and stored most commonly in unhygienic conditions. That is
obvious from the fact that they are often contaminated with Aspergillus, Eurotium, and Absidia species [10].
Copetti et al. [32] reported that ochratoxin A, which is produced by fungi of Aspergillus and Penicillium
genera, are concentrated in cocoa shell. This toxin is present in a wide variety of foods like coffee beans,
dried fruit, and cereals [33]. Only a small part of this toxin is present in cocoa nibs. Aflatoxins B1, B2, G1,
and G2 have been found in cocoa shell. It was concluded that they appeared more frequently in cocoa
shell than other parts of bean, and that they appeared in 11% of the samples [34]. These components
are very stable and cannot be completely destroyed during processes conducted during the production
of chocolate [35].

2.2.2. Heavy Metals

Cocoa bean may be contaminated with heavy metals because of environmental and external
influences [36]. A major concern is the presence of nickel (Ni), cadmium (Cd), chromium (Cr), and
lead (Pb) [37]. Most research mentioned below were conducted to examine heavy metal contents
in chocolate and cocoa products [38,39]. Increased contamination was mostly because of the use of
fertilizers, pesticides, insecticides, etc. If these activities are not controlled and managed according to
Good Agricultural Practice (GAP) and Good Manufacturing Practice (GMP), they can lead to increased
content of heavy metals [40]. Additionally, fermentation, drying, crushing, and contact with metal
devices during processing can affect the content of heavy metals [41].

Cocoa shell in most cases has higher content of these compounds because of its high absorption
capacity. This characteristic is used in a few researches to examine cocoa shell as a new adsorbent for
the removal of heavy metals from polluted water [42,43].
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2.2.3. Polycyclic Aromatic Hydrocarbons (PAHs)

PAHSs are known as genotoxic carcinogens and in cocoa beans can be produced during drying
and roasting [44,45]. They are formed in roasted foods rich in carbohydrates through two processes:
pyrolysis and pyrosynthesis [46,47]. The increased content of PAHs in cocoa beans is most often
the result of inappropriate drying. The highest risk of contamination is present in artificial drying
when producers use firewood or fossil fuel [48]. In addition, Ciecierska [45] concluded that even low
temperatures during roasting of beans favor the development of PAHs. Since, most often, cocoa beans
are roasted with cocoa shell, there is a high possibility that the cocoa shell is also contaminated with
PAHs. Agus et al. [49] reported that roasted cocoa shell had lower amounts of PAHs than dried cocoa
shell. This could be due to migration of these compounds in cocoa nibs during roasting.

2.2.4. Microorganisms

During drying in cocoa farms, birds and insects frequently come into contact with cocoa seeds.
They are transmitters of Escherichia coli and Salmonella [6]. Although cocoa beans are subjected to
roasting, the research of Izurieta and Komitopoulou [50] showed that Salmonella strains present on
cocoa shell were heat resistant. To minimize risk of contamination of cocoa beans, good hygiene and
manufacturing practices should be implemented in cocoa farms. Leaving cocoa beans unprotected
should be avoided so that contact with transmitters of contamination can be reduced [51].

3. High Voltage Electrical Discharge (HVED)

High voltage electrical discharge treatment is a low-energy and non-thermal technology that has
great potential for use in the utilization of by-products in the food industry.

3.1. Work Principle of HVED Device

HVED technology is based on generation of electric discharges directly in water. This contact
generates physio-chemical changes and chemical processes in water [52]. Applying high voltage and
intensity pulses of short duration between two electrodes submerged in liquid leads to ionization.
During this process, three phases occur: electric pulse generation, current discharge, and electric arc
formation [53]. The process is accelerated with bubbles present in the solution or generated during
localized heating. Electron avalanche from high-voltage- to ground electrode will occur if the potential
difference between electrodes is sufficient. During this process, due to large amounts of energy used,
a number of oxidizing species is generated [4].

HVED systems can be divided into batch, continuous, and circulating systems. The basic
mechanism of these three systems is the same, but local electric field concentration modes are
different [54].

For use of HVED technology in extraction or any other treatment, there are two important
parameters: total HVED treatment duration (tgvep) (Equation (1)) and HVED energy input (WyyeD)
(Equation (2)) [54]:

tnvep(s) = nxt; 1)

where 7 is number of discharges and ¢; is discharge duration (s).

E
k])_ pXn o)

wHVED(@ -
where Ej, is energy of one pulse (k]), n is number of discharges, and m is mass of suspension (kg).
During HVED treatment, photonic dissociation of water occurs, which leads to emission of
UV-light and OH' radicals. The UV-light can inactivate cells by damaging DNA and the created shock
waves can fragmentize tissue of products that are treated. The electric strength of the field is directly
proportional to the poration of the cell membrane, and this phenomenon is called electroporation [54,55].
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3.2. Description of HVED Device

Since there are many custom-made devices that are used in research and some of them are well
described by Takaki et al. [56], only the high voltage electrical discharge device (Figure 1) that was
custom made for Faculty of Food Technology Osijek by Ingeniare CPTS1 is described in this subsection
as an example. The pulse generator of high voltage contains a 30 kV impulse generator with a variable
pulse frequency of 20 Hz to 100 Hz. The impulse generator can be replaced so that the voltage can
be adjusted according to the needs of the experiment. The generator scheme (Figure 2) shows that it
consists of a high-voltage DC generator, an energy tank (capacitor), a high-voltage switch, a chamber,
and an automatic control unit. The automatic control unit provides capability to control time of
treatment, pulse frequency, and mixing speed.

Figure 1. High voltage electrical discharge device.

High-voltage switch

Generator of high | | Energy tank /
voltage (30 kV, DC) (capacitor)
Chamber
A ic control unit

il

Figure 2. Scheme of generator.

High voltage electrodes are located in the treatment chamber and are attached to the electrode
carrier with the ability to adjust the distance between the electrodes. The high voltage INOX electrode
and the plate or ground electrode (45 mm) are immersed in the solution during the treatment. The height
of the electrodes can also be adjusted. The distance between the electrodes is adjusted according to the
conductivity of the sample that will be treated, which depends on both the type of sample and the
concentration of the solution. The conductivity of the solution must be measured before the treatment.
The effect of water conductivity on formation of shock waves was studied by Cathignol et al. [57].

3.3. HVED Application

HVED is mostly used for the extraction of polyphenols, proteins, and pectin from waste
materials [4,58,59]. In this paper, we want to show other perspectives of this technology that



Sustainability 2020, 12, 3981 6 of 11

will open the possibility of using HVED as a decontamination and extraction technology at the
same time.

HVED can be used for inactivation of bacteria like Sallmonella spp., Eschericia coli, Listeria, etc. [60].
Zhao et al. [61] designed an atmospheric air dielectric barrier discharge device, which they used to
uniformly decontaminate fruit surface. They reported satisfactory results for the removal of S. aureus
without damaging the fruit surface. In addition, there are many examples of effective use of cold
plasma in the removal of mycotoxins and fungi, even damaging spores [62]. These imply that HVED
could also have such an effect in liquid media. Anpilov et al. [63] reported that HVED was effective
in the destruction of Escherichia coli in water, probably because of the generation of different radicals
and UV radiation. Reactive oxygen species and hydrogen peroxide produced during treatment
induce oxidative stress that has a major effect on microbial inactivation. These products oxidize
membrane components of microorganisms [64]. Some researchers concluded that the efficiency of
HVED is due to the combination of physical, chemical, and electrical effects, and not just one factor [65].
During treatment, the formation of hydrogen peroxide occurs, which further leads to the formation of
H30", which is mostly responsible for a decrease of pH. Bacteria such as Escherichia coli is especially
sensitive to low pH, which leads to its disruption [66]. However, pH alone could not be responsible
for the inactivation of these proportions [8]. The combination of UV light and H,O; can lead to
the mutation and damage of DNA. Ozone is an additional factor that contributes to disinfection
possibilities of HVED, since it is a known disinfectant [67].

HVED treatment of cocoa shell conducted on the device described in this paper showed that
this is a good procedure for the removal of 5-hydroxymethylfurfural and acrylamide [68]. It is well
established that acrylamide is carcinogenic and is even regulated in the EU for different types of food
products. Tessier et al. [69] reported decontamination of PAHs with corona discharge. This process
was conducted in solid phase so it is not certain in which way these compounds will behave in water
during discharge. Further research is needed to see if this process may successfully remove PAHs
from cocoa bean shell. It is known that this technology can also be used for the removal of different
organic impurities from water, possibly due to the same reasons [4]. The potential of HVED for
decontamination of materials and liquids lies in the fact that species (O, OH, O3) that are generated
during discharges in liquid are very active. The radicals that are created by dissociation of water can
oxidize organic compounds that are present in material or liquid that is treated, and can therefore
remove them [70,71]. During electrical treatment, advanced oxidation processes are known to degrade
a range of organic compounds [72]. Hydroxyl radical, ozone, and hydrogen peroxide are species that
directly attack organic compounds [73]. Du et al. [74] also managed to reduce 74.4% of PAHs during
arc discharge. They proposed that OH probably reacted with the aromatic ring, where further reaction
with oxygen resulted in ring-cleavage products.

Plasma discharges are known for their possibility of removing fungi and mycotoxins [62].
Ouf et al. [75] eliminated ochratoxin A with cold plasma after 7.5 min. Plasma-induced reactive
species are mainly responsible for decontamination, but UV light also plays an important role.
Park et al. [76] managed to completely degrade aflatoxins, ochratoxins, and deoxynivalenol with cold
plasma treatment. However, mycotoxins in food matrix could be a little more difficult to degrade
because the matrix could slow down the effect of plasma and react with part of the reactive species [77].
It was reported that this treatment destroys the integrity of cellular structure of Aspergillus spores [78].

Discharge treatment proved to be effective in decreasing the content of Pb, Cd, Fe, and Mn in
waste water, probably due to formation of insoluble oxides and hydroxides [79]. Rincon and Motta [80]
also managed to remove zinc, copper, and nickel from waste water with an electro coagulation method.
This implies that the process could be effective in the removal of metals from cocoa shell.

Since HVED technology is mostly used for extraction, this can be an additional reason for using
this method. It would be economically viable to use the extract obtained after cocoa shell treatment to
produce bioactive components, proteins, or pectin. Joki¢ et al. [81] used this method for the extraction
of polyphenols and methylxanthines. In contrast to this study, where the cocoa shell was milled,
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Barisi¢ et al. [15] came to the conclusion that unmilled cocoa shell treated with HVED had a higher
proportion of polyphenols and methylxanthines than control samples mixed in water. Additionally,
HVED extraction of proteins from Camellia olcifera seed cake [82] and pectin from sugar beet pulp [83]
was conducted.

When compared to other conventional extraction techniques, HVED was shown as a great process
to obtain higher phenolic content in extracts from olive leaves [84] and grape seeds [85]. In the case
of grape seeds, HVED also affected the size of grape seeds because of the generated shocks that can
disrupt tissue and cellular structures [86]. At the same time, it was less selective regarding the amount
of anthocyanins recovered during the extraction.

Due to its great potential for extraction of various biocomponents, shorter treatment, and less
thermal destructiveness compared to other techniques, HVED has already proven to be an excellent
extraction technique. If we also take into consideration the potential for decontamination of water
and different biomaterials, this technology could replace several technologies currently present in the
industry, not only for treatment of cocoa shell, but for other waste materials as well.

4. Conclusions

The cocoa industry has a large problem with the disposal of waste generated during production.
One of the most interesting waste materials is cocoa bean shell. It is rich in dietary fibers, bioactive
compounds, proteins, etc.—compounds that can benefit human health. However, cocoa shell may
contain some undesirable compounds that need to be removed before incorporation into food products.
High voltage electrical discharge treatment was shown as a promising non-thermal technology for
the utilization of food by-products, which can solve the problem of harmful compounds present in
cocoa shell. Different types of HVED treatment, including plasma, have been shown to be efficient
in the decontamination of various food products, including the destruction of microorganisms both
pathogenic and spoilage, and removal of heavy metals, PAHs, HMF, and acrylamide. Future research
should focus on revealing actual mechanisms of HVED on specific compounds and microorganisms,
and on the exploration of optimal conditions of treatment regarding the desired effect, but negative
effects (such as potential release of metals from electrodes) should not be disregarded.
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