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Abstract

Coffee is one of the most popular beverages worldwide. Its harvesting and processing
create millions of tons of various by-products every year. As the production of coffee is
increasing so does the number of by-products, that come within, and they all have the potential
to be reused. Those are for example coffee flowers, leaves and wood, parchment, and last but

not least silver skin.

Cascara, the dried coffee husk and pulp of coffee fruits, is an abundant and underutilized
by-product of coffee processing. The coffee industry generates tons of cascara annually, most
of which is discarded or used as a low-value input in agriculture or energy production in coffee
farms. However, cascara has recently attracted attention as a potential source of value-added
products due to its rich bioactive composition and sustainable sourcing. The main potential is
now seen inthe food and beverage industry due to its unique taste profile, and anti-
inflammatory and antioxidant properties. However, cascara can be used in other fields, such as
manufacturing, cosmetics, agriculture, biomass energy, and substrate for the cultivation of fungi

and yeasts.

Key words: Coffea arabica, sustainability, beverages, coffee cherry tea, novel food



Abstrakt

Kava je jednim z nejoblibenéjSich napoji na celém svété. Pii jeji sklizni a zpracovani
vznikaji roéné miliony tun riznych vedlejsich produktd. S rostouci produkci kdvy roste i jejich
mnozstvi, pfi¢emz v§echny maji potencial byt znovu vyuzity. Jsou to na pfiklad kavové kvéty,

listy a dfevo, parchment a v neposledni fad¢ silver skin.

Cascara, suSené kavové slupky a duzina kavovych plodu, je hojnym a nedostatecné
vyuzivanym vedlej$im produktem zpracovani kavy. V kavovém primyslu se ro¢né vyproduku;ji
tuny cascary, z nichz se vétSina vyhodi nebo se pouzije jako malo hodnotny vstup do
zemédélstvi nebo na vyrobu energie v kavovych farmach. Cascara vSak v posledni dobé
pfitahuje pozornost jako potencialni zdroj produktti s pfidanou hodnotou diky svému bohatému
bioaktivnimu slozeni a udrzitelné produkci. Hlavni potencidl je nyni spatfovan v
potravinaiském a napojovém pramyslu, diky jejimu jedineénému chutovému profilu a
protizanétlivym a antioxidacnim ucinkim. Cacscaru vsak lze vyuzit i v dalSich odvétvich,
napiiklad ve vyrobé dalSich produktt, kosmetice, zeméd€lstvi, pi vyrobé energie z biomasy a

jako substrét pro kultivaci hub a kvasinek.

Kli¢ova slova: Coffea arabica, udrzitelnost, napoje, ¢aj z kavovych tfesni, novel food
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1. Introduction

Coffee is one of the most widely consumed beverages in the world. However, the global
coffee industry is facing significant sustainability challenges: environmental degradation, social
inequality, and economic instability. To ensure the long-term viability of the coffee sector, it is
essential to adopt sustainable practices that balance economic, social, and environmental
objectives (Van der Vossen 2005). These challenges are driven by a complex set of factors,
including climate change, globalization, and the uneven distribution of power within

the industry.

The concept of sustainability has become increasingly important in the coffee industry,
as more and more consumers demand products that are produced in an environmentally
and socially responsible manner (Murthy & Madhava Naidu 2012). This trend has led
to the emergence of sustainability initiatives and certification programs that aim to promote
sustainable practices in coffee production and trade. Moreover, the coffee industry generates
a number of by-products that can have both positive and negative impacts on sustainability.
These by-products include coffee grounds, coffee pulp, and coffee husks, which can be used
for various purposes, such as energy production, composting, and animal feed

(Klingel et al. 2020).

Cascara is an often-overlooked by-product of the coffee industry. Cascara consists
of the dried skins of coffee cherries, coffee husks, and pulp. Despite its long history of use
in coffee-growing regions, cascara has only recently started to gain attention in the specialty
coffee industry as a potential value-added product (Vilela et al. 2001). This product has recently
gained attention as a potential source of sustainable income for coffee farmers. Traditionally,
cascara was considered a waste product of the coffee industry. But now it is being seen from
another perspective. Cascara has a flavourful profile that includes notes of dried fruit, caramel,

and hibiscus, making it a popular ingredient not only in coffee shops and specialty cafes.

There is a growing interest in cascara as an ingredient in various products, such as tea
blends, energy drinks, alcoholic beverages, and even cosmetics (Hidayah Base et al. 2022).
In addition to its flavour profile, cascara is also rich in antioxidants and other beneficial
compounds, which make it a potential candidate for various health applications

(Turck et al. 2022).



Cascara also has several potential uses beyond its traditional use as a beverage. These
include its use as a natural sweetener, composting, biomass energy, cosmetics, fertilizer, animal
feed, and natural dye (Matos 2008). The use of cascara in these applications can provide

additional economic and environmental benefits while promoting sustainable practices.



2. Aim of the thesis

This thesis aims to introduce and summarize most of the information about cascara such as

its use (including health benefits), chemical characteristics, and production.



3. Methodology

The data focusing on the genus Coffea were found in scientific databases (Web of Science,
Google Scholar, and PubMed), while using keywords such as: Coffea arabica, Coffea
Canephora, production, methods of processing or caffeine. Details about plants were found

in online databases World Flora Online and Useful Tropical Plants and in several books.

All the data on cascara (history, use, chemical compounds etc.) were collected from
scientific databases (Web of Science, Google Scholar, and PubMed) using the variation
of following keywords: cascara, by-product, novel food, sustainability, beverages, coffee

cherry tea.

The data for other coffee by-products were also collected from scientific online databases
with use of key words such as: parchment, coffee spent ground, green coffee, coffee leaves

or flowers, silver skin.



4. Literature review

5. General information about the coffee plant

While drinking a cup of coffee we do not usually imagine the plant that produces
the coffee beans and the hard work of many people that stands behind it. For several years

coffee drinks belong to one the most favourite drinks drunk all over the world.

5.1. Coffee plants from the botanical point of view

The coffee tree is part of the subkingdom known as Angiospermae — which means that
the plant is reproducing by using seeds, which are closed in the ovary, at the very base
of the flower (Farah & Dos Santos 2015). The coffee plant is a member of the genus Coffea
which belongs to the family Rubiaceae, which is one of the largest flowering families with circa
500 genera and 6000 species (Teketay 1999). Over ninety species were described within
the Coffea genus (25 were more detail described), but only two of them are considered to have
major commercial importance: Coffea arabica (see Fig 1) and Coffea canephora

(Davis et al. 2007).

Figure 1 Coffea arabica. Source: Iseli 2020



The coffee plant is evergreen woody species, that can grow up to 1,5 to 15 meters — they
can be referred to as bushes and sometimes even as trees (Veseld 2016). At plantations can be
found shorter coffee plants, mainly because of the easiest way for harvesting.
The characteristics of the plant are influenced by the conditions of the environment, where the
plants grow. They are mainly influenced by the type of soil, latitude, and humidity
(Teketay 1999). Another important influence is sunlight. They can grow in the undergrowth
of taller trees, where they are hidden from direct sunlight, or in direct sunlight, where the sun

does not have such strength. (Augustin 2016)

The best conditions for cultivating coffee plants can be found in countries in subtropical
and tropical climate zone. It is planted in more than 70 countries in the world. In general coffee,
plants need a more stable and warmer climate. The ideal amount of yearly rainfall is
over 1500 mm, which is why the plantains are embedded with other different species of trees,
that can hold the water in the soil. Plantains can also be found without trees, but these kinds are
located in lower latitudes, where the risk of sunburn of leaves is not that risky and the rainfall
is more regular. A very important role in the quality of coffee beans plays the soil quality. If the
soil is slightly alkaline, the coffee plant grows slower in the reverse case, when the soil is more

acidic, the plant dies (Burda 2013).

5.1.1. Anatomy of the coffee fruit
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Figure 2 Anatomy of the coffee fruit. Source: Klingel et al. 2020



The fruit that comes from a coffee plant is called a drupe. It is usually fleshy and contains
two sometimes only one coriaceous, and one-seeded pyrenes (Teketay 1999.). The coffee fruit

has three main layers the exocarp, the mesocarp, and the endocarp (see Fig 2).

The skin on the coffee cherry is called the exocarp. It is thin, and tough, and covers
the entire surface of the fruit. It is green until it ripens to a red, yellow, shades of orange,
or sometimes even a pink, depending on the variety. Beneath this part is a thin layer called
the mesocarp, known as the pulp. The mesocarp also contains a significant amount of water,
which can affect the weight and quality of the coffee beans. The inner part of the pulp is called
mucilage. These are the layers full of sugar and acids, that play an essential role
in the processing of green coffee beans — in the fermentation (Farah & Dos Santos 2015).
Mucilage is a sticky, gluey substance that covers both seeds inside the cherry. The see is covered
by a thin layer called silver skin (testa) which comes off during the roasting. The coffee seed
or mostly called the coffee bean, the most prized product of the coffee plant. Inside the coffee
fruit, there are usually two coffee seeds, however, sometimes that there is only one seed inside
the cherry - called a peaberry. The seeds are oblong in shape and have a flat side and a rounded
side. The flat side is known as the ventral side, while the rounded side is called the dorsal side

(Hoseini et al. 2021).

Figure 3 Coffee fruits. 1. Pulp, 2. Bean coated by mucilage and parchment coat.
Source: Poltronieri et al. 2016

Understanding the anatomy of coffee fruit is critical for coffee farmers, processors,
and roasters to produce high-quality coffee beans. The outer layer, middle layer, inner layer,

and seed all play an essential role in determining the flavour, aroma, and quality of coffee.



By carefully controlling the processing of the coffee cherry, coffee professionals can unlock

the unique flavours and characteristics of each variety of coffee.

5.2. Main species of coffee plants

As was mentioned before there are many species of coffee plants in the world. However,

the most commercially important species are Coffea arabica and Coffea canephora.

5.2.1. Coffea arabica

Coffea arabica is referred to as the better coffee in terms of the quality of the beans
and taste. That is why it makes up 64% of the world’s production of -coffee
(Campuzano-Duque et al. 2021). It is believed to have originated in Ethiopia and is now
growing in many countries. This variety of coffee plants is more challenging to grow. The first
harvest comes after 5 years and the plant itself is less self-resistant against parasites and
diseases. On the other hand, it does not mind the weather changes, just the opposite (Vesela

2016).

Coffea arabica has specific characteristics in terms of taste, which is influenced mainly
by the type of soil, fertilizing, sunlight, and the amount of rain (Bisht & Sisodia 2010). Another
huge influence on taste is the method of processing coffee beans, which will be discussed later,
and roasting. Beans from Coffea arabica are usually roasted at a lower temperature than Coffea

canephora, which gives them a lighter colour and more complex flavour profile.

5.2.1. Coffea canephora

Coffea canephora, sometimes referred to as Coffea robusta, has its origin in Congo
and Uganda, so it comes from the African continent. Firstly, it was mentioned
in the 60s in the 19™ century. It is the second most widely cultivated species of coffee in the
world. It is a prominent cash crop in several countries, including Vietnam, Brazil, and
Indonesia. Coffea canephora is best grown in uplands and lowlands, so in areas 600 meters
above the sea— it needs lower highs than Coffea arabica. The harvesting can start even after the

second or third year of planting the seed (Veseld 2016).
8



Coffea canephora can have to double the number of coffee cherries per year than arabica
and contain almost double the amount of coffee. This variety of coffee plants is also more
resistant to parasites that regularly destroy the plantains of Coffea arabica. From an economic
point of view is better to grow Coffea canephora plants, but when we discuss popularity,
the more popular is without a doubt Coffea arabica. Robusta coffee is generally cheaper than
arabica coffee, making it a popular choice for many larger companies to use these seeds to fill
packages of lower-quality coffees and are also used in most instant coffees
(Campuzano-Duque et al. 2021). It is also used in blends with arabica coffee to add body and

flavour.

Table 1: The differences between Coffea arabica and Coffea canephora

Coffea arabica Coffea canephora
Latitude Higher (6002000 m.a.s.l.) Lower (0—-600 m.a.s.l.)
Climate Mild (15-24 °C) Warm (24-29 °C)
First harvesting After 5 or 6 years After 2 or 3 years
Taste More acidic Bitter
Caffeine content Lower Higher
World production 64 % 36 %

5.4. Harvesting and processing

After the coffee has ripened, it is the right time to start harvesting. Harvesting plays
an important role in the final price of green coffee. The harvesting time depends
on the geographical location. In countries around the equator, where the climate is very stable,
coffee can be harvested throughout the year. North of the equator, harvesting takes place mostly

from September to December, while in the south it is mainly from April to May (Vesela 2016).

Harvesting begins at lower altitudes, as the coffee cherries ripen much faster than
elsewhere. After that pickers slowly move up to higher altitudes. Coffees from lower altitudes

are cheaper but do not reach the best quality. At higher altitudes, coffee cherries ripen more



slowly, so different substances (for example sugar) have more time to be absorbed

into the beans and that is why they reach better quality (Farah & Dos Santos 2015).
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Figure 4 Flow sheet illustrating the stages of wet and dry processing.
Source: Ogundeji et al. 2019

The major impact on the coffee taste and price has its processing. That is why now both
of these actions are so important for the coffee chain (Hoffmann 2014). Coffee plants differ
from other fruit trees in that once the ripe fruit is harvested, coffee trees begin to flower and start

producing brand-new cherries, even on the same branches. This brings both — higher profits but

10



also more labour. For example, the average yield of a single coffee tree can

be up to 1.4 kilograms of green coffee beans (Farah & Dos Santos 2015).

After the coffee cherries are picked, the processing (see Fig 4) can begin the sooner the
better, because the coffee cherries and other fruits can get spoiled quickly. The most used
processing of coffee cherries is dry, washed, and semi-washed. There are many differences in
those processes. These methods differ not only in their processing techniques but above all in

their varying degrees of intensity of labour and energy (Bastian et al. 2021).

5.4.1. Dry method

The dry method is considered to be the easiest and at the same time the most
cost-effective. It is also considered to be the oldest method of processing coffee beans
(Bastian et al. 2021). Sometimes it is also named natural or dry-processed. The most significant
advantage of the process is that it does not need water, so it is mostly used in the countries
dealing with water scarcity. Most often in African countries, water is primarily used to provide
the necessities of life and cannot be wasted on processing coffee beans

(Ghosh & Venkatachalapathy 2014).

The process starts with laying coffee cherries in thin layers either on the ground
or on the African beds and the cherries are dried in the sun with the pulp, which is removed
mechanically or by hand (Veseld 2016). The coffee berries are raked at regular intervals using
specially adapted tools, horse-drawn carts (this is not used as much, because horses deform

a large part of harvest with their hooves), and small tractors (Bastian et al. 2021).

The whole drying process takes about four weeks; during this time, farmers must ensure
turning, direct sunlight, and cover the beans overnight to prevent moisture; otherwise,
fermentation can be found (Vérady et al. 2022). Once the drying is finished it is the right time
to peel off the dry skins. This work is done mainly by women, where their job is to separate

the husk from the beans and then the beans are sorted according to their size and quality.

Dry processed beans have a specific fruity taste and tend to be less acidic. The beans
made with this method also have a stronger body, because the various substances from the skin
and the flash gradually penetrate the beans. In those coffees, we find the sweet taste, honey,
nutty flavours, and a hint of chocolate with alcohol (Ghosh & Venkatachalapathy 2014). It is

challenging for farmers to make perfectly dry coffee because it takes a lot of time and energy,

11



as mould, rot, and similar defects carry repulsive flavours that tend to take up residence among
the warm and wet coffee (Veseld 2016). In recent years, the popularity of the dry method has
increased among specialty coffee producers and roasters, who value the unique flavour profile

and sustainability benefits of this method (Bastian et al. 2021).

5.4.2. Wet method

The wet-processing method is often referred to as fully washed, and its difficulty lies
mainly in water recourses and finances. When you look at the African continent, with many
coffee plantations in about every other country, this method becomes very questionable.
The inhabitants have difficulty finding water or using it to grow crops for their living

and of course, on the other hand, they waste water on coffee cherries (Bastian et al. 2021).

At the very beginning of the process, the coffee cherries are washed with water in special
tanks. In doing so, the light, shrivelled and immature fruits are separated from the ripe
and heavy fruits. Immediately after washing in water baths and selection, the top skin and some
of the flashes are removed in this processing method (Gebremariam Woldesenbet et al. 2014).
It is important that the peeling takes place within 24 hours of harvest. Later, the skin and pulp
adhere to the grains and are much harder to remove. Even then, peeling can damage the grains
(Ghosh & Venkatachalapathy 2014). Coffee beans are being peeled by special peeling

machines.

The coffee is then moved into vats or troughs of water where is it left to ferment.
The fermentation time and the amount of used water vary from region to region and farmer
to farmer, but the basic aim is still the same: to remove the cherry pulp residue from the bean.
After fermentation, the pericarp is so disturbed that it can be washed away with water
(Bastian et al. 2021). The cleaned grains are then removed from the water and left to dry
in the sun. It is also necessary to rake them regularly so that they dry evenly and slowly

(Gebremariam Woldesenbet et al. 2014).

12



5.4.3. Honey method

This method was invented in Brazil and has taken hold in Central and South America.
It combines steps from both — wet and dry processing methods (Bastian et al. 2021).In this
method, the coffee cherries are pulped to remove the outer fruit layer, but some or all of the
mucilage or honey-like substance is left on the beans during the drying process

(Poltronieri & Rossi 2016).

Figure 5 Appearance of honey process coffee beans. Source: Poltronieri et al. 2016

There are different variations of the honey method, including white honey, yellow
honey, and red honey, depending on the amount of mucilage left on the beans and the length
of the drying process (see Fig 5). Generally, the more mucilage left on the beans and the longer
the drying time, the more complex and fruitier the resulting coffee is likely

to be (Kleinwichter et al. 2015).

This method is most popular in Central America and South America, as it can produce
unique and complex flavour profiles that are highly sought after by specialty coffee roasters
and enthusiasts. However, it can also be more labour-intensive and challenging to manage than
other processing methods, as the beans must be carefully monitored and rotated during the

drying process to prevent spoilage or uneven drying (Bastian et al. 2021).

13



5.4.4. Anaerobic method of processing coffee beans

Modern coffee processing methods include the processing of green beans. The trend now is

to experiment with green beans and see how the taste of the coffee will change.

The most favourite newly used method is called anaerobic, which combines several
practices applied in the methods described above. The fermentation process begins as soon as
the coffee cherry is picked because it contains sugar, water, bacteria, and
yeast (The Roasters Pack 2022). The acids and sugars in the coffee’s mucilage are then
converted into CO», ethyl alcohol, different acids, and other compounds. The anaerobic
processing differs itself in lack of oxygen. The vessels in which the coffee cherries are
fermented do not contain or let any oxygen in. First, the beans are put into the vessels and then
the oxygen is removed. Valves on the tank keep oxygen from seeping in during the process

while also letting the CO; out as it builds up during the fermentation (Girma & Sualeh 2022).

The whole process of the anaerobic method starts with pulping the coffee. The beans
are removed from the coffee and added to the tank. The next step is to obtain mucilage — this
part is squashed down to a very thick and viscous gel, that is spread over the top of beans. Then
the producers put the lid on top of the tanks and the fermentation process begins. The whole

process usually takes from 24 to 90 hours (The Roasters Pack 2022).

The most valid benefit is that the producers have a lot more control over the whole
fermentation process — because there is the minimum influence of the outside environment
(such as quality of air, humidity, etc.). The final taste of coffee can be fruitier and juicier, has

a more complex body, and is funkier (Girma & Sualeh 2022).

6. Cascara

The processing of coffee gives rise to a large volume of waste, whose use has been
the subject of several latest studies (Vilela et al. 2001). In the past (the first half of 20" century)
the waste from the coffee-producing industry was sometimes destroyed simply by burning
or dumping overboard. But nowadays, the concern with environmental problems has led
to an increased interest in the destination of residues generated in the agro-industrial processing
of coffee, and a greater knowledge of the composition of these residues, resulting from scientific

studies, has made it possible to expand the range of economic application (Luis et al. 1994).

14



The word "cédscara" originates in Spanish and means the skin or husk of any fruit. Cascara
is the dried skin of coffee fruits (Klingel et al. 2020). Coffee fruits are harvested, and the seeds
are extracted from the inside of the fruit for coffee production. The remaining fruit, including
is discarded as waste. However, this discarded fruit can be dried and used to make cascara (see

Fig6).

<+—» |cm

Figure 6 Dried cascara. Source: Zeckel et al. 2019

One of the benefits of cascara is that it contains antioxidants, which are believed to have
arange of health benefits, including reducing inflammation and protecting against certain
diseases (Lachenmeier et al. 2022). Cascara also contains lower levels of caffeine compared

to coffee, which some people prefer for a gentler energy boost.

What is also making cascara more and more popular is also the taste. Without the high
acidity and bitterness, that can coffee beverages contain, cascara preferred among the wider
population, including the younger and older population. It has a fruity and slightly naturally
sweet flavour with a hint of coffee. It is often compared to a cross between raisins, rosehip,
hibiscus, and cherry. The flavour profile can vary depending on the type of coffee cherry used

and the processing methods used to dry and prepare the cascara (Klingel et al. 2020).
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6.1. History and the use of cascara

The history of cascara as a by-product of coffee production is complex and varied, with
cultural and economic influences shaping its use over time. Coffee husks as a drink was first
drunk in Ethiopia and Yemen followed by consumption in other coffee-producing countries,

and it is still slowly finding consumers across the world.

6.1.1. First beverages from cascara

While coffee husks were considered by most countries to be a useless waste, in Yemen
they are useful and valid for a long time. The population uses the coffee husk to produce
a variety of tea, called qishr. Qishr is considered to be the first known beverage made from
cascara. The name comes from the Arabic word for "husk" or "skin". It was found out in Yemen
even before the cascara tea was ever prepared (Muzaifa et al. 2021). Briefly described it is a
traditional warm drink that is made from coffee husks with additional spices such as ginger and
sometimes cinnamon. It has a light, zesty, sweet, and spicy taste, which makes the drink ideal
for mornings to wake you up, although, if it is served with milk, it can make a great night drink

too, because of that not so high content of caffeine.

It has a long history, especially in Yemen culture where it is used as a drink to welcome
your quest. Each guest is usually welcome with two cups of qishr after entering the host house.
Qishr was also called Yemenies beverage made from the pulp of fermented coffee cherries, and

it was used during religious ceremonies (Pendergrast Mark 2010).

Historically, cascara was used as food and medicine. In Ethiopia, where coffee is
believed to have originated, cascara was consumed as a tea or mixed with other spices and
honey to create a sweet and refreshing drink. The tea was also used to treat a variety of ailments,
including stomach problems, fevers, and headaches. Nutmeg is sometimes added to the

beverage and the drink is called "hashara" (Muzaifa et al. 2021).

6.1.2. Aida Batlle

A huge role in introducing cascara to the wider population played by Aida Batlle. Aida

Batlle is a renowned coffee producer from El Salvador who has gained international recognition
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for her high-quality coffee beans. She comes from a family of coffee producers and has been
involved in the coffee industry for over two decades (Zeckel et al. 2019). One of her latest
contributions to the coffee industry has been her work with cascara, as she saw its potential
as a by-product and began experimenting with different ways to use it. She is the first ever
producer of cascara in Latin America and she is also responsible for coming up with the name

"cdscara" as it is known today (Zeckel et al. 2019).

Her work with cascara has not only helped to reduce waste in the coffee industry but has
also created a new revenue stream for coffee farmers. By selling cascara as a separate product,
farmers can earn additional income and improve their livelihoods. Overall, Aida Batlle's
innovative work with cascara highlights the potential for creativity and sustainability within the
coffee industry and serves as an inspiration to coffee producers and enthusiasts around the world

(Michelman & Carlsen 2018).

6.1.3. Cascara as a novel food in European Union

In recent years, there has been a growing interest in novel foods, which are defined as foods
that were not commonly consumed by humans in the European Union (EU) before
May 15, 1997 (Turck et al. 2022). The EU regulates the approval of novel foods to ensure their
safety and to protect consumer health. One such novel food that has gained attention in latest

years is also cascara.

As mentioned, cascara is considered a novel food in the EU because it was not commonly
consumed in the region before May 15, 1997. While cascara has been consumed in certain
countries for centuries, it has only recently gained popularity in other parts of the world
(DePaula et al. 2022). In order for cascara to be approved as a novel food in the EU, it must
undergo a safety assessment by EFSA, the European Food Safety Authority (Turck et al. 2022).
This assessment includes a review of available data on the food's composition, potential
allergenicity, and potential adverse effects. Once a novel food has been approved by the EFSA,
it can be placed on the EU market. However, novel foods are subject to strict labelling
requirements to ensure that consumers are aware of the food's novel status (Klingel et al. 2020).
In the case of cascara, products containing the ingredient must be labelled as a "novel food" on

the packing.
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6.2. Processing of cascara

Cascara is usually produced while producing coffee either by the dry or wet method.
The dry process is recommended for less advanced farms because it is much less disposed
to contamination than moulding. While producing cascara from the dry method, there is also
parchment attached to the final product (Klingel et al. 2020). After harvesting coffee fruits,
the cherries are then spread out on a flat surface to dry in the sun. The fruits are left to dry
in the sun for several days, during which time they are turned regularly to ensure even drying
(Poltronieri & Rossi 2016). As the cherries dry the husks become brittle and start to separate
from the beans inside. Once the cherries are fully dried, they are taken to the mill where the
outer husks are removed from the beans. That is usually done using a machine that crushes the
dried cherries, separating the beans from the husks (Lachenmeier et al. 2022). The next step is
to sort and clean the dried husks to remove any remaining impurities or debris. This is typically

done by hand.

Figure 7 Production of cascara. Source: Klingel et al. 2020

The more challenging processing of cascara is while using the wet method
of production - where the combination of water and sugars from the fruit can occur. The main
infection place for microorganisms is the pulper because it is hard to keep the pulper free from
contamination (Lachenmeier et al. 2022). The production of cascara begins with the harvesting

of coffee fruits. Once the coffee beans are removed from the cherries, the remaining fruit
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and pulp are separated from the coffee seeds through a process called depulping
(Poltronieri & Rossi 2016). The resulting wet pulp is then either discarded, composed, or used
as animal feed. However, to produce cascara, the pulp is set aside to dry. Traditionally, the pulp
is left to dry in the sun, but in modern production, it is often dried using mechanical dryers.
The drying process is crucial to the production of cascara, as improper drying can lead to the
growth of mould and other harmful microorganisms (Klingel et al. 2020). In addition, the length
of the drying process can affect the flavour profile of the cascara, with longer drying times
resulting in a more intense, fruity flavour. Once cascara is fully dried, it is sorted and graded by
size and quality. The cascara is then typically packaged in bags or containers for shipment
to manufacturers, where it can be further processed into cascara tea or used as a flavouring

in other food and beverage products.

While producing coffee beans by the dry method every ton of fresh coffee fruit produces
120 - 180 kilograms of coffee husk and 500 kilograms of coffee pulp with the wet method
(Hoseini et al. 2021).

Overall, the production of cascara is a relatively simple process, but one that requires careful
attention to detail to ensure quality and safety. As cascara continues to gain popularity as a food
and beverage ingredient, it is likely that we will see further experimentation and innovation

in the process to further enhance its flavour and versatility.

6.3. The chemical composition of cascara

The chemical composition of cascara can vary depending on the specific variety of coffee

plants and the processing method used, but in general, it contains the following compounds.

Coffee husks and pulp are made of organic matter and nutrients, in addition, to contain
compounds such as caffeine, which is one of the most common central nervous system
stimulants, is present in coffee peels at approximately 1.3% concentration in dry matter, which

is about a half lower amount than in coffee beans (Gouvea et al. 2009).

Cascara is a rich source of carbohydrates, including sugars like glucose, fructose,

and sucrose (Pleissner et al. 2016).
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Table 2 Chemical composition of cascara (source: Pleisner et al. 2016)

Chemical compounds Content in %
Protein 9-11
Lipid 2-17
Tannin 4.5
Non-nitrogen extracts 57 -63
Cellulose 13 -27
Pectin matter 6.5

Also, it encompasses anthocyanidins, chlorogenic acid, and flavanols. Cascara contains
various polyphenolic compounds, including flavonoids, catechins, and phenolic acids. These
compounds have antioxidant properties (Manasa et al. 2021). One of the antioxidants appearing
in cascara is epigallocatechin gallate (EGCG). It is probably the best-known antioxidant in
green tea. Because of its structure, it is referred to as polyphenol and catechin. Other effects
that EGCG has on the human body are anti-inflammatory effects and the reduction of blood
pressure and blood cholesterol (Eckhardt et al. 2022). Cascara also contains various minerals,

including potassium, magnesium, and calcium (Iriondo-DeHond et al. 2020).

A large amount of the coffee pulp that is made while producing coffee is usually thrown
into waste disposal sites or river streams without any further treatment (Geremu et al. 2016).
That can cause problems, such as contamination and environmental issues if the waste is not
managed as it should be, mainly because the coffee pulp contains caffeine, tannin,
and polyphenol (Murthy & Madhava Naidu 2012; Alves et al. 2017). Likewise, it can be
harmful to the soil quality when it is mixed with animal fodder (Arya et al. 2022).

6.4. Food products made with cascara

The dried husk of the coffee cherry has a unique flavour profile, with notes of cherry, raisins,
and hibiscus. This profile has led to the development of cascara-based food products, including

energy bars chocolates, and even beer.

One of the most popular cascara food products is cascara tea, which is made by steeping

the dried husks in hot water. Cascara tea is a popular beverage in coffee-producing regions such
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as Yemen and Ethiopia. In addition to its unique flavour, cascara tea is also rich in antioxidants
and may have a variety of health benefits — such as reducing inflammation and improving
digestion (DePaula et al. 2022). The most common recipe how to make cascara tea is to use
65.5 grams of dried cascara, brewed in 1 liter of 90°C water for 6.5 minutes

(Eckhardt et al. 2022).

Another cascara-based food product is cascara energy bars. These bars are made
by combining cascara with nuts, seeds, and dried fruit to create a nutritious and energy-packed
snack. Cascara is also used in the production of chocolate. The dried husks are ground into
a powder and added to the chocolate mixture, giving it a unique fruity flavour. Cascara has
a unique flavour profile that is sweet and fruity and pairs well with the rich and complex
flavours of chocolate. Cascara chocolate is becoming increasingly popular among artisanal

chocolatiers, who are always looking for new and unique flavour combinations.

Another option for use of cascara is flour. The bread with some replacement of cascara flour
has a higher crumb elasticity and the colour is like wholewheat bread. Cascara flour is also rich
in antioxidants and fiber. Almost 2.5% can be replaced by cascara extract without a negative

influence on the sensory results of bread and the baking procedure (Eckhardt et al. 2022).

Cascara has even been used in the production of beer. Cascara imparts a unique flavour
to beer, with notes of dried fruit, berries, and tea. It also adds a subtle sweetness and complexity
to the flavour profile. Some craft breweries are experimenting with using cascara as a flavouring
agent in their beers, creating unique and innovative brews with hints of coffee and fruit

(Arpi et al. 2021).

Cascara is also used in the production of gin, cascara syrups, lemonades, jams, jellies,

and purees (Eckhardt et al. 2022).

Food products made from cascara not only provide an innovative and delicious way
to reduce waste in the coffee industry but also offer a way to create a new revenue stream for
coffee producers. As the demand for sustainable and innovative products continues to grow,

cascara is poised to become a popular and sought-after ingredient in the food industry.
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6.5. Other possible uses for the coffee husk and pulp

Coffee husk and pulp are residues that present great potential. Mostly it is used in coffee-
producing countries, because of the great number of coffee husks, that are made while making
coffee. However, research has shown that these materials have potential uses in various

industries, including agriculture, energy, and manufacturing.

One of the possible uses is as cattle feed. The use of coffee husks in cattle feed is limited
due to their low digestibility and reduced protein content. Besides that, the number
of saccharides as is for example scratch is almost the same as it is in hay of low quality. There
are also studies that focus on feeding other animals with coffee husks such as horses, pigs, fish,
sheep, and chickens (Oliveira & Franca 2015). The presence of polyphenols restricts the use
of this residue as a complement to animal feed. The dietary supplementation with coffee husks
in the diet of cows can only be considered viable in the replacement ranging from 30% to 40%

(Oliveira & Franca 2015).

A good alternative for the reuse of coffee husks is composting. This residue can be used
directly as a soil cover, being a good option for soils that present a lack of potassium. Coffee
husks are rich in potassium and other mineral nutrients which makes it possible to use them as
an organic fertilizer with no need for any treatment. In addition, the shells used as compost
favours the control of erosion and reduces temperature fluctuations, since it reduces the loss of

water from the soil through evaporation (Matos 2008).

Because it has a considerable number of fermentable sugars, it has been considered
an appropriate substrate for the cultivation of fungi and yeasts (Murthy & Naidu 2010). Studies
evidenced the growth of Pleostrus ostreatus in coffee husks enriched with various

concentrations of sodium selenite (Silva et al. 2012).

Coffee husk can be used as a source of biomass energy. When burned, it produces heat and
steam that can be used to generate electricity. Coffee husk can also be converted into biofuels

such as ethanol and biodiesel (Oliveira & Franca 2015).

It has also been verified that the application of coffee husks in the production of other
materials, for example, agglomerates. While replacing wood (up to 50%) and depending
on the type and amount of resins used, these new agglomerates made in the laboratory met
the requirements of the European standards with the respect to the general use in dry conditions

and partly in wet conditions too (Bekalo & Reinhardt 2010).
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Another field where cascara can be used in cosmetics. The content of antioxidants can
reduce free radicals and prevent premature aging. The products that have the potential

to be developed are face masks, creams, and soaps (Hidayah Base et al. 2022).

Overall, the utilization of husk and pulp has the potential to provide economic

and environmental benefits by reducing waste and creating new value-added products.

6.6.  Other coffee by-products

Skin (pericarp)

Figure 8 Identification of coffee by-products in the coffee cherry anatomy. Source:
Iriondo-Dehond et al. 2020

During coffee production, other several coffee by-products are generated (see Fig 8),
and they have potential use as cascara does. They can be a valuable source of raw materials for
various industries, as they can be used in a wide range of applications, from food and beverages
to cosmetics and agriculture. These products can range from discarded coffee grounds
to leftover pulp from coffee cherries, and they have the potential to be utilized in a variety

of innovative ways.

Coffee flowers (see Fig 9) are a by-product of coffee production that is often overlooked,

but they have many protentional uses and benefits. The coffee plant produces fragrant, delicate
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white flowers that bloom for only a few days each year. While these flowers are an integral part
of the coffee plant's reproductive process, they are not typically used for coffee production.
However, coffee flowers have been gaining attention in recent years for their potential as a
valuable by-product of coffee farming. An adult coffee tree can produce from 30 000 — 40 000
flowers - the number for Coffea canephora can be even higher (Nguyen et al. 2019). Their use
potential is mainly in the perfumery industry, because of their aroma, which can be compared
to honey, rose, or jasmine. Another potential use is as a beverage, where you can use the dried
flowers as tea. The flowers have a sweet, slightly floral flavour. They can be used fresh or dried
and are often used in tea blends or as a flavouring in desserts and baked goods (Lachenmeier et
al. 2022). Despite their potential uses, coffee flowers are currently an underutilized by-product
of coffee farming. However, as more research is conducted on their potential uses and benefits,

it is possible that we will see an increase in their production and use in the future.

=

Figure 9 Dried coffee flowers. Source: Klingel et al. 2020

The other unavoidable and obvious by-product is the coffee leaves (see Fig 10). The leaves
are regularly cut on the plantation and that is how the high amounts of them are repeatedly
gained. (Lachenmeier et al. 2022). As traditional food tea leaves flavour. Coffee leaves play
arole in ethnomedicine, especially in the originating countries. They contain amino acids,
protein, carbohydrates, and organic acids. Also, there can be found a huge spectrum
of ingredients such as alkaloids, terpenes, tannins, phytosterols, phenolic acids, etc
(Chen et al. 2018). That is why the leaves have diverse potential bioactive effects such as
antioxidant, antibacterial and antifungal activities (Ross 2005; Patay et al. 2016). The taste is
more similar to green tea. The leaf tea has a slightly sweet and nutty flavour. Coffee leaves are
also tested in several different applications. For example, animal feed, packaging material,

deodorizer, and absorbance pads (Klingel et al. 2020).
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Figure 10 Dried coffee leaves. Source: Klingel et al. 2020

Another by-product that has no direct food use is coffee wood. But it has the potential to be
used for making food-contact materials, like coffee filters and paper cups (Furtini et al. 2021).
For making furniture usually used wood from Coffea canephora, because it has a bigger stem
than Coffea canephora. If we want to harvest the wood, it usually means killing the whole plant,
if it is cut down too low. The little twigs and branches from coffee plants can also be used

to produce paper, which can have further use as a paper coffee filter (Lachenmeier et al. 2022).

Coffee parchment (see Fig 11) is a by-product of coffee processing that is created during
the removal of coffee beans from the fruit. It is the thin, papery layer that surrounds the coffee
bean. Coffee parchment is an essential element in the coffee production process, as it protects
the beans from moisture and other environmental factors during transport and storage. The
quality of parchment can affect the quality of the coffee, as any defects or damage to the
parchment can lead to damage or contamination of the coffee beans inside. It is a lignocellulosic
material, that has been hardly studied and not efficiently utilized. It has been suggested as an
antifungal additive with potential uses for food preservation (Mir6n-Mérida et al. 2019).
Because of its potential to regulate blood glucose and reduce the concentration of serum lipids,
it has the potential as a low-calorie functional ingredient for dietary fiber enrichment in foods

(Benitez et al. 2019).

Figure 11 Parchment from coffee beans. Source: Klingel et al. 2020
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Green coffee (see Fig 12) refers to unroasted coffee beans that have not undergone any heat
treatment. Green coffee beans remain after coffee fruits are cleaned of skin, pulp, mucilage, and
parchment in the dry or wet method of processing coffee and are traded to the international
market (Esquivel et al. 2020). Green coffee beans are still covered in their silver skin, that is
removed in roasting process (Joét et al. 2010). Their main constituents are celluloses and
hemicelluloses. It contains mono- and oligosaccharides, waxes and oil, minerals, amino acids,
and proteins (Gonzalez et al. n.d.; Campa et al. 2005). Green coffee also contains alkaloids and
the most common is caffeine, whose concentration is depending on variety and conditions while
prepared tea-like beverages. Especially in Ethiopia, Jamaica, India, Java, South Sudan,
and West Sumatra (Ross 2005; Chen et al. 2018). Green coffee beans are usually used as food

supplements or are used for the preparation of beverages or chewing gum.
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Figure 12 Ground green coffee. Source: Klingel et al. 2020

Silver skin (see Fig 13), also known as chaff, is the thin, papery layer that covers coffee
beans during roasting. Unlike the previous by-products created while producing coffee, silver
skin is produced at the end of the coffee-producing chain, in the roasteries as a roasting by-
product in large amounts (Lachenmeier et al. 2022). In Central Europe has been traditionally
used as animal feed and another non-food application is the use of parchment as a raw material
for paper production (Overturf et al. 2021). There can be other uses for human consumption
such as its use in any type of bakery product, extruded food product, or meat product
(Beltrdn Medina et al. 2020; Martuscelli et al. 2021). Also, it can be as a flavoring
compound — in the mixture with salt or other spices it has a smooth smoky flavor.
The advantage of adding silver skin to food spices is that it can be consumed by vegetarians
and vegans too, unlike the additives from smoked ham or fish. (Lachenmeier et al. 2022).
Another positive characteristic is that silver skin shows high protein and fibre in bakery
products as well as in energy bars, because of its content of -caffeine

(Beltran-Medina et al. 2020).
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Figure 13 Silver skin. Source: Klingel et al. 2020

Spent coffee grounds (see Fig 14) are created during the preparation of coffee beverages
and during the production of instant coffee (Murthy & Madhava Naidu 2012). If one kilogram
of instant coffee is produced, two kilograms of wet spent coffee grounds waste is made within.
That corresponds to about 6 000 000 tons of waste per year worldwide (Mussatto et al. 2011;
Murthy & Madhava Naidu 2012). For food industry has spent coffee grounds use as well. They
can be used as a source of dietary fibre or in bakery products as well it is used for producing
alcoholic distillates (Sampaio et al. 2013; Klingel et al. 2020). There are also some experiments
with coffee flour, which is high in protein, gluten-free, and highly fibrous. It could be used
for bakery products, snacks, and sweet and savoury recipes. Spent coffee grounds also contain
proteins, sugars, and minerals. Besides that, it also comprises fat, which has the potential

to be extracted as coffee oil (Iriondo-Dehond et al. 2019).

S

Figure 14 Spent coffee grounds. Source: Klingel et al. 2020

27



7. Conclusions

In conclusion, cascara is an important by-product of the coffee industry that has historically
been undervalued and underutilized. However, recent developments in the food and beverage
industry have led to renewed interest in cascara, with its unique flavour profile and potential

health benefits driving innovation in product development.

The history of cascara is complex and varied, shaped by cultural and economic factors that
have influenced its use over time. From its use as a traditional medicine to its current role
as a food ingredient, cascara has been an important part of coffee-producing cultures

for centuries.

Today cascara is being used in a variety of innovative ways, from cascara tea to cascara
energy bars and even cascara chocolate and beer. As the demand for sustainable and innovative
food products continues to grow, cascara is poised to become a sought-after ingredient in
the food industry. Its potential health benefits and flavour profile make it a versatile and
valuable addition to any food or beverage product. And its use can help reduce waste and create

a more sustainable coffee industry.

All in all, cascara is a valuable by-product of the coffee industry with rich history and
a promising future. As more attention is given to its potential uses and benefits, cascara has
the potential to become a staple ingredient in the food industry and a key player

in the movement toward sustainability and innovation.
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