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Abstract— The price of coffee in the international market is
controlled by the interaction of supply and demand. However,
purchasing companies impose a series of conditions on
producing countries related to the coffee beans” quality, which
in turn affect the quality of the cup of coffee. Certain
parameters are evaluated at the receiving ports through
random samples taken from containers to assess the quality.
However, the beans quality is not only determined by the
defects” elimination prior to shipment, but also through a
series of cultural practices, many of which are applied on
coffee plantations. Finally, although there are market niches
where the beans price is quoted at much higher prices
(gourmet coffees), most of the world’s production is controlled
by the average consumer, who is unwilling to pay the prices of
specialty coffees. This essay presents a detailed discussion of
the parameters that affect the price of the beans, and which
must be considered by both producers and exporters to
achieve the best prices and generate the most foreign currency
for their countries of origin.

Keywords - specialty coffees, cultural practice, organoleptic property.

INTRODUCTION

Until 1989, coffee prices were regulated through the
International Coffee Agreement (ICA), which was established
in September of 1962 with 23 member countries and
supervised by the International Coffee Organization [1, 2] It
consisted of a system of quotas production assigned to
producing countries (Table 1) [2-6].

The ICA was an agreement signed between most
producing and consuming countries, and during its validity,
coffee prices were set by the ICA and tended to be relatively
stable. However, when coffee prices rose on the international
market, the fixed price was abandoned until it, on its own,
returned to the price established by the ICA [4].

Unfortunately, this agreement came to an end due to
unresolved disputes over the allocated quotas to the point that
in July of 1989 the United States of America withdrew from
the agreement and then it collapsed [2]; Among the disputes
we can mention Indonesia’s dissatisfaction with the prices and
allocated quotas, which is why it requested a review of prices
and quota sizes by country [1].

In contrast, countries responsible for establishing the ICA
(mainly Brazil and Colombia) advocated for the agreement
renewal under the originally established quota & price system.

There was discomfort among ICA member consumer
countries, who protested the low prices paid by other
consumer countries that were not part of the agreement. The
evidence indicates that the low prices paid by non-ICA
member countries corresponded to low-quality coffees such as
robusta & dry-processed coffees, while the highest prices paid
by member countries corresponded to high-quality coffees
such as arabica and wet-processed coffees [1].

After July 4, 1989, when the ICA ceased operations,
coffee prices were liberalized, resulting in a price war and
intense speculation in the international market. Virtually all
coffee-producing countries flooded the international market,
causing a dramatic drop in prices in what became known as
“The Coffee Crisis” which bankrupted thousands of coffee
growers [2, 6-8].

While the price of a pound of raw coffee beans was US$
1.2 and US$ 1.38 in 1980 and July 1989 respectively [1, 9], it
dropped to US$ 0.69 & US$ 0.50 per pound between
November 1991 and the 2003-2004 season respectively [1, 9].

All of this contrasts with the prices in certain market
niches in which the product price is determined through a
scale of values that goes beyond the conventional parameters
used by the industry, as in the case of gourmet coffees or
specialty coffees; a designation first introduced by Erna
Knutsen in 1978 [10].

For example, in the spring of 2016, a pound of raw beans
of the Mountain Blue variety from Jamaica was quoted at US$
58 [2]; However, there are other varieties that have also been
classified as specialty coffees, such as: Tres Rios from Costa
Rica, Antigua from Guatemala, Yrgacheffe from Ethiopia &
Kalossi from Indonesia [11] among others.

The price of coffee is also affected by the ups and downs
of the international market, where prices fluctuate based on
the free interaction between supply and demand or by the
occasional intervention of nature. For example, the frosts that
affected Brazil starting on July 17, 1975, causing the damage
or death of 1.5 billion coffee bushes [5, 7] which in turn
caused a sudden increase in its price from US$ 0.55 per pound
to US$ 3.4 in April 1977 [5, 12]; During the period between
1994-1997, coffee prices remained relatively high as a result
of the frosts that affected the Brazilian harvest, which in turn
caused a drop in global supply [3, 7, 12, 13].

Starting in 1998, coffee prices fell because of an increase
in supply due to the return of Brazil to the world stage, in
addition to the introduction of Vietnam as a new coffee-
producing country [4, 7, 14]. It is worth noting that although
coffee was first cultivated in Vietnam in 1857, it was not until
1990 that its production managed to affect the prices [15].

Today coffee prices are set at coffee exchange centers
located in London for Robusta coffees [13, 16] most of which
come from Africa [17] and in New York City for Arabica
coffees processed through wet milling [13, 16] from Mexico,
El Salvador, Guatemala, Costa Rica, Nicaragua, Honduras,
Colombia, Kenya, Tanzania, Uganda, New Guinea, Peru,
Venezuela, Dominican Republic, Burundi, Ecuador, India, and
Rwanda [17].

According to Reference [17], there are marked differences
in the way coffee exchange centers carry out buying and
selling transactions of the grain. For example:
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Table 1. Quotas based on coffee type and country of origin, 1988-1989.

Type of coffee and country of origin  Millions of bags” Type of coffee and country of origin Millions of bags”
Moderate Colombians: 1694 Brazilians and other Arabicas: 2518
Colombia. 1336 Brazil. 2403
Kenya. 264 Ethiopia. 114
Tanzania. 94 Robustas: 4151
Other moderates: 4380 Angola. 0
Costa Rica. 663 Indonesia. 2789
Dominican Republic. 12 OAMCAF 352
Ecuador. 398 Philippines. 43
El Salvador. 83 Uganda. 532
Guatemala. 581 Vietnam. 369
Honduras. 474 Zaire. 67
India. 1231 - -
Mexico. 104 - -
Nicaragua. 9 - -
Papua New Guinea. 671 - -
Peru. 155 - -

*60 kg bags. Adapted from Reference [1].

a) In London, coffee is purchased in lots of 5 tons; however,
other authors indicate that transactions are currently made
in lots of 10 tons [18]; In contrast, in New York,
purchases are made in individual lots of 37 500 Ib of raw
coffee; that is, 284 bags of 60 kg each [18, 19].

b) In London, coffee prices are quoted at sterling pounds per
metric ton, while in New York, the price is quoted at US$
cents per pound.

¢) In London, coffee delivery points are warehouses located
in London, Avonmouth, or Amsterdam/Rotterdam;
Antwerp, Barcelona, Bremen, Felixstowe, Genoa-Savona,
Hamburg, Humberside, Le Havre, Liverpool, Teesside,
Trieste, and Marseille [18]; Meanwhile, in New York,
coffee delivery points are warchouses located in New
York and New Orleans.

d) London receives coffee shipments in January, March,
May, July, September, and November; meanwhile, New
York receives coffee shipments in March, May, July,
September, and December.

Three multinational companies [Neumann Gruppe
(Germany), Volcafé & ECOM (Switzerland)] are responsible
for marketing half of the world’s coffee production [20] while
the rest is in the hands of other multinationals such as: Cargill,
Decotrade (commercial branch of Sara Lee/Douwe Egberts),
[4, 21] Taloca (owned by Philip Morris/Kraft),[21] Esteve,
Aron, Man, Dreyfus, & Mitsubishi [4].

However, approximately half of the world’s production is
purchased by five multinational companies: Nestle & Philip
Morris/Mondeles (formerly Kraft) each responsible for
processing 13% of production, Sara Lee/DE responsible for
10% and whose products are sold in Europe and Brazil,
Tschibo (Germany) responsible for 4% y Proctor &
Gamble/Smuckers responsible for processing 4% and whose
products are sold in the North American market [13, 20-22].

Nestle is a Swiss company that dominates the instant
coffee market with a market share of over 50%. Meanwhile,
P&G/Smuckers is the smallest of the major coffee roasting
companies, having acquired P&G in 2008.

Although the quality of any product is determined by the
consumer, the International Organization for Standardization
(ISO) established that the quality of a product should be
understood as: the extent to which a group of intrinsic
characteristics (physical, sensory, behavioral, temporal,
ergonomic, functional, etc.) satisfy the requirements, where
requirement means need or expectation, which can be explicit,
generally implicit or binding [23].

However, the companies described above regulate the
price of raw coffee in the international market based on supply
and demand, but also on other parameters that influence the
grain quality such as the species, the classification of the
International Coffee Organization (ICO), the grain lots’
physical inspection, and organoleptic analysis.

EVALUATION PARAMETERS

THE CULTIVATED SPECIES

Defining coffee quality should never be considered an easy
task; however, the cup quality of Robusta coffee is generally
considered inferior to that of Arabica coffee [2, 24-27] due to
its bitter taste, greater astringency, and aroma resembling
‘wood or wet cardboard’ [28-30] which is why Robusta coffee
beans are priced at approximately half the value of Arabica
coffee beans [2, 31].

THE INTERNATIONAL COFFEE ORGANIZATION
CLASSIFICATION

Arabica coffees, generally processed through wet processing,
are classified based on their origin into three large groups: the
‘Colombian moderates’ considered to be of the highest quality
and include coffees from Colombia, Kenya, and Tanzania; the
‘other moderates’ considered to be of intermediate quality and
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include coffees from Guatemala, Mexico, and India [3, 4, 12]
and the ‘Brazilian moderates’ which are Arabica coffees
considered to be of low quality [12].

Robusta coffees subjected to dry processing are called
‘natural Brazilian’ or unwashed, are considered of inferior
quality and are of Brazilian, Ethiopia [3, 4] and Vietnam
origin [6]; According to Reference [4] there is an additional
category that covers robusta coffees from any other country
such as Vietnam, the Ivory Coast, Indonesia, & Uganda.

INTRINSIC AND EXTRINSIC PARAMETERS

The quality of the coffee beans is also assessed through the
visual inspection of 300 g samples taken from 60 kg bags [32];
To do this, the inspector assesses the quality of the batch of
beans based on intrinsic and extrinsic parameters.

Defects are often classified as primary and secondary
damage [33-35]. Primary defects negatively affect cup quality
(e.g., black & sour beans) while secondary damage affects
both the visual appearance and cup quality (e.g., broken beans,
partially black, bitten, insect damaged, etc.) [34, 35].

Among the intrinsic parameters we have the color, size,
grain’s shape, the moisture percentage and the presence of
grains with physical defects (e.g., blackened grains, grains
damaged by insects, broken and immature grains, sour or
fermented grains) [36]. Among the extrinsic parameters we
have the percentage of foreign bodies (e.g., stones, remains of
parchment or pulp, leaves, foreign seeds, etc., Fig 1) [32, 37-
40], storage stability and the presence of biological and
chemical contaminants.

The New York Coffee and Sugar Exchange created a
classification system based on the number of defects present,
by category, in a 300 g sample [39]; According to this system,
the defects found are classified according to their category and
a certain number of defects per category are equivalent to a
black bean which in turn is equivalent to a defect (Table 2A).

One large stone found in a coffee sample is equivalent to
five black beans, which in turn is equivalent to five defects.
Similarly, five unripe (green) beans are equivalent to one
black bean, which in turn is equivalent to one defect [33]. In
other words, it is a system through which a certain number of
secondary defects are equivalent to one primary defect.

The number of defects found in the sample determines the
category to which it belongs (Table 2B) which in turn affects
the price of the entire lot.

The Specialty Coffee Association of America developed
its own equivalency scale based on the number of defects
found in 350 g samples of arabica coffee (Table 3) [33, 34]; In
contrast, the Coffee Quality Institute and the Uganda Coffee
Development Authority established an equivalency system for
defects found during inspections of 350 g samples of robusta
coffee (Table 4) [33].

The ICO recommends, for export purposes, no more than
86 defects per 300 g sample for Arabica coffees & no more
than 150/300 g sample for Robusta coffees [34].

Grains with physical defects are generated due to poor
development or poor processing and represent 15-20% of the

harvest based on weight [37, 39, 41-44] and can be identified

by their fluorescence when exposed to UV light [36].

The following are considered grains with physical
defects: immature grains, immature grains with black or
oxidized cuticle, blackened grains extracted from over-ripe
fruits & poorly fermented grains due to inadequate processing
[32, 41, 45].

Since coffee flowering is not a uniform phenomenon,
neither is the ripening of the fruit [36], which causes the
harvest to be heterogeneous, that is, the volume harvested at a
given time is a beans mixture in different stages of
development and ripeness (unripe, ripe, and overripe) [41, 46]
which increases the percentage of defective beans to the
detriment of the quality of the lot unless they are eliminated.

Most of the defective grains are separated from the grain
lots destined for export manually or through electronic
classifiers [47, 48] that can identify them based on their color
[48]; Unfortunately, once the defective grains are separated,
instead of being discarded, they are marketed in the national
markets of the producing countries [48].

The reasons why grains with physical defects reduce the
quality of the batch are:

a) Unripe (green) or overripe fruits alter the pH and increase
the beverage’s astringency, thus altering the coffee’s
unripe fruits contain less sucrose [43, 50] and more
chlorogenic acids (CAs), which, during roasting, degrade
into other compounds (e.g., 4-ethylcatechol, catechol,
guaiacol, 4-ethylguaiacol, phenol, pyrogallol, and
hydroquinone) which impart unpleasant odors and flavors
to the beverage, affecting its quality [51, 52].

There are reports of the presence of 4-heptenal in
immature coffee beans, which is a metabolite that imparts
a rotten fish-like odor [53].

Black seeds are characterized by having a black or
dark green espermodermis [46] and impart bitter flavors
and strong, unpleasant tobacco-like odors [41, 47] and
originate from over-ripe fruits that, due to the action of
the elements (e.g., wind & rain) or during the harvest, fall
to the ground where microorganisms begin their

Black seeds also originate from carbohydrate
deficiencies during their development or from their
fermentation when they’re still on the bush [31, 41, 46]
for this reason they’re deficient in reducing sugars
(glucose & fructose) and saccharose [54]; They also have
a lower lipid concentration [43].

Certain metabolites serve as markers for the
identification of black grains such as the hydrocarbon 3-
ethyl-2-methyl-1,3-hexadiene ~ derived  from  lipid
oxidation, 2-pentylfuran which is produced by Bacillus
bacteria during fermentative processes & imparts a moldy
or anise-like odor [31, 41, 46], ochratoxin A [42], 2-
furylmethanol acetate, and 2-methylpyrazine [43].

b) Bad-smelling or sour beans usually have a normal
appearance, but in some cases, they have an endosperm
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Table 2. Defects of arabica coffee according to the New York Coffee and Sugar Exchange.

(A) Equivalences based on the type and number of defects.

(B) Categories according to the number of defects

Type of defect and quantity Equivalence Equivalence Type No. of defects allowed/category
1 black bean. 1 black bean. 1 defect NY2 6

2 sour grains. 1 black bean. 1 defect NY3 13

5 immature grains. 1 black bean. 1 defect NY 4 30

¥ grains damaged by insects. 1 black bean. 1 defect NY5 60

1 small stone. 1 black bean. 1 defect NY 6 120

1 large stone. 5 black beans. 5 defects NY 7 240

1 small twig. 1 black bean. 1 defect NY 8 450

1 large twig. 5 black beans. 5 defects

Adapted from Reference [39] & Reference [40].

Table 3. Arabica coffee defects according to the Specialty Coffee Association of America.

Type of defect Equivalence Type of defect Equivalence Type of defect Equivalence
Black grain. 1 defect Parchment. 5 defects Partially sour. 3 defects
Sour grain. 1 defect Immature grain. 5 defects Partially black. 3 defects
Dried cherry. 1 defect Withered grain. 5 defects Pulp. 5 defects
Damaged by fungi. 1 defect Broken/fractured/bitten. 5 defects Ears or shells. 5 defects
Severely damaged by insects. 5 defects Slightly damaged by insects. 10 defects Foreign matter. 1 defect

Adapted from Reference [33].

Table 4. Robusta coffee defects according to the Coffee Quality Institute and the Uganda Coffee Development Authority.

Type of defect Equivalence Type of defect Equivalence Type of defect Equivalence
Black grain. 1 defect Withered/shriveled grain. 5 defects Unripe/green grain 5 defects
Sour grain. 1 defect Fluffy grain. 5 defects Partially sour. 3 defects
Dried cherry. 1 defect White/discolored grain. 5 defects Partially black. 3 defects
Damaged by fungi. 1 defect Broken/fractured/bitten. 5 defects Pulp. 5 defects
Foreign matter. 1 defect Parchment. 5 defects Ears or shells. 5 defects
Severely damaged by insects. 3 defects Slightly damaged by insects. 10 defects

Adapted from Reference [33].

with colors that vary from brown to red [55]; These occur
when they’re poorly processed due to excessive
fermentation & are characterized by imparting bad odors
to the beverage, producing sour and onion-like flavors
[40, 46, 47, 56] and presenting a lower lipids
concentration and sucrose than healthy beans [43].

There’re a series of metabolites that are exclusively
present in smelly beans such as 2-acetylpyrazine, f-
linalool, 2-methyl-ethylbutanoate, ethyl butanoate, ethyl
isobutanoate, isoamyl acetate, isobutyl acetate, n-hexyl
acetate [41, 46], 2,3-butanediol [46], y-butyrolactone [43],
ethyl-2-methylbutyrate, and ethyl-3-methylbutyrate, the
latter two caused by uncontrolled coffee bean’s
fermentation [53].

c) Poorly fermented beans and those with black or oxidized
cuticle affect the quality because they contain up to 25%
more 3-caffeoylquinic acid, 4-caffeoylquinic acid and 4-
feruloylquinic acid than good quality beans [45] causing
an increase in the beverage acidity [43].

COFFEE SENSORY EVALUATIONS (TASTINGS)
The fact that a coffee lot has a uniform bean size and a good
presentation due to the elimination of any defects does not
guarantee its good flavor.

For this reason, coffee bean quality is also evaluated
through organoleptic analysis, which measures the quality of

the cup of coffee based on its sensory properties [38] which
are developed through a series of physical and chemical
reactions that occur during the bean pyrolysis [57].

Factors such as the contact time between the ground
roasted coffee and water, the extraction time, the ratio of
ground roasted coffee to water, the particle diameter, the water
temperature, and the selected brewing method also affect the
sensory properties of the cup of coffee.

According to Reference [58], ‘experiments documented
by other researchers determined the temperature and time of
roasting influence the quality of the product’. They determined
that volatile compounds” formation begins at 170 °C due to the
release of a roasted peanut smell, while from 180-190 °C a
slight roasted coffee aroma is perceived which is accentuated
between 220-230 °C. Beyond this point, it is considered
slightly burnt & between 250-260 °C it is considered burnt.

In short, there must be a balance between roasting time
and temperature according to the desired product, since a light
profile results in a product with poor sensory characteristics
while a well-roasted (black) coffee is not necessarily the most
aromatic [59, 60]; On the contrary, they tend to develop
undesirable flavors as well as a greater degree of bitterness
and astringency [61, 62].

The Specialty Coffee Association of America (SCAA),
founded in 1982 [63] published the first edition of its coffee
cupping manual (Coffea arabica) written by Ted R. Lingle in
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1984 [33]; Although the original method was based on this
manual, the current protocol has undergone modifications.

This protocol is known as the “Q” scoring system and
consists of a quantitative evaluation of 10 organoleptic
attributes of the roasted grain, normally carried out by panels
of judges (Fig 2) who assign a score between 0-10 to each of
the selected sensory properties, i.e.: fragrance/aroma, flavor,
astringency, acidity, body or density, balance and the overall
evaluation [19, 33, 41, 64].

In contrast, cup uniformity, cleanliness & sweetness are
rated through five tick boxes, each of which represents a cup
of coffee (Fig 2) [19]. The final evaluation is equal to the sum
of the scores assigned to each evaluated parameter and this
constitutes a measure of the coffee sample’s quality [41].

Coftees with a score of 80 or higher on a 100-point scale
are classified as specialty coffee [10, 19, 33] and, being
considered of the highest quality, command higher prices than
other coffees on the international market. For example,
specialty coffees command a 20-50% premium over
conventional coffees [35].

Sensory evaluations are the preferred mechanism used to
assess the quality of the roasted bean (CAS: 68916-18-7) and
the coffee beverage, even though they’re considered
subjective since men and women tend to describe the coffee
aroma and flavor in different ways [65] and to compensate for
this phenomenon the panels of evaluators are mixed.

These evaluations don’t provide any information
regarding the coffee bean’s chemical composition at any of its
processing stages (i.e., raw, light, medium & well roasted) and
to ensure impartiality, the results from the cupping tests are
conducted in such a way that the evaluators should not have
any information regarding the sample’s geographical origin,
the producer name, coffee variety, among others. Each sensory
attribute of the scoring system is briefly described below:

FRAGRANCE & AROMA

The fragrance emanating from coffee is evaluated during the
first 15 min after grinding the roasted beans [33]. To evaluate
the aroma, 3-5 min after pouring the hot water over the ground
coffee, the foam that forms on the beverage surface is
removed with a spoon to appreciate the gases emanating from
the infusion. Of course, there is a marked difference between
the perceived volatile molecules coming from roasted and
ground coffee versus those displaced by hot water.

FLAVOR

Once the beverage temperature has dropped to 70 °C, the
coffee infusion’s flavor is evaluated without any additives
(e.g., sweeteners, creamer, etc.). This activity occurs through
the perception of water-soluble molecules that stimulate the
taste buds in combination with the perception of volatile
molecules that come into contact with the nasal mucosa [33].

ASTRINGENCY

The astringency is defined as the rough and dry sensation
perceived in the mouth caused by the lack of lubrication due to
the precipitation of salivary proteins rich in proline when they

interact with coffee polyphenols, thus forming insoluble
complexes.

ACIDITY AND BODY

The infusion’s acidity results from the synergistic action of
organic acids. Acidity is one of the beverage’s sensory
properties that varies considerably among wet-processed
Arabica coffee varieties. In contrast, Robusta coffee varieties
are described as having little or no acidity [64].

Although the infusion’s acidity level can be evaluated
through taste tests, it can also be measured more precisely
using a pH meter, with 5.51 to 5.92 being the typical acidity
level of the coffee beverage [66].

Finally, the beverage’s viscosity, also called “the body of
the infusion”, is evaluated. This is perceived in the mouth as a
creamy sensation [33, 62, 67, 68] and is a product of the
increase in the polysaccharides concentration in solution (e.g.,
arabinogalactans) [62].

UNIFORMITY

Uniformity is assessed by cupping five cups of coffee to
identify off-flavors once the beverage temperature has
dropped below 37 °C [33]. This is achieved by dividing 250
roasted beans into five groups of 50 beans each and then
grinding them individually. Once ground, each coffee sample
is used to prepare a brew for a total of five cups.

This practice is based on the idea that defective beans
(e.g., unripe, over-fermented, sour) that could impart
unpleasant flavors to the beverage would be isolated to one,
two, or more cups, but not all of them. In contrast, if all 250
roasted beans were ground together; the defective beans
present would affect the flavor of every cup of coffee.

CLEANING

Cup cleanliness is not a parameter linked to health aspects but
rather based on the search for odors and flavors foreign to
coffee in the five cups described above. These unpleasant
flavors and odors are acquired through: a) poor processing, b)
poor storage conditions, or ¢) during the beans transport inside
transport units, which are also used to transport a range of
products with strong odors [33].

SWEETNESS

Sweetness is linked to the monosaccharides and disaccharides
content dissolved in the infusion; but it can also be attributed
to a low organic acids content or salts in solution [33].

After finishing evaluating each sample, tasters usually
rinse their mouths with purified water or eat saltine crackers to
eliminate residual flavors and aromas before beginning to taste
new samples.

CHEMICAL EVALUATIONS

Evaluations carried out by large companies are mostly based
on the visual inspection of grain batches, these evaluations are
gradually shifting to more objective determinations based on
the raw grain’s chemical composition, which in turn
determines the quality of the cup of coffee [40] This, in turn,
is affected by the species (C. arabica vs C. canephora) or
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Fig 1. Defects that affect the visual quality of coffee bean batches. Reproduced with permission of the Honduran Quality Organization (OHC).
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Fig 2. Specialty Coffee Association of America (SCAA) evaluation form for arabica coffees. To download the form: https://bit.ly/CVAformsenglish 2025
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cultivated variety (Fig 3), environmental conditions (e.g.,
climate, soil, altitude, rainfall, and temperature) or agronomic
management (e.g., pruning, fertilization, and degree of solar
radiation exposure) [60, 69]; fruit ripeness at the time of
harvest, and post-harvest treatment (processing & storage
methods) [40, 41, 60, 70-72], the blends of grains before or
after roasting; the grain roasting & grinding, and the beverage
preparation method [40, 41, 71].

Coffees grown under shade in soils of volcanic origin, at
considerable altitude above sea level and at low temperatures
are usually associated with the development of good sensory
characteristics [73].

There are several parameters used to measure the quality
of roasted coffee during storage, such as 2-furfurylthiol, which
is related to the freshness degree of roasted coffee. Due to
degradation processes (autoxidation), the concentration of 2-
furfurylthiol tends to decrease during storage [57, 63]; In other
words, the longer the storage time, the lower the concentration
of 2-furfurylthiol, which translates into a loss of quality.

Other researchers suggest the use of several parameters at
once such as 2-/3-methylbutanal, 2,3-butanedione, 2,5-
dimethylfuran [57, 74], 2-methylfuran, 2-methylpropanal, and
methanethiol whose concentrations also tend to decrease
during storage due to degradative processes [57, 63, 75].

Other authors suggest the use of aroma indices as
indicators of the freshness degree of roasted coffee. Aroma
indices are obtained by calculating the ratio between some
analytes identified in roasted coffee such as: 2-methylfuran/2-
butanone [41, 57, 74], dimethyl disulfide/methanethiol [63],
methanol/2-methylfuran, 2-methylfuran/2,3-butanedione, 2-
methylfuran/propanal, methanethiol/2,3-butanedione,
methanethiol/hexanal, methanethiol/2-butanone, and 2-
furfurylthiol/hexanal [41, 57, 75].

THE EFFECT OF CULTURAL PRACTICES

The effect of altitude on coffee quality is a well-studied
phenomenon. Coffee grown at higher altitudes above sea level
ripens more slowly, and its beans are denser and larger [69]
and are therefore considered to be of better quality (e.g., larger
beans) than those grown at lower altitudes [26, 64, 69, 72].

In the case of robusta coffees, when these are planted
above 1000 m.a.s.l. they produce harder beans [33] In
addition, at higher altitudes there is a greater lipids synthesis
in the coffee bean [64].

The effect of shade on coffee plantations is a well-known
phenomenon [64, 72]; C. canephora grows best under
conditions of full sun exposure; in contrast, C. arabica grows
best under partial shade conditions [41] since when exposed
directly to the sun its photosynthetic apparatus becomes
saturated, leading to free radicals production (e.g., H»O»)
which in turn creates favorable conditions for intracellular
oxidative stress [76].

Experiences reported by Reference [77], suggest that both
grain yield and average grain size increase under low light
conditions until reaching a maximum and then decline under
excessive shade conditions. Based on this, it can be inferred

that 60% shade is the maximum permissible under which the
highest grain yield, highest plant height, highest average grain
weight (average weight of 1000 grains) and highest number of
branches are recorded (Fig 4).

Coffee plantations grown under severe shade experience a
significant reduction in bean production [64, 69, 77] due to the
development of more widely spaced internodes, a lower
number of active floral nodes, lower floral induction and
larger coffee beans [77].

The effect of shade on grain size varies depending on the
genotype. When C. arabica var. Catimor y C. arabica var.
Caturra were grown under the same shade conditions, the
grain size of var. Catimor was larger than that of var. Caturra,
revealing a clear interaction effect between genotype and
environment [64].

Another disadvantage of excessive shade is the significant
reduction in the coffee bean’s saccharose concentration due to
a decrease in the saccharose synthase & saccharose phosphate
synthase’s metabolic activity which are enzymes involved in
the disaccharides synthesis [64]. According to Reference [77
the optimal light intensity for carbohydrate biosynthesis
ranges between 9800-12 500 lux which corresponds to 50-
60% shade (9500-12 500 lux) in the coffee plantation.

The shade cast by trees not only protects the plants from
excess light and excessive weed growth, reduces ambient
temperature protecting from heat stress thus reducing
transpiration, but slows down fruit development [69, 77].

As ambient temperature increases, there is rapid fruit
development along with an increase in the malformed fruits
proportion, thus affecting cup quality [76]; In contrast,
according to Reference [41], Arabica coffee quality improves
under cool conditions with average temperatures of 18-22 °C;
In contrast, Robusta varieties (e.g., Indian series BP, SA, S274
& BR; IF series from the Ivory Coast & the Brazilian cultivar
Apoata) develop best under warm (22-26 °C) and humid
conditions typical of tropical climates.

Furthermore, the size of the fruit load in combination with
shade exerts an effect on fruit size. Reference [78] reported
that in studies carried out in Costa Rica in 1999, a significant
increase in fruit size was detected when the size of the fruit
load was reduced.

The tendency towards a fruit size reduction during cycles
of heavy production can be attributed to severe competition
between developing fruits for available carbohydrates.

Bitterness and astringency were higher in infusions made
from grains harvested from sun-grown plants than in those
prepared from grains harvested from shade-grown plants
during two consecutive production seasons [64, 69, 78]; This
was probably a consequence of a higher ACs and trigonelline
concentration in grains from sun-grown plants [64, 78].

However, the evidence suggests that this occurs due to an
increase in ambient temperature and not due to an increased
solar radiation exposure.

Documented experiences suggest the existence of a
positive correlation between ambient temperature and
chlorogenic acids biosynthesis (e.g., 4-feruloylquinic acid,
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Fig 3. Chemical composition of raw coffee beans. Adapted from Reference [68].
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Fig 4. Shade effect on coffee trees measured through agronomic parameters.
Bars with the same letter are not significantly different. Adapted from Reference [77].

S-feruloylquinic acid, 3-caffeoylquinic acid, 4-caffeoylquinic
acid, 3,4-dicaffeoylquinic acid & 4,5-dicaffeoylquinic acid)
[64, 79]; That is, as ambient temperature increases, so does the
accumulation of these acids; as a result of an increase in the

expression (transcription) of genes linked to CAs biosynthetic
pathway [64].

In contrast, the levels of 5-caffeoylquinic acid and 3,5-
dicaffeoylquinic acid increased as ambient temperature
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decreased, indicating a negative correlation between ambient
temperature and their biosynthesis [79].

Finally, the high lipids levels present in coffee have been
associated with an improvement in its organoleptic properties
[80] and tend to be preferred by the consumer [72]. The
cultural practice of growing coffee under the shade increases
the endosperm’s lipids levels [64, 78] thus improving the
quality of the infusion.

THE EFFECT OF GRAIN PROCESSING

The beans processing after harvest has a significant impact on
the quality of the resulting cup of coffee after roasting [81].
The roasted coffee’s volatile composition varies depending on
the chosen processing process (dry vs. wet) and the selected
degree of roasting [82].

Coffee produced from beans processed using wet
processing has a better cup quality [42, 83] characterized by
having less density, more acidity (pHarabica: 4.85-5.15 vs
PHrobusta: 5.25-5.40) and a more intense aroma compared to
those processed through dry processing [83, 84]; Coffees
processed through the semi-dry method also known as
honeyed coffees have an intermediate density compared to the
previous ones [83].

Experiences documented by Reference [85] provide
evidence that the mucilage removal via fermentation gives the
raw grain a volatile composition rich in esters and alcohols
which in turn contribute to the formation, during roasting, of
other compounds of thermal origin that improve the grain’s
aromatic profile.

This improvement is manifested through the increase in
the proportion of caffeoylquinic acids with respect to
dicaffeoylquinic acids [86]; Furthermore, according to
Reference [70], ‘the coffee bean processing increases the
degree of extraction of high molecular weight
polysaccharides, with galactomannans and arabinogalactans
being the majority fraction present in solution’.

In experiences documented by Reference [70], beverages
prepared from roasted and ground grains previously processed
through wet processing present the highest polysaccharides
concentration in solution, which improves viscosity; mannans
are directly responsible for the increase in viscosity due to
their higher concentration in solution [70] in addition to
having a more intense aroma and being more acidic than those
processed dry [29].

The higher polysaccharides concentration in solution in
beverages prepared from coffee processed through wet milling
can be attributed to the metabolic activity of enzymes linked
to bean germination (i.e., endo-B-mannanases, -mannosidases
and galactosidases) since these catabolize the reserve
polysaccharides into their constituent monomers for use by the
developing seedling.

A similar process occurs in relation to reserve proteins
which are also degraded during germination, but their
hydrolysis is interrupted during grain drying, resulting in a
seed with a higher free amino acids concentration and short-
chain carbohydrates (mono, di & trisaccharides) which act as

precursors to the flavoring and aromatic compounds that
develop during roasting through the Maillard reaction, the
Strecker degradation of amino acids, among others.

In contrast, beverages prepared from dry-processed grains
have a higher saccharose concentration than wet-processed
grains [37] are less acidic and their aroma is less intense [29].
The higher saccharose concentration in dry-processed grains
compared to wet-processed grains can be attributed to the fact
that they are not fermented during processing.

Wet processing causes a decrease in glucose and fructose
levels in the beans, regardless of the species involved [81].
This phenomenon can be attributed to the fermentation
processes and the leaching of metabolites during bean
washing, since this decrease is not observed in coffee beans
processed through dry processing.

The evidence suggests that during coffee drying there is
an increase in the y-aminobutyric acid (GABA) concentration
which is a non-protein amino acid and is therefore considered
a marker of water stress [81]. GABA is produced through the
enzymatic decarboxylation reaction of glutamic acid, which is
catalyzed by glutamate decarboxylase.

However, at the end of drying, GABA levels are higher in
beans processed through dry processing than those found in
those processed through wet processing [81]; For this reason,
the GABA concentration in the coffee beverage could be used
as a discriminating parameter of the type of processing (wet
vs. dry) used during coffee processing.

CONCLUSION
Coffee is the 2" most consumed drink in the world after tea
[2,17,98] since the latter is consumed in more countries.
According to Reference [24], “for every three cups of tea
drunk in the world, one cup of coffee is consumed”’; However,
a cup of tea is cheaper than a cup of coffee because 1 kg of tea
produces 4 to 5 times more cups than 1 kg of coffee [24].
There are two economically important species used in
coffee production: Coffea arabica L. (Arabica coffee) &
Coffea canephora Pierre ex A. Forehner var. Robusta, with 65
and 35% of world production attributed to C. arabica L. & C.
canephora P. respectively [35,39,49-51].
Coffee is grown in nearly 80 countries located in Central
& South America, the Caribbean, Africa & Asia [66-68];
Regions all between the Tropic of Cancer and the Tropic of
Capricorn [22,23,30,69]. That is, in the area between latitude
23.5° N and 23.5° S, also known as the “Coffee Belt” [50,67].
Additionally, while most coffee production occurs in
underdeveloped countries, 71% of its consumption occurs in
developed countries [24,66,70,71]. While 20-30% of global
production occurs on large-scale plantations, the remaining
70-80% is in the hands of small farmers [31,72,82-85].
Considering all these facts, it is understandable why
coffee is one of the most widely consumed beverages in the
world and its popularity and demand, in national and
international markets, is not based on its nutritional value or
potential health benefits, but on its pleasant taste and
caffeine’s stimulating properties.
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