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Medicinal Properties of Arabica coffee (Loffea arabica) Oil: An
Overview

Khalid M. AL-Asmari'*, Isam M. Abu Zeid12#, Atef M. Al-Attarl.2#
Abstract

offee is one of the massive tropical crops in developing countries and historically understudied in subjects
‘ of crop nutrition and administration. Arabian coffee (Coffea arabica) plant belongs to the genus Coffea in

the Rubiaceae family. It is known as the most widely recognized Coffea species created comprehensively
summing up to over 75% of the all-out Coffea creation. Its compounds are a complex mixture of different
chemicals that have many health benefits. The usage of various parts of a coffee plant, along with its oil is
verified for the manufacturing of ancient medicines that helped in curing a number of ailments. These traditional
uses were scientifically proven by many studies including psychoactive responses, neurological and metabolic
disorders. Coffee oil consists mainly of triglycerol and fatty acids along with antioxidants. It also possesses some
biologically active fatty acids that are anti-cancerous, anti-inflammatory, anti-bacterial, anti-diabetic and anti-
atherosclerotic in nature. This paper provides the medicinal properties and scientific review of Arabica coffee oil.
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Introduction

Medicinal plants have played an important role in the
treatment of several diseases. Medicinal plants are said
to be ideal for the human body as it yields fewer side
effects than synthetic drugs [1]. There is an immense
perspective for discovering new drugs with the help of
natural plant extracts as they demonstrate exceptional
chemical diversity [2]. Isolating natural components from
plants is the key process for discovering drugs [3]. These
isolated components are biologically active and are anti-
cancerous, anti-microbial, and anti-diarrheal in nature.
They also have analgesic, antioxidant and wound
healing properties [4]. Thus, the procedure for extracting
biologically active components plays a primary and
crucial role in the investigation of medicinal plants [4].
Coffee is one of the most popular and widely consumed
beverages all over the globe. It is cultivated throughout
the world and has marked its place as a major tropical
crop in most of the developing countries. Despite being
a popular crop, it was not studied much previously. In the
botanical nomenclature, coffee comes under the family
Rubiaceae. The genus Coffea consists of about 103
species which are bifurcated into two subgenera named
Coffea and Baracoffea. The subgenus Coffea includes
those species which are used in the production of coffee
[5]. Amongst all the other species, Coffea arabica
(arabica coffee) and Coffea canephora (robusta coffee)
are mostly used for economic and commercial purposes
[6]. However, Coffea Arabica alone comprises about 75—
80% of the total coffee production throughout the world
[7]. The total world coffee production, export, and
consumption from 2006 to 2015 were demonstrated in
Table 1 [107]. Figure 1 represents the plant species
Coffea Arabica. Coffee is produced in around 80
countries of the world [8]. The major coffee producer and
exporter throughout the world are Brazil (35%), Vietham
(15%), Indonesia (8%), Columbia (6%), India (4%),
Ethiopia (4%), Honduras (4%), Costa Rica (1%) and
others (23%) [9,10]. The Arabian coffee originated in
Ethiopia (Africa), which is close to Saudi Arabia,
therefore its growth pattern is clearly visible around the
southern Arabian regions [11]. A wide range of bioactive
components such as phenolic compounds and
terpenoids are present in coffee in the form of
concentrated hydrophobic liquids (called essential oils)
that are obtained from aromatic compounds. These
essential oils have the potential to work as an
antimicrobial and antioxidant agent that can be used as
a natural preservative for perishable foods [12]. The oils
obtained from green coffee possess a considerable
amount of fatty acids such as palmitic, oleic, linoleic and
stearic acids and found a firm place in both cosmetic and
nutraceutical industries [13]. Due to the presence of
triglycerides and free fatty acids, the green coffee oil
provides some cosmetic benefits such as retaining skin
moisture and acting as a potent anti-aging component.
Along with the secondary metabolites, these fatty
components are also a reason for the attraction of
cosmetic industries towards green coffee [14]. Also,
coffee has a sumptuous history of medicinal benefits
which are now backed by the ever-increasing number of

scientific researches. Various parts of a coffee plant are
used for treating influenza, anemia, edema, asthenia and
rage. It is also found that coffee can cure hepatitis and
liver dysfunctions. When applied externally, it can
prevent nervous shock. It is used as a stimulant for
lethargy and intoxication. Coffee also worked as an
antitussive agent in common cold and lung disease. It
acts as a cardiotonic, neurotonic and also works wonders
for asthmas [15]. Coffee oil possesses many biologically
active components that act as anticancer, anti-
inflammatory, antibacterial, antidiabetic, and
antiatherosclerotic agent [16, 17].

Crop Year Quantity (in 1,000 60-kg bags)
Production Export Consumption (Importing Countries)

2006 128,728 91,745 75,093
2007 119,996 96,302 75,964
2008 129,566 97,599 75,715
2009 123,276 96,242 74211
2010 134,246 97,067 76,552
2011 140,617 104,435 76,447
2012 144,960 110,914 76,949
2013 146,506 110,501 79,467
2014 142,278 114,766 80,627
2015 143,306 112,722 81,188

Table 1: Total World Coffee Production, Export, and Consumption
from 2006 to 2015 [107].

Figure. 1: The plant Coffea Arabica (Hada Mountain in Aseer
region, Southwest of The Kingdom of Saudi Arabia).

Methods

Literature search strategy and selection criteria
Google Web, Google scholar and PubMed were used to
obtain data for this review paper. Research papers
consulted for this review were those published over last
10 to 25 years.

Discussion

Botanical History

Haarer [18], Wrigley [19] and Pendergrast [20] presented
the historian's account on the geographical distribution of
Arabian coffee. They described its migration from the
genetically diverse centre of Ethiopia to Yemen during
the 6™ century. From Yemen, it travelled to South-east
Asia, India, East Africa and Latin America between the
17t to 19™ centuries. Many researchers reported the
origin of Typica and Bourbon genetic bases. They
indicated the origin of genetic base Typica from a distinct
plant grown in Amsterdam which was brought there from
Java in the year 1706. The genetic base Bourbon was
reported to have its origin in the coffee trees which were
presented to La Reunion (formerly known as Bourbon
Island) from a Yemenian city Mocha during 1715t0 1718.
After that, the coffee plant stretched swiftly from America
to Indonesia with the help of self-fertilized seeds which
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extensively reduces genetic diversity [21]. C. arabica
originates as an understory plant in the rainforests of a
reduced territory in the cold areas of Ethiopian highlands.
It is autogamous and the only allotetraploid Coffea
species (others are diploid): 2n = 4X = 44. It is most
probable that this species recently originates from a
distinct hybridization occurring in-between two diploid
species, i.e C.canephora and Coffea eugenioides [22].
The fact that the cultivation of Arabica coffee has
continuously been done from the past 4-5 centuries in
the mountainous slopes and constricted valleys of
Yemen and Saudi Arabia at an altitude of about 1200-
1800 meters is of significant consideration [23]. The
allotetraploid nature of the Arabica coffee genome is
considered as an attribute that allows it to adapt
remarkably through a vast range of environmental
diversity of intertropical areas, despite being originated
from a genetically restricted population source [24].

Genus and Family
Coffee, along with its whole tribe, genus Coffea and over
124 species belong to the family Rubiaceae [25].

Botanical Features

The leaves are attached to a short petiole. At the early
stage, they are light bronze or tan in color which changes
to dim green when fully grown. The leaves are dull from
underneath and shiny on the upper side. Only two
species, named as Coffea Arabica L (referred to as
Arabica Coffee) and Coffea canephora P (commonly
known as Robusta Coffee) lead in the worldwide
commercial production of coffee. Except C. arabica, all
the other species of coffee are diploid in nature (2n = 2x
= 22) and are usually self-incompatible. C. arabica is
self-fertile, has a tetraploid genome (2n = 4x = 44) and
originated from hybridization between C. canephora (as
paternal primogenitor) and C. eugenioides (as maternal
primogenitor) that occurred spontaneously [26].

Bean

The coffee beans are tropical dicotyledonous seeds
(Figure 2). The seeds are albuminous, having a copious
endosperm. The embryo of the coffee seed is very small.
The coffee seeds have undergone evolution to develop
complicated strategies in order to preserve its nutritional
content and use pericarp and pulp for encouraging its
distribution by animals [27].
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Figure 2: Tissue representatives of coffee beans used in study of
Cheng et al. [106] (pericarp was discarded).

Leaves

The coffee leaves (Figure 3) are wax-coated and shiny.
Depending on the stages of development and plant’s
origin, its color varies from light green to dark green to
bronze. They grow in pairs on the opposite side of the
main stem or branches [28]. The average lifespan of C.
arabica leaves is about 8 months and about 7-10 months
for the leaves of C. canephora. In accordance with the
developmental phase, the leaves of the coffee plant can
be divided into three types: the newly emerged young
leaves and buds (fresh weight = 25 mg, length =20 mm,
width = 7 mm); fully mature and expanded second and
third leaves that are positioned just below the tip ( weight
=1.2 g, length = 10 to 15 cm, width = 6 cm); and the dark
green colored aged leaves which are adjacent to the
shoot base (weight = 1.3 g, length = 10 to 15 cm, width
=6.cm) [29].

=5 e e

Figure 3: Coffee leaves (Hada Mountain in Aseer region,
Southwest of The Kingdom of Saudi Arabia).

Fruits

The fruit of the coffee plant is a cherry or berry and
usually two coffee beans are present inside it (Figure 4).
The skin of the coffee fruit is red-violet in color and
conceals several parts underneath it. The parts of the
coffee fruit appear in the following sequence; at first, the
yellow-colored pulp is present which is followed by a
yellowish parchment sheet, after that a silver-colored
seed coat is present which covers the green-colored
coffee bean situated at the core [30]. The pericarp
comprises a green-colored, smooth, and strong outer
layer in unripened fruits which changes into red-violet or
deep red color after ripening. In some specific
genotypes, it can also turn yellow or orange when [31].
The pericarp forms an outer covering for the mesocarp
(yellowish, mushy, sweet and fibrous pulp), the pectin
layer (mucilaginous sheet full of water), and the
endocarp (thin parchment sheet). The coffee bean
consists of a silver skin called spermoderm, followed by
the endosperm and the coffee seed at last [7, 31].

Figure 4: Coffee fruit (berry/chrry) (Hada Mountain in Aseer
region, Southwest of The Kingdom of Saudi Arabia).

Flowers
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The coffee flowers are pink or white in color (Figure 5).
After quite a long dry spell, a rainfall even as low as 7-10
mm can trigger the flowering of the coffee plant [57]

= = — s -
Figure 5: Coffee flowers (Hada Mountain in Aseer region,
Southwest of The Kingdom of Saudi Arabia).

Biophysical Limits

Altitude, Slope

Coffee Arabica naturally grows on high continental
plateaus and tropical rain forests at an altitude of about
1000-2200 mm along with the mid-altitude areas of
America and Caribbean islands; whereas, coffee
Robusta naturally proliferates in lowlands and at an
altitude lower than 900 mm (mid-altitude regions). The
basic criterion (primary factor) for selecting land to
cultivate coffee is attributed to its latitude, altitude,
steepness of the slope and its exposure towards sun
rays. Actually, this basic criterion (primary factor) also
describes the secondary factors such as environmental
conditions, fertilization and irrigation technologies, sun
and shade systems, native techniques and quality
parameters of harvesting policies. The association
between primary factors and quality attributes of coffee
was positively recognized by many researchers and
called the effect of primary factors (altitude, latitude etc.)
as “Terrain effect” [32]. These primary factors also affect
the enzymatic action and composition of coffee which
results in its different quality, aroma, taste and various
other organoleptic and sensory characteristics [33]. As
coffee plants are generally cultivated on slopes and
steep tropical mountainous regions, so the slope’s
exposure towards climatic and environmental conditions
also have a tendency to affect the acidic nature, typicity,
aroma, bitter taste, and quality of the coffee. Usually,
coffee beans harvested from the east side of the slopes
have better taste, aroma, acidity, typicity and are
preferred more than the ones that are grown in west-
facing slopes [34].

Type of Soil
Most of the soils in the coffee farm are sand-loamy,
having a pH of about 7.5 to 8 (slightly basic) [23].

Phytochemical Constituents

Major Chemical Compounds of Coffee

Compounds present in coffee are a complex blend of
chemicals that provide a considerable amount of
chlorogenic acids and caffeine. An important resource of
cafestol and kahweol is unfiltered coffee. Cafestol and
kahweol are diterpenes and are attributed to the
cholesterol-increasing nature of coffee [35]. A number of
populations depend upon coffee for meeting their
caffeine need. Apart from that, it also holds hundreds of

nutritional compounds such as carbohydrates (CHO),
lipids, proteins, vitamins, minerals, alkaloids and
phenolic compounds [36, 37].

Caffeine (Methylxanthine)

Caffeine is a compound that naturally occurs in coffee
beans along with another 60 plant parts like tea leaves,
cola nuts, cocoa beans etc. It is alkaloid in nature and its
chemical name is 1, 3, 7-trimethylxanthine (Figure 6). In
various physiological functions, it acts as a nonselective
antagonist to adenosine receptors [38]. Caffeine is one
of the most widely used psychoactive stimulating drugs
all over the world. The existence of most of its biological
properties is attributed to its antagonist nature against
adenosine receptors specifically Al and A2A. The
caffeine content is extremely unstable, ranging from 30
mg to 350 mg per cup (150 ml) of home-made coffee [38,
39]
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Figure 6: Caffeine (Methylxanthine) [40].

Chlorogenic acids (Polyphenol)

Chlorogenic acid (CGA) is an esterified chemical
compound found in coffee (Figure 7). It is a nutritionally
important phenolic ester of trans-cinnamic acid and
quinic acid [39, 41]. It is also called as 5-O-caffeoylquinic
acid. The range of chlorogenic acid in a 200 ml cup of
coffee (7-0z) is about 70 to 350 mg, out of which nearly
35-175 mg is caffeic acid [42]. Chlorogenic acid plays an
important role in regulating glucose and lipid metabolism
and other similar disorders, such as diabetes mellitus,
cardiovascular disease (CVD), overweight and obesity,
cancer, and fatty liver disease (hepatic steatosis).
Besides, it is also anti-diabetic, anti-inflammatory, anti-
carcinogenic and anti-obesity in nature and has the
potential for providing many health benefits. It can also
act as a non-pharmacological and non-invasive drug for
treating and preventing some chronic diseases [43].

HO
HO

Figure 7: Chlorogenic acids (Polyphenol) [40].

Coffee Lipids (Kahweol and Cafestol)

A standard Coffea arabica bean contains coffee lipids
named kahweol and cafestol; both of which are
structurally analogous to each other (Figure 8). In one ml
of coffee, the concentration of kaweol and cafestol
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ranges from 0.1 to 7 mg individually [44, 45]. Kahweol
and cafestol are diterpenes (fat-soluble compounds)
having anticarcinogenic properties. It also works against
the activity of aflatoxin B1 (AFB1) in humans. It increases
cholesterol levels in human blood when consumed in an
unfiltered form [46, 47]. Diterpenes present in coffee
(cafestol and kahweol) can produce a wide range of
biochemical reactions that in turn reduce the genotoxicity
of various carcinogens such as 7,12-
dimethylbenz[alanthracene (DMBA), aflatoxin Bl
(AFB1), benzo[a]pyrene (BaP) and 2- amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP) [46].

Kahweol

Cafestol

Figure 8: Coffee Lipids (Cafestol & Kahweol) [40]

Leaves

The leaves of the coffee plant contain various kinds of
phytochemicals [48-51]. These are as follows:

Alkaloids: caffeine, adenine-7-glucosyl, trigonelline, 7-
methylxanthine and theobromine
Flavonoids:  quercetin,  anthocyanins,
glucoside, isoquercetin, kaempferol and rutin
Terpenoids: cafesterol, 16-O-methyl cafesterol, kahweol
Amino acids: pipecolic acid and histidine

Xanthonoids: mangiferin and isomangiferin

Phenolic acids: cafeic, ferulic, chlorogenic, p-coumaric
and sinapic acids

Catechins: catechin and epicatechin.

Along with these, sucrose and tannins are also present.

guercetin

Fruit

The coffee fruit has a number of bioactive compounds
like chlorogenic acid, caffeine and tannins that act as
eminent antioxidant agents [52].These bioactive
compounds demonstrate various health benefits and
have the potential to provide protection against a number
of chronic diseases, like cancer, obesity and diabetes
[53, 54]. Inthe south-western region of the country, many
Saudi women mix the outer layer of the coffee fruit
(locally called as Gisher) which account for about 40% of
coffee fruit (Figure 4) with hot water and use the extract
as a drink, in which they believe to clear their wombs
from the bad blood that is attached to the womb during
or after the menstrual cycle or after childbirth [109].

Flower

Emura et al. [55] analyzed the extract of coffee (Coffea
arabica L.) flower with the help of Gas Chromatography-
mass Spectrometry (GC-MS). The results exhibited that
the coffee flowers have a considerable amount of
nitrogenous aromatic compounds and derivatives of
phenylethane also. The white flower has a highly
recognizable scent, and could a potential source of food
and beverage ingredients as it is a rich source of
bioactive compounds that can play a crucial role in

human health as antioxidants and help prevent
cardiovascular diseases, cancers, and diabetes[110].

Beans

By mass, 7-17% of lipid is present in the beans of green
coffee. Like all the other vegetable oils, the oil of coffee
is also composed of free fatty acids and triacylglycerols
(75%) [56]. The antioxidant nature of phenolic
compounds made them most important amongst all the
other biologically active components present in coffee
beans. Out of many phenolic compounds, chlorogenic
acids are the ones mainly accountable for the antioxidant
action. These compounds inhibit the propagation of
oxidative damage by scavenging the free radicals in vitro
[58]. The generation of chlorogenic acid takes place by
the process of esterification happening between quinic
acid and one or more derivative of trans-cinnamic acid.
The classification of these compounds can be done on
the basis of type, position and number of residual acyl
groups.Monoesters of caffeoylquinicacid (especially 5-
caffeoylquinic acid) are the most commonly found
chlorogenic acids in coffee [59].

Arabica Coffee Oil

Like all the other commonly used vegetable oils, the
coffee oil is also composed mainly of 75%
triacylglycerols and a little quantity of free fatty acid.
Along with these, wax, and a small amount of sterols,
phosphatides, tocopherols, ceramides and diterpenes
(unsaponifiable materials) are also present [108]. The
highest amount of unsaponifiable matter (nearly 13.54%)
is found to be present in Coffea Arabica while the lowest
level (0.36%) is present in C. kapakata [60]. Besides, the
composition of fatty acids present in coffee oil extracted
by green coffee beans is found to be the same after
baking. Linoleic acid was found to be most dominated
fatty acid with a concentration of about 39.36% to
47.80% which is followed by 29.44% to 35.55% of
palmitic acid [61]. Coffee oils contain a significant
amount of aromatic compounds that impart coffee its
distinct flavor. This is why coffee oils are considered as
a chief transporter of aroma and flavor. Calligaris et al.
[62] extracted coffee oil and detected almost 30 volatile
organic compounds in it, most of them are responsible
for imparting roasted coffee its distinct and exquisite
aroma. Phenolic compounds like chlorogenic acids are
present in coffee seed oils which act as an antioxidant
agent and are referred as biologically active secondary
metabolites. Caffeine, the pharmaceutically significant
methylxanthine is also present in coffee oil [62].

Coffee Bean Residue

The coffee oil and seed residue have the same chemical
profile. Both of them contain phenolic compounds such
as caffeine and chlorogenic acid, along with esters (5
monoacyl and 3 diacyl) of quinic acid and trans-cinnamic
acid. Thus, coffee residues have immense potential to be
used as a biologically active compound or as a resource
for manufacturing food supplements,
pharmaceutical/nutraceutical products and cosmetic
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goods [13]. Nurman et al. [63] analyzed the ground oil of
Arabica coffee with the help of gas Chromatography. The
results demonstrated the presence of some active
compounds including methylcyclopentane(14,93%),
pentadecylic acid (8,81%), cyclohexane (1,36%), linoleic
acid (9,00%), 2,3 dimethylbenzofuran (1,61%), ethyl
linoleate (6,36%), and 1,2-benzenedicarboxylic acid, bis
(2 etylhexyl) ester (18,09%). An abundant amount of
cafestol and kahweol (kaurene diterpene components)
are also present in coffee oil. These compounds are
related to the defense mechanism of about thirty-four
plants, and also to the nutraceutical and sensory
characteristics of beverages [64].

Coffee Oil Extraction

The oil content of green C. arabica coffee is nearly 15%
(v/w) and extraction of the oil is done by pressing the
seeds [65]. Extracting the coffee oil with organic solvents
is the most common technique among all the other
methods [66].During the last few years, new
technologies like supercritical fluid extraction are being
extensively studied at the laboratory level in order to get
the maximum vyield and to increase the concentration of
the extracted compound [67]. Organic solvents are
mostly used for extracting oil but due to environmental
safety issues and increasing health risk of people,
industries are being forced to discover alternate
extraction techniques such as supercritical fluid
extraction [68]. Extracting chemical compounds from
naturally occurring materials is the most investigated
function of supercritical fluids.

The advantages of supercritical fluid include flexibility
for processing and retrieving the solvent after processing
from the extracts, which is not possible through
conventional extraction techniques [66]. Usually, the
supercritical fluids extraction technique is performed with
the help of carbon dioxide (CO,) as it has a low critical
temperature (32 °C) and pressure (74 bar), non-toxic and
non-flammable nature. Also, it is cheap, available in
highly pure form and can easily be removed after
processing the extracts [69]. Couto et al. [70] used
supercritical carbon dioxide (scCO;) at different
temperatures (40, 50 and 55 °C) and pressures (15.0,
20.0, 25.0 and 30.0 MPa) for extracting lipids with the
aim of producing biodiesel. The maximum yield of about
15.4% was obtained at a pressure of 25.0 MPa and 50
°C temperature after 3 hours of extraction. Moreover,
they have also calculated the effect of adding ethanol as
a co-solvent. The mass ratio of ethanol to CO, was taken
as 6.5:93.5 (w/w) at 50 °C and 20.0 MPa. A reduction in
the extraction time by about 60% was observed. The
total solvent requirement also decreased for achieving a
yield of 12.9% when the same conditions were applied
for both the methods i.e. using CO; alone or with co-
solvent [70]. The same results were also obtained by
Andrade et al. [71]. They studied the extraction of SCG
oil with scCO, alone, and scCO, with ethanol as a co-
solvent at a temperature ranging between 40, 50 and 60
°C and pressure at a range of about 10 to 30 MPa for 2.5
hours. The maximum vyield obtained from SFE
(supercritical fluid extraction) was 10.5 + 0.2%, whereas
the maximum yield obtained by using ethanol as a co-

solvent was found to be 15 * 2%. PLE (Pressurized
Liquid Extraction) is a recent and appealing extraction
technology through which highly efficient extraction can
be obtained in a short duration of time and by using
relatively less quantity of liquid organic solvents [72]. The
major benefit of using PLE (pressurized liquid extraction)
is associated with the usage of extreme temperatures
which in turn increases the solubility of solute molecules
in the solvent. This happens because, at high
temperatures, the diffusion of solute to solvent increases
and also the strong solute-matrix chemical bonds like
van der Waals bonds, solute-active site interaction in the
matrix, hydrogen bond and dipole-dipole interaction
breaks down [72].

Another technology, i.e. gas-expanded liquid (GXL)
technique uses a mixture of compressible gas
disintegrated into a solvent (mostly organic). The CO
gas is mostly used as an expanded liquid because it has
many advantages (as mentioned above) [73]. The CO,-
expanded liquid is a kind of solvent that has the
properties of both the liquid and gas. The CO; helps in
improving the mass transfer and gas solubility, whereas,
the organic solvents increases the solubility of solutes
(both liquid and solid) [74, 75]. Generally, CO2-expanded
fluids can be regarded as a substitute for pressurized
fluids and compressed carbon dioxide which can easily
be obtained just by incrementing the level of CO; [74].
Rodrigues et al. [76] applied the CO»-expanded liquids
technique for extracting Moringa oleifera (Drumstick
tree). They successfully found the extraction yield two
times higher by using an equal amount (50%) of ethanol
along with CO; in COz-expanded liquids when compared
with using scCO; alone. The major benefit of using CO»-
expanded liquids over scCOg;, lies in the fact that it works
on low-pressure operations while comparing it with
pressurized liquid extraction, it was again found
beneficial as it uses less quantity of solvent for extraction
[76,77].

Health Benefits of Arabic Coffee Consumption

Coffee consumption positively affects the psychoactive
response (such as alertness, mood swings etc.),
neurological disorders (like infant hyperactivity,
Parkinson’s and Alzheimer’s diseases) and metabolic
diseases (for example, diabetes, cholelithiasis, liver
cirrhosis), and gonadal dysfunction [78]. In human
beings, coffee drinking can help in reducing blood
pressure, which can be attributed to the presence of
polyphenols and chlorogenic acids in it [79]. Many
researches demonstrate a fruitful connection between
drinking coffee and better human health. For example,
various researches suggest that coffee drinking women
are less likely to develop symptomatic cholelithiasis [80].

Pharmacological Activities of Coffee

Anti-diabetic Activity

Coffee beans have many bioactive components that are
widely used as antioxidants [52]. Many scientific studies
pointed out the health benefits of consuming coffee such
as reducing the risk of diabetes mellitus, arterial
hypertension, cardiovascular diseases, obesity and even
depression [81]. In recent years, around 300 million
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people around the globe are found to be affiliated with a
serious health issue called as diabetes mellitus or type 2
diabetes [40] Consuming a moderate amount of
caffeinated or decaffeinated coffee can diminish the
likelihood of developing diabetes mellitus in young and
middle-aged (40-60 years old) women. Other coffee
constituents, except caffeine, was found to have an
effect on the development of diabetes mellitus [82].

Anti-microbial Activity

The beverage coffee was intended to be used as an
antioxidant agent but it also demonstrates antimicrobial
activity against a wide range of microbes including fungi,
gram-positive and gram-negative bacteria [83]. In a
recent study, Nassar et al. [84] compared the
antimicrobial activity of Arabica, Turkish and Brazilian
coffee. They found the highest antimicrobial activity in
Arabica coffee extracts when compared with the rest of
the two types.

Anti-bacterial Activity

The coffee constituents such as caffeic acid,
protocatechnic acid and chlorogenic acid are reported to
impart antibacterial properties to coffee [85]. Many types
of research have revealed the antibacterial activity of
coffee against various pathogenic bacteria including
Staphylococcus aureus, Listeria  monocytogenes,
Enterococcus faecalis, Pseudomonas aeruginosa,
Salmonella choleraesius and Escherichia coli [83].

Anti-cancer Activity

Some studies concluded that coffee consumption has
many health benefits such as 26% less probability of
developing colorectal cancer [86]. Several recent studies
have associated the consumption of coffee with lowered
risk of developing hepatic and renal cancer too. To some
extent, it is also linked to decrease the risk of
premenopausal breast cancer and colorectal cancer,
whereas, it does not have any relation with the cancers
of the prostate, ovary and pancreas. Nevertheless,
drinking coffee can help in reducing the death rate of
patients suffering from liver cancer [87, 88]. Gan et al.
[89] defined the significant association of coffee
consumption with a lower risk of developing colorectal
cancer if less than five cups of coffee are consumed per
day. Coffee possesses bhioactive compounds such as
caffeine, chlorogenic acids, caffeic acid, diterpenes,
trigonelline and melanoidins that have a positive effect
on the human body. These bioactive compounds also
have the potential to act as an anticarcinogenic agent in
both animal models as well as human cell line and may
protect from colorectal cancer [90].

Antioxidant Activity

Coffee is claimed as a functional drink and as an
important source of antioxidant, especially because of its
higher phenolic and caffeine contents. Chemical
constituents of Arabica coffee include phenolic acid and
its derivatives (chlorogenic acid), alkaloids (especially
caffeine), terpenoid, carbohydrate, lipid, volatile, and
heterocyclic compounds [91]. Along with the

distinguished stimulating effect of caffeine, various
research have also signified its antioxidant potential that
may happen by inhibiting the free radical-induced lipid
peroxidation in vitro [59]. The silver skin of roasted coffee
is used as a nutritional component that is rich in fiber and
has antioxidative properties [31]. The evaluation of
coffee revealed the increased antioxidant levels after its
consumption (in vivo). This happened because the
metabolization of dietary phenols takes place by colonial
microflora which in turn increases the antioxidant activity
manifolds [92]. The polyphenolic content of ground
coffee was found to be 18,180 mg/g but coffee extracts
obtained from Polar Regions have polyphenols in the
range of 1,746 mg/g with the antioxidant activity of about
29, 04%. The phenolic content of ground coffee reaches
up to 86, 23 mgGAE/g having ABTS (2, 2-azinobis-(3-
ethylbenzothiazoline-6-sulfonate) antioxidant activity of
about 81, 38 mmolTe/100g and 42, 12 mmolTE/100g
DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay when the
extraction was done by using subcritical water extraction
technique. The water extracts of ground coffee have
polyphenols in a concentration of about 5.66 mgGAE/g
along with 80.5% antioxidant activity [93, 94, 95].

Anti-viral Activity

Namba and Matsuse (2002) reported that the
physiological damage occurring due to viral infections
can be minimized by consuming coffee [96]. Increased
coffee drink reduces death and increases treatment
response to hepatitis C antiviral interferon-based therapy
[97].

Anti-inflammatory Activity

Anti-inflammatory activities of green and roasted coffee
beans have been previously investigated [98, 99].
Macrophages stimulated by LPS (lipopolysaccharide)
secrete interleukin-6 (IL-6) which can be reduced by the
anti-inflammatory action of green coffee in a dose-
dependent manner [100].

Pharmacological Activities of Coffee Oil
It is proved that the melanoidins present in coffee
possess antioxidant as well as metal-chelating
properties [101]. A previous study by Velazquez et al.
[102] showed that green coffee oil (Coffea arabica L.)
has effects on collagen, elastin, and glycosaminoglycan
synthesis. It also affects the transformation of beta-1
growth factor and colony-stimulating factor of
granulocyte macrophage which is released in-vitro by the
skin’s fibroblast. Green coffee oil can repair the
physiological balance of the skin, thus the new soft tissue
can be produced.lt also prevents epidermal drying by
increasing mMRNA aquaglyceroporins-3 expression.
When the coffee is brewed, some byproducts are
generated (called coffee grounds) which possess about
15% coffee oil. This oil can be employed by the cosmetic
industry as a resource [103]. Along with fatty acids, the
coffee grounds also have two diterpenes i.e. cafestol and
kahweol.

Many types of research on mice have shown that both
cafestol and kahweol can improve the CCl4-induced liver
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damage by inhibiting the activity of liver metabolic
enzyme CYPZEL and the formation of free radicals [104].
Much previous research suggested the use of coffee oil
as a raw material for producing cosmetics as both
palmitic acid and linoleic acid were found to help alleviate
skin aging and swelling [108]. For example, Velazquez
Pereda et al. [102] reported a skin treatment by using
green coffee ail in a range of 3.12-25.0 mg/mL. They
found that both the human derma fibroblast cells (CC-
2511), as well as human skin keratin cells (HaCaT), can
initiate and amplify the collagen (1.8 times), elastin (1.5
times), and glycosaminoglycans (2 times) formation. In
another study, Wagemaker et al. [105] prepared an
emulsion by using coffee oil as a raw material. They
demonstrated the effectiveness of coffee oil in the
treatment of ultraviolet B (280-320 nm) damaged skin by
using a sun protection factor of 1.5 [14,105]. Not only
linoleic and palmitic acid, different kinds of
polyunsaturated fatty acids (PUFA) such as
docosahexaenoic acid is also present in coffee oil. It is
reported that decosahexaenoic acid is a vital compound
and helps in many biological activities by acting against
cancer, inflammation, pathogens, diabetes, and
cardiovascular diseases [16, 17].

Conclusion

Coffee oil possesses various bioactive agents. Recently,
numerous studies reported that coffee oil has various
antioxidants that work wonderfully against diabetes,
disease-causing microorganisms, cancer and
inflammation. It is apparent that future studies are
needed to explore not only the utilization of coffee oil but
also its pharmacological activities and the possible
application for safe and effective curing of different
diseases, along with the better knowledge of the
accurate mechanisms of action.
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