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ABSTRACT

Introduction: An "aroma-active compound” (AAC) has a “flavor’- ie: a "distinct taste and |
odor”. An example is menthol. All aromatic plants (APs), including some medicinal plants,

such as Menthaxpiperita (Family Lamiaceae), produce a group of fat-soluble secondary |
metabolites called “essential oils” (EOs) for various ecophysiological reasons. An EO has |
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a “flavor" because it contains one or more AACs. A typical EO is a complex mixture of
several AACs, with wide ranging, dose-dependent pharmacological/ toxic effects. Owing
to their complexity and variability, many EQOs need to be standardized to ISO's criteria.
Professional use of EOs/ AAPs in food and drugs is controlled by good manufacturing
practice (GMP).

Aim: Given the iImmense diversities in sources, chemical structures, and bioactivities of
EOs/ AACs, which are greally patronized in foods and drugs, this review focused on their:
i) sources in plants, beneficial attributes and liabilities; and ii) chemistry and analytical
methods, in order to gain a better insight into their regulation in foods and drugs.
Methodology: Using the 2009 Angiosperm Phylogenic Grouping (APG) of plants as a
guide, pertinent literature was perused to ascertain: i) the taxa of APs; i) their EOs/ AAPs;
and iii) the methods for analyzing EOs/ AACs in raw materials (RMs) and finished
products (FPs).

Results: The literature revealed scores of AACs with varying health implications. But their
levels in samples are usually unknown, or extremely hard to ascertain, owing to costs and
complexities of the methods used.

Conclusions: Given the wide ranging effects of EOs/ AAPs vis-a-vis the dearth of data
on their levels in samples, it is recommended that their regulation in FPs should focus on:
i) controlling the wholesomeness of RMs; and Ii) on enforcing strict GMP in using such
RMs. Meanwhile relevant agencies should sponsor research into more cost-effective

methods.

|

Keywords: Aroma-active compound (AAGC); drug, essential oil (EQ); flavor; food; good
manufacturing practice (GMP); international organization for standardization
(I1S0) analytical method; regulation.

1. INTRODUCTION
1.1 Aromatic Plants, Spices, Essential Oils and Aroma-active Compounds

An “aromatic plant” (AP) refers to a plant used in food and/ or medicine because of its
“flavor” (taste and smell) and other biological attributes of a named part, such as the fruit,
seed, leaf, bark, stem, or root. For example, nutmeg tree (Myristica fragrans) is the source of
two spices: mace, from the seed covering; and nutmeg, from the seed cotyledon. A “spice”
usually refers to a fresh or dry whole plant or its part that is used because of its flavor. The
flavor of an AP or spice is due a “mixiure of oily substances” extractable from the AP or
spice. That mixiure is called “essential oll' (EQ). EOs may be defined as pure or parily
purified mixtures of hydrophebic/ lipophilic substances, usually extractable as a liquid from a
named AF or spice. An EO has taste and smell because it contains volatile aroma-active
compounds (AACs) - ie: chemical entities that evoke a distinct taste and smell in humans.
An EO may be called the "oil of" the plant from which it was extracted, usually by distillation,
expression, or solvent extraction. An EQ is termed "essential" in the sense that it has a
distinct aroma reminiscent of the plant from which it was extracted. Most EOs contain
terpenes, terpenoids and other hydrophobic/ lipophilic substances with molecular weights
below, or slightly above, 300 daltens. EOs or the plants or spices containing AACs were well
known since antiquity for their use in cosmetics, foods and drugs [1,2].
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1.2 Issues and Terminologies Associated with the Term “Essential Oil"

A typically EO is a highly complex mixture of several scores of individual AACs that are
volatile and mostly liquid, or sometimes solid, at room temperature. EOs are not “pils” in the
classical sense of being “liquid fats" like many triglycerides of plants that are liquid at room
temperature, but they share with such oils a poor solubility in water. Unlike most triglycerides
(fixed oils) and many mineral, paraffin, or petroleum oils that may be practically tasteless and
odorless, a typical EO has taste and smell hence it is used as a “flavor”. However, if an EO
is tasteless or is distinguished only by its smell, it is termed a “fragrance”. While flavors are
used in foods, medicines and cosmetics, fragrances are more commonly associated with
cosmetics, perfumes and foiletries. This review is concerned with EOs/ AACs or flavars
associated with a select range of medicinal and aromatic plants (MAPs). Such MAPs or their
spices have been known since antiquity, and have not only been the cause of many wars
and voyages in the past, but are even today a major item of world politics and commerce [2].

2. SELECT AROMATIC ANGIOSPERMS
2.1 Scope of the Study/ Families of Plants Selected

2.1.1 Scope of the study

Using the most current angiosperm phylogenetic grouping (APG IlI) of flowering plants [3-5]
as a guide, pertinent literature on the chosen plants and their EOs/ AACs was diligently
perused to ascertain the following:

The taxa of the chosen plant.

The diversity, utilization, and liabllities of the EOs/ AACs.

The chemical compoasition, structures, and biological effects of the EOs/AACs.
The methods of analyses of the EOs/ AAPs in raw materials and finished products.

2.1.2 Families of the plants selected

A preliminary survey of aromatic flowering plants and of flavors commonly used in products
worldwide revealed the following Angiospermae families as the most commonly patronized:

Apiaceae
Ericaceae
Erythroxylaceae
Lamiaceae
Myrtaceae
Piperaceae
Solanaceae
Rutaceae
Zingiberaceae

The survey revealed that many medicinal and aromatic plants (MAPs) thrive in most regions
of the globe that supports vegetation, but their greatest abundance is in the tropics, where
“about 400 species, from 67 Angiospermae families” produce EOs of com mercial importance
[4]. Chemically, the AACs in these plants fall into the following classes:
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Phenolics
Esters
Terpenes
Terpenoids
Others

Terpenes and terpenoids are the dominant classes of AACs, followed clasely by phenolics
and esters. The “others" category includes aldehydes, ethers, ketones, and various lipid-
soluble entities. Further details on the foregoing plants and AAPs are revealed below.

2.2 Apiaceae Members

2.2.1 Introduction

Apiaceae is also called the “carrot” or “parsley” family. It has many aromatic plants that
have hollow stems. It is the 16" largest family in APG classification, with 434 genera/ 3,700
species [5]. Popular members include anise, caraway, carrot, celery, coriander, cumin, dill,
fennel, hemlock, parsley, and parsnip, among others.

2.2.2 Botany

Botanically the Apiaceae family members have the follow key features:

2221

Habit

Most are annual, biennial or perennial herbs, but a few are shrubs or irees.

2222 lLeaves

In the herbs the leaves tend to aggregate toward the base.
The leaves are variable in size and alternately arranged, or alternate with the upper

leaves becoming nearly opposite.
In some taxa, the texture of the leaves is leathery, fleshy, or even rigid, but they

always have stomata.
Crushing the leaves commonly emits a distinct smell — aromatic, or fetid.

Inflorescence

The flowers are nearly always aggregated in terminal umbels, simple or compound,
often umbelliform cymes, which is why the family used to be called: Umbelliferae.
The flowers are usually hermaphroditic and actinomorphic (ie: symmetrical).

The flowers are nearly perfectly pentamerous, with 5 each of petals, sepals, and
stamens.

Fruit
The fruits are usually a schizocarp, ie: dry fruit with separable carpels.

The seeds usually have oily endosperms, with much triglycerides.
The fatty acid - petroselinic acid occurs universally in Apiaceae, bul rarely outside it.
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2.2.3 Chemistry

Apiaceae members contain aldehydes, esters, ethers, ketones, and phenolics, including
estrogenic entities. The chemistry, biological effects, and uses of the EQs/ AACs, and some
of the members containing such EOs/ AACs are indicated in Table 1.

2.3 Ericaceae

2.3.1Introduction

Ericaceae, or the heath family, thrives in acidic and infertile habitats, It is the 14" largest
family among the Angiosperms, with 126 genera/4000 species [24]. There are many well-
known and economically important members, including the cranberry, blueberry,
huckleberry, azalea, and rhododendron. Common heath genera are: Erica, Daboecia, and
Calluna [24,25]. Heather (or Calluna) is listed among 38 plants used to prepare Bach flower
remedies — a form of Alternative Medicine [26]. The family is widely distributed except at the
poles and specific places like deserts and tropical lowlands. Like other siress-tolerant plants,
many members have mycorrhizal fungi that assist in extracting nutrients from infertile land.
Many members also have evergreen foliage to conserve nutrients, and are used as herbal
medicines in various health conditions [26,27).

2.3.2 Botany
2.3.2.1 General habit

The Ericaceae contains a morphologically diverse range of taxa, including herbs, dwarl
shrubs, shrubs and trees [27].

2.3.2.2 Leaves

The leaves are usually alternate or whorled, simple and without stipules [27].

2.3.2.3 Flowers

Members of Ericaceae bear hermaphrodite flowers that exhibit show considerable variability.
The petals are often fused (ie: sympetalous) with shapes ranging from narrowly tubular to
funnel-lke or widely bowl-shaped. The corollas are usually radially symmetrical
(ie: actinomorphic) but many flowers of the genus Rhododendron are zygomorphic, ie:

bilaterally symmetrical [27].
2.3.3 Chemistry
2.3.3.1 Some methy! salicylate (MS) producing plants

Many plant families, including many Ericaceae members produce methyl salicylate (MS) in
very small quantities, but the families/ genus/ species most famous for MS production are:

* Gaultheria [28], including Gaultheria procumbens-the wintergreen or eastern

teaberry [29-33].
* Betula in the family Betulaceae, such as B. lenta, the black birch.
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» All species of the genus Spiraea in the family Rosaceae, the meadowsweets.

* Coca - Erythroxylum coca (Erythroxylaceae) also produce significant amounts of
methyl salicylate.

» Gaultheria procumbens (eastern teaberry, checkerberry, boxberry, or American
wintergreen) is a species of Gaultheria native to northeast of the US [28].

A brief review of Gaultheria procumbens is presented in the next subsection.

2.3.4 Gaultheria procumbens
2.3.4.1 Habit and habitat

Gaultheria procumbens is a small low-growing shrub, typically reaching 10-15 cm tall. The
leaves are evergreen, elliptic to ovate, 2-5cm long and 1—2cm wide, and when crushed, emit
a distinct aroma, characteristic of the oll of wintergreen. The plant is calcifuge (ie: failing
inlimestone or alkaline solls, but thriving in acidic soils). It tends to grow best as part of the
heath complexin a forest sefting, but generally produces fruit only in sunnier areas
[29].Although G. procumbens can reproduce by seeds, it normally spreads vegetatively by
means of its long rhizomes [29]. However, since the rhizomes are only within the top 20—
30 mm of soil (ie: shallow-rooted), the plant may not survive most forest fires. Unlike most
other plants, which require warmth to grow, the seeds of G. procumbens must be kept cold
(even by refrigeration) for 2 months to stimulate them to grow.

2.3.4.2 Flowers

The flowers are bell-shaped, 5 mm long, white, borne sclitary or in short racemes, ie: an
inflorescence in which the flowers are borne on short stalks along a long main stem, as in
the lily of the valley. The fruit looks like a berry, but is actually a dry capsule surrounded by
fleshy calyx, 6-9mm diameter [30-32].

2.3.4.3 Use in food and medicine

The fruit and leai of G. procumbens are edible - minty and pleasantly sour. The aerial parts
make a well flavored tea that is quite popular, being known by over 28 common names [31].
But for the leaves to yield their essential oil sufficiently, they must be fermented for 3 days,
or more [32]. By virtue of its content of MS, which largely accounts for the plant’'s pleasant
flavor, G. procumbens has been in use in food and medicine since antiquity, not only in
Europe but in the America [33]. As shown in Table 2, MS is related to aspirin — an analgesic,
antipyretic and antiinflammatory.

2.4 Erythroxylaceae
2.4.1 Introduction

Erythroxylaceae (or coca family) is an Angiosperm family of trees and shrubs consisting of 4
genera and approximately 240 species [3,23,34,35]. The four genera are:

*  Aneulophus

*  Erythroxylum

= Nectaropetalum
»  Pinacopodium
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Table 1. Apiaceae EOs/ AACs and their sources, attributes, effects and uses

EOs/ AACs/ Structures/ Examples

Attributes/ Effects/ Uses/ other commentis

Angelica root ail (ARO) has > 60 AACs
including pinenes that occur in large
amounts in ARO [6]; and copaene that
occurs in small amounts in [7].

B-Finene
Pinenesare the key AAC of Gymnosperms,
but oceur in Angiosperms.
HY

\
<;<\
H X e
Copaene
Example: Angelica archangelica contains

all the AACs shown in the right column|[B].

ARO's key AACs are: Pinenes, camphene, sabinene,
phellandrenes, myrcene, limonene, cryptone,
bisabolene, ocimenes, p-cymene, terpinalene, bornyl
acetate, humulene oxide,
tridecanolide, pentadecanolide, and copaene
[7].Uses of ARO cbtained from Angelica
archangelica:

=  Alleviates digestive/ hormanal problems

« |mmune booster / detoxifier

* Promote restiul sleep and peak circulation

=  Calms emational distress/ nervousness
Pinenes and copaene are used by many insects as
semiochemicals. Copaene {found first in Copaifera
spp.) is proposed for contralling Ceratitis capitata —
an agro-pest in Mediterranean zones [7].

Cumin oil (CO):
Structures of cuminaldehyde — a defining
constituent, and of safranal are given.

H_-,C\ —

! \
HiC H Cuminaldehyde
Cuminaldehyde contributes to the aroma of
many EOs use in food and cosmetics. It
inhibits the fibrillation and may be of help in
Parkinsonism and dementia [9].
H H,

H

CHj
Safranal
Chemical analysis of Cuminum cyminum oil
from China reveals scores of AACs. The oil
is used in food and medicine [10].

The key AACs of CO are: cuminaldehyde, cuminic
acid, cymene, dipentene, limonene, phellandrene,
and pineng, A-terpinene, and safranal [10,11]. Its
attributes/ health benefits include:

= Bactericidal/ antiseptic/ detoxifier

«  Carminative/ digeslive

=  Diuretic/ stimulant/ anti-spasmodic/ tonic

« Emenagogue/ induce r of menstruation.
Black cumin oil (BCO) refers to Nigella sativaoil.
Safranal is an effective anticonvulsant — a GABA
receplor agonist [12,13]. It is strongly antioxidant/
free radical scavenger [14,15] and cytotoxicity 1o
cancer cells in vitro [16]. It has also been shown 10
have antidepressant properties [17,18].

Anise oll (AQ):
Structures of 2 key constituents - anethole
and linalool are given[19-22]:

S

HsCO Anethole
Anethole is a phytoestrogen. It is 13xas
sweel as sucrose.

()
\%‘\A~ Linaloal

Linalool is also called p-linalool.
Example: Pimpinella anisum (aniseed) has

all the AAGs in the right column [18]

Key constituents of AO are: anethole, pinenes,
campheneg, safrole, anisaldehyde, acetoanisole and
linalool. AO’s attributes/ effects/ uses are [20]:

=  Antispasmodic/ anti-menstrual cramps [10]

= Carminative/ stomachic/ expeclorant

*  Antiseptic/ insecticide to head-lice.

#  Diuretic/ stimulant

= (Others: galactagogue and laxative
Linalool oceurs in spice plants/ flowers with many
commercial uses based on its aroma -floral, with a
touch of spiciness. It has a soothing effect, and
ocours in > 200 tropical and boreal plants [21,22].

Linaloal is said to be “one of the most widsly used substances 1o soothe away emotional stress” [22]. Conium

maculatum (Hemlock) Is an Apiaceae member, but has a fetid smell, Unlike other Apiaceae in the Table, hemlock is

not used in food due to the presence of coniine-a deadly poison. Hemlock is a perennial herb native lo Europe,
Mediterranean region, and South Africa [23]

1052



European Journal of Medicinal Plants, 4(3): 1046-1086, 2014

The tree or shrubs are tropical, occurring in South America, Java and Zimbabwe. All the 4
genera occur in South America. Erythroxylum occur in both Java (as E. coca) and Zimbabwe
(as E. emarginatum). The most popular species of the family is Erythroxylum coca, or coca
plant-the source of the cocaine.

2.4.2 Botany
2.4.2.1 Habit

Erythroxylaceae members are trees or shrubs [34,35], and are hairless all-round (glabrous).
Stipules may be present or absent, and when present, are intrapetiolar (ie: within the
leafstalk).

2.4.2.2 [ eaves

The leaves occur alternately, are simple, and entire. They contain, in addition to coca
alkaloids, a small quantity of EO (0.06-0.13%w/w) whose main constituent is methylsalicyclic
acid (MS). Other constituents are methyl alcohol and acetone [28]

2.4.2.3 Flowers
The flowers have the following characleristics:

Occur between leaf and branch (ie: axillary)

Are solitary or in bunches (le: fascicles)

Actinomorphic

Bisexual

There are 5 non-overlapping (ie: valvate) sepals

There are 5 petals 5, each having an adaxial ligule-like appendage with nectar
There are 10 stamens, usually forming a tube

The ovary is superior, 2- or 3-locular, with 1 ovule per loculus

2.4.2.4 Fruit
The fruit is a 1-seeded fleshy drupe [34,35]
2.5 Lamiaceae

2.5.1 Introduction

Lamiaceae, or the mint family, enlarged in the 1990s, has a worldwide distribution. It has
about 236 genera/ 7000 species [36]. The largest genera are Salvia-900, Scutellaria-360,
Stachys-300, Plectranthus-300, Hyptis-280, Teucrium-250, Vitex-250, Thymus-220, and
Nepeta 200 [37].

2.5.2 Chemist

Lamiaceae members are mostly aromatic in all parts and include many widely used culinary
herbs like basil, hyssop, lavender, marjoram, mint, oregano, rosemary, sage, savory, and
thyme [36,37]. However, some are shrubs or tree. They are easy 1o cultivate by stem
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cuttings, and many are widely cultivated for their aromalic qualities. While many Lamiaceae
members are desired for their edible leaves, others are grown for their seeds. Mint (Mentha
arvensis) oil, commonly used in toothpastes, pharmaceuticals and aromatherapy, is a
popular product of the family [37]. Others include Vietnamese miniature “beef-steak-plant”
(Mosla dianthera), whose oil contains 62 AACs, including: carvone and limonene as most
abundant, followed by limonene oxide (lemon/floral), B-caryophyllene, and a-humulene; and
a flurther 20 AACs, including linalool 1-octen-3-one (mushroom/earthy) hexenol
(grassy/leafy/metallic), myrcene (plastic/sweet), a-thujene (soy sauce/grassy), and
dihydrocarvone (spearmJnty!papparminly}. On the basis of the aroma characteristics and
intensity, it was concluded that (-)-carvone was responsible for the characteristic aroma of
miniature beef-steak-plant [38]. More lately, GC-MS analysis of Korean Mosla dianthera oil -
revealed the presence of 29 AACs accounting for 97.74% of terpenoids and AACs. The
major compounds were: Elemicin (1 6.51%), thymol (14.77%), B-caryophyllene (14.49%), iso-
elemicin (9.22%), a-asarone ( 6.09%) and a-caryophyllene (5.26%). The oil had significantly
reduced lung viral titers, inhibited pneumonia, and enhanced antioxidant activity in the lungs
of virus infected mice [39). AACs that can be extracted from wild mint (Mentha Arvensis
Piperascens) include menthol, menthone, iso-menthane, nec-menthol, limonene, methyl
acetale, piperitone, B-caryophyliene, a-pinene, and B-pinene [40-43]. Some outstanding
AACs of Lamiaceaeare shown in Table 2.

2.6 Myrtaceae

2.6.1 Introduction

The Myrtaceae (Myrtle family) has thousands of species that include several popular plants:

*  Alispice

* Clove

* FEucalyptus
* Guava

*  Myrtle

All Myrtaceae members are woody trees or shrubs. All have EOs in one or parts, especially
the leaves. Since APG IlI, the numbers of genera and species have been rising almost
yearly. The most recent estimates are: 5650 species in 130-150 genera. The family has
wide distribution in the tropics and warm-temperate. Members are common in the world's
biodiversity holspots, eg: the Amazon. The member Eucalyptus regnans is the tallest

Angiosperm tree [3,23,50].
2.6.2 Botany
2.6.2.1 Vascular bundle

A key distinguishing feature of Myrlaceaeis that the phloem is located on both sides of the
xylem, not just outside the xylem as in most other plants.

2.6.2.2 Leaves
The leaves are ever green, alternate, or mostly opposite, simple, and usually with an entire

margin.
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Table 2. Ericaceae and lamiaceae EOs/ AACs and their sources, attributes and uses

EOs/ AACs/ struclures/ examples

Attributes/ effects/ uses/ other comments

Methyl salicylate (wintergreen oil); |s an
AAC produced by many plants (mostly
Gaultheria) but especially wintergreens,
hence the common name. It s used both
as a flavor and a fragrance. Il is a key
constituent of in liniments and balms.

C  owme

OH

Methyl salicylate (MS)
Key producers other than Gaultheria are:
*  Betula spp. (family: Betulaceae)
especially B. lenta - black hirch
*  Spefraea (family: Rosaceae)-
also called the meadowsweets.
=  Erythroxylaceae, eg; Coca plant
It is notewarthy that MS is a fragrant
liguid, but two related compounds —
salicyclic acid (SA) and acetylsalicylic acid
(ASA) are odorless solids

MS is produced as an anti-herbivore defense. Infection with
herbivorous insects releases MS that atiracts beneficial
killer insects, MS is also used as a pheromone to warn other
plants of pathogens. In humans MS has the following
effecls:
=  High doses for treating joint/ muscular pain
*  Low doses as a flavoring - highest level of MS in
candy is 0.04% wiw.
Notably:
*  MSis an antiseptic in Listerine mouthwash
*  MSis the ingredient sought after in de-cocainized
coca leal used in Coke.
MS is produced by the methylation of the acetyl OH of
séa]icyclic acid shown below:

oM

Salicyclic acid (SA).
Major plant producers of SA however, ara:
»  Salicaceae, eg: Sax alba (white willow)
*  Thermogenic plants, eg: voodoo lilles

*  Tobaccao, especially virus-infected.
H

Acetylsalicylic acid (ASA: Asplrin)
Acetylation of the phenyl OH of salicyclic to aspirin — the
famous analgesic, antipyretic and antiinflammatory

The following AACs accur not only in the
oils of Apiaceae (eg: Carum and
Anethum) but also in the EQs of
Lamiaceae (eg: Mosla and Mentha):
Carvone:

0_\\1/{\1 45\ #0

T
!

s & Carvong
Elemicin:
OCH4
H;CO
HyCO " Elemicin
Myristicin:
H;
@Aﬁ
o
“CH, Myristicin

5-(+)-Carvone is the key constitluent (50-70%) of Carum
seeds EO [41]. It also ocours 40-60% In Anethum seed EO
and In mandarin orange peel EQ. R-{-}-Carvone Is
abundant (50-80%) in Mentha spicata (spearrmint) oil [42).
But most of A-(-}-carvone used in commerce is synthesized
from A-(+}-limonene [43). Many EOs, like gingergrass oll,
contain a mixture of both enantiomers. Many EOs, eg:
peppermint oil, contain trace quantities of carvones.
Carvones are especially responsible for the flaver of
caraway, dill and spearmint, which have bean in use for
millennia in food [43,44]. B-(-)-Carvone is used in air
Iresheners. 5-(+)-Carvone is used to prevent premature
sprouting of potatoes. (A)-(—)-Carvone has been proposed
for use as a mosquito repellent [45,46),

Elemicin and Myristicin are phenylpropenalds and are a
constituent of many EOs, Example: nutmeg oil contains
2.4%w/w of elemicin, while mace oll contains 10.5%w/w
[47]. Elemicin also comprises 2.4%w/w of Canarium
luzonicum (Manila elemi) cil [47]. Both elemicin and
myristicin are psychoactive [48,48]. For example, the
anticholinergic-iike effects of raw nuimeg have been
altributed to elemicin and myristicin [44). Similarly, elemicin
Is also known to be partially responsible for the
psychoactive efiects of nutmeg [48),

!l is fo be noted that many of the AACs such as fimonene, myrecens, pinenes, phenylpropenaids, amaong others, are
present in many EOs irrespective of Family. For exampla many Aplaceae and Lamiaceas EOs have plnenes. Similarly
many Lamiaceae and Myristicaceaeconiain phenylpropenaids
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2.6.2.3 Flowers

The flowers have a base number of 4 or 5 petals, but mostly 5. In some genera, the petals
are exceedingly minute, or absent. The stamens are usually very conspicuous, brightly
colored, and numerous.

2.6.3 Chemistry

Some members, eg: guava, bear fruits rich in ascorbic acid. As stated earlier all Myriaceae
members bear EOs in one or more parts. For example clove and eucalyplus oils are
respectively from the flower buds of clove (Syzygium or Eugenia) and leaves of Eucalyptus.
Some of the AACs of these EOs are shown in Table 3.

2.6.3 “Guava"- Psidium guajava

“Guava” fruits are popular and edible. The guava tree or shrub is Psidium guajava
(Myrtaceae). It has oil in all parts. The guava fruit is the most frequently eaten fruit within the
family. Guavas have tough dark leaves that are opposite, simple, elliptic to ovate and 5-15
cm long. When crushed, the leaves emit an aroma. The flowers are white, with five petals
and numerous stamens. Like clove oil, guava oil can be derived from the leaves or other
parts. It is reputed to be nourishing and soothing to the skin and to have antitumor properties
owing to its high lycopene content and high B-carotene [72].

2.7 Piperaceae

2.7.1 Introduction

With from 2012, Piperaceae (the Pepper family) was considered to consist of about 2000
species in 5 genera [73]. Older documents had the same number of species in 10-13 genera
[3,23]. Two genera, Piper and Peperomia, stand out as containing most of peppers [73].

2.7.2 Botany

Peppers are pantropical in distribution and may be small trees, shrubs, vines or herbs. Piper
nigrum, the source of black and white peppers, is the most outstanding Piperaceae, and is a
vine. Peppers tend to have slightly swollen or jointed nodes, ie: the points at which leaves
attach to the stem or branch.

2.7.2.1 Leaves

The leaves of Piperaceae, which have a pungent flavor, grow singly. They are alternate or
rarely opposite or whorled, stipules are adnate to petiole or absent.

2.7.2.2 Flowers

The bisexual or less commonly unisexual flowers, are minute, lack perianth, and are usually
densely packed into rat-tail like spikes. Each flower is associated with a peltate, umbrella-like
bract. The and roecium consists of 1-10 stamens. The compound pistil has a superior ovary
and consists of 1-5carpels with a single locule and a solitary basal ovule.
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Table 3. Myrtaceae EOs/ AACs and their attributes, uses and pertinent comments

EOs/ AACs/ structures/ examples Attributes/ effects/ uses/ other comments
All Myrtaceae species, eq: allspice and clove have Allspice is Pimenta dioca. The key AAC of its EO

EOs in their parts. Clove has the following Eos
[50-52):
*  Bud oil, consisting of 50-90% eugenol/

eugenyl acetate, caryophyllene and others

*  Leaf oil, consisting of 82-88% eugenol,
little or no acetate and minor others
*  Stem oil, consisting of 90059 eugenal
and minor others
On the whole the key phytochemicals of clove oils
are: phenylpropanoids, especially eugenal, but
elemicin and myristicin [51] also occur. Others are
carvacral and thymol, cinnamaldehyde and B
caryophyllene.

Eugenol:
H!co\(j/\//
{
HO™ ™ Eugenol

Eugenolisslightly soluble in H.0, with spicy, clove-
like aroma. It also oceurs in nutmeg[59], cinnamon,
basil and bay leaf, among others [51 ,59-61],
Carvacrol:

A OH
0 I,J
e Carvacrol
Some plants containing carvacrol: Mornarda
(Lamiaceas), Nigaila (Ranunculaceae), Thymus

vulgaris (Lamiaceae) and others
ol:

HyC CHy

Thymal

Plants containing carvacrol: Momarda (Lamiaceae),

Nigeila (Ranunculaceae), Thymus vulgaris
(Lamiaceag), Trachyspermum (Apiaceae) and
others.
Cinnamaldehyde:

o

O~

S
B-Caryophyllene

b

HuC* H i
Hy

EHy  B-Caryophyllene

Cinnamaldehyde

I

Is eugenol. Clove is Syzygium aromaticum,
Eugenia caryophyilata, or Eugenia aromaticum).
Clove ils are the most used of Myrtaceae oils:
* Indentistry as an analgesic and
antiseptic
*  Inhome remedy for dental pain reljaf
*  Inaromatherapy
*  Inflavoring foods and some medicines
*  Incombination with garlic oil and
sodium lauryl sulfate in cat deterrent
sprays
*  lts high refractive index of 1.53 is useful
in microscopy
=  Control of molds and their spores
Despite US-FDA's down-grading, the efficacy of
clove oil/ eugenal has been upheld [53.,54].
Carvacrol: Is a manoterpencid phenol, with a
Ppungent, warm odor of oregano [55]. It is an
effective antioxidant [56] and antiseptic, with a
wide antimicrobial spectrum [57].
Thymol: Is isomeric with carvacrol, and oceurs in
thyme { Thymus vuigaris: Lamiaceas) and APs, ||
is a white crystalline solid, with a pleasant
aroma, is antiseptic, and contributes for thymes
flavor,
Cinnamaldehyde: Is pale yellow, viscous liquid
that occurs in the bark of cinnamon trees and
other APs. It is responsible for cinnamon's
pleasant flavor and contributes (o that of clove ol
[51,58]. Cinnamon's or cinnamaldehyde's health
benefits are atiributable to its antibaclerial,
antifungal, antimicroblal, astringent and
anticlotting properties.
B-Caryophyllene: Is a bicyclic sesquiterpens that
occurs in EOs of many plants: clove, black
pepper, Indian hemp rasemary, hops [62-G8]. It
oeours as a mixture with Isocaryophyllene and o-
humulene (or a-caryophyliene). In mice B
caryophyllene Is a selective agonist of
cannabinoid receptor type-2 (CB2) in some
organs, and to exerl sigrificant cannabimimetic
effects in such organs. It does not bind to the
centrally expressed cannabinoid receptor lype-1
{CB1) and hence does not exen psychomimetic
effects. The ability of trained dogs to detect B-
caryophyllene oxide is the basis for using such
dogs for cannabis identification [67]

Myraceae EOs confain eugenal, Mosi conlain delectable amounts of other AAGE. The riches! source of B-caryophyllena
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2.7.2.3 Fruit

The fruit is a berry or drupe. The seeds have a minute embryo and a mealy perisperm [73].

2.7.2.4 Stems and rools

Piperaceae members are often rhizomatous, and can be terrestrial or epiphytic. The stems
can be simple or branched.

2.7.3 Some examples of Piper

Piper species are mostly shrubs, woody vines (lianas), and small trees. Many are used in
medicines and in food and beverages as spices and seasonings.

2.7.3.1 Piper nigrum

Piper nigrum is a 9-metre woody climber native to the Indian subcontinent. It can be
cultivated in most tropical regions where soll moisture is constantly high and temperaiures
are warm. The pungency of Piper peppers is attributed to chavicine, piperine and piperidine.

2.7.3.2 Pipercubeba

This species of cubeb pepper, and is of particular importance in Southeast Asia, especially
Vietnam, where it is a major cash crop. It is used in various medicines and for flavoring

cigarettes and bitters.

2.7.3.3 Piperbeile

In China and Japan, and other Far East countries, the leaves of the betel pepper (P. betle)
are commonly chewed with betel nut (Areca catechu) and lime, for recreation.

2.7.3.4 Piper guineense

Piper guineense is also called “Climbing black pepper” [63], West African black pepper,
Ashanti pepper, Guinea cubeb, Benin pepper, or “uziza" pepper. It is native to the tropical
rain forest of Africa, where it thrives mainly in the wild. It is, however, partly cultivated in
Southern Nigeria, where the leaves and seeds are used to flavor soup [63].

2.7.3.5 Piper methysticum

A recreational drink of Fiji and other Pacific Islands, variously known as “kava’, is made from
the root of P. methysticum. Kava has narcotic and sedative effects.

2.7.4 Chemistry

Among the AACs that occur in Piperaceae, particularly in the leaves, fruits, and roots of
Piper species, or in EOs derived from such parts, are: capsaicinoids like piperine and
chavicine: terpenes likea-phellandrene and a-pinene; terpenoids like linalool, a-thujone, and
terpinen-4-ol; and Phenylpropanoids like elemicin and myristicin. A few of the foregoing
AACs are illustrated in Table 4, with pertinent comments.
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2.8 Solanaceae

2.8.1 Introduction

Solanaceae, or the nightshade, or potato family, consists of about 98 genera/ 2,700 species
[74], or 102 genera/ 2,500 species [75]. The family contains members that have immense
economic importance, as food and drug sources. These include:

Atropa belladonna-deadly nightshade, also called belladonna

Capsicum annuum-chilies (high in capsaicin) or sweet pepper (low in capsaicin)
Solanum tuberosum-Irish potato, white potato, or simply, potato

Solanum melongena—garden egg, or eggplant

Solanum lycopersicum,orLycopersicon esculentum-tomato

Nicotiana tabacum-tobacco

Datura stramonium—Jimsonweed, contains toxic cyanogens

The family has been Included in this review solely because of the intensely spicy
phytochemical, capsaicin, which occurs in some varieties Capsicum annuum. However, the
following points deserve to be mentioned [69-71]:

« Members of the Solanaceae are distributed globally, but are most abundant in the
neotropics, where about 40 genera are endemic.

« Temperate regions such the North America contain only about 50 species.

» The genus Solanum has almost half of all the species Solanaceae.

2.8.2 Botany

Solanaceae members may be herbs, vines, lianas, shrubs, or trees, but are rather most
frequently creeping or lianous. The distinguishing family characteristics are:

2.8.2.1 Leaves
The leaves are alternate, usually simple, and lack stipules [69].
2.8.2.2 Flowers

« The flowers are bisexual and actinomorphic or only slightly zygomorphic.

 The perianth and androecium whorls are isomerous and usually are 5- or 4- or 6-
merous. :

» The calyx is synsepalous, ranging from tubular to deeply split.

« The corolla is sympetalous and ranges from forms with a short tube and rather long,
reflexed lobes to forms with a long tube and short lobes.

« The stamens are distinct, alternating with the lobes of the corolla, and adnate to the
corolla tube or perigynous zone.

« The gynoecium consists of a single compound pistil of 2 carpels, a single style, and
a superior ovary with 2 or rarely more locules by false partitioning, each with usually
numerous ovules.

« A nectary disk is often present at the base of the ovary [69].
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2.8.2.3 Fruit

The fruit is a berry or septicidal capsule [70).

2.8.3 Chemistry

As stated earlier, Solanaceae is included in this review solely because of capsaicin-
containing genus—Capsicum (family: Solanaceae). Yet capsaicin is not an oil, nor is it
fragrant, unlike the EOs/ AACs encountered so far. All the spices or APs mentioned so far
are used in food and medicines because of their fragrant and tasty EOs/ AACs. By contrast
Capsicum peppers are used mainly on account of the intense spiciness of capsaicin, which
is an odorless crystalline substance. Whereas Solanaceae is most noted for a range of
cyclic-nitrogen alkaloids, like atropines; Capsicum is best known for-nitrogen alkaloids called
‘capsaicineids”. Capsaicinoids-typified by capsaicin. Capsaicinoids have been figured into
this review because: Whereas the Piper species are best noted for thelr EOs/ AACs, much
of their spiciness is due to capsaicinoids not EOs/ AACs. For example, the spiciest
constituent of Piper is piperine and its isomers, which are capsaicinoids. The structures and
attributes of EOs/ ACCs and capsaicinoids in Pjper; and of capsaicinoids in Capsicum, are
presenled in Table 4. '

2.9 Rutaceae

2.9.1 Introduction

Rutaceas, rue, or citrus family includes shrubs and trees and a few herbaceous perennials
[85]. The family consists of 160 genera and 1,700 species distributed throughout the world,
especially in the tropics and warm temperate [86]. The largest numbers are found in Africa
and Australia, often in semiarid woodlands. The most economically important and most
internationalized species are of the Citrus [85-88):

Grapefruit—Citrusparadisi

Sweet orange-Citrus sinensis

Sour orange-Cilrus aurartium

Mandarin orange or Tangerine~Citrus reticulata
Citron-Citrus medica

Lemon-Citrusxlimon

Lime-Citrus aurantifolia, the key lime

2.9.2 Botany
2.9.2.1 Habit

Most species are shrubs, a few are herbs, eg: Dictamnus-burning bush [82]
Most are aromatic with oil-containing cavities on the leaves
Many species have oil in their flowers, eg: neroli oil is got from C. aurantium flowers

Many have thorns.
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2922 Leaves

The leaves are usually opposed and compound, and without stipules.
The leaves have pellucid glands. Hence crushing the leaves releases aromatic oils
typical of citrus-the basis for the synapomorphic identification test for Rutaceae.

2.9.2.3 Flower

The flowers are, or have [81,82]:

Mostly perfect, ie: contain male and female organs in same flower - hermaphroditic,
or sometimes unisexual, ie: having separate male and female flowers on same
plant-monoecious.

Bractless, solitary or in cyme, rarely in raceme, and mainly pollinated by insects.
Mostly radially symmetrical

Petals—5 in number, and mostly separate

Sepals—5, or 3 in number, and mostly separate

Stamen-5-10, eg: 5 in Skimmia; and up to 10 or more in Citrus, usually separate or
in groups.

Stigma-usually single, with 2-5 united carpels

Ovaries-sometimes separate, but styles are fused

2.9.2.4 Fruit

The fruit of Rutaceae are very variable:

Berry—a fleshy seed-containing fruit, eg: tomatoes and bananas. Triphasia species
bear berries.

Drupe-a fruit with thin outer skin, soft pulpy middle, and hard stony central part (pit)
that encloses a seed, eq: apricots, plums, and almonds. Amyris species bear
drupes.

Hesperidium - a fruit consisting of thick leathery rind and soft segmented pulp, eg: all
citrus fruits. Hesperidiums are actually specialized berries.

Samara (*key")-a dry indehiscent, one-seeded, winged fruit, eg: ash, sycamore, or
elm tree fruit. Keys or samaras usually grow in bunches. The hop tree (Ptelea
lrifoliata) bears samaras.

Schizocarp - a dry compound fruit that splits at maturity into several indehiscent one-
seeded carpels. Helietta species bear schizocarps.

Capsule-a fruit containing seeds that it releases by splitting open when it is dry and
mature. Ruta species bear capsules. -
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Table 4. EOs/ AACs in Piperaceae and capsaicinoids in Piperaceae and Solanaceae

EOs/ AACs/ structures/ examples

Attributes/ comments on select
constiluenis

Piperaceae EOs/ AACs, eg: of Piper
nigrum'sorguineense'sinclude: thujones, pinenes, camphenes,
sabinenes, phellandrenes, myrcenas, caryophyllene, famesene,
linalool, bisabolene, terpineal and others.

-0

B-Thujone
Thujones [72,73]: Are monolerpenoids thal occur in many
conilers: especially Thufa (Cupressaceae) and Juniperus
(Cupressaceae); and Angiosperms, eg:Onganum, Mentha and
Salvia (Lamiaceae) [76] and Artemisia{Asteraceae) —notably
A. absinthium.
|
P N

e o )

u-Bisabolene
Bisabolenes: Are sesquiterpenes in EOs of cubeb (Piperaceae),
leman (Rutaceas) and oregano (Lamiaceas).
Phenylpropanoids: Those present in Piperaceae are: myristicin,
elemicin, safrole and dlit_l‘apiul.

F ]

Among the capsaicincids present are: piperine and its
enantiomers such as chavicine.

|
N
(-;r‘l‘»s')' g S Py A,
a1 Pipering
Capsaicinaids: Those present In Capsicum (Solanaceae)
include: capsaicin and others below:

HOL
\TI'/L ___;;‘\\__, .H.,_-:/—-. - n._\_H,‘_-H_J".-L\__

o Capsaicin
.

il
e
7 %
.
o1

4

i

Dihydrocapsaicin

LT

Q Nordihydocapsaicin

Thujone: Is a diastereomeric monoterpene,
with 2 farms: (=)-a-thujone and (+)-g-
thujone [71]. [2] It has a menthol-type
aroma. lt is regulated in food since it
modulates brain GABA and 5-HT;

receptors [77].

Bisabolenes: Acl as semiochemicals/
inseclicidal. p-bisabolene has a balsamic
odor [4] and is approved in EU as a food
additive. It is an intermediate in the
biosynthesisofhernandulcin, a natural
sweelener.

Myristicin and Dillapicl: Also occur in
parsley/ dill (Apiaceas).

Mote-1: Eugenolis a phenylpropanoid

Note-2: Eugenol is a key AAC of clave
(Myrtaceae), Cinnamomum (Lauraceas),
nutmeg (Myristicaceae).

Elemicin: Accounts for 2.4 -10.5%w/w of
nutmeg and mace oils; and 2.4% w/w of
elemi (Burseraceae) tree il [78]. Nutmeg's
anticholinergic effects are attributable 1o
elemicin [79] and myristicin [80]; and for
the use of elemi oll or resin in
bronchitis,catarrh and severe cough.

Piperine and capsaicin: Both are
insecticidal. Thelr spiciness arises from
activation of heat/ acidily sensing lon
channgls on pain sensing neurons [81,82].
Capsaicin; |s used as analgesic in topical
creams, nasal sprays and dermal patches
al levels of 0.025-0.25%wiw. It Is applied
with other rubetacients to relleve muscle/

joint aches/ pains [B83].

Spiciness [83]: Measured in Scoville Heat
Unit: (SHU) for some capsaicinoids are:
*  Capsalcin: 16 x 10°
*  Dihydrocapsaicin: 15 % 10°
*  Nordihydrocapsaicin: 8.1 x 10°
*  Shogaol 1.6 x 10°
Piperine: 1.0 % 10°
* _Gingerol: 6.0 x 10"
Values show for example that piperine is
only 0.1% as splcy or *hot” as capsaicin.

P. guineense, for exarmple has 5-8%w/w piperine—a capsaicinoid, accounting for mast of its “heat”. Pipers also have much terpenas/
ferpenaids, eg: f-caryophyllane that are less spicy but aromatic. Tha phenylpropanoids have various medicinal used. Rolundone
[B4)- a key contributor fo P, guinsense’ fiavor, also occurs in oragano and thyme {Lamiaceae) and “coco-grass” or “nut-grass’™
Cyperus rolundus(Cyperaceas)
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Follicle - a dry dehiscent one-celled many-seeded fruit, eg: milkweed, which has a single
carpel and opens along one suture. Zanthoxylum species bear follicles.

Itis evident from the foregoing that seed numbers vary widely within Rutaceae [86,87).

2.9.3 Chemistry

Any given Rutaceae EO (eg: orange oil) contains over 100 phytochemicals, which may
include: terpenes, terpenoids, coumarins, phenylpropanoids, limonoids, among others
[87,88].Table § lists some of the outstanding AACs of 4 Citrus species, while Table 6 lists
those of Dictamnus albus and 5 Zanthoxylum species. Table 7 shows some more EOs/AACs
of Rutaceae. Wherever possible in Tables 5-7 chemical structures are used as illustrations.

2.9.3.1 Limonoids

Limonoids are phytochemicals (secondary metabolites) that abound In citrus and other
Rutaceae members and in some Meliaceae (mahoganyfamily) members. Some limonoids
are being investigated for a variety of effects and uses, such as: antibacterial, antidiabetic,
antifungal, antineoplastic, antimalarial and antiviral [87-88]. Some, such as azadirachtin from
the neem tree, are used as insecticides [89]. Structurally, limonoids consist of variations of a
central furanolactone core. The prototype consisis of four 6-membered rings and a furan ring
(Table 6). Chemically, limonoids are classed as ‘“tetranortriterpenes”, or
“tetranortriterpenoids”. Citrus fruits contain the limaonoids: limonin, nomilin and nomilinic acid,
while both neem seeds and leaves contain the limonoid: azadirachtin [89].

2.9.3.2 Tetranortriterpenoids

The tetranortriterpenoid class of phytochemicals is most exemplified by azadirachtin, which
is extracted from neem tree [B9]: Azadirachia indica (Meliaceae). Azadirachtin has
insecticidal properties, and mimics insect hormone called ecdysone that regulates insect
pupation—-a stage in metamorphosis. Application of azadirachtin on insects therefore
interferes with their development, which eventually kills them. Azadirachtin is a limonoid [89].

2.9.3.3 Hydroxy-alpha sanshool (HAS)

Hydroxy-alpha sanshool (HAS) is a bioactive phytochemical from the Zanthoxylumspecies,
especially “Sichuan pepper” (Z. simulans, or Z. bungeanum). HAS is responsible for the
numbing, tingling sensation (paresthesia) caused by eating food cooked with Sichuan
pepper. The mechanism by which HAS induces paresthesia is still being debated. But HAS
is an agonist of pain-integrating cation channels: transient receptor potential vanilloid -
member 1 (TRPV1) and transient receptor potential cation channel, subfamily A, member 1
(TRPA1). In addition, newer evidence suggests that the two-pore domain potassium
channels are primarily responsible for HAS's effects [90]. The word “Sanshoo!” in HAS is
derived from the Japanese termfar “Sichuan pepper".

2.9.3.4 TRPV1

The function of TRPV1 is to detect and regulate changes in body temperature. TRPV1 also
provides sensation of scalding heat and pain (nociception). It is activated by capsaicinoids
such as piperine in black pepper and capsaicin in chili pepper [81-83).
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Table 5. AACs of Select Citrus oils listed in descending order abundance

Top AACs of Select Citrus peel oils/ Citrus aurantium (neroli) flower oil

Grapefruit Lemon Lime Neroli flower Orange Tangerine
Pinene Pinene Pinene Pinene Limonenes Limonene
Sabinene Camphene Myrcene Camphene 90% Pinene
Myrcene Sabinene Limonene Terpinene Pinene Myrcene
Limonene Myrcene Terpinolene Neral Sabinene Terpinene
Geraniol Terpinene Cineale NAC Myrcene Citronellal
Linalool Linalool Linalool Farnesol Octanal Linalool
Citronellal Bisabolene Borneol Geraniol Linalool Neral
DAC Limonene Citral Linalool Carene NAC
NRA Bergamotene NAC Nerolidol Decanal< 0.3% GAC
Terpinenol Nerol GAC LAC Geranial
Neral ~.s MAT Thymal

o Indole . nm__.co:_m
Pinene: a- and \N—WM\I AAAS AN mm\n,_#wm:m” The T2
B-isomers k.. D-lsomer i
exist. The a- OH Farnesol occurs at > Terpinene
isomer is the Borneol: 2 ? 90% in rinds y
main form pleasantly g _

Bergamotene:detected in lemon

anly

flavored isomers
¥
Indole

o
(0 MP
=10
HRGTT Ty

Thymaol

Careful inspection of the lists might explain, for example, the richer flavor of nerol

oil as compared to all the others. Similarly, the richer flavor of

tangerine oll as compared (o those of grapefruit and orange oils can be explained. The richer flavor of lemon and lime oils as compare lo that of

orange oil can also be expiained by studying the list. The difference between lemon a
anthranilate and indole in neroll oil, and the non-detection of limonene in th
an even richer flavor than terpenes or terpenoids:

Linalylacetate

e same may be noteworthy. Generally,
DAC - Decylacetate; NAC-Nerylacetate: GAC-

nd lime fiavors deduced from the lists. The presence of
the following esters tend to have
Geranylacetate; MAT-Mathylanthraniiate: LAC—
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AACs/ other items in OEs from fruits/ leaves of Dictamnus albus and Zanthoxylum species
D. albus [B7] Z. fagara Z. simulans Z. armatum Z. rhesta Z. piperitum
Alkaloids Alkaloids Myrcene Linalool Sabinene Citronellal
Limonoids Coumarins Limonene Limonene Limanene Citronellol
Triterpenoids HAS Cineole MCN Pinene Hexenal
Flavonoids Others Ocimene Cineole Cymene HAS
Sesquiterpenoids HAS Others Terpinene Others
Coumarins o Others _ Terpineal
Phenylprapanoids I\ o ﬁou._,_ HAS |
Others | L 1 e Others ("7
il ,p | . .
Hydroxy-a- Ocimene has 2 _ k. Citronellol: 2 forms
i Cineole is also [l | Pl
w_mwmm.._wwﬂhm forms: cis (above) =, - Eucalyptol. It exist in lemon

Limanin—a
limanoid. Occurs in
neem also [89]

affects functions of
some ion
channels[90].

and trans form.
Both have
pleasant flavors

has pleasant flavor
and s insecticidal

Cymene: A
semjochemical with
pleasant flavor

grass oil (50%)
and in rose (18-
55%) and others

Z. fagara occurs in tropical Africa and America. It is mentioned as useful in herbal m
in Asia, especially Taiwan. It is also called "Sichuan pepper”. Z, armatum oceurs in Asia,

Z. piperitum is highly prized Japanese cuisine. Z. acanthopodium especially contains
Indonesia [92,93]. MCN: Methylcinnamate

anagement of sickle cell crisis [91)]. Z. simulans occurs
especially Nepal. Z. rhesta is popular in India cuisine, while
citronellal and limonene, among others, and is popular in
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Table 7. Rutaceae EOs/ AACs structures and attributes with pertinent comments

EOs/ AACs/ structures/ examples

Altributes/ effects/ uses/ other
comments

Orange oil: Over 100 AACs (mostly
terpenes/lerpenoids) occur in orange peels.
Examples: The topmost AACs of ltalian orange
peel EQ by % content are: &-limonene-23.67, a-
pinene- 0.65, myrcene-2.09, B-pinene/ sabinene-
1.00, octanal-0.41, linalool-0.31, carene- 0.31 and
decanal -0.27 [96]. Structures
ofLimonene/Carene are:

—==5-Limonene
Limonene: Is a colorless cyclic terpene, with
strong lemon smell.

* §-3-Carene
Carene: Is a bicyclic terpene in many EOs, eg:
citrus oils. It has a sweel/ pungent odor.
Grapefruit oil: Is got from peels by cold
compression. Yield: 0.5 - 1 %, and consists of a-
pinene, sabinene, myrcene, limonene, geraniol,
linalool, citranellal, decyl acetate, neryl acetate
and terpinen-4-ol.

T S
IUH _
~  Terpinen-4-ol
My HLC
HaC— {C )—— EHa

gHg Hé Sabinene

Lime oil is extracted from Citrus aurantifolia (also
known as Citrus medica var. acida and C,
latifolia) of the Rutaceae family and is also known
as Mexican and West Indian lime, as well as sour
lime.

Chemical composition

The main constituents in the distilled lime oil, like
the one normally sold is a-pinene, b-pinene,
myrcene, limonene, lerpinolene, 1,8-ceneole,
linalool, borneal, citral and traces of neral acetate
and geranyl acetate.

AL

Myrcene

Limonene: It is used in synthasis of
carvone and as a renewable cleanser.
As a chiral malecule, &-limonene is the
natural enantiomer. It is got from citrus
by centrifugation or distillation. Racemic
limonene is dipentene [92],

Carene: Is water-insoluble; oil-miscible,
and can be a skin irritant or CNS
depressanl. Other sources are:
rosemary, pine, and cedar.

Grapefruit oil: is extracted from Citrus
paradisi (also known as GCitrus racemosa
and C. maxima) from the Rutaceae and
is also called shaddock.

This refreshing oil helps to boost
digestion, benefits the immune system
by helping to clear the lymphatic system,
helps with skin problems, and ean be
used for muscle stiffness, water retention
and for bolstering the nervous system.
Terpinen-4-ol: is a terpene with a
malecular weight of 154. If is deemed the
primary active ingredient of tea tree oil
[93,94]. Itis also the compound of
highest concentration in the EOs of
nutmeg (Myristicaceae).

Sabinene: is a natural bicyclic
menoterpene with the molecular formula
CigH. It is isolated from the EOs of a
variety of plants including holm oak -
Quercus ilex(Fagaceae) and Norway
spruce- Picea abies(Pinaceae). Il has a
strained ring system with cyclopentane
fused to cyclopropane. Sabinene is one
of the chemicals contributing to the
spiciness of black pepper (Piperaceae).
It is also a major constituent of carrot
seed oil (Apiaceae). It occurs in tea tree -
oil - Melaleuca alternifolia (Myriaceae)
and in the EO of nutmeg.

Lemon: The main chemical components
of lemon oll are a-pinene, camphene, B-
pinene, sabinene, myrcene, a-terpinene,
linalool, B-bisabalene, limanene, nerol,
neral, and the rarest: a-bergamatene.
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SH,
b-Terpinene (or Terpinolena) % }—CH;
H, H,

a-Bergamolene
o-Bergamotene is also known as: (-)-
exo-alpha-bergamotene, (-)-trans-alpha-
bergamotene, bergamotene
(Z,.alpha.,cis), cis-.alpha.-Bergamotene.
Formula: CisHzy  Molecular Weight: 204.
Itis a key companents flavors and
fragrances containing lemon oil.
Most parts, especially the fruils and leaves of Rutaceae conlain large numbers of various terpenes/
terpsnoids and other secondary plant metabalites with distinct aroma-active attributes [95-87]. More than 100
compounds have, for example, been isolated from Dictamnusalbus that include: alkaloids, limonoid
triterpenoids, flavanoids, terpenoids, coumarins, and phenylpropanoids [87]

2.9.3.5 TRPA1

TRPA1 is a protein that in humans is encoded by the TRPAT gene [93-95]. TRPA1 is an ion
channel located on the plasma membrane of many human and animal cells. This ion
channel is best known as a sensor for environmental irritants, pain, cold and stretch [94,95).
2.10 Zingiberaceae

2.10.1 Introduction

Zingiberaceae, or the gingerfamily, consist of several familiar and unfamiliar aromatic
perennial herbs that have creeping harizontal or tuberous rhizomes. The family about 52
genera and over 1300 species, distributed throughout tropical Africa, Asia, and the
Americas. Many species are important spices, or medicinal plants [98-108], including:

Ginger (Root ginger)-Zingiber

Galangal-Alpinia galanga

Turmeric—Curcuma

Myoga-Zingiber mioga [99]

Amomum species, eg: true cardamom [100,101]

Elettaria species [102,103]

Aframomum species, eg: Alligator pepper, Korarima , and grains of paradise [104-
108]

2.10.2 Botany
2.10.2.1 Habit

Zingiberaceae members are perennials that frequently have sympodial (forked) fleshy
rhizomes (underground stems). They may grow to 6m height. A few species are epiphytic,
ie: supported by other plants and with aerial roots exposed. The rolled-up sheathing bases of
leaves often form an apparent short aerial stem. The commonly green sepals differ in texture
and color from the petals, which may be brightly colored is some members [98].
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2.10.2.2 Leaves

The leaves are alternate and distichous (ie: growing in vertical rows on opposite sides of a
stem), the base sheathing and the blade mostly linear to elliptic with penni-parallel, strongly

ascending veins.
2.10.2.3 Flowers

The flowers are bisexual, strongly zygomorphic, and often are associated with conspicuous
floral bracts in a spike or raceme. The perianth is in two whorls:

« An herbaceous or membranous 3-lobed or spathaceous tubular calyx.
« A petaloid tubular corolla with 3 lobes.

The androecium typically consists of:
» One fertile stamen

* One large opposing petaloid labellum representing 2 connate staminodia
» Two smaller flanking petaloid staminodia

The gynoecium consists of:
» One compound pistil of 3 carpels
« One style nestled in a channel of the filament and anther of the fertile stamen
« One inferior ovary with typically 3 locules, each containing numerous axile ovules.
Only rarely is the ovary is unilocular with parietal placentation.
2.10.2.4 Fruit
The fruit is a loculicidal capsule or is berrylike.

2.10.3 Chemistry

Zingiberaceae plant parts used as spices may one of the following that contain EOs/ AACs
and other phytochemicals [98,99]:

= Rhizome, eg: ginger, galangal, and tumeric

« Shool/ Flower bud, eg:myogaginger-Zingiber mioga [29]

« Seed, eg:black cardamom-Amomum subulatum [100]; false cardamom-Amaomum
corrorima [101]; green or true cardamom-Eleftaria cardamomum [102]; Ceylon
cardamom-Elettaria repens [103]

Illustrations of the foregoing are given in the following subsections and Table 8.
2.10.3.1 Chemistry of Zingiberaceae rhizomes used as spices
The rhizome of ginger (Zingiber officinale) contains the following AACs:

« Terpenes: zingiberene, and others such as: camphene and pinene
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* Terpenoids: bisabolene, borneol, cineole, geranial, geraniol, neral, nerol and

terpineol
* Esters: geranyl acetate

* Capsaicin-like phenolics with alkyl ketone group: gingerol, zingerone, and shogaol

The structures of zingiberene, gingerol, zingerone, and shogaol are shown in Table 8. The
rhizome of galangal (Alpinia galanga) contains the following as key AACs:

* Zingiberene

Ethyl cinnamate (25%)

Ethyl p-methoxycinnamate (30%)
* p-Methoxycinnamic acid

Table 8. Zingiberaceae EOs/ AACs structures, attributes and pertinent comments

EOs/ AACs/ Structures/ Examples

Attributes/ effects/ uses/ other comments

[¥] CH
Ho
OCH,
6x10%)
Gingerol, zingerone and shogaol in ginger are like
capsaicin (SHU: 16x10°), piperine (SHU: 10x10%

Gingerol (SHU:

R ,-J'i-u W
J'.hl_,;J

D Shogaol
(SHU:16X1 0‘1

R "w-"“E-"T"ﬁ
="~ Zingiberene

Zingiberene is a key ingredient of ginger oil [106-
108]

Gingerol is pungent, oily and yellow liquid at
room lemperature, has the following attributes:
* Can form crystals at low temperatures
* Is the key active of fresh ginger.
* Converts fo zingerone on cooking or
to shogaol on drying or storage [107].
Gingerol or ginger oil is reputed to be:
*  Antipyretic [109]
*  Effective against rheumatoid arthritis
in rats [110].
* A potential drug against; Colon
Cancer [111); Breast cancer calls
[112]; Ovarian cancer [113]; and
Pancreatic Gancer [114]

]
oy "
l
MeO
methoxycinnamate
In addition to some of ginger's AACs, galangal ol
has:
= Ethyl cinnamate (EC) - 25% w/w
*  Ethyl p-methoxycinnamate (EPMC) -
30%wiw

*  p-Methoxycinnamic acid
EC occurs in/ imparts aroma to cinnamon oil

_[115].

Ethyl-p-

Galangal oil is used as/ reputed for:

= A spice to flavor food

* An aid lo relieve respiratory distress

* An aid to relieve rheumnatism

*  Anadjuvant o drugs used against
infections of mucous membranes, eg:
catarrhal infections.

* The p-methoxy derivatives are
monoamine oxidase inhibitors [116].

Turmeric is popular for non-volatile, slightly bitter
and spicy crystalline “curcuminoids”, typified by
“curcumin®.

Curcuminoids are phenolics responsible for
lurmeric's yellowness. Curcumin exhibits keto-
enol tautomerism - the enol is more stable
[118].
It is appreciated in food for:

» __lts appealing yellow color imparted 1o
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HI. o . OH foods, eg: curries. Its EU's number is
J" I "l E100
-} S x,-?"-vf"-x\r""t-\/'w-" o = lts slightly bitter and spicy taste
oH; 0 OhH CHs Curcumin is turmeric's key bioactive for most
: health uses [5 curcumin], eg: skin, liver,

Curcumin stomach and respiratory disorders [118].
Curcumin is a diarylheptanoid. It is the key s (18]
curcuminoid of turmeric — Curcuma longa. Other
curcuminoids are desmethoxycurcumin and bis-

desmethoxycurcumin [117].

The flower buds and shootsol myogaginger Paradol is deemed a key bioactive of spices
(Zingiber mioga) and the seeds of Amomum, from Zingiber, Amomum, Eleftaria and
Elettaria and Aframomum species are used as Aframomum species responsible for their
spices because they contain similar AACs as antioxidant and antitumor effects [119].Reporis
ginger, eq: zingiberene, paradol (analogous to of these include:
gingerol) and some of the commoner AACs like « Myoga is cytotoxic to cancer cells
pinene and cineole [99-104]. [29].
_y il « Korarima seeds are used as a lonic,

- carminative and laxative in

o ;_'ll; r1 Faradol Ethiopia[120]

= In Nigeria Grains of Paradise may be
added to antisickling mixtures. They
are also valued fTor warming and
digestive effects [121,122],

AACs of Zingiberaceae occur in rhizomes, shoots/ flower buds, and seeds. They include: i) zingiberene; i) gingerol
- thizomes; fii) paradol - seeds/ others; and iv) the commoner lerpenes/ terpenoids. Gingerol and paradol are
analogous to capsaicinoids, bul turmeric contains curcuminoids

The structure of ethyl p-methoxycinnamate is given in Table 8. The rhizome of tumeric
(Curcuma longa) contains some of the AACs of ginger, especially zingiberene, but lurmeric
is best known for its content of a group of non-volatile, slightly bitter and spicy crystalline
phytochemicals called “curcuminoids”, typified by “curcumin(diferuloylmethane)-a brightly
yellow substance that gives turmeric and some curries (those containing turmeric and other
spices) their characteristic yellow calor. Other curcuminoids found in turmeric are:

* Demethoxycurcumin
= Bisdemethoxycurcumin

The structure of curcumin is given in Table 8.
2.10.3.2 Chemistry of Zingiberaceae flower buds/ shools used as spices

The flower buds and shoots of myoga ginger (Zingiber mioga) are flavorful and have EO
presumably with some similarities to ginger oil in terms of AACs. For use, myoga ginger
flower buds and shoots are mostly shredded into fine bits before incorporating the spices in
cooking, mainly in Japan and South Korean. There is a dearth of literature on myoga ginger
oll, but the spice is reputed to have cytotoxic constituents that have potentially anti-

carcinogenic properties [99].
2.10.3.3 Chemistry of Zingiberaceae seeds used as spices

Armomum species includeblack cardamom, eg: Amomum subulatum [100]; and Korarima or
false cardamom-Amomum corrorima [101], whose seeds are used as spices and have a
strong camphorous flavor, and presumably some AACs such as zingiberene and paradol
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that are the same or similar to those of Zingiber officinale. Paradol Table 8 is analogous 10
ginger’s gingerol.

Elettaria genus includes two species native 10 southeastern Asia: Elettaria cardamomum
{green or true cardamom) and Elettaria repens (Ceylon cardamom). The seeds of both have
chemical characteristics similar to those of the Amomum species [100,101].

The seeds of Aframomum species have similar chemical characteristics as Amomum and
Elettaria species, and include three African species: Korarima or Ethiopian cardamom
(Aframomum corrorima-alternative name ol Amomum corrorima [101], “Grains of Paradise” —
Aframomum melegueta [104), and “Alligator pepper” of Mbongospice (Aframomum danielli
or Aframomum citratum [105].

3. RELEVANCE OF GMP/ ISO STANDARDS TO UTILIZATION OF EOs/AACs

APs or spices are “generally regarded as safe” (GRAS) flavorings, or additives, In foods,
drinks, medicines and cosmetic. But exiracted EOs usedin industrial production of foods (eg:
ice cream and confectionaries), beverages (eg: sodas, beers and spirits) and
pharmaceuticals (eg: syrups and elixirs) need to be handled professionally In accordance
with strict “good manufacturing practice” (GMP). This is because the EOs or AAPs are
secondary plant metabolites produced lo ensure the plant's survival, and as such, can
produce dramatic physiological eftects, including unwanted effects, if misused. It therefore,
became necessary for safety and good trade practice for standards to be developed for EOs.
The International Organization for Standardization (ISO) has established over 130 standards

on EOs. Examples include:

ISO 3217:1974, for “Oil of lemongrass”

ISO/TR210:1999, for "General rules for packaging, conditioning and storage” of EOs
1SO 7359:1985, for “Analysis of EOs by gas chromatography on packed columns”
1SO 16928 for “Essential oil of ginger [Zingiber officinale Roscoe]”

ISO 22972:2004 Essential oils — Analysis by GC on chiral capillary columns

ISO 3061:2008 for “Oil of black pepper (Piper nigrum L.)"

ISO 4720:2009, for “Nomenclature”

ISO 25157:2013, for “Essential oil of rose, Chinese Kushui type"

ISO 3528:2012 for “Essential oil of mandarin, ltalian type (Citrus reticulata Blanco)"
ISO 9235:2013 for “Aromatic natural raw materials — Vocabulary™

These standards and others are listed in 1SO catalog [123] and are widely used to guide
production, quality control, marketing, storage, and use of EOs waorldwide. Without GMP and
ISO or similar standards it would be impossible to properly regulate the use of flavors in
products like Coke, Pepsi, Fanta, Sprite, 7-Up, Mountain Dew, Miranda, and other sodas.

4. ANALYSIS OF AACs IN SPICES, OILS AND FINISHED PRODUCTS

4.1 Equipment and Techniques Used in Flavor Analysis with Pertinent
Comments

Equipment and techniques used in beverage flavar research include, among others:
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(SIDA) is used in quantifying AACs [126].

« Gas chromatograph-mass speclroscope (GC
ment for flavor chemistry.

{HPLC). It is, for exam
tity benzoic acid in beverages using HPLC.

library is a require
High performance liquid chromatography
and convenient in flavor analysis to quan

4.2 Retention Time Locked Methods

Two Retention Tim

described by David and coworkers [1 27].

« The first was a gas chromatography-flame ionizat
performed on an Agilent 6980
was done on a 50mx0.32 mm idx1.054m HP-5 co

19091J-215.

« The second was a gas chromatograp
performed on an Agilent 6980 GC equippe
with an Agilent 5973N MSD.

Retention times (RTs) for e
led to the creation of two
searched for automatically

GC equipped with

ach of 400 AACs were determined using
RT databases. Thus AACs in food, spices and EOs can be
based on RTs and/or mass spectra.

4.3 Typical Concentrations of AACs in Finished Products

Table 9 shows levels of AACs in three |

Table 9. Levels of aroma-active compounds (AACs) in three re

action/solvent-assisted flavor evaporation (LLCE/SAFE)
ting AAPs from products [124].
metry (GCQ) is a technique used for detecting AAPs. It
her technique called aroma extracl dilution analysis
escribed and used by Hausch [125].

able isotope dilution assays

-MS) equipped with a comprehensive

ple, often essential

e Locked Methods (RTLMs) for- analyzing EOs/ AACs have been

ion detector (GC-FID) analyses
a split/splitless inlet. Separation
lumn (B=72): Agilent part number
hy-mass spectromelry (GC-MS) analyses
d with a split/splitless inlet in combination

both methods. These

smon-lime sodas: Sprite, Serra Mist and 7Up.

gulated products

Molecule

Structure

Concentration of component in ng/g of de-carbonated
soda as Mean or (Range at 95% Confidence Interval

Sprite Sierra Mist 7Up
Dehydrocineole Lam 1550 (1360- 2630 (2380- 2750 (2490-
f— - 1740) 2890) 3010)
Linalool =, i 220 (202-239) 296 (277-314) 378 (353-403)
Barneol ~—t 201 (189-213)  53.8(52.6-55.1) 586 (52.1-65.1)
L2
[l

Octanal N 168 {155-181) 449 (411-487) 347 (332-362)
Decanal \l_,\,m,,o 61.3 (54.8-67.8) 191 (183-1989) 133 (121-145)
Geraniol iy T 475 (39.9-55.0) 67.5(59.3-75.7) 119 (105-132)
Nonanal NN 335 (31.8-35.2) 54.3(53.7-55.0) 42.1 (35.5-48.6)
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Nerol g 350 (20536.4) 035.0(20.840.2)  49.5 (43.255.9)
lsoborneal = ] o 325 (20.8353) 16.0(14417.7) 122 (10.8-13.6)
Cinecle — 1 207 (28.331.1) 174 (169-17.9)  15.5(15.2-15.7)
(Eucalyptol) A

Geranial : 564 (3.367.01) 658 (4.658.52) 10.0(6.11-13.9)
(e-Citral)

Neral P 358 (246470) 3.03 (2.655.01)  4.50 (3.56-5.63)
(z-Citral)

The daia are after Hausch [125], using liquid-fiquid continuous extraction/solvent-assisted flavor evagaration
{LLCE/SAFE), gas chromatography-olfactometry (GCO) and salid phase microexiraction (SPME) combined with
stable isolope dilution assays (SIDA). The masses of de-carbonated beverages were. Sprite-97.441.55; Siarra Mist
- 97.8+1.50; and 7Up-89.020.18% w/w of their carbonaled masses [125]. Nole: ug/g is equivalent to mgrkg or parts
per millian (ppm); and ng/g s equivalent to pg/kyg or parts per biilian {ppb)

5. USE IMPLICATIONS OF EOs/ AACs OF SELECT SPICES
5.1 Pharmacology and Toxicology of Eos/ Aacs

5.1.1 Permeabilization of membranes as a general effect of Eos

Both the therapeutic and toxicological effects of EOs/ AAGCs are concentration-depend, and
have much to do with their ability to “permeabilize” barriers, ie: make cell walls and all
membranes permeable. Their small size (mostly <300 Daltons) and lipophilic character are
both critical o this ability. But the specific effects of an EO depend upon its composition of
AACs and their functional groups. A typical EO, composed of many lipophilic AACs, may
have no specific cellular target [128], rather as a composite lipophile, it can lransverse cell
walls, cell membranes, cytoplasmic membranes, as well as nuclear membranes. It can
disrupt the molecular structure of cellulose, mucoproteins, lipoproteins, and phospholipids
complexes, and in so doing, permeabilize these struclures, and compromise their functions.
Irespective of cell type, permeabilization of membranes may lead to one or more of the

following:

« Lossofions

« Reduction of membrane potential
« Collapse of the proton pump

« Depletion of the ATP pool

EOs can even coagulate the cytosol with irreversible damage 1o enzymes and ather proteins
[128]. Thus, while concentrated EOs are indiscriminately injurious to both economic (eg:
normal human cells) and non-economic (eg: bacterial, or cancer cells) species, appropriately
diluted EOs may have selective effects, and hence be therapeutic.

5.1.2 Selective use of EOs/ AACs as poisons, medicines. flavorings. and additive to
cosmetics

Undiluted EOs are oily liquids that can be dangerous even in small quantities if taken
internally or applied on the skin. Even a diluted EO, may contain enough AACs lo cause
harmful effects, such as:
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Abortion

Cancer

Gynecomastia

Irritation, photo-toxicity

Sensitization

Liver damage

Jaundice and other systemic derangements
In extreme cases coma or death [129].

Despite the foregoing liabilities, EOs can be beneficial as medicines, flavorings, and as
additive to cosmetics, if used in accordance with professional directions. The health benefits
and liabilities of a selection of spices or EOs/ AACs are briefly presented below.

5.2 Specific Benefits and Liabilities of Some Spices or EOs/ AACs

5.2.1 Ginaer (Zingiber officinale) oil

Ginger (family: Zingiberaceae) is used worldwide for preparing various foods and beverages
for centuries because of the flavor of its oil, which is associated with many health benefits
[130). These benefit and occasional liabilities, in cases of misuse, are enumerated below:

5.2.1.1 Benefits of ginger oil

Analgesic/ anti-pyretic/ rubefacient
Anti-emetic/ carminative/ laxative
Antispasmodic/ expectorant
Bacteriostatic/ bactericidal
Psychostimulant/ stomachic/ tonic
Relief of colds and flu symptoms
Sudorific/ diaphoretic)

5.2.1.2 Liabilities of ginger oil

« Mild irritation of sensitive skin and mucous membranes
+ Mild photosensitivity, ie: a chemically induced change in the skin that makes people
more sensitive to light.

5.2.2 Hops (Humulus lupulus) oil

5.2.2.1 Introduction

The common hops plant (family: Moraceae) produces small dicecious flowers, but only the
female plant produces the flowers, or fruit, called “hops”. Hops are used in malts and beers

for their bitter flavor.

5.2.2.2 Components of hops oil

Hops oil contains humulene, humulone, and ischumulone that give beers their bitterness and
aroma. The oil also contains: many common terpenes and terpenoids; xanthohumol-a
prenylated chalconoid reputed to be anti-cancer and anti-oxidant [131]; isoxanthohumol-a
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prenylflavonoid with limited estrogenic activity [132]; and 8 prenylnaringenin-a
prenylflavonoid with high estrogenic activity [133). Parkes [134] ascribed the hoppy aroma
and sedative effect of hops to humulene and amyl-alcohal respectively.

5.2.2.3 Benefits of hops oil

« Hops are used in brewing because their antibacterial properties favor the activity of
yeas! over less desirable microbes; and for flavor, especially balancing malt's
sweelness with bitterness.

* |n herbal medicine, hops are used similarly to valerian, as a remedy for anxiety,
restlessness, and insomnia [135).

* Hops are also used in preparations for relief of menstruation-related problems, ie: in
hormerne replacement therapy [135,136].

5.2.2.4 Liabilities of haops oil

* Dermatitis often results from harvesting hops. Some 3% of the persons engaged in
harvesting hops suffer from skin lesions in the face, hands, and legs [137].

5.2.3Black pepper oil

The oil black pepper - Piper nigrum (Piperaceae) contains well over 30 AAGs including a-
phellandrene, a-pinene, p-caryophyllene, B-bisabolene, p-farnesene, B-pinene, camphene,
limonene, myrcene, sabinene, linalool, a-thujone, and terpinen-4-ol, among others, including
capsaicinoids and phenylpropanoids Table 4. Some of its benefils and occasional liabilities
are stated below.

5.2.3.1 Benefits of black pepper oil

« Analgesic-relieves sore muscles and joints; and useful as an anodyne/ antiseptic in
dental care

Anti-inflammatory

Antiseptic/ antipyretic—indicated for enteric fever; and chills, flu, and colds
Antispasmodic

Anti-toxic/ laxative

Aphrodisiac—boost serum levels of androgens [138,139].

Diaphoretic—it also helps to disperse bruising by increasing circulation to the skin.
Digestive-boosts the digestive system

Diuretic-stimulates the kidneys

Nerve tonic—increase warmth of the body and mind

Rubefacient-useful in rheumatism; increases circulation

Relieves exhaustion, muscular aches, physical and emotional coldness
Stimulales saliva flow, appetite, peristalsis, and tones colon muscles

Tonic - especially of the spleen, hence boosting the immune system

5.2.3.2 Liabilities black pepper oil

The only liability of therapeutic/ nutritional use of black pepper ail is:
= Mild irritation to skin and mucous membrane, which are rare.
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Clove oil contains eugenol, eugenyl acetate, caryophyllene, isocaryophyllene [1 40). Some of

its benefits and occasional liabilities are stated below.

5.2.4.1 Benefits of clove ol

. Analgesic—espec‘iatly for pain due 10 arthritis, rheumatism, sprains, sirains, and
{oothache

* Asthma

« Bronchitis

5.2.4.2 Liabilities of clove oil

. Irritant to the skin and mucous membrane and dermal
. According to Tisserand [141), clove oil should be avoided, or used with extreme

caution in:
« Alcoholism
« Anticoagulant medications
« Disease of the kidney and liver
« Hemophilia
« Prostatic cancer

5.3 Specific Benefits and Liabilities of Capsaicin

5.3.1 Capsaicin

Capsaicin, an irritant to all mammals, is not an oil, but a crystalline substance. Itis included
here because it is the ingredient that gives chili peppers (Capsicum) much of their
characteristics, including flavor.

5.3.1.1 Benefits of capsaicin

« Many worldwide “enjoy the heat” imparted by capsaicin [142], hence the age long
demand for chili-spiced products.

« The claim thal some experience euphoria from ingesting capsaicin, can be ascribed
to pain-stimulated release of endorphins, evidenced by the blockade of that effect by
naloxone or opiates which compete for sites on a common receptor [1 43).

« Capsaicin {0.025-0,25%wfw), with or without rubefacients, is used In topical
ointments, or in dermal patches or plasters to relieve muscle or arthritic pain, or pain
due to post-herpetic neuralgia [144,145].

« (Capsaicin cream is used to reduce itching/ inflammation caused by psoriasis [142].

+ Capsaicin selec ively binds TRPV1-a heat-activated calcium channel that opens in
the range: 37-45°C. In pain and heat-sensing NEUrons, capsaicin bound TRPV1
causes the ion channel to open below 37°C, which Is why capsaicin is linked to the
sensation of heat [1 4g].

« Capsaicin induces apoptosis in prostate and lung cancer cells [1 47]. Capsaicin also
directly inhibils the growth of leukemic cells [148].
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5.3.1.2 Liabilities
Liabilities of capsaicin-based therapies may include:

= Burning sensation in the face, eyes, and finger; hence the need to wear face masks,
goggles, and hand gloves when applying capsaicin-based therapies.

= The use capsaicin-based products (eg: pepper spray) in riot control owes to the
burning effects of capsaicin on the face and mucous membranes.

= Even the minutest quantities of capsaicin inhaled, provoke sneezing and breathing
difficulties.

6. CONCLUSION

Aromatic plants (APs), spices, and essential oils/ aroma-active compounds (EOs/ AACs)
played and continue toplay a major role in human civilization by virtue of their uses in foods,
medicines, and cosmetics. They are used by scientists, technologists and physicians for
various purposes, because of their fragrances (smells only) or flavor (tastes and smells) or
other biochemical attributes. They are generally used in very low concentrations (parts per
billion, eg: po/ka). In higher concentrations (parts per milion, eg: mg/kg), they act as
powerful drugs or poisons, yet their levels both in raw materials (RMs) and finished products
(FPs) are often unknown becauseof the immense difficulties and costs of the methods used
for their analyses. On the basis of the foregoing therefore, it is recommended that: i)
industrial/ professional uses of EOs/ ACCs in foods, medicines, and aromatherapy should
always be with standardized EOs/ AACs (as per ISO) and follow strict codes of practice (as
in GMPY); ii) the uses of APs and spices to flavor foods and medicines, or as nutritional
supplements, should focus on the sources and wholesomeness of such RMs; lii) home uses
of EOs/ AACs are not recommended unless guided by manufacturer's instructions; and iv) in
order to enhance the regulation of EOs/ AACs in foods, medicines, and cosmetics, it is
needful for chemists to devise more cost-effective analytical methods for EOs/ AACs.

CONSENT

Not applicable.

ETHICAL APPROVAL
Not applicable.
ACKNOWLEDGEMENT

We thankfully acknowledge the immense assistance rendered by NIPRD's Librarian, Dr.
Simean Ugwuana, and his staff.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

ruts 1077



Europsan Journal of Medicinal Plants, 4{9): 1046-1086, 2014

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Sellar W. The Directory of Essential Oils (Reprint ed.). Essex: The C.W. Daniel
Company, Limited; 2001. ISBN 0-85207-346-1.

Baser KHC, Buchbauer G. Handbook of Essential Oils: Science, Technology and
Applications. CRC Press, Boca Raton, London, New York; 2010. ISBN 978-1-4200-
6315-8

Chase MW, Reveal JL. A phylogenetic classification of the land plants to accompany
APG lll. Batanical Journal of the Linnean Society: 2009;161:122—127.

Bernath J. Aromatic Plants — eolss. Encyclopedia of Life Sciences; 2005. Accessed
22" September 2013.

Available: http://www.eolss.net/Sample-Chapters/C10/E5-02-05-07.pdf

Stevens PF. Angiosperm Phylogeny Website, Version 9, June 2008. Accessed 2
October 2013. Available: hitp://www.mobot/org/research/apweb/

Taskinen J, Nykanen L. Chemical composition of angelica root cil. Acta Chem Scand
B. 1975:29(7):757-64.

Nishida R, Shelly TE, Whittier TS, Kaneshiro KY. a-Copaene, A Potential Rendezvous
Cue for the Mediterranean Fruit Fly, Ceratitis Capitata? Journal of Chemical Ecology;
2000;26(1):87-100.

Angelica oil. The world of pure essential oils. Esoteric oils; 2014.

Available: hiip://www.essentialoils.co.za/essential-oils/angelica.htm ~ Accessed 4"

March, 2014.
Arima K, Uéda K, Sunohara N, Hirai S, lzumiyama Y, Tonozuka-Uehara H, Kawai M.

Immunoelectron-microscopic demonstration of NACP/alpha-synuclein-epitopes on the
filamentous component of Lewy bodies in Parkinson's disease and in dementia with
Lewy bodies. Brain Res. 1998:808(1):93-100.

Li R, Jiang Z-T. Chemical composition of the essential oil of Cuminum cyminum L.
from China. Flavour and Fragrance Journal;2004:19(4):311-313.

Organic  facts. Health Benefts of Cumin [Essential Oil; 2014.

Available:Cumin%200il%20-
o.20Health%20Benelits%200i%20Cumin%20Essential%200i1%20%200raanic%20Fa

cis.him

Hosseinzadeh H, Talebzadeh F. Anticonvulsant evaluation of safranal and crocin from
Crocus sativus in mice. Fitoterapia; 2005;76(7—8):722-4.

Hosseinzadeh H, Sadeghnia HR. Protective effect of safranal on pentylenetetrazol-
induced seizures in the rat: involvement of GABAergic and opioids systems.
Phytomedicine. 2007;14(4):256—-62.

Sadeghnia HR. Safranal, a constituent of Crocus sativus (saffron), attenuated cerebral
ischemia induced oxidative damage in rat hippocampus. Journal of Pharmacy &
Pharmaceutical Sciences. 2005:8(3):394-9.

Simopoulou AN, Sinakos Z, Papageorgiou VP. Radical scavenging activity of Crocus
sativus L. extract and its bioactive constituents. Phytotherapy Research.
2005;19(11):997-1000.

Escribano J, Alonso GL, Coca-Prados M, Fernandez JA. Crocin, safranal and
picrocrocin from saffron (Crocus sativus L.) inhibit the growth of human cancer cells in
vitro. Gancer Letters. 1996;100 (1-2): 23-30.

Hosseinzadeh H, Karimi G, Niapoor M. Antidepressant effect of Crocus sativus L.
stigma extracts and their constituents, crocin and safranal, in mice. Acta Horticulturae.

2004:650:435—45.

1078



18.

19.

20,

21.

22,

23.

24,

25.

26.

27.

28.
29,
30.
3.
32,

33.

European Journal of Medicinal Plants, 4{9): 1046-1086, 2014

Akhondzadeh S, Fallah-Pour H, Afkham K, Jamshidi AH, Khalighi-Cigaroudi F.
Comparison of Crocus sativus L. and imipramine in the treatment of mild to moderate
depression: A pilot double-blind randomized trial ISRCTN45683816. BMC
Complementary and Alternative Medicine, 2004:4:12,

GKSP. Anise (Pimpinella anisum L.). GernotKatzer's Spice Pages. 2014.

Available: http://gernot-katzers-spice-pages.com/enal/Pimp_ani.html Accessed 2014
March 5.

Esoteric oils. Aniseed essential oil information. 2014.

Available:Aniseed%:200il%20%28Pimpinella®%20anisum%29%20-

%20information%200n%20the%200rigin.%20source. %20exiraction%20method.%20c
hemical%20composition,%20therapeutic%20properties%20and%20uses.htm

EPA Registration Review. EPA Linalool Summary Document Registration Review:
Initial Docket; 2007, Docket Number: EPA-HQ-EPA-2008-0356.
Available:http://www.epa.qov/pesticides/ppdc/regisreview/implemen/july07/linaloal-
summary.pdf.

Nakamura A, Fujiwara S, Matsumoto |, Abe K. Stress repression in restrained rats by
(R)-(-)-linalool inhalation and gene expression profiling of their whole blood cells. J
Agric Food Chem. 2009;57(12):5480-5. (ISSN: 1520-5118).

Angiosperm Phylogeny Group. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants: APG Il (PDF). Botanical
Journal of the Linnean Society. 2009;161(2):105-121.
Available:http://onlinelibrary.wiley.com/doi/10.1111/[.1095-8339.2009.00296. %/pdf.
Kron KA, Ann Powell E, Luteyn JL. Phylogenetic relationships within the blueberry
tribe (Vaccinieae, Ericaceae) based on sequence data from MATK and nuclear
ribosomal ITS regions, with comments on the placement of Satyria. American Journal
of Botany. 2002;89(2):327—-336.

Vohra DS. Bach Flower Remedies: A Comprehensive Study B. Jain Publishers; 2004.
Accessed 5 October 2013.

Available: hitp://books.google.com/books?id=icgB8onalysBc&pa=pr3.

Keddy PA. Planis and Vegetation: Origins, Processes, Consequences. Cambridge,
UK: Cambridge University Press; 2007.

Watson L, Dallwitz MJ (1892 onwards). The families of flowering plants: descriptions,
llustrations, identification, and information retrieval. Version: 4th March 2011.

Available: http:/delta-intkey.com.

Gaultheria procumbens. Germplasm Resources Information Network; 2014.
Available:http://www.ars-grin.gov/cgi-bin/npgs/htmi/taxon.pl?360.

Index of Species Information. Gaultheria procumbens, Fire Effects Information
System. Available: hitp://www.fs.fed.us/database/ieis/plants/shrub/gaupro/all.html.
Chou YL. Floral morphology of three species of Gaultheria: Contributions from the Hull
Botanical Laboratory. Botanical Gazette. 1952;114:198—221,

Borealforest: Gaultheria procumbens.

Available: hitp://www.boreallorest.org/shrubs/shrubi7.htm.

Gibbons E. Stalking the Healthful Herbs. New York: David McKay Company.
1966;92:1966.

Cichoke AJ. Wintergreen (Gaultheria procumbens). Secrets of Native American Herbal
Remedies: A Comprehensive Guide; 2014.

Available:http://books.google.com/books ?id=h3Xci5lwdrlC&pg=PAT79&Ipg=PA79&dq=

%EEGau!therFa+grﬂcumbens%22+§ggn§iveiarnerigm‘é&&source=bl&ots=42hzguﬁn
BeA&sig=sYuJaeJNgbmUBITd7MIPmHi8304&hl=en&sa=X&ei=25inUMaXJvKNOQGV!
ultheria%20procumbens®%22%

0GaDg&ved= BAEwBjoK#v=0nepage&q=%22
20%22native%20american%22&f=1alse. Accessed 2014 March 6.

1078



34,

36.

ar.

38.
39.

40.

41,
42.

43.

44.

45.
46.
47.

48.

49,

50.

51.

European Journal of Medicinal Plants, 4(9): 1046-1086, 2014

Plowman T. Amazonian Coca. Journal of Ethnopharmacology. 1981;3:195-225.

Bohm B, Ganders F, Plowman T. Biosystematics and evolution of cultivated coca
(Erythroxylaceae). Systematic Botany. 1982;7(2):121-133.

Scheen AC, Albert VA. Nomenclatural and taxonomic changes within the Leucas
clade (Lamioideae; Lamiaceae). Systematics and Geography of Plants.
2007;77(2):229-238.

Yuan YW, Mabberley DJ, Steane DA, Olmstead RG. Further disintegration and
redefinition of Clerodendrum (Lamiaceae): Implications for the understanding of the
evolution of an intriguing breeding strategy. Taxon. 2010;59(1):125-133.

Kim TH, Thuy NT, Shin JH, Baek HH, Lee HJ. Aroma-active compounds of miniature
beefsteak plant (Mosla dianthera Maxim). J Agric Food Chem. 2000;48(7):2877-81.
Wu Q, Wang W, Dai X, Wang Z, Shen Z, Ying H, Yu C. Chemical compositions and :
anti-influenza activities of essential oils from Mosla dianthera. Journal of
Ethnopharmacology. 2012;139(2):668-671.

Mentha Arvensis Piperascens. Boston Healing Landscape Froject. Boston University
School of Medicine;2014.

Available:htto://www.bu.edu/bhlp/Clinical/cross-
cultural/herbal index/herbs/Mentha%20Arvensis%20Piperascens.html.

Accessed 2014 March 7.

Hornak, L. Cultivation and processing of medicinal Plants. John Wiley & Sons,
Chichester, UK; 1992.

Composition of Mint Essential Oil. In: Mint Essential Qil. 2014.

Available:http //scienceofacne.com/mint-essential-oil/. Accessed 2014 March 7.
Fahlbusch K, Hammerschmidt F, Panten J, Pickenhagen W, Schatkowski D, Bauer K,
Garbe D, Surburg H. Flavors and Fragrances. Ullmann's Encyclopedia of Industrial
Chemistry.  2003.  doi:10.1002/14356007.a11_141.  ISBN 978-3-527-30673-2.
Accessed 2014 March 7.

De Carvalho CCR, Da Fonseca MMR (2006). Carvone: Why and how should one
bother to produce this terpene.Food Chemistry. 2006;95(3):413—422.
doi:10.1016/.foodchem.2005.01.003.

Environmental protection agency. Pesticide Products; registration application. Federal
Register. 2009;74(41):9326-9397.

Leela N. Chemistry of Spices. Calicut, Kerala, India:Biddles Lid. 2008:165—188.
ISBN 9781845934057.

Villanueva MA, Torres RC, Baser KH, Ozek T, Kiirkgtioglu M. The Composition of
Manila Elemi Oil (pdf). Flavour and Fragrance Journal. 1993:8:35-37.
doi:10.1002/{f].2730080107.

Weil A. The use of nutmeg as a psychotropic agent. Bulletin on Narcotics (UNODC).
1966;4:15-23.

McKenna A, Nordt SP, Ryan J. Acute Nutmeg Poisoning. European Journal of
Emergency Medicine. 1966;11(4):240-241,

doi:10.1097/01.mej.0000127649.69328.a5. PMID 15249817.

Johnson LAS, Briggs BG. Myrtales and Myrtaceae—a phylogenetic analysis. Annals of
the Missouri Botanic Garden. 1984;71:700-756.

Lawless J. The lllustrated Encyclopaedia of Essential Oils. 1995. ISBN 1-85230-661-0.
CloveMedline Plus. NIH. 2014.

Available:http://www.nlm.nih.gov/medlineplus/druginfo/natural/251.html.

Accessed 2014 March 9.

Algareer A, Alyahya A, Andersson L. The effect of clove and benzocaine versus
placebo as lopical anesthetics. Journal of Dentistry. 2006:34(10):747—750.
doi:10.1016/].jdent.2006.01.009. PMID 16530911,

1080



55,

57.

58.
59.
60.

61.

B2.

63,

5.

66.
67.

68.

69.

European Journal of Medicinal Plants, 4(8): 1046-1086, 2014

Clove. American Cancer Society, 2014,
Available:http://www.cancer.org/treatment/treatments ndsideeffects/complementaryan
dalternativernen‘iclne.-‘hgrbsviiaminsandmlnera!s!clovgs.

Ultee A, Slump RA, Steging G, Smid EJ. Antimicrobial aclivity of carvacrol toward
Bagillus cereus on rice. J. Food Prot. 2000;63(5):620—4. PMID 108267.

Ozkan A, Erdogan A. A comparative evaluation of antioxidant and anticancer activity
of essential oil from Origanum onites (Lamiaceae) and its two major phenolic
components. Tubitak. 2010;35(2011 ):735~742. doi:10.3906/biy-1011-170.

American College of Toxicology. Final Report on the Safety Assessment of Sodium p-
Chloro-m-Cresol, p-Chloro-m-Cresol, Chlorothymol, Mixed Cresols, m-Cresol, o-
Cresol, p-Cresol, Isopropyl Cresols, Thymol, o-Cymen-5-0l, and Carvacrol.
International Journal of Toxicology. 2006;25:29-127.

Cinnaman. The Epicentra, Encyclopedia of Spices.2014.

Available: h‘rtg;fgthgegicen;re.cam}sgicﬂcinnamonl. Accessed 2014 March 9.
Mallavarapu GR, Ramesh S. Composition of essential oils of nutmeg and mace. J.
Med. Arom. Plant Sci. 1998:20:746-748.

Mallavarapu GR, Ramesh S, Chandrasekhara RS, Rao BR, Kaul PN, Bhattacharya
AK. Investigation of the essential oil of cinnamon leaf grown at Bangalore and
Hyderabad. Flavour and Fragrance Journal, 1995;10(4):239-242.

Abaul J, Bourgeois P, Bessiere JM. Chemical composition of the essential oils of
chemotypes of Pimenta racemosa var. racemosa of Guadaloupe. Flav. Fragr. J.
1995;10(5):319-321.

Ghelardini C, Galeotti N, Di Cesare Mannelli L, Mazzanti G, Bartolini A. Local
anaesthetic  activity of beta-caryophyllene. Farmaco. 2001;56(5-7):387-9.
doi:10.101 6/S0014-827X(01)01092-8. PMID 11482764.

Ameh SJ, Obodozie OO, Inyang US, Abubakar MS., Garba M. Climbing black pepper
(Piper guineense) seeds as an antisickling remedy. In V. R. Preedy, R. R. Watson, V.
B. Patel (Editors), Nuts & Seeds in Health and Disease Prevention (1% ed.). Academic
Press (Elsevier), London, Burlington, San Diego. 2011;333-343.

ISBN: 9780123756886. -

Gertsch J, Leonti M, Raduner S, Racz |, Chen JZ, Xie XQ, et al. Beta-caryaphyllene is
a dietary cannabinoid. Praceedings of the National Academy of Sciences of the United
States of America. 2008;105(26):9099-104. doi:10.1073/pnas.0803601105.
PMC 2449371. PMID 18574142,

Ormeno E, Baldy V, Ballini C, Fernandez C. Production and diversity of volatile
lerpenes from plants on calcareous and siliceous soils: Effect of soil nutrients. J.
Chem. Ecol.2008;34(9):1219-29, doi:10.1007/s10886-008-9515-2. PMID 18670820.
Tinseth G. Hop Aroma and Flavor, January/February 1993, Brewing Techniques.
Available:http://realbeer.com/hops/aroma.htmi.

Ethan B, Russo EB. Taming THC: potential cannabis synergy and phytocannabinoid-
lerpenoid entourage effects. Br J Pharmacol. 2011:163 (7):1344—1364.

Jirovetz L, Buchbauer G, Ngassoum MB, Geissler M. Aroma compound analysis of
Piper nigrum and Piper guineense essential oils from Cameroon using solid-phase
microextraction-gas chromatography, solid-phase microextraclion-gas
chromatography-mass spectrometry  and olfactometry. J Chromatogr.
2002;976(1-2):265-75.

Mediavilla V, Steinemann S. Essential oil of Cannabis sativa L. strains, International
Hemp Association; 2014,
AvaiIable:htm:waw.fntamaﬁona!hamuassr::-ciatinn.ora.-‘i]haﬂiha4208.himl Accessed
2014 March 11.

1081



70.

7.
72
73.
74.
75.

76.

78.
79.

80.

81.

a22.

83.

B4.

85.
B6.
B7.

88.

89.

Eurppean Journal of Medicinal Piants, 4{9): 1046-1086, 2014

Ahmed A, Choudhary M|, Farooq A, Demicri B, Dimicri F, Baser KHC . Essential oil
constituents of the spice Cinnamomum tamala (Ham.) Nees & Eberm. Flavour and
Fragrance. Journal. 2000;15(6):388-390.

Thescienceofacne.com. Clove Essential Oil. 2014.

Available:http:/thescienceofacne.com/clove-essential-oil/. Accessed 2014 March 11.
Oca-Brazil Cosmetics. Guava oil-UPC 661799436335, 2014.

Available: hitp://www.oca-brazil.com/cosmeguava.htm.

Piperaceae. Encyclopedia Britannica. Encyclopedia Britannica Ultimate Reference
Suite. Chicago: Encyclopedia Britannica; 2012.

Olmstead RG, Bohs L. A Summary of molecular systematic research in Solanaceae:
19B2-2006. Acta Hort. (ISHS). 2007;745:255-268. .
Solanaceae. Encyclopedia Britannica. Encyclopedia Britannica Ultimate Reference
Suite. Chicago: Encyclopedia Britannica; 2012.

Perry NB, Anderson RE, Brennan NJ, Douglas MH, Heaney AJ, McGimpsey JA,
Smallfield BM. Essential Oils from Dalmatian Sage (Salvia officinalis L.): Variations
among individuals, plant parts, seasons, and sites. J. Agric. Food Chem.
1999:47(5)2048-2054. -

Deiml T, Haseneder R, Zieglgansberger W, Rammes G, Eisensamer B, Rupprecht R,
Hapfelmeier G. Alpha-thujone reduces 5-HT3 receptor activity by an effect on the
agonist-reduced desensitization. Neuropharmacology. 2004;46(2):192-201.
Villanueva MA, Torres RC, Baser KHC, Ozek T, Kirkgloglu M. The Composition of
Manila Elemi Oil. Flavour and Fragrance Journal. 1893;8:35-37.

McKenna A, Nordt SP, Ryan J. Acute Nutmeg Poisoning. European Journal of
Emergency Medicine. 2004;11(4):240-241.

Shulgin AT, Sargent T, Naranjo C. The Chemistry and Psychopharmacology of
Nutmeg and of Several Related Phenylisopropylamines (pdf). Psychopharmacology
Bulletin. 1967;4(3):13.

McNamara FN, Randall A, Gunthorpe MJ. Effects of piperine, the pungent component
of black pepper, at the human vanilloid receptor (TRPV1). Br. J. Pharmacol.
2005;144(6):781-90.

Bandolier. Topical capsaicin for pain relief, Bandolier Journal. 2014. Oxford Pain Site.
Available:http://www.medicine.ox.ac.uk/bandolier/booth/painpaa/Chronrev/Analges/CP
063.himl. Accessed 2014 March 20.

Collins MD, Wasmund LM, Bosland PW. Improved method for guantifying
capsaicinoids in capsicum using High-performance liquid chromatography. Hort
Science. 1995;30:137-139.

Siebert TE, Wood C, Elsey GM, Polinitz AP, Determination of Rotundone, the pepper
aroma impact compound, in grapes and wine. Journal of Agricultural and Food
Chemistry. 2008:56(10):3745-8.

Rutaceae information. Germplasm Resources Information Network-(GRIN). 2014.
Available:hitp://www.ars-grin.gov/cai-bin/npas/htm/iamily.pl 7978.

Rutaceae. Encyclopedia Britannica. Encyclopedia Britannica Ultimate Reference
Suite. Chicago: Encyclopedia Britannica; 2012.

Gao X, Zhao P-H, Hu J-F. Chemical constituents of plants from the genus Dictamnus.
Chemistry and Biodiversity. 2011,8(7):1234—1244.

BHS. Dictamnus albus var. purpureus. Royal Horticultural Society.2014,
Available:http://apps.rhs.ora.uk/plantselector/plant ?plantid=655. Accessed 2014 March
23.

Rahman SZ, Jairajpuri MS. Neem in unani Medicine. Neem Research and
Development Sociely of Pesticide Science, India, New Deilhi, Edited by N.S.
Randhawa and B.S. Parmar. 2nd revised edition (chapter 21). 1996;208-218.

1082



90.

81,

92.

83.

94,

85.
96.

97.

88.

99.

100.

101.

102.

103.

104,

105.

106.

European Joumnal of Medicinal Plants, 4(9): 1046-1086, 2014

Bautista DM, Sigal YM, Milstein AD, Garrison JL, Zorn JA, Tsuruda PR, Nicall RA,
Julius D. Pungent agents from Szechuan peppers excite sensary neurans by inhibiting
two-pore potassium channels. Nat. Neuroscience. 2008;11(7):772-9.

Ameh SJ, Tarfa DF and Ebeshi BU. Traditional herbal management of sickle cell
anemia: Lesson from Nigeria. Anemia. 2012; Aricle ID 607435, 9 pages.
Available:http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3502758/,
doi:10.1155/2012/607436.

Wijaya CH, Triyanti |, Apriyantono A. Identification of volatile compounds and key
aroma compounds in andaliman fruit (Zanthoxylum acanthopodium). Journal of Food
Science Biotechnology. 2002;11(6):680-683.

Jaguemar D, Schenker T, Trueb B. An ankyrin-like profein with trans-membrane
domains is specifically lost after oncogenic transfarmation of human fibroblasts. J.
Biol. Chem. 1999;274 (11):7325-33.

Clapham DE, Julius D, Montell C, Schultz G. International Union of Fharmacology.
XLIX. Nomenclature and structure-function relationships of transient receptor potential
channels. Pharmacol. Rev. 2005;57(4):427-50..

Garcia-Afioveros J, Nagata K. TRPA1. Handb Exp Pharmacol. 2007;179(179):347—
62.

Verzera A, Trozzi A, Duge G, Di Bella G, Cotroneo A. Biological lemon and sweet
orange essential oil composition. Flavour and Fragrance Journal. 2004;19(6):544—548,
Fahlbusch K, Hammerschmidt F, Panten J, Pickenhagen W, Schatkowski D, Bauer K,
Garbe D, Surburg H. Flavors and Fragrances. Ullmann's Encyclopedia of Industrial
Chemistry; 2003.

Zingiberaceae. Encyclopedia Britannica. Encyclopedia Britannica Ultimate Reference
Suite. Chicago: Encyclopedia Britannica; 2012.

Kim HW, Murakami A, Abe M, Ozawa Y, Morimitsu Y, Williams MV, Ohigashi H.
Suppressive Effects of Mioga Ginger and Ginger Constituents on Reactive Oxygen
and Nitrogen Species Generation, and the Expression of Inducible Pro-Inflammataory
Genes in Macrophages. Antioxidants & Redox Signaling. 2005;7(11-12):1621-1629,
USDA GRIN taxonomy, entry for Amomum subulatum. 2014.
Available:http://www.ars-grin.gov/cgi-bin/npas/htmitaxon.pl?7411952. Accessed 2014
March 27.

Amomum corrorima information from NPGS/GRIN. Taxonomy for Plants. National
Germplasm Resources Laboratory, Beltsville, Maryland: USDA, ARS, National
Genetic Resources Program. 2014.

AvailabIe:hng;{fwww.arsgﬂg.gnvfcgi~binfnggsfhtm[ﬁaxun.gi?#ﬁEEMﬁ Accessed 2014

March 27.

s : s/h ;
University of Melbourne: Sorting Elettaria names. 2014.

Available: htt,g:fmrww.gtantnames.unime:b*edu.au!Soning;'Eleﬂs.arig.html. Accessed

2014 March 27.
Asknature.org. Gorilla diet protects heart: grains of paradise Asknaiure.org. February

20, 2012.

Available:http://mww.asknature.org/strateqy/23ec7287a4207c835d8bi1 62f{26afch#.Uz

SEBIiMNvIL.
Mbongo Tjobi Recipe from Cameroon. 2014.
Available:http/fwww.celtn i ipe.php?rid=misc-

mbongn—tiubiﬁuccessed 2014 Mzirch 27.

McGee H. A survey of tropical spices. McGee on Food and Cooking. Hodder and
Stoughton. 2004;426. ISBN 0-340-83149-9,

1083



107.
108.

109.

110.

111.

112.

113.

114.

115.
116.

117.

118.

118.

120.

121.

122.

123.

European Journal of Medicinal Piants, 4(9): 1046-1086, 2014

Herout V, Benesova V, Pliva J. Terpenes. XLI. Sesquiterpenes of ginger oil. Collection
of Czechoslovak Chemical Communications. 1953;18:297-300.

Sultan M, Bhatti HN, Igbal Z. Chemical analysis of essential oil of ginger (Zingiber
officinale). Pakistan Journal of Biological Sciences. 2005;8(11):1576-1578.

Ueki S, Miyoshi M, Shido O, Hasegawa J, Watanabe T. Systemic administration of [6]-
gingerol, a pungent constituent of ginger, induces hypothermia in rats via an inhibitory
effect on metabolic rate. European Journal of Pharmacology. 2008;584(1):87-92.
Funk JL, Frye JB, Oyarzo JN, Timmermann BN. Comparative Effects of Two Gingerol-
Containing Zingiber officinale Extracts on Experimental Rheumatoid Arthritis. Journal
of Natural Products. 2009;72(3):403-7.

Jeong CH, Bode AM, Pugliese A, Cho YY, Kim HG, Shim JH, Jeon YJ, Li H, et al. [6]- -
Gingerol Suppresses Colon Cancer Growth by Targeting Leukoiriene A4 Hydrolase.
Cancer Research. 2009;69(13):5584-91.

Lee H, Seo E, Kang N, Kim W. [6]-Gingerol inhibits metastasis of MDA-MB-231
human breast cancer cells. The Journal of Nutritional Biochemistry. 2008;19 (5):313-
9.

Rhode J, Fogoros S, Zick S, Wahl H, Griffith KA, Huang J, Liu J. Ginger inhibits cell
growth and modulates angiogenic factors in ovarian cancer cells. BMC
Complementary and Alternative Medicine. 2007:7:44.
Available:htto://www.ncbi.nlm.nih.gov/pme/articles/PMC2241638/.

doi: 10.1186/1472-6882-7-44.

Park YJ, Wen J, Bang S, Park SW, Song SY. [6]-Gingerol induces cell cycle arrest
and cell death of mutant p53-expressing pancreatic cancer cells. Yonsei Medical
Journal. 2006;47(5):688-97.

Budavari S. Ethyl cinnamate. The Merck Index 13th Ed. Mercké& Co., Inc.

Noro T, Miyase T, Kuroyanagi M, Ueno A, Fukushima S. Monoamine oxidase inhibitor
from the rhizomes of Kaempferia galanga L. Chem Pharm Bull (Tokyo).
2001:31(8):2708-11.

Kolev TM, Velcheva EA, Stamboliyska BA, Spiteller M (2005). DFT and experimental
studies of the structure and vibrational spectra of curcumin. International Journal of
Quantum Chemistry. 2005;102(6):1068-79

Aggarwal BB, Sundaram C, Malani N, Ichikawa H. Curcumin: the Indian solid gold.
Adv Exp Med Biol. 2007:595(1):1-75.

Chung WY, Jung YJ, Surh YJ, Lee SS, Park KK. Antioxidalive and antitumar
promoting effects of [6]-paradol and its homologs. Mutat. Res. 2001;496(1-2):199-
206. PMID 11551496.

Jansen PCM. Aframomum corrorima (Braun). 2002,
Available:http://web.archive.org/web/200811 20230034/http://database.prota.org/PROT

Ahtml/Aframomum%20corrotima En.htm. Accessed 2014 March 29.
Ameh SJ, Obodozie OO, Babalola PC and Gamaniel KS. Medical Herbalism and

Herbal Clinical Research: A Global Perspective. British Journal of Pharmaceutical
Research. 2011;1(4):98-123.

Ameh SJ, Obodozie OO, Chindo BA, Babalola PC and Gamaniel KS. Herbal clinical
Trials-historical development and application in the 21st century. Pharmacologia.

2012;3:121-131. Available:10.5567/pharmacologia.2012.121.131.
ISO catalog. 2013. International Organization for Standardization: 71.100.60: Essential

oils.
Available:http://www.iso.ora/iso/products/standards/catalogue ics browse.htm?IGS1=

71&ICS2=100&IC53=60.

1084



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.
136.

137.

138.

138.

European Journal of Medicinal Plants, 4(9): 1046-1086, 2014

Engel W, Bahr W, Schieberle P. Solvent assisted flavour evaporation-a new and
versatile technique for the careful and direct isolation of aroma compounds from
complex food matrices. Eur. Food Res. Technol. 1999,209:237-241.

Hausch BJ. Flaver chemistry of lemon-lime carbonated beverages. MSc Thesis (Food
Science and Human Nutrition). Graduate College, University of lllinois at Urbana-
Champaign,Urbana, lllinois; 2010.

Bertuzzi G, Tirillini B, Angelini P, Venanzoni R. Antioxidative action of Citrus
limonumessential oil on skin. European Journal of Medicinal Plants. 2013;3(1):1-9.
David F, Scanlan F, Szelewski M. Analysis of essential oil compounds using retention
time locked methods and retention time databases: Application to Food and Flavors.
Agilent Technologies; 2014.

Available: http:/cp.chem.agilent.com/Library/applications/5888-6530EN.pdf. Accessed

2014 March 30.
Bakkali F, Averbeck S, Averbeck D, Idaomar M (2008). Biological effects of essential

oils—a review. Food and Chemical Toxicology. 2008;46(2):446-475.

Dweck AC. Toxicology of essential oils. 2014.
Available:http//www.zenitech.com/documents/Toxicity of essential oils pi.pdf.
Abdel-Azeem AS, Hegazy AM, lorahim KS, Farrag ARH, El-Sayed EM.
Hepatoprotective, Antioxidant, and Ameliorative Effects of Ginger (Zingiber officinale
Roscoe) and Vitamin E in Acetaminophen Treated Rats. Journal of Dietary
Supplements. 2013;10(3):195-209.

Bolca S, Li J, Nikolic D, Roche N, Blondeel P, Possemiers S, De Keukeleire D, Bracke
M, Heyerick A, Van Breemen R, Depypere H. Disposition of hop prenylflavonoids in
human breast tissue. Molecular Nutrition & Food Research. 2010;54:284-94.

Viola K, Kopf S, Rarova L, Jarukamjorn K, Kretschy N, Teichmann M, et al
Xanthohumol attenuates tumour cell-mediated breaching of the lymphendothelial
barrier and prevents intravasation and metastasis. Arch Toxicol. 2013;87(7):1301-12.
Nikolic D, Li Y, Chadwick LR, Grubjesic S, Schwab P, Metz P, Van Breemen RB,
Metabolism of 8-prenylnaringenin, a potent phyloestragen from hops (Humulus
lupulus), by human liver microsomes. Drug Metab. Disposition: the biological fate of
chemicals. 2004;32(2): 272-9. doi:10.1124/dmd.32.2.272. PMID 14744951.

Parkes S. Understanding alpha acids, beta acids and beyond. Hop Chemistry:
Homebrew Science March/ April Issue. 2002.

Available:www.byo.com/siories/article/1 8-brewing-science/853-hop-chemistry-

homebrew-science. Accessed 2014 March 30.
Keiler AM, Zierau O, Kretzschmar G. Hop Extracts and hop substances in treatment of

Menopausal Complaints. Planta Medica. 2013;79(7):576-567.

Bowe J. The hop phytoestrogen, 8-prenylnaringenin, reverses the ovariectomy-
induced rise in skin temperature in an animal model of menopausal hot flushes.
Journal of Endocrinology. 2012;191(2):398-405.

PU:CNCP Purdue University: Center for New Crops and Plant Products. Humulus
lupulus. Hort.purdue.edu. 1998.
Avallable:hitp://www.hort.purdue.edu/newcrop/afcm/hop.html. Accessed 2014 January

30.
Mbongue FGY, Kamtchouing P, Essame OJL, Yewah PM, Dimo T, Lontsi D. Effect of

the aqueous extract of dry fruits of Piper guineense on the reproductive function of
adult male rats. Indian Journalof Pharmacology. 2005;37:30832.

Ekanem AP, Udoha FV, Oku EE. Effects of ethanol extract of Piper guineense seeds
(Schum. And Thonn) on the conception of mice (Mus Musculus). African Journal of
Pharmacy and Pharmacology. 2010;4(6):362e367.

1085



140,
141.
142,

143.

144,

145.

146.

147.

148.

European Journal of Medicinal Plants, 4{9): 1046-1086, 2014

Lawrence B. Major Tropical Spices-Clove. Essential Qils, 1977, 84-145, cited in
Salvatore Battaglia, The Complete Guide to Aromatherapy (Australia: The Perfect
Potion. 1987;157.

Tisserand R. Essential Oil Safety (United Kingdom: Churchill Livingstone. 19985;131.
Gorman J. A Perk of Our Evolution: Pleasure in Pain of Chilies. New York Times;
2010.

Ceccherelli F, Gagliardi G, Ruzzante L, Giron G. Acupuncture Modulation of
Capsaicin-Induced Inflammation: Effect of Intraperitoneal and Local Administration of
Naloxone In Rats. A Blinded Controlled Study. The Journal of Alternative and
Complementary Medicine. 2002;8(3):341.

Glinski W, Glinska-Ferenz M, Pierozynska-Dubowska M. Neurogenic inflammation,
induced by capsaicin in patients with psoriasis. Acla DermVenereaol. 1991;71(1):51—4.
The Oxford pain site, 2014. Topical capsaicin for pain relief. 2014.
Available:http://www.medicine.ox. ier inpag/Chronrev/Anal
063.html. Accessed 2014 January 31.

Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD, Julius D. The
capsaicin receptor: A heat-activated lon channel in the pain pathway. MNature.
1897,389(6653):816-24.

Mori A, Lehmann S, O'Kelly J, Kumagai T, Desmond JC, Pervan M, McBride WH,
Kizaki M, Koeffler HP. Capsaicin, a component of red peppers, inhibits the growth of
androgen-independent, p53 mutant prostale cancer cells. Cancer Research (American
Association for Cancer Research). 2006;66(6):3222—3229.

lto K, Nakazato T, Yamato K, Miyakawa Y, Yamada T, Hozumi N, Segawa K, lkeda Y,
Kizaki. Induction of apoptosis in leukemic cells by homovanillic acid derivative,
capsaicin, through oxidative stress: implication of phosphorylation of p53 at Ser-15
residue by reactive oxygen species. Cancer Research (American Association for
Cancer Research). 2004;64(3):1071-1078. :

@ 2014 Ameh el al.; This is an Open Access article distributed under the terms of the Creative Commaons Attribution
License (hiip:/creativecommons.orgilicenses/by/3.0), which permits unrestricled use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://vww.sclencedomain.org/review-history.php 7ild=556&id=13&aid=4871

1086



