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1

Introduction

K. V. Peter, Kerala Agricultural University (formerly at Indian Institute of
Spices Research)

1.1 Definitions

The Geneva-based International Standards Organisation (ISO) defines spices an
condiments as:

Vegetable products or mixtures thereof, free from extraneous matter, used for
flavouring, seasoning and imparting aroma in foods.

Webster describes spices as:

Any of various aromatic vegetable productions as pepper, cinnamon, nutmeg,
mace, allspice, ginger, cloves, etc., used in cookery to season and to flavour
sauces, pickles, etc.; a vegetable condiment or relish, usually in the form of a
powder; also, as condiments collectively.

The famous spice author Rosengarten describes a spice as a product which enriches
alters the quality of a thing, for example altering the taste of a food to give it zest or
pungency; a piquant or lasting flavouring; or a relish. The term ‘spice’ is thus used to
cover the use of spices, herbs and certain aromatic vegetables to impart odour and flavol
to foods. The taxonomic classification of spices is shown in Table 1.1. A conventional
classification of spices is based on degree of taste as:

* hot spices

» mild spices

e aromatic spices

« herbs and aromatic vegetables

This classification is shown in Table 1.2. Though the term spice can be used to
incorporate herbs, the distinction between herbs and spices can be described ¢
follows:

« Herbs may be defined as the dried leaves of aromatic plants used to impart flavour ant
odour to foods with, sometimes, the addition of colour. The leaves are commonly
traded separately from the plant stems and leaf stalks.
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Table 1.1 Taxonomic classification of spices

[}
f‘c; Solanaceae |chilli, paprika, red pepper
qé‘)- Pedaliaceae [sesame
& Campalunatae | Compositae |camomile, chicory, tarragon
° Piperales Piperaceae |cubeba, long pepper, pepper
§ Ranales Myristicaceae |mace, nutmeg
o é o Lauraceae |bay leaf, cassia, cinnamon
g § é‘ Magnoliaceae |star-anise
:)& o g Rhoeadales Cruciferae  |mustard, wasabi
'§: g Myrtiflorae Myrtaceae lallspice, clove
< :,:‘3 Umbellifiorae Umbelliferae |anise, caraway, celery, chervil,
coriander, cumin, dill, fennel,
parsley
o Liliiflorae Liliaceae garlic, onion
% § Iridaceae  |saffron
g _§ Scitamineae | Zingiberaceae |cardamom, ginger, turmeric
= Orchidales Orchidaceae |vanilla )

» Spices may be defined as the dried parts of aromatic plants with the exception of the
leaves. This definition is wide-ranging and covers virtually all parts of the plant.

The various parts of plants used to produce the range of herbs and spices are illustrated
Table 1.3. Herbs and spices have been used in foods since antiquity. ISO document 67
lists 109 herb and spice plant species useful as ingredients in food. These are shown |
Appendix 1 at the end of this chapter.

Table 1.2 Conventional classification of spices

Classes Spices

Hot spices Capsicum (chillies), Cayenne pepper, black and white peppers,
ginger, mustard

Mild spices Paprika, coriander

Aromatic spices

Herbs
Aromatic vegetables

Allspice (pimento), cardamom, cassia, cinnamon, clove, cumin,
dill, fennel, fenugreek, mace and nutmeg

Basil, bay, dill leaves, marjoram, tarragon, thyme

Onion, garlic, shallot, celery
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Table 1.3 Plant organs as spices

Plant organs Spice crops

Aril Mace of nutmeg

Barks Cassia, cinnamon

Berries Allspice, black pepper, chilli

Buds Clove

Bulbs Onion, garlic, leek

Pistil (female part of flower)  Saffron

Kernel Nutmeg

Leaf Basil, bay leaf, mint, marjoram, sage, curry leaf
Rhizome Ginger, turmeric

Latex from rhizome Asafoetida

Roots Angelica, horse-radish

Seeds Ajowan, aniseed, caraway, celery, corianddt, tennel,

fenugreek, mustard, poppy seed

1.2 The trade in spices

Some of the main spice-producing areas are listed in Appendix 2 at the end of this
chapter. The current annual global trade in spices is 6—7 lakh tonnes valued at US$3-3.
billion. The value of the spice trade is particularly dependent on pepper prices as peppe
remains the main spice in international trade. The global spice trade is expected fc
increase with the growing consumer demand in importing countries for more exotic,
ethnic tastes in food. In the UK, for example, spice imports have increased by 27% in the
last five years, mainly through the growth in cinnamon, cloves, garlic and seed spices.
About 85% of spices are traded internationally in whole form, with importing countries
processing and packaging the final product for the food industry and the retail market.
The trade in processed and value-added spice ingredients is, however, growing rapidly &
importers look for cheaper global sourcing of spice products and exporting businesse:
develop the appropriate technologies and quality systems. There is limited competitior
from synthetic products, with the exception of vanilla, particularly given consumer
preferences for ‘natural’ ingredients in food products.

The USA is the biggest importer of spice products, followed by Germany and Japan.
The European Union has the largest imports of spices in value terms, worth US$2.2
billion and consisting of:

* 449% retail sales to consumers
* 41% sales to the food manufacturing sector
« 15% to the catering sector

A snapshot of the nature of the European spices market is provided by France. The totz
consumption of spices in 1993 was 16,545 tonnes (with a per capita consumption of 29(
grams), of which more than 50% was black pepper. The main market is the retail sectol
with over 100 million consumer packs of spices sold in 1993, valued at US$150 million.
The catering market in 1993 was worth US$26 million. Other major importing
regions are the Middle East and North Africa, whilst there are growing markets in other
countries. In South Africa, for example, the annual spice trade is worth US$94 million,
but is set to grow as consumers demand more exotic tastes in food.
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1.3 Spice flavours
Important flavour compounds found in culinary herbs and other spice plants are:

< eugenol (allspice, cinnamon, cassia, clove)
e piperine (black pepper)

e gingerol (ginger)

e myristicin (nutmeg)

e turmerone (turmeric)

e vanillin (vanilla).

The main flavour compounds found in the major herbs and spices used by the fooc
industry are summarised in Tables 1.4 and 1.5. In using spices to flavour foods, the ain
should always be to arrive at a balanced overall odour and flavour effect, complementing
and accentuating, rather than swamping, the flavour of the basic ingredients, and usuall
without any single spice predominating excessively. This culinary art needs experience
and expertise and in-house training with the assistance of leading spice houses.

1.4 Processing issues

Spices can be added to foods in several forms: as whole spices, as ground spices,
essential oils, as oleoresins or as prepared and filtered vinegar infusions. A more recer
alternative is spice extracts. These consist of the flavour components of a spice, disperse
on one of several types of base, the most suitable bases for pickle and sauce use, f
example, being salt or dextrose. Natural materials used in flavour creations are still mos
often isolated from essential oils. Extraction of oils and oleoresins is accomplished using
a range of methods, including:

Table 1.4 Important flavour compounds in spices

Spice Important flavour compounds
Allspice Eugenol,3-caryophyllene

Anise (E)-anethole, methyl chavicol

Black pepper Piperine, S-3-Carenecaryophyllene
Caraway d-carvone, carone derivatives
Cardamom a-terpinyl acetate, 1-8-cineole, linalool
Cinnamon, cassia Cinnamaldehyde, eugenol

Chilli Capsaicin, dihydro capsaicin

Clove Eugenol, eugeneyl acetate
Coriander d-linalool, C10-C14-2-alkenals
Cumin Cuminaldehyde, p-1,3-mentha-dienal
Dill d-carvone

Fennel (E)-anethole, fenchone

Ginger Gingerol, Shogaol, neral, geranial
Mace a-pinene, sabinene, 1-terpenin-4-ol.
Mustard Ally isothiocynate

Nutmeg Sabinineg-pinene, myristicin

Parsley Apiol

Saffron Safranol

Turmeric Turmerone, Zingeberene, 1,8-cineole

Vanilla Vanillin, p-OH-benzyl-methyl ether
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Table 1.5 Important flavour compounds in a few culinary herbal spices

Herbal spices Flavour compounds

Basil, Sweet Methylchavicol, linalool, methyl eugenol
Bay laurel 1,8-cineole

Marjoram e- and t-sabinene hydrates, terpinen-4-ol
Oregano Carvacrol, thymol

Origanum Thymol, carvacrol

Rosemary Verbenone, 1-8-cineole, camphor, linanool
Sage, Clary Salvial-4 (14)-en-1-one, linalool

Sage, Dalmation Thujone, 1,8-cineole, camphor

Sage, Spanish e- and t-sabinylacetate, 1,8-cineole, camphor
Savory Carvacrol

Tarragon Methyl chavicol, anethole

Thyme Thymol, carvacrol

Peppermint 1-menthol, menthone, menthfuran

Spear mint 1-carvone, carvone derivatives

» steam distillation

« hydrocarbon extraction

» chlorinated solvent extraction

* enzymatic treatment and fermentation
» super critical carbon dioxide extraction.

Carbon dioxide extraction from solid botanicals is now on a commercial scale. The
advantages of the resulting essential oils are no solvent residue, less terpenes al
enhanced black notes. Enzymatic treatment and fermentation of raw botanicals also rest
in greater yields and quality of essential oil. More recently, the use of genetic engineering
and recombinant DNA on the bacteria and fungi used in fermentation has resulted ir
natural esters, ketones and other flavouring materials ‘made to order’. Cloning and singl
cell culture technigues are of benefit to the flavourist, for example in cultivating flavour
cells from black pepper, cardamom or thyme instead of growing the entire plaritco
synthesis of secondary metabolites may, in the future, lower market prices of
traditionally-cultivated spices.

There have also been improvements in preservation technologies to ensure that ra
spices in particular are free of microbial and other contamination and that their shelf-life
is extended. Techniques include osmotic dehyration and storage within a medium such «
high fructose corn syrup. With the banning of chemical treatments such as ethylene oxid
in treating microbial contamination, irradiation has grown in popularity, with an
estimated 25,000 tonnes of raw spices currently irradiated each year to counter bot
insect and microbial contamination. Countries with commercial-scale irradiation
operations for herbs and spices include: the USA, Canada, The Netherlands, Belgiun
France, Denmark, Finland, Israel, Iran, the Republic of Korea, Vietnam, South Africa and
a number of Eastern European countries.

1.5 The functional role of spices

Herbs and spices are not just valuable in adding flavour to foods. Their antioxidant
activity also helps to preserve foods from oxidative deterioration, increasing their shelf-
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Table 1.6 Antioxidants isolated from herbs and spices

Spices and herbs

Systematic names

Substances and type of substances

Rosemary Rosemarinus officinalis Carnosic acid, carnosol, rosemarinic
acid, rosmanol

Sage Salvia officinalis Carnosol, carnosic acid, rosmanol,
rosmarinic acid

Oregano Origanum vulgare Derivatives of phenolic acids,
flavonoids, tocopherols

Thyme Thymus vulgaris Thymol, carvacrol, p-cunene-2,3-
diol, biphehyls, flavonoids

Ginger Zingiber officinale Gingerol-related compounds,
diarylheptanoids

Turmeric Curcuma domestica Curcumins

Summer savory

Black pepper

Satureja hortensis

Piper nigrum

Rosemarinic acid, carnosol,
carvacrol, thymol
Phenolic amides, flavonides

Red pepper Capsicum annum Capsaicin

Chilli pepper Capsicum frutescence Capsaicin, capsaicinol

Clove Eugenia caryophyllata Eugenol, gallates

Marjoram Marjorana hortensis Flavonoids

Common balm Melissa officinalis Flavonoids

Licorice Glycyrrhiza glabra Flavonoids, licorice phenolics

life. There has been increasing research in the role of herbs and spices as natur
preservatives. As an example, ground black pepper has been found to reduce the lipi
oxidation of cooked pork. Table 1.6 illustrates the range of antioxidants isolated from
herbs and spices. Antioxidants also play a role in the b®dgefence against
cardiovascular disease, certain (epithelial) cancers and other conditions such as arthrit
and asthma. Phenolic compounds such as flavonoids may help to protect agains
cardiovascular disease and intestinal cancer (black pepper, oregano, thyme an
marjoram). Gingerol in ginger is also an intestinal stimulant and promoter of the
bioactivity of drugs. Capsaicin in chilli pepper is an effective counter-irritant used in both
pharmaceuticals and cosmetics. Fenugreek, onion and garlic help lower cholesterc
levels. A number of spices have also been identified as having antimicrobial properties
Individual chapters in this book deal with research on the functional role of particular
spices.

1.6 The structure of this book

This book covers a number of general issues such as quality. However, it consists mainl
of coverage of individual spices and herbs. Contributors were asked to follow a common
format:

¢ introduction: dealing with issues of definition and classification. Such issues can be
very significant in establishing appropriate standards of quality and authenticity

» chemical structure: essential in assessing such issues as quality, potential applicatior
and processing functionality

e production: a description of the principal methods of cultivation and post-harvest
processing which have a significant impact on quality and functionality
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» uses in food processing: a review of current and potential applications

« functional properties: as has already been noted, there is increasing interest in herb
and spices as functional ingredients, for example as natural antioxidants. Where
appropriate, contributors summarise the current state of research on the nutritional an
functional benefits of individual spices and herbs. Issues of toxicity and allergy are
also addressed where necessary

« quality and regulatory issues: a summary of the key quality standards and indices
relating to the herb and spice.

Individual chapters vary in structure and emphasis, depending on the nature of the spic
in question and the particular issues and body of research surrounding it. It is hoped tha
the book will help food manufacturers and others to make even fuller use of the valuable
resource that herbs and spices provide.

1.7 Sources of further information and advice

BABU K NIRMAL, RAVINDRAN P N and PETER K V (2000) Biotechnology of spices, in
Chadha, K L, Ravindran, P N and Leela Sahijr&mtechnology in Horticulture and
Plantation Crops Malhotra Publishing House, New Delhi.

JOHNSON | T, (2000) Anti-tumour properties, in Gibson, G R and Williams, C M,
Functional Foods: Concept to ProdydtVoodhead Publishing Ltd, Cambridge.

PETER K Vv (1998) Spices researcmdian Journal of Agricultural Science$8(8): 527—

32.

PETER K V, SRINIVASAN V andHAMZA s (2000) Nutrient management in spic&grtilizer
News 45(7): 13-18, 21-25, 27-28.

PRUTHI J S(1993) Major spices of India-Crop Management — Post Harvest Technology,
Indian Council of Agricultural Research, New Delhi.

PRUTHI J S(1999) Quality Assurance in Spices and Spice Products — Modern Methods of
Analysis Allied Publishers Limited, New Delhi.

YANISHLIEVA-MASLAROVA NV andHEINONEN I M (2001) Sources of natural antioxidants:
vegetables, fruits, herbs and spices, in Pokorny J, Yanishlieva N and Gordon M,
Antioxidants in Food: Practical ApplicationswWoodhead Publishing Ltd, Cam-
bridge.
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Appendix 1: 1SO list of plant species
No. Botanical name of Family Common name Name of plant
the plant part used as spice
1. Acorus calamus Araceae Sweet flag, myrtle flag, Rhizome
calamus, flag root
2. Aframomum Zingiberaceae Madagascar cardamom Fruit, seed
angustifolium
3. Aframomum Zingiberaceae Cameroon cardamom Fruit, seed
hanburyi
4, Aframomum Zingiberaceae Korarima cardamom Fruit, seed
koranima
5. Aframomum Zingiberaceae Grain of paradise, Guinedruit, seed
melegueta grains
6. Allium Liliaceae Shallot Bulb
ascalonicum
7. Allium cepa Liliaceae Onion Bulb
8. Allium cepa var. Liliaceae Potato onion Bulb
aggregatum
9. Allium tuberosum Liliaceae Indian leek, Chinese chive Bulb, leaf
10. Allium fistulosum Liliaceae Stony leek, Welsh onion, Leaf and bulb
Japanese bunching onion
11.  Allium porrum Liliaceae Leek, winter leek Leaf and bulb
12.  Allium sativum Liliaceaee Garlic Bulb
13.  Allium Liliaceae Chive Leaf
schoenoprasum
14. Alpinia galanga Zingiberaceae Greater galangal, Rhizome
Longwas, Siamese ginger
15. Alpinia officinarum  Zingiberaceae Lesser galangal Rhizome
16.  Amomum Zingiberaceae Bengal cardamom Fruit, seed
aromaticum
17.  Amomum kepulaga Zingiberaceae Round cardamom, Fruit, seed
Chester cardamom,
Siamese cardamom,
Indonesian cardamom
18.  Amomum krervanh  Zingiberaceae Cambodian cardamom Fruit, seed
19. Amomum Zingiberaceae Greater Indian cardamomkEruit, seed
subulatum large cardamom, Nepalese
cardamom
20.  Amomum tsao-ko Zingiberaceae Tsao-ko cardamom Fruit, seed
21.  Anethum Apiaceae Dill Fruit, leaf, top
graveolens (Umbelliferae)
22.  Anethum sowa Apiaceae Indian dill Fruit
(Umbelliferae)
23. Angelica Apiaceae Garden angelica Fruit, petiole
archangelica (Umbelliferae)
24.  Anthriscus Apiaceae Chervil Leaf
cereifolium (Umbelliferae)
25.  Apium graveolens Apiaceae Celery, garden celery Fruit, root, leaf
(Umbelliferae)
26. Apium graveolens Apiaceae Celeriac Fruit, root, leaf
var. rapaceum (Umbelliferae)
27. Armoracia Brassicaceae Horse radish Root
rusticana (Cruciferae)
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No. Botanical name of Family Common name Name of plant
the plant part used as spice
28. Artemisia Asteraceae Tarragon, estragon Leaf
dracunculus (Compositae)
29. Averrhoa bilimbi Averrhoaceae Belimbing, bilimbi Fruit
cucumber tree
30. Averrhoa Averrhoaceae Carambola, caramba Fruit
carambola
31. Brassica junceae Brassicaceae Indian mustard Seed
32. Brassica nigra Brassicaceae Black mustard Seed
33.  Bunium persicum Apiaceae Black caraway Seed, tuber
(Umbelliferae)
34. Capparis spinosa Capparidaceae Caper, common caperfloral bud
caper bush
35. Capsicum annuum Solanaceae Capsicum, chillies, Fruit
paprika
36. Capsicum Solanaceae Chillies, bird’s eye chilli Fruit
frutescens
37. Carum Apiaceae Black caraway Fruit, bulb
bulbocastanum (Umbelliferae)
38. Carum carvi Apiaceae Caraway, blond caraway Fruit
(Umbelliferae)
39. Cinnamomum Lauracea Cassia, Chinese cassia Bark, leaves
aromaticum
40. Cinnamomum Lauraceae Indonesian cassia Bark
burmanii
41.  Cinnamomum Lauraceae Vietnamese cassia Bark
loureirii
42. Cinnamomum Lauraceae Tejpat, Indian cassia Leaf, bark
tamala
43. Cinnamomum Lauraceae Sri Lankan cinnamon, Bark, leaf
zeylanicum Indian cinnamon
44, Coriandrum Apiaceae Coriander Leaf, fruit
sativum (Umbelliferae)
45.  Crocus sativus Iridaceae Saffron Stigma
46. Cuminum Apiaceae Cumin Fruit
cyminum (Umbelliferae)
47. Curcuma longa Zingiberaceae Turmeric Rhizome, leaf
48. Cymbopogon Poaceae West Indian lemongrass Leaf
citratus
49. Cymbopogon Poaceae Sri Lankan citronella Leaf
nardus
50. Elettaria Zingiberaceae Small cardamom Fruit, seed
cardamomum
51. Elettaria Zingiberaceae Sri Lankan cardamom Fruit, seed
cardamomum
52.1 Ferula assa-foetida  Apiaceae Asafoetida Rhizome
52.2 Ferula foetida (Umbelliferae)
52.3 Ferula narthex
53. Foeniculum Apiaceae Bitter fennel Leaf, twig, fruit
vulgare
54. Foeniculum Apiaceae Sweet fennel Leaf, twig, fruit
vulgare
55. Garcinia cambogia  Clusiaceae Garcinia, Camboge Pericarp of the fruit

56. Garcinia indica Clusiaceae Garcinia, Kokum Pericarp of the fruit
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No. Botanical name of Family Common name Name of plant
the plant part used as spice
57. Hyssopus Lamiaceae Hyssop Leaf
officinalis
58. lllicum verum llliciaceae Star anise, Chinese anise Fruit
59.  Juniperus Cupressaceae Common juniper Fruit
communis
60. Kaempferia Zingiberaceae Galangal Rhizome
galanga
61. Laurus nobilis Lauraceae Laurel, true laurel, bay Leaf
leaf, sweet flag
62. Levisticum Apiaceae Garden lovage, lovage Fruit, leaf
officinale
63.1 Lippia graveolens Verbenaceae Mexican oregano Leaf, terminal
shoot
63.2 Lippia berlandieri
64. Mangifera indica Anacardiaceae Mango Immature fruit
(rind)
65. Melissa officinalis Lamiaceae Balm, lemon balm, Leaf, terminal
melissa shoot
66. Mentha arvensis Lamiaceae Japanese mint, field mihteaf, terminal
corn mint shoot
67. Mentha citrata Lamiaceae Bergamot Leaf, terminal
shoot
68. Mentha x piperita Lamiaceae Peppermint Leaf, terminal
shoot
69. Mentha spicata Lamiaceae Spearmint, garden mint Leaf, terminal
shoot
70. Murraya koenigii Rutaceae Curry leaf Leaf
71. Mpyristica argentea  Myristicaceae Papuan nutmeg Kernel
Papuan mace Aril
72. Myristica fragrans Myristicaceae Indonesian type nutmegKernel
Indonesian type mace, Aril
Siauw type mace
73. Nigella damascena  Ranunculaceae Damas black cumin, Seed
love in a mist
74. Nigella sativa Ranunculaceae Black cumin Seed
75. Ocimum basilicum  Lamiaceae Sweet basil Leaf, terminal
shoot
76. Origanum majorana Lamiaceae Sweet marjoram Leaf, floral bud
77. Origanum vulgare Lamiaceae Oregano, origan Leaf, flower
78. Pandanus Pandanaceae Pandan wangi Leaf
amaryllifolius
79. Papaver Papaveraceae Poppy, blue maw, Seed
somniferum mawseed
80. Petroselinum Apiceae Parsley Leaf, root
crispum
81. Pimenta dioica Myrtaceae Pimento, allspice, Jamaitammature fruit, leaf
pepper
82. Pimenta racemosa Myrtaceae West Indian bay Fruit, leaf
83. Pimpinella anisum Apiaceae Aniseed Fruit
84. Piper guineense Piperaceae West African or Benin Fruit
pepper
85.  Piper longum Piperaceae Long pepper, Indian longruit
pepper
86. Piper nigrum Piperaceae Black pepper, white Fruit

pepper, green pepper
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No. Botanical name of Family Common name Name of plant
the plant part used as spice
87. Punica granatum Punicaceae Pomegranate Seed (dried with
flesh)
88. Rosmarinus Lamiaceae Rosemary Terminal shoot,
officinalis leaf
89. Salvia officinalis Lamiaceae Garden sage Terminal shoot,
leaf
90. Satureja hortensis Lamiaceae Summer savory Terminal shoot,
leaf
91. Satureja montana Lamiaceae Winter savory Leaf, twig
92. Schinus molle Anacardiaceae American pepper, Fruit, wall (rind)
Californian pepper tree
93. Schinus Anacardiaceae ‘Brazilian pepper’ Fruit
terebenthifolius
94. Sesamum indicum Pedaliaceae Sesame, gingelly Seed
95. Sinapis alba Brassicaceae White mustard, yellow Seed
mustard
96. Syzygium Myrtaceae Clove Flower bud
aromaticum
97. Tamarindus indica  Cesalpiniaceae Tamarind Fruit
98. Thymus serpyllum  Lamiaceae Mother of thyme, wild Terminal shoot,
thyme, creeping thyme leaf
99. Thymus vulgaris Lamiaceae Thyme, common thyme Terminal shoot,
leaf
100. Trachyspermum Apiaceae Ajowan Fruit
ammi
101. Trigonella Fabaceae Fenugreek Seed, leaf
Foenumgracecum
102. Vanilla planifolia  Orchidaceae Vanilla Fruit (pod)
syn. Vanilla
fragrans
103. Vanilla tahitensis Orchidaceae Vanilla Fruit (pod)
104. Vanilla pompona Orchidaceae Pompona vanilla Fruit (pod)
105. Xylopia aethiopica  Annonaceae Negro pepper, GuineanFruit
pepper
106. Zanthoxylum Rutaceae Chinese prickly ash Fruit
bungei pepper, Sechuang pepper
107. Zanthoxylum Rutaceae Chinese pepper Fruit
acanthopodium
108. Zanthoxylum Rutaceae Japanese pepper Fruit
piperitum
109. Zingiber officinale  Zingiberaceae Ginger Rhizome
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Appendix 2: Major spice-producing areas

Spices Edible part(s) Major source/origin

Allspice Berry, leaf Jamaica, Mexico

Aniseed Fruit Mexico, The Netherlands, Spain

Basil, Sweet Leaf France, Hungary, USA, Yugoslavia

Caraway Fruit Denmark, Lebanon, The Netherlands, Poland

Cardamom Fruit India, Guatemala,

Celery Fruit France, India

Chervil Leaf USA

Chilli Fruit Ethiopia, India, Japan, Kenya, Mexico, Nigeria,
Pakistan, Tanzania, USA

Cinnamon Stem bark Sri Lanka

Cassia Stem bark China, Indonesia, South Vietnam

Clove Buds Indonesia, Malaysia, Tanzania

Coriander Fruit Argentina, India, Morocco, Romania, Spain,
Yugoslavia

Cumin Fruit India, Iran, Lebanon

Dill Fruit India

Fennel Fruit Argentina, Bulgaria, Germany, Greece, India,
Lebanon

Fenugreek Fruit India

Garlic Bulb/clove Argentina

Ginger Rhyzome India, Jamaica, Nigeria, Sierra Leone

Laurel Leaf Portugal, Turkey

Marjoram (sweet) Leaf Chile, France, Lebanon, Mexico, Peru

Mint Leaf, terminal Bulgaria, Egypt, France, Germany, Greece,

shoot Morocco, Romania, Russia, UK

Mustard Seed Canada, Denmark, Ethiopia, UK

Nutmeg Aril, seed kernel Grenada, Indonesia

Onion Bulb Argentina, Romania

Oregano Leaf Greece, Mexico

Paprika Fruit Bulgaria, Hungary, Morocco, Portugal, Spain,
Yugoslavia

Parsley Leaf Belgium, Canada, France, Germany, Hungary

Black pepper Fruit Brazil, India, Indonesia, Malaysia, Sri Lanka

Poppy Seed The Netherlands, Poland, Romania, Turkey,
Russia

Rosemary Leaf, terminal France, Spain, USA, Yugoslavia

shoot

Saffron Pistil of flower Spain

Sage Leaf Albania, Yugoslavia

Sesame Seed China, El-Salvador, Ethiopia, Guatemala, India,
Mexico, Nicaragua

Star anise Fruit China, North Vietnam

Tarragon Leaf France, USA

Thyme Leaf France, Spain

Turmeric Rhizome China, Honduras, India, Indonesia, Jamaica

Vanilla Fruit/beans Indonesia, Malagasy Republic, Mexico

Source Mahindru, S.N. (1994)S.N. Mahindru’s Manual of Indian Spice&cademic Foundation, New Delhi,

p. 380.
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Quality specifications for herbs and spices

M. Muggeridge, Lion Foods and M. Clay, European Spices Association

2.1 Defining quality

Within the herb and spice industry, the terms authenticity and quality are sometimes al
odds. Authenticity can be defined as freedom from adulteration, most obviously in the
sense of absence of foreign bodies or extraneous matter, but it also suggests freedom fro
impurities in the product itself. However, in practice authenticity is not always helpful in
the case of herbs and spices. As an example, sage in virtually all textbooks is defined a
Salvia officinalis But there are some 300 species of sage and some of the major ones
which are traded throughout the world at present, are not the ‘claSaleia officinalis
Salvia trilobula and tomatosa species are widely traded and these are accepted
universally as sage. Similarly with thyme, references are usuallihyonus vulgaridut

most thyme traded is a mixture dthymus capitatysThymus serpyllunand Thymus
vulgaris This blend is universally accepted as thyme. Turning to examples of spices,
turmeric is defined a€urcuma longabut there are sub-species such as Alleppy turmeric,
which is dark red orange in colour with a rough outer appearance to the root, wherea:
Cuddapah turmeric is lighter lemon yellow in colour with a smoother root. Each type has
its own market niche. The reason for these variations is that most herbs and spices wel
originally wild rather than cultivated crops, gathered from their natural habitat where
mixing of the species and sub-species occurred. A more appropriate term is quality whict
can be defined in the case of herbs and spices as ‘fit (and customary) for the purpos
intended'.

Herbs and spices have traditionally been traded as dried products for reasons c
preservation. The industry goes back before the time of Christ (fragmentary written
records exist from 2608c) when drying was one of the main forms of food preservation.
Drying was then by means of the sun and this method is still widely used. With the advent
of modern transport methods and methods of preservation, frozen herbs and fresh herl
and spices have made an appearance as items of trade, but the industry remair
dominated by the trade in dried products. The major quality specifications are basec
mainly on dried herbs and spices.
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2.2 Major international quality specifications

Herbs and particularly spices have always been highly-priced commodities and
vulnerable to adulteration. In consequence simple standards evolved early. As an
example, in 1180 in the United Kingdom in the reign of Henry Il, a ‘peppers’ guild was
established in London to set and enforce standards for spices. In 1429 it was incorporatec
into the Grocers Company which is still in existence. This guild was granted a charter by
Henry VI to manage the trade in spices. This organisation was given exclusive power to
garble (e.g. cleanse and separate) spices. The term is still in use today, for example ir
classifying types of pepper such as Tellicherry Garbelled Extra Bold Black Pepper
(TGEB). Today the two major international standards are those set by the United States
and those set by the European Union (EU). Standards relying on the same genera
parameters also exist in those countries responsible for growing herbs and spices, fol
example the Indian Spices Board and the Pepper Marketing Board. These standards ar
influenced by those set by the major importing countries.

There are various types of test which make up the range of international standards:

¢ Cleanliness This is a measure of the amount of foreign and extraneous matter, for
example insect contamination, excreta or foreign bodies. Measurement is by physical
determination (using microscopic analysis 80)) of contamination within aliquots
(samples) of the product.

* Ash level This is a measure of the level of impurities in a product, obtained by burning
off the organic matter and measuring the residue of ash. This measurement is carriec
out by incinerating the herb or spice at 550°C to constant weight. Characteristic
maximum figures exist for most herbs and spices.

¢ Acid insoluble ash (AIA) (or sand contenfjhis is a classic determination of the
cleanliness of the herb or spice. The measure is usually made in conjunction with the
ash content by boiling the ash in 2N HCI and incinerating the residue (again at 550°C)
to a constant weight. Again maximum figures exist for most herbs and spices.
Prosecutions have in the past been based on high acid insoluble ash (AlA) levels
within Europe, which are seen as indicating an unacceptably dirty product.

* Volatile oil (V/O) determinationThis measure helps to identify whether the herb or
spice has been adulterated, perhaps by addition of foreign materials, low quality or
spent amounts of the herb or spice in question. The herb or spice is boiled under reflux
conditions with water where the oil separates on top of the water and can be read off in
a volume proportional to the mass of the product under test. Minimum percentage
levels of oil exist for most major herbs and spices.

* Moisture contentThis measure of the amount of moisture is important since moisture
content determines weight, and weight is used in pricing. With highly priced
commodities traded on weight, a 1% moisture increase in the product as shipped can
result in increased weight and increased profits for the original exporter. Maximum
moisture contents are set for all herbs and spices, based on the maximum allowable
amount of moisture for the product to remain stable. Moisture content is generally
determined within the herb and spice industry using the Dean & Stark methodology.
This involves re-fluxing a known weight of the herb or spice in petroleum spirit and
measuring the water that condenses at the bottom of the reflux chamber from the
known weight of herb or spice. Generally the level is 12% max.

* Water availability In recent years moisture content has been related té\jha the
water availability of the herb or spice. The level of &g is generally accepted as a
figure at and below which mould or microbial growth cannot occur. However, this
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figure is increased in several herbs and spices without problem due to the preservativ
effect of the oils contained within the spices. Examples are cinnamon, oregano an
cloves where the oils have very strong anti-microbial effects.

» Microbiological measuresThere is a range of techniques available for counting the
numbers of a pathogen in a sample.

» Pesticide levelsPesticide levels are not seen as a major problem given the (low)
average daily intakes of these products by consumers. As a result, in the EU limitec
legislation exists for herbs whilst, for spices, the EU has determined there is no risk
and no legislation is planned. Legislation is in a state of flux in the USA and limits
may be introduced. In the interim, Codex limits for the nearest equivalent commodity
may be a useful guide. Pesticide levels are assessed by either gas chromatograp
(GC) or high performance liquid chromatography (HPLC), depending on the pesticide
in question.

* Mycotoxin levelsMycotoxins, specifically aflatoxin and ochratoxin A, have been of
concern within the last few years in the industry. Legislation governing the aflatoxin
content of capsicum species, piper species, nutmeg, ginger and turmeric will be
enacted in 2001 within the European Union at 10ppb total, SppMth the USA the
limit is currently 20ppb. HPLC is likely to be the reference methodology employed for
these determinations.

* Bulk density/bulk indexThis is an important measure, particularly in filling retail
containers of herbs and spices. The herb or spices must be sifted or ground to give
certain density so that retail units appear satisfactorily full and comply with the
declared weight. Densities may be measured packed down, e.g. after tapping th
product so that it assumes a minimum density, or untapped: as it falls into the
container without compression. This measure is usually defined as grams/litre or mis
100g.

* Mesh/particle sizeMany spices and herbs are ground to give easier dispersion in the
final food product. This process also aids the dispersion of flavour. Particle size is
generally specified and is carried out using standardised sieves. Aperture sizes give
particle size, the products being ground to pass a certain sieve, and coarse matt
recycled through the mill until it finally passes through the sieve. Sieves are
characterised in micron sizes and typical requirements will be a 95% pass on ¢
specified size of sieve. The older method of measuring sieve (hole) sizes was that c
mesh which related to the number of holes per inch. However, confusing differences
exist between American and British mesh sizes. The mesh size (humber of holes pe
inch) depends on the diameter of the wire making up the sieves and this differs
between nations. Thus a 25 mesh US sieve is equivalent to a 30 mesh BS (UK) siev
and both are equivalent to a 500 micron aperture size. Tables are available giving th
relationships between national sieve sizes and micron sizes.

There are a number of internationally-approved standards for testing procedures
established by the International Standards Organisation (ISO). These include th
following ISO standards:

Moisture ISO 939
Total Ash ISO 928
Acid Insoluble Ash  1SO 930
Volatile Oil ISO 6571
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2.3 The American Spice Trade Association (ASTA)

The American Spice Trade Association (ASTA) was established at the beginning of the
twentieth century. Given its long involvement in regulating the quality of herbs and
spices entering the USA, ASTA standards are recognised and endorsed by the Unitec
States Food & Drug Administration (USDA). Cleanliness specifications exist for all
major herbs and spices, in terms of permitted amounts of extraneous matter or filth,
mould (visible), insects, excreta and insect damaged material. The amount of
contamination is measured by microscopic analysis3Q) of aliquots of the material.
These specifications are shown in Table 2.1. For the purposes of these specifications
extraneous matter is defined as everything foreign to the product itself, including, but not
restricted to: stones, dirt, wire, string, stems, sticks, non-toxic foreign seeds, (in some
cases) other plant material such as foreign leaves, excreta, manure and anima
contamination. The level of contaminants permitted under these specifications must fall
below those shown in Table 2.1, except for the column ‘Whole insects, dead’ which must
not exceed the limit shown. These specifications provide a general standard of
cleanliness. Herbs and spices not meeting this standard must be re-cleaned/re-conditione
before distribution and sale within the United States is allowed.

The ASTA also sets a range of other standards. These are broadly comparable to thos
set by the European Spice Association (ESA), which are discussed in the next section.
Microbiological standards in particular now play an increasingly important role in
determining the quality of herbs and spices. They are becoming a crucial quality
parameter due to the increasingly varied uses of herbs and spices in the developed world
Increased travel has led to a society demanding multicultural foods. This coupled with
ready meals, cook—chill products, etc., has meant that herbs and spices are not ‘alway:
cooked’ as was assumed in the past. But the third world origin of many herbs and spices
plus the concentration due to drying means these products can pose a potentia
microbiological risk. Total counts in excess of®ldre common and food pathogens such
as Salmonellaare estimated to be present in approximately 10% of consignments
imported. There are currently three major methods of control.

e Principally within the United States, microbiological control is exercised by
fumigation with ethylene oxide, a bactericidal gas. Sometimes multi-fumigations
are used to achieve a satisfactory microbiological reduction.

* Irradiation is permitted for microbiological control of herbs and spices in many countries
of the world. However, the use of the process must be declared on the packaging pre-
sented to the consumer and consumer concern about its use in foods have prevented tf
use of this undeniably efficient process in many areas where its use is permitted by law.

» Inrecent years concern about residues left by ethylene oxide has led to bans on its us
(within the EU for example). This has led to the use of heat treatment for
decontamination, generally using high pressure steam in highly specialised equipment.

2.4 The European Spice Association (ESA)

Standards in Europe are typified by the standards set by the ESA which draw both on
national standards such as those issued by AFNOR (the French standards authority) an
BSI (British Standards Institute), and international standards issued by the ISO
(International Standards Organisation). The minimum general ESA quality standards
for all herbs and spices are summarised in Table 2.2, whilst quality standards for specific
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Table 2.1 American Spice Trade Association Cleanliness Specifications (effective 28 April,
1999; data courtesy of the ASTA) (SF = see footnote)

A Whole Insect Extraneous/
insects, Excreta, Excreta, defiled/  foreign
dead mammalian other Mould infested matter

Name of by by by % by % by % by

spice, seed or herb count mg./lb. mg./lb.  wgt. wgt. wgt.

Allspice 2 5 5.0 2.00 1.00 0.50

Anise 4 3 5.0 1.00 1.00 1.00

Sweet basil 2 1 2.0 1.00 1.00 0D

Caraway 4 3 10.0 1.00 1.00 0.50

Cardamom 4 3 1.0 1.00 1.00 0.50

Cassia 2 1 1.0 5.00 2.50 0.50

Cinnamon 2 1 2.0 1.00 1.00 0.50

Celery seed 4 3 3.0 1.00 1.00 0.50

Chillies 4 1 8.0 3.00 2.50 0.50

Cloves* 4 5 8.0 1.00 1.00 1.00*

Coriander 4 3 10.0 1.00 1.00 0.50

Cumin seed 4 3 5.0 1.00 1.00 0.50

Dill seed 4 3 2.0 1.00 1.00 0.50

Fennel seed SF(2) SF(2) SF(2) 1.00 1.00 0.50

Ginger 4 3 3.0 SF(3) SF(3) 1.00

Laurel leaves 2 1 10.0 2.00 2.50 0.50

Mace 4 3 1.0 2.00 1.00 0.50

Marjoram 3 1 10.0 1.00 1.00 1.00

Nutmeg (broken) 4 5 1.0 SF(4) SF(4) 0.50

Nutmeg (whole) 4 0 0.0 SF(5) SF(5) 0.00

Oregané 3 1 10.0 1.00 1.00 1.00

Black pepper 2 1 5.0 SF(6) SF(6) 1.00

White peppef 2 1 1.0 SFK(7) SFK(7) 0.50

Poppy seed 2 3 3.0 1.00 1.00 0.50

Rosemary leaves 2 1 4.0 1.00 1.00 Q.50

Sagé 2 1 4.0 1.00 1.00 0.50

Savory 2 1 10.0 1.00 1.00 0.50

Sesame seed 4 5 10.0 1.00 1.00 0.50

Sesame seed, hulled 4 5 1.0 1.00 1.00 0.50

Tarragon 2 1 1.0 1.00 1.00 0.5D

Thyme 4 1 5.0 1.00 1.00 0.50

Turmeric 3 5 5.0 3.00 2.50 0.50

Ground processed spice (cannot exceed limit shown)

Spices Whole Insect Other Rats/ Animal
equivalent  fragments Mites insects mouse hairs
insects hairs

Ground Paprika Averag Average

of more of more
than 75 than 11
fragments/ rodent

25g hairs/259g
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Table 2.1 Continued

* Clove Stems: Less than 5% allowance by weight for unattached clove stems over and above the tolerance for
other extraneous matter is permitted.

f Laurel leaves/sage: ‘Stems’ will be reported separately for economic purposes and will not represent a
pass/fail criteria.

¥ Oregano: Analysis for presence of Sumac shall not be mandatory if samples are marked ‘Product of Mexico.’
Y White pepper: ‘Percent Black Pepper’ will be reported separately for economic purposes and will not represent
a pass/fail criteria.

(2) Fennel seed: In the case of Fennel Seed, if 20% or more of the sub-samples contain any rodent, other excret
or whole insects, or an average of 3 mg/lb or more of mammalian excreta, the lot must be reconditioned.

(3) Ginger: More than 3% mouldy pieces and/or insect infested pieces by weight.

(4) Broken nutmeg: More than 5% mould/insect defiled combined by weight.

(5) Whole nutmeg: More than 10% insect infested and/or mouldy pieces, with a maximum of 5% insect defiled
pieces by count.

(6) Black pepper: 1% mouldy and/or infested pieces by weight.

(7) White pepper: 1% mouldy and/or infested pieces by weight.

A Whole insects, deadCannot exceed the limits shown

[0 Extraneous matter: Includes other plant material, e.g. foreign leaves

herbs and spices are shown in Table 2.3. The ESA general standards are more relaxed i
their quantitative figures as they represenhimumstandards allowable for trade. They

do not preclude buyer and seller setting further standards fit for the final purpose for
which the herb and spice is to be used.

2.5 Other tests

There are a number of other tests used in the industry, some of which are for specific
herbs or spices. Some of the best-known and widely used are:

¢ Piperine levelsThe test is specifically for peppers of the piper species. This involves
extraction measurement of the characterising heat portion of the pepper the piperine
content. After refluxing in alcohol to extract the piperine, absorbency is compared to a
standard in a spectrophotometer at 342—345 nm.

e (ASTA) Colour valuesThis is a measurement of the extractable colour of products of the
capsicum species and its principal use is a quality indicator for paprika. Extraction is in
acetone over a 16 hour ambient extraction period and again the methodology is
spectrophotometric against a standard at 460 nm. The methodology was developed by the
American Spice Trade Association and it is still often known as the ASTA colour value.

» Capsaicin contentCapsaicin is the pungent principle that gives heat to the capsicum
species. Extraction of capsaicin is by re-fluxing with alcohol. The determination is by
HPLC using acetonitrile/water as the carrier. It can be related to the Scoville test (see
below).

» Scoville heat unitsThe Scoville heat unit is a measure of the heat levels (capsaicin
content) of the capsicum species. It involves extraction of the capsaicin in alcohol and
tasting of successively stronger dilutions in sugar syrup until the chillie heat is
detected. It gives a compatible result to capsaicin content but obviates a need for
sophisticated laboratory equipment. A trained tasting panel is required. (Scoville units
divided by 150,000 = percent capsaicin.)

» Curcumin contentThis is a test specific to the measurement of the extractive colour of
turmeric. This is carried out by reflux extraction in acetone followed by measurement
using a spectrophotometer at 415-425 nm.
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Table 2.2 European Spice Association (ESA) specifications of quality minima for herbs and
spices (courtesy of the ESA)

Subject

Extraneous matter
Sampling

Foreign matter

Ash

Acid insoluble ash (AIA)
Moisture content (D)
Packaging

Heavy metals
Pesticides

Treatments

Microbiology

Off odours
Infestation

Mycotoxins

Volatile ail (V/O)
Adulteration
Bulk density
Water activity
Species
Documents

Herbs 2%, Spices 1%

(For routine sampling) Square root of units/lots to a maximum of 10
samples.
(For arbitration purposes) Square root of all containers
e.g. 1 lot of pepper may = 400 bags, therefore square root = 20
samples.
Maximum 2%
See Table 2.3
See Table 2.3
See Table 2.3

Should be agreed between buyer and seller. If made of jute and sisal
they should conform to the standards set by CAOBISCO Ref C502-
51-sj of 20-02-95.

Shall comply with national/EU legislation.

Shall be utilised in accordance with manufacturers’ recommendations
and good agricultural practice and comply with existing national and/
or EU legislation.

Use of any EC approved fumigants in accordance with
manufacturers’ instructions, to be indicated on accompanying
documents. (Irradiation should not be used unless agreed between
buyer and seller.)

Salmonella absent in (at least) 25g.

Yeast and moulds £y target, 16/g absolute maximum

E. Coli. 10%/g target, 16/g absolute maximum

Other requirements to be agreed between buyer and seller.

Shall be free from off odour or taste.

Should be free in practical terms from live and/or dead insects, insect
fragments and rodent contamination visible to the naked eye
(corrected if necessary for abnormal vision).

Aflatoxins

Should be grown, harvested, handled and stored in such a manner as
to prevent the occurrence of aflatoxins or minimise the risk of
occurrence. For capsicum species, piper species, nutmegs, turmeric
and ginger, the maximum permitted EC levels from 1 July 2001 are
total aflatoxin 10ppb maximum, and B1 Sppb maximum.

Ochratoxin A

Should be grown, harvested, handled and stored in such a manner as
to prevent the occurrence of ochratoxin A or minimise the risk of
occurrence.

See Table 2.3.

Shall be free from.

To be agreed between buyer and seller.

To be agreed between buyer and seller

To be agreed between buyer and seller.

Should provide: details of any treatments the product has undergone
name of product; weight; country of origin; lot identification/batch
number; year of harvest.
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Table 2.3 Quality standards for specific herbs and spices (courtesy of the European Spice
Association)

Product Ash AlA HO VIO
(whole form) % wiw % wiw % wiw % wiw
max max max min
Aniseed 9 (ISO) 2.5 (AFNOR) 12 (1SO) 1 (1SO)
Basil (BSI) 16 35 12 0.5 (ESA)
Bay (1SO) 7 2 8 1
Cardamom (ESA) 9 25 12 4
Cassia (ESA) 7 2 14 1.0
Celery seed (ISO) 12 3 11 15
Chervil (ESA) 17 2 8 -
Chilli (1SO) 10 1.6 11 -
Chives (ESA) 13 2 8 -
Cinnamon (ESA) 7 2 14 0.4
Cloves 7 (ISO) 0.5 (ISO) 12 (1SO) 14 (AFNOR)
Coriander 7 (ISO) 1.5 (ISO) 12 (1ISO) 0.3 (ESA)
Cumin (ESA) 14 3 13 15
Dill tops (ESA) 15 2 8 -
Dill seed (ESA) 10 25 12 1
Dutch caraway (ISO) 8 15 13 25
Fennel seed (ISO) 9 2 12 15
Fenugreek (ISO) 7 2 12 -
Garlic powder 6 (ESA) 0.5 (ISO) 7 (ESA) — (ISO)
Ginger 8 (ISO) 2 (ESA) 12 (1SO) 1.5 (ISO)
Mace (ISO) 4 0.5 10 5
Marjoram (ISO) 10 2 12 1
Mint (1ISO) 12 25 13 0.5
Mustard (BSI) 6.5 1 10 -
Nutmeg 3 (ISO) 0.5 (1ISO) 12 (ESA) 6.5 (ESA)
Onion powder (ISO) 5 0.5 6 -
Oregano (BSI) 10 25 12 1.5 (ESA)
Paprika powder (ESA) 10 2 11 -
Parsley (not English) 14 15 7.5 -
(ESA)
Pepper black 7 (ISO) 1.5 (ESA) 12 (ESA) 2 (ISO)
Pepper white 3.5 (1ISO) 0.3 (1ISO) 12 (ESA) 1.5 (ESA)
Pimento
Jamaica 5 (ESA) 0.4 (1ISO) 12 (I1SO) 3.5 (1ISO)
Other origins 5 (ESA) 1 (ESA) 12 (1SO) 2 (ESA)
Rosemary 8 (ESA) 1 (ESA) 10 (1SO) 1 (1SO)
Saffron whole (ISO) 8 1 12 -
Saffron ground (ISO) 8 15 10 -
Sage (ISO) 12 2 12 15
Savory (ESA) 12 2 12 0.5
Tarragon (ESA) 12 15 8 0.5
Thyme 14 (1SO) 4 (ESA) 12 (1SO) 1 (ISO)
Turmeric
Whole (BSI) 8 2 12 25
Ground 9 (ISO) 2.5 (ESA) 10 (1SO) 1.5 (ESA)
AFNOR Association Frargise de Normalisation
BSI British Standards Institute
ESA European Spice Association

1ISO International Standards Institute
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2.6 Quality assurance systems

Quality assurance (QA) systems for raw materials should be planned and documente
using Hazard Analysis and Critical Control Point (HACCP) principles. Any quality
assurance system should start with a comprehensive raw material specification agree
with the supplier, where this is possible. This specification needs to be supported by ai
audit of the supplier to verify that the supplier has the expertise, technology and quality
assurance system to meet the agreed specification. In many cases, however, given t
lack of infrastructure and resources within many supplier countries, suppliers will be
unable to comply with all aspects of a specification. In these circumstances, the compan
purchasing the material must rely on effective QA systems of its own. As well as
appropriate procedures, effective QA systems rely for their success, in most cases, @
experienced personnel.

The material as imported should firstly be inspected on delivery. The first inspection
should be an overall inspection of the product as the doors of the container are opened
the load is made accessible. This necessarily basic first inspection is made to look fo
large-scale infestation, mould growth, unacceptable packaging, rodent infestation or a
unsuitable container, e.g. one previously used for chemicals, which have contaminate
the spice or herb.

The quality control system should then cover sampling and examination of the raw
material. Sampling of the material for these tests should be on a square root basi
throughout the load to a maximum of 10 samples. This should initially be physical and
examine the amount of dust (with the aid of sieves as appropriate), the amount of stalks
stem, extraneous matter, etc. and most importantly the colour, flavour and genera
appearance of the product. This should be then backed up with tests relevant to th
product for volatile oil, moisture, ash, acid insoluble ash, etc. Any tests specific to the
material should also be carried out at this time. Microbiological testing at this stage
should be carried out for the presence Sdlmonellaand E. Coli and the product
positively released on the attainment of these parameters (gengadhonellaND/25g,

E. Coli <100 cfu/g). During this period, the product should be quarantined and no further
processing permitted. Unacceptable material should be rejected or in certain cases may |
reconditioned, e.g. re-cleaned, dried, etc., to bring it within the required parameters. Thi
may be carried out in-house or at a specialist processor. Microbiologically unsatisfactory
material may be gas treated or heat treated at this stage. Positive microbiological releas
should be employed on a pallet basis subsequent to heat treatment. Also incorporate
within the QA system should be procedures for removing metal of all types.
Characteristically this should consist of the use of metal detection/magnets at appropriat
stages during processing and with obligatory use immediately prior to packing.

2.7 References

Clean Spices — a handbook for ASTA members.

Official Analytical Methods of the American Spice Trade Association.
Official Microbiological Methods of the American Spice Trade Association.
BS4547 Specification for Herbs and Spices.

BS7087 Methodology for Analysis of Herbs and Spices

ISO series: Specifications for Herbs and Spices.

European Spice Association: Quality Minima for Herbs and Spices.
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Quality indices for spice essential oils
R. S. Singhal, P. R. Kulkarni and D. V. Rege, University of Mumbai

3.1 Introduction

Essential oil fractions and oleoresins derived from spices are used widely in the fooc
industry to provide flavour. Some of the main essential oils and their origins are shown in
Table 3.1.

Determining the quality and purity of essential oils faces similar difficulties to
establishing the quality of raw spices, given the accepted variations in and mixing of
varieties within a particular spice. There are, however, a number of properties that can b
used to set quality standards. These include physical characteristics such as:

» specific gravity

* molecular refractive index
< optical rotation

* solubility.

It is also possible to use chemical properties to benchmark quality. These include
determination of acids, esters, alcohols, aldehydes and ketones, phenols and iodir
number. Some specific flavour tests for halogens can also be used to set standar
(Guenther 1972). An overview of these quality indices is provided in the appendix at the
end of this chapter.

3.2 The problem of adulteration

Adulteration has been a serious problem for many years in the area of essential oil
Undoubtedly the economic incentive to blend synthetic flavourants with natural oil is too
high to resist. Some essential oils naturally contain a single compound at high
concentration, and often the synthetic counterpart of this major component is available &
a low cost. Addition of this single compound to natural essential oils without declaration
on the label amounts to adulteration.
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Essential oil Origin Major Adulterants employed
countries
Bergamot oll Citrus Italy, Ivory synthetic linalool
auranticum Coast, Brazil and linalyl acetate;
(Rutaceae) Argentina, orange and lime
Spain, Russia terpenes
Cassia oil Cinnamonum China, Indonesia, cinnamaldehyde
cassia Vietnam, Taiwan
(Lauraceae)
Cinnamon oil Cinnamonum Sri Lanka, India leaf oil to bark
zeylanicum oil and cinnamaldehyde
(Lauraceae)
Clove leaf oll Eugenia Madagascar, clove stem oil
caryophyllata Indonesia,
(Myritaceae) Tanzania, Brazil,
Sri Lanka
Clove bud oll Eugenia Indonesia, clove stem oil,
caryophyllata Madagascar leaf oil, eugenol,
(Myritaceae) and stem oil terpenes
Coriander oil Coriandrum Russia synthetic linalool
sativum
(Umbelliferae)
Cornmint oil Mentha China, Brazil, not a commercially
arvensis India, Paraguay, attractive proposition
(Labiatae) Taiwan, Thailand,
North Korea, Japan
Dill oil Anethum US, Hungary, distilled orange
graveolens Bulgaria, Russia terpenes
(Umbelliferae) Egypt
Eucalyptus Eucalyptus Portugal, S. Africa, -
oil globus Spain, China,
(Myrtaceae) India, Austria,
Paraguay
Garlic oil Allium Mexico, Italy, nature identical
sativum Egypt raw materials
(Liliaceae)
Ginger oil Zingiber China, India not often
officinale adulterated
(Zingiberaceae)
Grapefruit Citrus Brazil, US, orange terpenes
paradisi Israel, Argentina,
(Rutaceae) New Zealand
Lemon oll Citrus Argentina, US, distilled oil
limon Italy, Brazil, and terpenes
(Rutaceae) Greece, Spain,

Australia, Peru
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Table 3.1 Continued

Essential oil Origin Major Adulterants employed
countries
Lemongrass Citrus India, China, synthetic citral
flexuosus Guatemala,
andC. Brazil, Russia,
citratus Sri Lanka, Haiti,
(Gramineae) Russia
Lime oil Citrus Mexico, Peru, synthetic terpineol
aurantifolia Haiti, Brazil terpinolene, and
(Rutaceae) Ivory Coast, other components
Cuba, Ghana, of lime terpenes
Jamaica, China
Litsea cubeba Litsea China synthetic citral
oil cubeba
(Lauraceae)
Nutmeg Myristica Indonesia, terpenes and nature
fragrens Sri Lanka, identical raw
(Myristicaceae) materials
Sweet orange Citrus Brazil, US, adulteration infrequent
oil sinensis Israel, but higher priced oils
(Rutaceae) Italy, diluted with cheaper
Australia substitutes
Peppermint Mentha US, Russia, cornmint oil,
oil piperita Yugoslavia, terpenes
(Labiatae) Hungary, France
Rose all Rosa Turkey, Russia, nature identical
damascena Bulgaria, components such as
(Rosaceae) Morocco citronellol and geraniol
Rosemary Rosamarinus Spain, Morocco, camphor and
oil officinalis Tunisia, Russia, eucalyptus
(Labiatae) Yugoslavia, Turkey fraction
Spearmint Mentha US, China, laevo carvone
oil spicata Italy, Brazil,
(Labiatae) Japan, France
Star anise Illicium China, Vietnam, anethole
oil verum North Korea,
(Magnoliaceae) Russia
Tangerine Citrus Brazil, US, synthetic
oil reticulata Russia, Spain, methyl-n-methyl
(Rutaceae) South Africa anthranilate

Source Singhalet al. (1997).

3.2.1 Addition of synthetic flavourants

Synthetic flavour compounds contain impurities characteristic of the synthetic route usec
to prepare them. These impurities can be quantified by selected ion monitoring (SIM),
gas chromatography/mass spectrometry (GC/MS) in essential oils, and their absence is |
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indication of the essential oil being natural (Frey 1988). For instance, the presence
impurities such as phenyl pentadienal, benzyl alcohol and eugenol in syntheti
cinnamaldehyde forms the basis of its detection in natural cassia oil. These impuritie
could be quantified by GC/MS, and levels as low as 0.55 parts of synthetic
cinnamaldehyde in natural cassia oil can be detected @&hal. 1996). The common
adulterants for spice essential oils are listed in Table 3.1. A mass spectrometer usua
scans over a range of trace compounds in order to obtain data on every component ir
mixture. The decrease in the number of masses detected using SIM results in a 10-fold
100-fold increase in detection sensitivity for a single compound.

3.2.2 Addition of edible and mineral oils

Both edible and mineral oils are often used for adulteration (Nour-eldDel. 1977). The
mixing of expensive oils with cheaper oils can often be detected by running a GC profile o
the oil. One approach is to search for components in the expensive oil which are nc
commercially available, and are unique to the oil. An examplg-#&linene in the oil of
celery. A good quality oil should contain %=0.5% (-selinene (Straus and Wolstromer
1974). Oils containing less than 7.0%selinene should be suspected of being adulterated.

3.2.3 Dilution with ethyl alcohol

Ethyl alcohol represents the main alcohol usually used in moderate quantities to dilut
essential oils (Mostafat al. 1990a). Dilution of essential oils with ethanol was checked
using refractometric methods which were found to be unreliable (Kaminski and
Dytkowska 1960). These and many other adulterations can be identified by infra-red (IR
gas chromatography (GC), and thin-layer chromatography (TLC) (Di Giacomo anc
Calvarano 1973). TLC has been found to be a simple method of checking adulteration
essential oils of caraway, coriander, parsley and anethum (Hoerhagtnatr 1964).
Detection of nature-identical flavouring substances in high-value genuine onion oil is
based on the GC/MS, or IR spectroscopy of the onion furanone, 2-n-hexyl-5-methyl
3(2H) furanone (Losing 1999). This technique is both simple and rapid.

3.2.4 lodine number for detection of adulteration

lodine number has been suggested as a means of detecting adulteration in essential
(Kartha and Mishra 1963), but the iodine number has not attained significance il
assessing the quality of essential oils probably due to unpredictable behaviour of the
oils in the presence of solutions, commonly employed for iodination. The observatiot
that the iodine monobromide-mercuric acetate reagent brings about quantitative fission
the cyclopropane and cyclobutane rings in essential oils prompted Kumar and Mada:
(1979) to make use of such iodine absorption values for this purpose. Table 3.2 gives i
recommended iodine values for pure specimens of various essential oils and isolates. T
method could detect adulteration successfully in samples considered to be unadultera
on the basis of conventional analytical procedures.

3.2.5 Physical methods for detection of adulteration
Physical methods such as specific gravity at@5refractive index at 25°C, specific
optical rotation, freezing point and chemical parameters such as ester number have be
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Table 3.2 Recommended iodine values for pure specimens of various oils and isolates

Essential oli/isolate Recommended iodine value
Oil of ajowan, lab. distilled 232-265
Oil of fennel, lab. distilled 160-185
Oil of dill, lab. distilled® 265-307
Oil of clove, lab. distilled 232-243
Oil of cinnamon leaf, lab. distilled 46-52
Oil of black pepper, lab. distilled 300-324
Oil of cumin seed, lab. distilled 193-195
Oil of lavidin (abrialisf 167

Oil of parsley seeds, lab. distilléd 248

Oil of spike lavendét 135

Oil of black jeera, lab. distille 230

Oil of Curcuma amadalab. distilled 266

Oil of Piper longumlab. distilled® 265

Oil of dry ginger, lab. distilled@ 185

Oil of Pimpenella anisuimlab. distilled 296
Vanillin, pure, BDH 58
Menthol, pure, lab. distilled 0
Eugenol, pure, lab. distilled 275

Oil of peppermint, dementholized (Jap&n) 68

@ Samples collected from different places
b Samples procured from different companies.
Source Kumar and Madaan (1979) (reproduced with permission).

useful in detecting adulteration. Table 3.3 gives the critical region (borderline) for
detection of a sample of essential oils by these different methods. Such physica
properties including ester number should be considered as presumptive tests and shot
be confirmed by other, more specific analysis. A freezing point lower than @QQ<%°
indicative of turpentine in peppermint oil (Lu 1994). Colorimetric analysis of glycerol
can indicate adulteration with edible oils. TLC of the hydrocarbon fraction, GLC and IR
are effective in detecting adulterant ethanol, edible oils and liquid paraffins (Mastafa
al. 1990b). The presence of cottonseed oil in different essential oils gave absorptior
bands characteristic of esters and unsaturated esters (at 1705-1720a@oetates (at
1245cmY) and the carbonyl group (at 1250-1170¢h) while the presence of paraffin

oil gave a broadened absorption band at 3000'cwhich characterizes the saturated and
unsaturated hydrocarbons. Mineral oil in peppermint oil can be detected as turbidity
when peppermint oil is added to 60—-80% ethanolic solution (Lu 1994).

3.2.6 Authentication of botanical and geographical origin of essential oils

Aroma constituents of essential oils such as linalool and linalyl acetate can be traced t
various botanical sources such as coriander, lavender, etc. Authentication methods th
could trace the botanical and even the geographical origin of such constituents are
challenge to food analytical chemists. Information of such aspects is just beginning tc
emerge in scientific literature. For instance, analysis of major volatile constituents has
demonstrated the ratio of carvaerol/thymol to differentiate essential oils from four
oregano species (Pinet al. 1993). Rosemary essential oil of different geographical
origins could be differentiated on the basis of GC/MS determination of natural
constituents. While Spanish oils are rich dapinene (19.4-24.7%), 1,8-cineole (19.0—
21.8%) and camphor (16.3-18.9%), the French oils contgiinene (19.9-35.1%), 1,8-



Quality indices for spice essential oils 27

Table 3.3 Critical region (border line) for detection of adulterated oils by different adultetants

Properties Marjoram Petit grain Fennel
Adulterants bigrade

added (%)

Specific gravity at 25°C 0.94139 0.90820 0.97336
Ethanol >10 >0.5 >15
Paraffin oil >10 >0.5 >1
Cottonseed oil >20 >5 >15
Refractive index at 25°C 1.44520 1.4919 1.5198
Ethanol >20 >0.5 >10
Paraffin oil >0.5 - >10
Cottonseed oil >0.5 - >10
Specific optical rotation: 13.45 3.08 6.39
Ethanol >5 - >10
Paraffin oil >5 >40 >10
Cottonseed oil >5 40 only >105
Ester number 45.16 193.4 17.22
Ethanol >15 >5 >0.5
Paraffin oil >20 >10 >0.5
Cottonseed oil >0.5 - >2

2 Significant at 5% level.
— Not detected.

cineole (5.3-24.8%) and bornyl acetate (1.2-3%). Moroccan oils are typically rich in
1,8-cineole (43.5-57.7%) (Chalchat al. 1993). However, chemical analysis is not

always helpful in determining the geographical origin of essential oils as has been show
with sage essential oils (Lawrence 1994, 1998).

Authentication of saffron oil on the basis 6f*3C/*°C of safranol, as measured by
isotopic mass spectroscopy has been reported (Bigiom. 1994). Site-specific natural
isotope fractionation studied by NMR (SNIF-NMR) combined with molecular isotope ratio
determination by mass spectrometry (IRMS) can characterize linalool and linalyl acetat
from chemical synthesis or extracted from essential oils of well defined botanical an
geographical origins. Chirality can be used as a criterion for differentiation betweer
components of natural and nature-identical types (Werkéb#. 1991) as well as mixing
of components such as linalool from different sources. It can be achieved by usin
enantioselective capillary GC coupled with stable isotope ratio analysis (ldeakd992).

The overall**C or ?H contents, as measured by IRMS do not constitute an efficient
criterion for such identifications. The GC-IRMS method has serious limitations, since the
6 13C values of most gplants (including spices) partially overlap with those of synthetic
substances of fossil origin. This can be overcome by using internal isotopic standard
which can then be used to obtain an ‘isotopic fingerprint’, typical of a plant. A genuine
natural essential oil would then haée™>C values that are identical with the ‘isotopic
fingerprint’. This approach has been successful with coriander essential oils @rahk
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1995). The presence df'C in cinnamaldehyde, as the main constituent in cinnamon
essential oil, and its absence in the synthetic counterpart formed the basis of thei
distinction. Unfortunately, this technique was overcome by additiort*6f enriched
cinnamaldehyde. A strategy wherein the cinnamaldehyde is transformed into
benzaldehyde via a controlled retroaldolization reaction followed by measuring the
deuterium content in theH-NMR at a very high magnetic field can distinguish as little as
10-15% synthetic cinnamaldehyde in cinnamon oil. This technique is superior to the
IRMS technique, which determines the total deuterium content (Reratiadl 1997).
Further, model studies with linalool and linalyl acetate have shéwfC values to be
influenced by the method and conditions used in their extraction (Weinrich and Nitz
1992). Non-random distribution of deuterium exhibits large variations as a function of the
origin of the sample. Discriminant analysis performed over the natural and synthetic
families show all synthetic samples to belong to the same group. Natural linalool is
characterized by a strong depletion in the heavy isotope in site 1 and by a relative
enrichment at site 6. Semi-synthetic linalool obtained from pinene can also be
distinguished from natural linalool by virtue of its deuterium at site 3 of the sample.
The discrimination between linalools of various botanical origins is, however, reported to
be only 82% effective (Hanneguellet al. 1992). Very recently, an on-line gas
chromatography pyrolysis isotope ratio mass spectrometry has been developed that c:
easily bring out clear cut origin dependent difference$Hii'H ratios in case of E-2-
hexenal and E-2-hexenol demonstrating the importance and potential of this technique i
authenticity studies of flavour constituents in complex natural matricesdtalr, 2001).
Similarly, enantiometric purity of carvone from essential oils of caraway, dill and
spearmint can be determined using appropriate enantioselective columns. SM)ile
carvone is detected in herb oils of caraway and dill, spearmint oils from various countries
contain onlyR(-)-carvone (Ravicet al. 1992).

The differentiation between compounds that are grown naturally, produced by
fermentation or synthesized chemically is projected to reflect in legal regulations in the
coming years. Hence, intensive and comprehensive basic investigations on the analytic
origin assessment of flavours will gain ground.
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Appendix: Physical properties of some spice

essential oils and flavourants

Spice Specific gravity Refractive index Optical rotation (°) Solubility characteristics Other remarks
(20°C) (20°C) (20°C)
Asafoetida 0.906-0.973 1.493-1.518  —9°0 to +9°18 Sulphur content, 15.3-29%
Allspice (Pimenta) 1.024-1.058 1.525-1.536 —0°32 to —5°0 Soluble in 1-2 vols and more Phenol content, 65-89%
berry oll of 70% alcohol, occasionally
with opalescence to turbidity
on dilution
Pimenta leaf oil 1.026-1.065 1.530-1.540 inactive to 5°30  Soluble in1-2 vols of 70% Phenol content, 65-96%
alcohol
Bay oil 0.960-0.985;in 1.506-1.520 laevorotatory up to  Freshly distilled oils are Phenol content 57—60%; in oils
oils of lower —2°, seldom up to soluble usually in 1-2 vols of of poor quality, as low as 40%
quality as low as -3° 70% alcohol; solubility
0.951 decreases rapidly on storage
Terpeneless bay oil 1.029-1.050 1.527-1.536 —0°10 to —1°20 Soluble in 2-2.5 vols of 60% Phenol content, 82-95.5%
alcohol, sometimes even in 6—
6.5 vols of 50% alcohol
Cardamom 0.923-0.941 1.462-1.467 +249%Q0 +41° Soluble in 2-5 vols of 70% Acid number, up to 4; Ester
alcohol number, 92-150
Cardamom, wild 0.909 1.474 +16°30 Soluble in 1-2.5 vols of 70% Acid number, 1.1; Ester number,
alcohol 12
Cinnamon bark oil 1.020-1.030 1.568-1.535 —1°0 to —2°10 Soluble in 1-2.5 vols of 70% Aldehyde (calcd. as
alcohol, occasionally cinnameldehyde), 51.8-56%
opalescent to hazy Phenol (Eugenol), 14-18%
Cinnamon leaf oil 1.037-1.085 1.529-1.535 1°3a0 0°40 Soluble in 1.5 vols or more of Adehyde, up to 4% Phenol,

70% alcohol, sometimes with 77.3-90.5%
opalescence or paraffin
separation



Cassia oll

Clove bud oil

Clove stem oil

Clove leaf oil

Ginger

Mustard

Nutmeg
Mace

Oil of Wintergreen

1.055-1.070

1.043-1.068

1.040-1.067

1.032-1.067

0.877-0.88b0ils
with lower and
higher specific
gravity have been
observed

1.014-1.030

0.859-0.868
0.860-0.892

1.180-1.193

1.600-1.606

1.529-1.537

1.531-1.538

1.533-1.539

1.489-1.494

1.527-1.529

1.469-1.472

1.472-1.479

1.535-1.536

—1°0 to +6°0

up te-1°358

up te-1°30

—0°50 to —1°53

—26°0 to —50°0
lower values
observed for oil
distilled from old
roots stored for a
long time

inactive

+40°8+49°48
+271°42 +41°30

—0°28 to —1°30

Readily soluble in 1-2 vols of Aldehyde, 75-90%
80% alcohol, 2—-3 vols of 70%
alcohol

1-2 vols or more of 70% Eugenol, 78-95%, seldom up to
alcohol with slight turbidity; 98%

freshly distilled in 2.5-3.0 vols

of 60% alcohol

1-2 vols or more of 70% Eugenol, 83—95%, in exceptional
alcohol and 2.5-3 vols of 60% cases higher
alcohol

0.9 vols or more of 70%
alcohol

Only sparingly soluble in Acid number, up to 2; Ester
alcohol. Up to 7 vols of 95% number, up to 15; Ester number
alc reqd. for solution which is after acetylation, 24-50

not always clear. In 90% alc,

the oils are generally, but not

always completely soluble

Soluble in 160 to 300 parts Alflyl isothiocynate, 94%; boiling
water, 7-10 parts of 70% range ar 760 nm, 148-154°C
alcohol, 2.5-3.0 vols of 80%
ethanol, in 0,5 vols of 90%
ethanol, clearly miscible with
ether, amyl alcohol, benzene
and petroleum ether

Eugenol, 78-93%

Acid number, 1.0-1.3; Ester
number, 6.8-7.3

Acid number, 1.5-6.2; Ester
number, 2.8-12.8
Clearly soluble in 6-8 vols of Ester number, 354—365; Ester

70% alcohol content, calcd. as methyl
salicylate, 96—99%



Appendix (continued)

Spice Specific gravity Refractive index Optical rotation (°) Solubility characteristics Other remarks
(20°C) (20°C) (20°C)

Onion 1.047-1.098 1.537-1.559 +1%30 +3°53 Most oils not completely Acid number, 12.0-19.8;
soluble in 10 vols of 95% Carbonyl number, 9.8-15.1;
alcohol. Occasionally soluble lodine number, 59.9-66.2
in 1-2 vols or more of 95%
alcohol

Pepper oil 0.873-0.916 1.480-1.499 —10°0 +3° Not readily soluble in alcohol, Acid number, up to 1.1 Ester
usually soluble in 10-15 vols number, 0.5 to 6.5 Ester number
of alc; soluble in 3-10 vols of after acetylation, 12-22.4;
95% alcohol Phellandrene test, usually

strongly positive

Star anise 0.98-0.00 1.553-1.557 up-e°; Soluble in 1.5-3.0 vols of 90% Congealing point, +14—+18°

sometimes up to alcohol
0°36

Ajowan oil 0.910-0.930 1.498-1.504 up to 5°0 Soluble in 1-2 vols and more Phenols, 45.0-57.0%
of 80% alcohol

Coriander 0.870-0.885 1.463-1.471 +89%to +13°0 Soluble in 2-3 vols of 70% Acid number, up to 5.0; Ester
alcohol number, 3.0-22.7

Dill 0.895-0.918 1.481-1.491 +70°Go +82°0 Soluble in 4-9 vols of 80% Carvone content, 40-60%
alcohol

Anise oll 0.980-0.990 1.552-1.559 up +d.°50 Soluble in 1.5-3.0 vols of 90%
alcohol

Fennel seed oll 0.965-0.977 1.528-1.539 +11%Go +24°0 Soluble in 5-8 vols of 80% Congealing point, not below 5°,
alcohol and in 0.5 vols of 90% and as high as 10° in good oils
alcohol

Celery seed oil 0.872-0.891 1.480-1.484 +65°330 +76°51 Turbid in 90% alcohol Saponification number,

25.1-47.6



Caraway seed oil

Parsley seed oil

Parsley herb olil

Lemongrass oil

Bitter almond oil

Sassafras oil

0.907-0.919

1.043-1.7%0

0.902-1.016

0.899-0.911

~1.05¢"

1.070-1.080

1.484-1.488

1.512-1.528

1.509-1.526

1.485-1.490

1.542-1.546

about 1.530

+70°C00 +81°0

—4°0 to —10°8

+1°160 +4°30

—1°10 to —3°10

inactive

+290t0 +3°38

Seldom soluble in 70%
alcohol, soluble in 2—10 vols of
80% alc., clearly soluble in
equal vols of 90% alcohol

4-8 vols and more of 80%
alcohol

Carvone content, 50.0-60%

Acid number, up to 6; Ester
number, 1 to 11, Ester number
after acetylation, 4 to 20

Acid number, up to 1, Ester
number, 5 to 14, Ester number
after acetylation, 19-68

Aldehyde content, 71.8-79.1%

Soluble in 95% alcohol

2—2.5 vols of 70% alcohol;
occasionally opalescent or
slightly cloudy. A few lots not
clearly soluble in 70% alcohol,
up to 10 vols

Soluble in 1-2 vols and moreBoiling point 179°C
of 70% alcohol

Soluble in 95% alcohol, 1-2
vols of 90% alcohol

Acid number, up to 1.0, Ester
number, 0.5-5.0 Congealing
point, 4.5-6.9°C

2 at 15C.

Source Singhalet al. (1997).
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Organic spices

C. K. George, Peermade Development Society, Kerala

4.1 Introduction

Global awareness of health and environmental issues is spreading fast in recent yea
especially in the developed countries. Sustainability in production has become the prim
concern in agriculture development. The organic method of farming is the best option
ensure that the air, water and soil around us remain unpolluted, leaving the environme
safe for present and future generations.

In many countries exploitative agriculture using industrial inputs has been the norn
since the 1960s, in order to cater for an increasing population and to combat th
occurrence of famine and natural calamities. Such a system of farming has been causi
imbalances in the constituents of biosphere, bioforces, bioforms and biosources. As
result the health of ‘Mother Earth’ has been deteriorating. Organic agriculture aims tc
tackle the above concern, and also aims at protecting the environment from continuot
decline (Anon. 1998).

4.2 Concept of organic farming

The concept of organic farming is based on an holistic approach where nature i
perceived to be more than just an individual element. In this farming system there i
dynamic interaction between soil, humus, plant, animal, eco-system and environmen
Hence organic farming differs from industrial agriculture as in the latter, biological
systems are replaced by technical production systems with liberal use of chemical
(Anon. 1999).

Organic farming improves the structure and fertility of the soil through balanced
choice of crops and implementation of diversified crop rotation systems. Biological
processes are strengthened without recoursing to chemical remedies, such as synth
fertilizers and pesticides. In this farming system control of pests, diseases and weeds
primarily preventative, and if required, adopting organic products, which will not
adversely affect the environment. Genetically modified organisms are not normally
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acceptable because of the manipulations made in their natural set up. Organic matter
various kinds, nitrogen fixing plants, pests and disease resistant varieties, soi
improvement practices such as mulching and fallowing, crop rotation, multiple cropping,
mixed farming, etc., are freely adopted. In brief, organic farming merges traditional and
respectable views on nature with modern insights.

4.2.1 Bio-dynamic agriculture

Bio-dynamic agriculture is yet another approach to organic farming. It is based on
anthropsophy on the ideas formulated by the Austrian expert, Rudolf Steiner, in 1924
(Boor 2000). In this system, the maintenance and furtherance of life processes on Eart
are achieved by harnessing cosmic energy and various influences of the sun, the stars, t
moon and other planets. Bio-dynamic agriculture most often combines animal husbandr
and crop production and use of compost and bio-dynamic preparations to revitalize soi
and plants and subsequently animals and human beings. Sowing, cultivation an
harvesting are timed according to cosmic rhythms.

4.3 Standards and certification

The most significant factors distinguishing organic farming from other methods of
sustainable agriculture are the existence of production and processing standards, al
certification procedures.

4.3.1 Standards

Standards are developed by private associations, companies, certification bodies or by tt
State itself. Over one hundred regional, national and international standards have bee
developed worldwide so far. Several countries are formulating or have adopted rules an
regulations on organic farming, processing and certification requirements.

4.3.2 Certification

Most regulations require products that are labelled organic to be certified by an
independent body, thereby providing a guarantee that the products have been mac
according to organic production standards. It is to protect consumers, producers an
traders against the use of misleading or incorrect labels. It is also a trading instrumen
enabling producers to access markets for organic products and obtain premium price
Moreover, it creates transparencies, as information on certified producing agencies an
their products is normally available to the public directly from the package.

Before certification, a detailed inspection by a designated agency is carried out tc
verify that production and handling are done in accordance with the standards agains
which certification is done. The certification procedures make it possible to track and
control the flow of products from primary and farm level to each stage of manufacturing
and ultimately to the finished product for the consumer. This is possible as certification is
based on a series of systematic procedures. The farmer, the processor, the trader
whoever is handling the product signs a contract with the certification body. Farmers are
required to provide basic information on the farm, such as location and size of fields,
crops grown, crop rotation practised, farming method followed, pest and disease contrc
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measures adopted on farm processing carried out, etc., to the certification body. If there i
industrial processing to be carried out, details of the processing unit, technology used i
processing, sources of organic raw materials, products processed, etc., need to |
presented to the certification body. The certification body has to be convinced not only
orally but also through records and registers maintained by the producer or operatol
Certification is not a one-time procedure. It is carried out continuously on the basis of
ongoing monitoring and inspection of farms and processing units.

Though India has a set of organic farmers and a few processing units, local
certification bodies accredited to international organizations are only in the formative
stage. Hence in India organic products require certification bodies established in othe
countries, especially in Europe. Of the over 100 certification bodies existing globally,
three agencies have opened offices in India. Many Indian organic farmers or their
associations avail assistance of these offices for inspection and certification. Howevel
certain individual firms depend on the agencies in Europe and get the inspectors directl
from there. Normally inspection and certification costs vary depending on the nature of
inspection to be carried out, but it is generally between 0.3 to 1% for most products of
high commercial value.

4.4 Quality

To sell organic spices, quality considerations are most important. Since no chemicals ar
used for fertilization, control of pest and diseases, elimination of weeds and growth
acceleration, some buyers fear that the microbial population in the end products could b
on the higher side than those prepared conventionally using these inputs. As there is r
opportunity for the use of chemicals in crop production, the products should be absolutely
free from their residues including pesticides and fungicides. In brief, three important
parameters to market organic food are the following:

1. Quality — certified organic, which has to be proved by inspection report and

certificate issued by authorized inspection and certification agency following

approved standards.

Quality — microbiologically clean, based on results from recognized laboratory.

3. Quality— absolutely residue free, authenticated with analytical data on residues from
approved laboratory.

N

In addition to the above, the product should meet fully the product specifications and
all parameters relating to sanitary and phyto-sanitary conditions. In other words, organi
spices should not only be superior quality-wise in respect of inherent bio-chemical
constituents, but they should also be the most safe for human consumption.

45 World trade

No reliable published data are available on global trade in organic agricultural products
The International Trade Centre, Geneva has, however, carried out a market survey i
Europe (Denmark, France, Germany, The Netherlands, Sweden, Switzerland, Austria ar
Italy) and in the United States and Japan in 1997. According to this survey, retail sales o
organic foods in these markets were estimated at US$11 billion. The survey did no
include Australia, New Zealand and other developed countries. Including these countries
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the organic food trade in 1997 would have been over US$12 billion. According to the
statistics published by the International Trade Centre, spices are also important organi
products marketed globally (Anon. 1999).

Demand for organic spices varies considerably from country to country and in the kind
of spices in a particular country. At present, only a few European countries, USA, Canad:
and Japan are looking for organic spices. However, countries such as Australia, Ne\
Zealand and some other European countries may become involved in the organic spic
trade because of the increasing awareness of the safety of organic food consumptio
Germany has the highest demand for various organic spices. The world import of variou:
organic spices together during 1999 was less than 300 tonnes as assessed from import
buyers. Of this, organic black pepper import was more than 50% followed by ginger,
nutmeg and clove.

4.5.1 Indian experience

Traditionally, Indian farmers followed organic cultivation methods until the middle of the
last century, as they had no other choice. Since the 1960s, many chemical inputs fc
increasing agricultural production have become available both from domestic productior
and import. Some of the chemicals imported, particularly for plant protection, were
highly dangerous to human health and they left poisonous residues in the soil afte
application lasting a few decades. The green revolution initiated by importing dwarf and
fertilizer responsive wheat and rice varieties led to production programmes using various
chemicals profusely in the urge to enhance productivity.

A new trend is being developed in India now to produce various crops, including
spices, organically not only to protect the natural environment but also because of the
need for having safe agriculture products for human consumption. Accordingly some
farmers produce spices by organic methods for their own consumption and also for sale i
a limited way in the local markets.

India has established a name in supplying quality organic spices to Europe and USA
The pioneering work in this regard has been by the Peermade Development Society
Peermade, Kerala, India, with the support of the Spices Board of India. A humber of
organic spices such as black pepper, white pepper, ginger, turmeric, clove, nutmeg ar
mace have been exported to USA, the Netherlands, Germany and Switzerland since 199
The Society has over 1200 farmers growing various horticultural crops especially black
pepper and other spices in South India. The Society proposes to produce various othe
spices like vanilla, chilli, coriander, cumin, fennel, fenugreek, etc., through organic
cultivation methods in the near future. A centre for research and training of
vermicompost production and multiplication and distribution of bio-agents like
Trichodermahas been set up for supporting farmers in organic cultivation by the
Society (George 1999a). There are a few other non-governmental organizations fo
promoting organic production of herbs in Nilgiri district, black pepper in Wynad district
and turmeric and ginger in Phulbani district in India.

4.5.2 Production in other countries

Among other producing countries, Sri Lanka and Indonesia are also in the organic spict
production and trade. These countries produce largely organic black pepper. They hav
established export channels and have entered in the international market for organi
spices in recent years.
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4.6 Future trends

The organic spice trade is of particular interest to many developing countries growing
spices. It should be noted that the initial growth in the organic spice sector is
encouraging. Some organic food experts visualize that insufficient supply of organic
spices, especially those which are required in large quantities, might become a problem i
the next few years (George 1999b).

The future demand for organic spices appears to be bright. Any processed food ca
only be labelled organic if 95% of the ingredients originate from organic farming. The
remaining 5% can be products, which are listed by government regulations, such as El
regulations. Spices are not listed in such regulations and must therefore be of organi
origin. Assuming a market growth of 10% in Europe, USA and Japan for organic
products, the world demand for organic spices could grow to 57,000 tonnes in the nex
ten years. This is based on the market size of 570,000 tonnes of conventional spices .
that time as reported by the International Trade Centre in their publicdtigpgrts of
Spices into Selected Markets, 19@bor 2000).

Although the overall picture for the organic spice sector is promising, there are a
number of potential risks to be borne in mind. There could be occasional oversupply of
given spice leading to erosion of price attraction. Further, other forms or methods of
environmentally friendly and sustainable agriculture are likely to result in increased
competition in the future. In addition, unfavourable press reports and scare stories ol
higher microbial contamination in organic foods, in general, as they are not treated with
chemicals also cannot be discounted (George 2000).

A few issues which have to be tackled to increase organic production are worth
mentioning. They are lack of technical know-how especially on production and processing
methods, poor storage and processing facilities, very little market information, insufficient
financing and inadequate support from the government agencies. The high cost o
certification and the elaborate records to be maintained by small spice farmers to prove the
cultivation system organic are also standing in the way of spreading organic spice
production. Since demand for organic spices is growing and generally price attractive, it car
be visualized that most of the problems would be solved in the near future.
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Aniseed

M. Ozgliven, University of Cukurova, Adana

5.1 Introduction

Source: Pimpinella anisumL. (Syn. Anisum vulgareGaertn.; Anisum officinarum
Maonch; Apium anisungL.) Crantz;Carum anisungL.) Baill.; Selinum anisunfL.) E.H.L.
Krause;Pimpinella anisum(var.) cultum Alef; Sison anisunSpreng.;Tragium anisum
Link).2

Family: Apiaceae(= Umbelliferag

Synonyms: Aniseed, Anis seed, Anis, Anise, Sweet cumin

Parts used: Seeds (fruits), oil

Classification:

Division: Spermatophyta
Subdivision: Angiospermae
Class: Magnoliospida
Subclass: Rosidae
Order: Apiales

Family: Apiaceae
Genus: Pimpinelfa

Anise is an annual plant that reaches an average height of 30-50cm. The plant i
completely covered with fine hairs. The root is thin and spindle-shaped, the stem up, stalk
round, grooved and branched upward (see Fig. 5.1). In midsummer the thin stems ar
topped with umbrella-shaped clusters of tiny white flowers, which are heavy enough to
make the stems flop. They turn into seedlike fruits. Anise is a cross-pollinating species anc
is genetically heterogeneous. The fruit is an ovoid-pearshaped schizokarp somewhze
compressed at the side. The two-part fruits separate heavily. The carpophore is almo
two-piece up to the base. Commercially available aniseed usually contains the whole fruit:
and occasionally parts of the fruitstalk (see Fig. 5.2). The fruits with the style-foot are 3—
5mm long, 1.5-2.5mm wide and 2—-4 mm thick. Vittae (oil ducts) are almost always

present embedded in the fruit wall on the dorsal surface, sometimes in or directly beneat!
the ridges. The fruits are downy. Their colour is greyish-green to greyish-bhéwn.



40 Handbook of herbs and spices

Fig. 5.1 Pimpinella anisuni.

5.2 Chemical structure
Anise contains:

¢ 1-4% volatile oil;

e coumarins: bergapten, umbelliprenine, umbelliferone, scopoletin;

e ca. 8-16% lipids, including fatty acids: 50-70% petroselinic acid (C18:1), 22—28%
oleic acid (C18:1), 5-9% linoleic acid (C18:2) and 5-10% saturated fatty acids mostly
palmitic acid (C16:0);

e [-amyrin, and stigmasterol and its salts (palmitate and stearate);

« flavonoid glycosides: quercetin-3-glucuronide, rutin, luteolin-7-glucoside, isoorientin,
isovitexin, apigenin-7-glucoside (apigetrin) etc;

e myristicin;

e ca. 18% protein;

e ca. 50% carbohydrate and others.

Fatty acids can be obtained by extraction, as in the case of caraway, in the remainder
of oil extraction via steam distillation. Lauric acid, which is most important to
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Fig. 5.2 Dried aniseed.

oleochemistry, is obtained from petroselinic acid which is found in high quantities (50—
70%) in anise. Fatty oil shows excellent future potential. Successful production of anise
seed for economical oil production would probably occur if the seed yields could be
improved significantly, and high content of oil and essential oils and large quantity of
petroselinic acids could be reach®d.

The major constituent in volatile oil of aniseedtians (E)-anethole (75-90% 80—
9096 86%; 96-98% 86-89% % 89-92942). Methylchavicol (estragole) (4.95%
1.7-3.7%'% 3.6-5.5%" 1.0-2.4%'?, anise ketone (para-methoxyphenylacetone)
(0.789%; 0.5-0.99") and S-caryophyllene are also present, but in lesser relative
amounts. Other components in minor concentrations include anisaldehyde, anisic aci
(oxidation products of anethole), linalool, limonenepinene, acetaldehyde;cresol,
creosol, hydroquinines-farnasene;-himachalene andr-curcumen€.

5.3 Production

5.3.1 Cultivation
Anise is cultivated in Turkey, Egypt, Spain, Russia, Italy, India, Greece, Northern Africa,
Argentina, Malta, Romania and Syria. Anise is primarily exported from Turkey, and also
from Egypt and Spain in particular. From an industrial standpoint, the quality differences
between anise seed from different origins are not significant and therefore specification:
need not limit the spice to a specific country of origirt-**°

P. anisumrequires a warm and long frost-free growing season of 120 days. The plant
needs a hot summer to thrive and for seeds to ripen. The reported life zone for anis
production is 8 to 23°C with 0.4 to 1.7 metres of precipitation on a soil pH of 6.3 to 7.3.
Anise develops best in deep, rich, well-drained, sandy and calcerous soils. Cold, loam:
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and moist soils are unsuitable for the cultivation of anise. During germination anise
tolerates salinity up to 160m NaCl. The thousand seeds weight of the part-fruits
amounts to 1.5 to 3.0g and should have a minimum purity of 90% and a minimum
germination of 70%.

Ripe-fruits seeds germinate relatively quickly. The germination time is 14 days. Only
seeds from the previous year’s harvest germinate well. Long storage quickly reduce:
germination vigour: seeds stored for five years will no longer germinate. Planting begins
when the soil in the beds is warmed. Optimum soil temperature for germination is 18—
21°C. It is essential to prepare good seedbeds and to create a good contact between t
planted seed and the soil because the seeds are small and have low germinatic
percentage (70%). The planting is carried out in spring or autumn depending on the area
it is cultivated. The seeds with a seeding rate of 20—25 kg/ha are sown in rows 20-30 cn
apart, at a depth of 1cm. The plant develops slowly after germination and for the
following few weeks it is necessary to control weeds closely. It is recommended to apply
fertilizers at a rate of 80—100 kg and 50-75 kg $Os per hectare. With nitrogen, it is
important to be careful, since excessive nitrogen fertilization results in luxuriant
vegetative growth with reduced yields, and increased vulnerability to lodging. 50-100 kg/
ha N is normally enough. The small white flowers bloom in midsummer, and seed
maturity usually occurs one month after pollination, when the oil content in the dried
fruits is about 2.5%. Anise seeds are harvested between from the end of July to the
beginning of September, depending on the cultivation areas. Yields of seed up to 500-
1000 kg/ha have been achieveRl. anisumis recommended in companion planting to
repel aphids and cabbage worms. The flowers attract parasitic Wasps./*8
Constituents in plant volatile oils are known to be useful in pest control. Various
authors have reported that vapours of essential oils extracted from anise were found to t
toxic to two greenhouse pests, viz. the carmine spider riiggranychus cinnabarinus
and cotton aphidAphis gossypiGlov.'® Sarac and Turf€ indicated that the essential oil
of anise had a high residual toxicity to adultsTofbolium confusumand was the most
repellent toSitophilus oryzaadults in food preference tests.

5.3.2 The production of anise oil
The world production of anise oil amounts to 40-50 tons per annum. The most significant
importing countries of anise oil are the USA and France. Russia, Spain and Poland ar
among the largest producers of anise oil. There is no distillation of anise oil and no
production of anethole in many of the countries which cultivate the €rép23

Anise oil is steam distilled from the crushed seeds of the gampinella anisumThe
process of steam distillation is the most widely accepted process for the production of
essential oils on a large scale. A still is charged with plant material to be processed
Steam is introduced at the base of the still and the crushed anise seeds’ volatile elemen
evaporate with the steam. A condensation process turns this vapour-mix into a liquic
form of water and essential oil. The essential oil floats on top of the water and is
separated off. The essential oil of aniseed is a colourless to faintly yellow oil which
solidifies upon cooling to about 15-19°C due to the crystallization of anethole.

Oleoresin anise is a yellowish-green to orange-brown fluid oleoresin. Volatile oil
content of oleoresin anise is 15-18%. The presence of a large quantity of fixed oil in this
product limits its shelf-life and the addition of a permitted antioxidant is advi$édhise
and anise oil are widely used as flavouring ingredients in all major categories of foods,
including alcoholic and non-alcoholic beverages, frozen dairy desserts, sweets, bake
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goods, gelatines and puddings, and meat and meat products. The highest avera
maximum use levels for anise oil are about 0.06% (570 ppm) in alcoholic beverages anc
0.07% (681 ppm) in sweefsSuggested use rate of oleoresin anise is 7.5 to*d.
Turkey the different types of aniseed spirits are distinguished by their anise seed conten
Yeni raki (80g/L aniseed), Kulup raki (100g/L aniseed) and Altinbas raki (120g/L
aniseedy>

5.3.3 Stability during storage, irradiation and heat processing
Anise has to be stored away from daylight and kept in a dry place in cool conditions
(DAB 10 Eur, QAB 90, Helv VII). The average loss of the content of the volatile oil has
been calculated at 1% of the original content per month. The contetnarg-anethole
decreases from 89% to 73% during a storage of six weeks with the influence of sunlight,
while the content ofcis-anethole increases from 0.8 to 4.5% and the content of
anisaldehyde from 0.8 to 7.0%. At the same time additional decomposition products are
formed. Investigations on airsealed, grinded aniseed clearly show changes of odou
within the first 12 months if the temperature of storage exceeds 5°C. Because of the
sensitivity to light and oxidation it is recommended that the volatile oil of anise is stored
in well filled and well closed containers (glass or tin, but not plastic) protected against
daylight (DAB 10, BP 88, PFX, @B 90, HELV VII). Moreover, PFX demands a
storage temperature below 10°C and BP 88 a storage temperature below 25°C. With tt
influence of daylight,transanethole is transformed into its more toxic isonus-
anethole?®

It is reported that there is an increase in anise ketone, anisaldehyde and anidic acic
and decrease itrans-anetholé’ of anise oil during long-term storage. Moisture content
of the seeds or humidity of the storage atmosphere is the most important parameter to b
considered in preserving the desired properties of anise. At high moisture levels
deteriorative reactions and off-flavours are inevitable in addition to the increased rate of
loss of volatile oil by diffusion. Oxidation reactions are responsible for the loss of oil
during storage by converting the components mostly to acids and aldehydes. Also
daylight catalyzes oxidative reactions and increases the rate of deterioration. Extrem
variations in the moisture content of the storage atmosphere favour oil evaporation an
particularly oxidatior?® The dimers of anethole (dianethole) and anisaldehyde
(dianisoin) are mentioned repeatedly in the literattif@3° and are supposedly
responsible for the oestrogenic activity in old drugs and in stored oils under exposure
to sunlight, and air could not be found after thorough investigatton.

One interesting item to note in this spice is that when the ground product is irradiated,
a slightly putrid off odour and flavour results. This contradicts most research that
irradiation does not change the chemical properties of a spice when treated. It is possibl
that it does, in limited cases, change the flavour balance of essentiaf @imilarly
numerous authors report that volatile oil of anise, extracted after irradiation with 1.5 and
10kGy ~-rays, contained the most oxygenated compounds, and irradiation caused :
general increase in oxygenated compounds at 1¥@arag-Zaiecet al.>® indicated that
~-irradiation was effective in decontamination, especially at 10 kGy, but caused losses ir
the major components of flavour such as anethole, methylchavicol and anisealdehyde i
anise.

Thermal treatment at 70°C for 15 minutes reduced the microbial count and pathogeni
microbes, improving the anethole in anise, and washing the spice removed some of th
microbes but improved markedly the anise flavour. Thermal and washing treatments may
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be of value as simple natural techniques to produce spices with a good flavour and with
an acceptable level of contamination.

Bendini et al.** detected linear, unsaturated hydrocarbons in aniseed samples treatec
with ~-rays or microwaves. The microwave treatment of aniseeds did not modify the
hydrocarbon profile with respect to the untreated samples. In conjrarsgdiation gave
rise to a series of unsaturated hydrocarbons of which C16:2, C16:1, C17:2 and C17:1
were determined. In most cases, when these products were quantified, their amount
increased with the dose of radiation. C17:1 could be considered as the markeryef the
irradiation treatment. The essential oil of anise extracted frefnmradiated and
microwaved fruits exhibit antioxidant propertiesirradiation and microwave treatments
have no effect on the antioxidant properties of essential oil. Essential oil extracted from
the ~-irradiated fruits are more effective as antioxidants than those produced from
microwaved fruits>®

5.4 Main uses in food processing

Aniseed’s long popularity throughout so many lands stems from its many uses:
flavourant, culinary, household, cosmetic and medicinal. While the entire plant is
fragrant, it is the fruit of anise, commercially called aniseed, that has been highly valued
since antiquity. Aniseed is one of the oldest spices used widely for flavouring curries,
breads, soups, baked goods such as German springerle, and Italian biscotti, sweets (e.
licorice candies, especially aniseed-balls), dried figs, desserts, cream cheese, pickle:
coleslaw, egg dishes, non-alcoholic beverage. It is a favourite flavouring for alcoholic
drinks in the Mediterranean region, such as French Pastis, Pernod, Anisette, and Ricarc
Greek Ouzo, Turkish Raki and Arabian Arak, and also South American Aguardiente,
Russian Allasch, Puerto Rican Tres Castillos. Aniseed oil is a component in German
Boonekamp, Benediktener, Goldwasser and Spanish Pacharan and Ojen. Anisett
combines anise, coriander and fennel seeds in sweet vodka. Anise and anise oils are ust
in Italian sausage, pepperoni, pizza topping and other processed meat items. Anise is a
essential component of Italian anise cake and cookies. All parts of the plant can be use
in the kitchen. The flowers and the leaves can be added to fruit salads. Freshly-choppet
leaves also enhance dips, cheese spreads, vegetables, or green salads. Mixed into ste
and soups, the stem and roots of anise give just a hint of licBricé® 826

The essential oil is valuable in perfumery, in dentrifices as an antiseptic, toothpaste,
mouthwashes, soaps, detergents, lotions and skin creams, in tobacco manufacture, wil
maximum use levels of 0.25% oil in perfumes. It is also used to mask undesirable odours
in drug and cosmetic products. The oil is used for production of anethole and sometimes
as sensitizer for bleaching colours in photograph§23

5.5 Functional properties

The pharmaceutical data mentioned in the literature mainly refer to anise oil and
anethole. Anethole is structurally related to the catecholamines adrenaline, noradrenalini
and dopaminé’ Anise oil and anethole have a number of functional properties:

« antibacterial
e antifungal
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» antioxidant
« stimulant, carminative and expectorant.

The antibacterial activities of the essential oil distilled frBimpinella anisunagainst
Staphylococcus aureuStreptococcus pyogenesscherichia coliand Corynebacterium
ovis were evaluated. Again§. pyogenesaniseed oil was equally effective in the pure
state and at dilution up to 1:1000. AgairGt ovis aniseed oil was equally effective at
dilutions up to 1:100 and at higher dilutioA$The inhibitory properties of anise essential
oil, alone or in combination with either benzoic acid or methyl-paraben, agaststria
monocytogenesand Salmonella enteriditiswere investigated.S. enteriditis was
particularly sensitive to inhibition by combinations of anise essential oil with methyl-
paraben.L. monocytogenesvas less sensitive but exhibited significant reductions in
growth in response to combinations of essential oil with methyl-paraben.

Kubo reported that anethole, a naturally occurring phenylpropanoid extracted from
aniseed, exhibited a broad antimicrobial spectrum and the antifungal activity (against
Candida albicany of two sesquiterpene dialdehydes, polygodial and warburganal
(extracted fronPPolygonum hydropip8r was increased 32 fold when combined with low
concentrations of anethole. In a study of the volatile oil from aniseed, significant
antifungal activity against members of the genghrnaria, Aspergillus, Cladosporium,
Fusarium and Penicillium was recorded at concentrations of 500 ppm, the active
constituent having been identified as anettdleAnethole also inhibits growth of
mycotoxin producingAspergillusspecies in culture. Anethole has been reported to be
mutagenic in AmesSalmonellareversion assay. Anethole, anisaldehyde and myristicin
(in aniseed), along with d-carvone (presenPinanisumplant), have been found to have
mild insecticidal propertie§ Pharmacological studies were carried out in rats and mice,
and anise oil showed significant antipyretic activities in fat€urtis™ reports that
synthetic versions of compounds in herbs and spices suchraas-anethole have
inhibitory and lethal activity against food spoilage yeBstbaromyces hansenii

There is some evidence of anise oil's effectiveness as an antioxidant. Garalif*
investigated the antioxidant activity of essential oil from spice materials on stored
sunflower oil and found that anise oil possessed excellent antioxidant effects, better tha
those of synthetic antioxidant, butylated hydroxytoluene.

Anise oil is reported to be carminative and expectorant. The reputed lactogogic action of
anise has been attributed to anethole, which exerts a competitive antagonism at dopamir
receptor sites (dopamine inhibits prolactin secretion), and to the action of polymerized
anethole, which is structurally related to the oestrogenic compounds stilbede a
stilboestrol. Anethole is also structurally related to the hallucinogenic compound myristicin.
Bergapten, in combination with ultraviolet light, has been used in the treatment of
psoriasis:’ Anise oil is used as carminative, stimulant, mild spasmolytic, weak antibacterial,
and expectorant in cough mixtures and lozenges, among other preparations. It can be ust
internally for dyspeptic complaints and externally as an inhalant for congestion of the
respiratory tract. The whole, crushed, or ground crude drug can be used for infusion, an
other galenical preparations; e.g. several instant teas as powders containing aqueous extra
of aniseed, or as tea paste, some preparations with micro-encapsulated anise oil. Anise se
and anise oil are subjects of German official monographs; 3.0 g of seed or 0.3 g of essentic
oil (mean daily dose) allowed as a bronchial expectorant for upper respiratory tract
congestion and as gastrointestinal spasmolytic.

Anise may have other potential health benefits. The effect of the beverage extract:
anise on absorption of iron was tested in tied-off intestinal segments of rats. Results
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showed that the beverage of anise promoted Fe absofftlreparations containing 5—
10% essential oil are used externdif* The oil added to an ointment helps in cases of
aches of muscles and neural§ieOlfactory masking with aniseed oil decreased
aggression and prevented the decrease in milk production in dairy ¢Attless
reported that anethole stimulates hepatic regeneration in rats, and also shows spasmolyt
activity. Chemically it is used as a precursor in the manufacture of anisaldehyde.
Occurring in the essential oil d?. anisum p-anisaldehyde has fungistatic activity;

cresol is a disinfectant agent and cresols are used in veterinary practice as loca
antiseptics, parasiticides and disinfectants; hydroquinone has antibacterial, antitumour
antimitotic and hypertensive activities. It is cytotoxic to rat hepatoma cells. Uses include
a depigmentor, an antioxidant and a photographic reducer and devéfoper.

In traditional medicine anise is reportedly used as aromatic carminative, stimulant and
expectorant; also as oestrogenic agents to increase milk secretion, promote menstruatio
facilitate birth, increase libido, and alleviate symptoms of male climacfehisiseed is
traditionally regarded as an aphrodisiac. Externally, the oil may be used as an ointmen
base for the treatment of scabies. The oil by itself will help in the control of lice and as a
chest rub for bronchial complaints. The oil is often mixed with oilSafssafras albidum
for skin parasites and with that &ucalyptus globuluss a chest rub®

5.6 Toxicity and allergy

Aniseed contains anethole and estragole which are structurally related to safrole, a know
hepatotoxin and carcinogen. Although both anethole and estragole have been shown t
cause hepatotoxicity in rodents, aniseed is not thought to represent a risk to human healt
when it is consumed in amounts normally encountered in f6béise and oil of anise

are generally regarded as safe for human consumption.

The toxicity and cancerogenity of anethole are controversial. Anethole has two
isomers {ransandcis), thecis (Z) isomer being 15-38 times more toxic to animals than
thetrans (E) isomer’ The major component of the natural volatile oil of anise (80-96%)
is trans-anethole, which is most likely non-cancerogenitransanethole will be
accompanied bygis-anethole (maximum 0.3-0.4%), which is not caused by distillation,
but exists naturally in anise seeds. In case of storage without protection of daylight the
forming of cis-anethole is possible. Synthetians-anethole contains higher quantities of
toxic cis-anethole compared to natutahns-anethole and therefore it is not used in food
processing. Cases of intoxication with the volatile oil of anise are not krf6v@urrent
United States Pharmacopeia (USP) and Food Chemical Codex (FCC) specifications fol
anethole do not require differentiation between the isorhers.

Aniseed may cause an allergic reaction. It is recommended that the use of aniseed o
should be avoided in dermatitis, or any inflammatory or allergic skin condifibns.
Patients with an allergy to pollen are often suffering from ‘spice-allergy’ like celery,
carrot, etc. Skin-prick tests with anise extracts in several cases result in positive allergic
reactions>® Freemaf® reports an atopic man who experienced cutaneous allergy and
periorbital edema after preparing and eating fresh dill. The patient reported here
demonstrated reactive skin tests and positive radio allergo sorbent test (RAST) to othe
members of th&Jmbelliferaeincluding aniseed in addition to dill. Similarly Fraf al.*°
describe a case of occupational asthma induced from aniseed dust sensitization. A skir
prick test carried out with 13 spices showed positive reactions only to aniseed extract.

When consumed in sufficient quantities, anise oil may induce nausea, vomiting,
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seizures and pulmonary edema. Contact of the concentrated oil with skin can caus
irritations ® Anethole has been reported to be the cause of dermatitis (erythema, scaling
and vesiculation) in some people€Compared with star anise however, the sensitization
effect of anise oil is lowef®

5.7 Quality and regulatory issues

The recommended moisture limits from the American Spice Trade Association (ASTA)
is 10% in whole and in ground anise. Ash and acid insoluble ash should be no greate
than 6.0% and 1.0%, respectivéfyAccording to BHP 1983 foreign organic matter,
not more than 2%,; other fruits and seeds, not more than 2%; total ash, not more thai
10%; acid-insoluble ash, not more than 2.5%. The minimum content of volatile oil of
anise is 2% (BHP 1983; Ph. Eur, %) Anise oil is a colourless to pale yellow, strongly
refractive liquid, having the characteristic odour and taste of anise. It should contain 84-
93%trans-anethole (major component and typical carrier of odour and flavour) and 0.5—
6.0% methylchavicol (=estragole, which smells like anise but does not have its swee
taste) (HPLC profile Ph. Eur?f

Anise oil is frequently adulterated with the lower priced star anise oil, which, according
to several Pharmacopoeiae, is also consideneide oil’. Star aniselllicium verumHook
f.) is the dried fruit of a tall evergreen tree, which is native to southern China and northern
Vietham. The profile of star anise oil is similar to that tAenpinellacil and the two are
equally acceptable and interchangeable in use. But, strictly from the flavouring viewpoint,
anise oil P. anisum is undoubtedly superior to star anise oilMerum),the latter having a
somewhat harsher odour. Pharmacopoeiae therefore demand the specification of the pla
of origin out of which the anise oil was extracted (whether from aniseednisunor star
anise,l. verum which can be determined). This is obviously for the sake of consumer
protection, since star anise oil is substantially cheaper than the oil extracted from anise
Characteristic of genuine aniseed oil is the presence of up to 5% of the 2-methylbutyryl
ester of 4-methoxy-2-(1-propenyl)-phenol (= pseudoisoeugenyl 2-methylbutyrate). On the
other hand, fruit oil ofl. verumis characterized by the presence of Foeniculin. The
provenance of an oil can be determined by detection of each of these two substances. St
anise oil further differs fronf. anisumoil by its content of several terpene hydrocarbons
(THC) as well as its content of 1,4-cineol. This may explain why star anise oil does not
reach the flavour quality of aniseed 8f1263-°%Other adulterants are synthetic anethole
and fennel oil. The latter can be detected by a change in the optical rotation. Much cheape
synthetic anetholes are also available but some carry a risk of toxicity, which precludes
their use in food and drink¥->* A further criterion of quality is its solidification point
which sinks with decreasing content of anethol. The solidification point of officinal anise
oil lies between +15°C and +19°C (Ph. Eur.). Pure anethole becomes fluid above +23(
and solidifies at +21°C. All Pharmacopoeiae recommend checking physical properties like
specific gravity, refractive index, optical rotation and temperature of solidification in order
to get hints about the purity of anise oil. Table 5.1 lists physical properties according to
different sources. The specifications of the limits as mentioned in the Pharmacopoeias
vary slightly. Anise oil has to be dissolvable in 1.5 to 3.0 times its volume of EtOH 90%
(DAB 10, NFXVII, OAB 90, Helv VII). This test is useful to exclude adulterations by fats,
oils and mineral oil$°

Italian anis may be confused (in former times more often, nowadays very rarely)
occasionally with poisonous fruits o€onicum maculatumlL. (hemlock). Morpho-
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Table 5.1 Physical properties of anise volatile oil according to different sources

Properties Turkish Food Pharmacopoéfae ISO3
anisé® chemicaf?
volatile codex
oil specification

Specific gravity (20°C) 0,990 0,978-0,988 0,979-0,994 (DAB10) 0.980-0990
Refractive index (20°C) 1,558  1,553-1,560 1,553-1,561 (DAB10) 1.552-1.559
Solidification point 19¢ > 15°C > 15°C (BP 88) + 15°C to + 19.5
Optical rotation (20°C) — —2°to+1° —2°to + 1° (BP 88) —2°t0 + 5°

logically, hemlock fruit can be recognized by the undulate (especially in the upper part of
the fruit) ridges. Crushed fruits that are moistened with a potassium hydroxide solution
should not smell like mouse urine (coniine). Adulteration with parsley or dill fruits can be
detected readily by their smaller size and missing hairs. Nearly all anise fruits currently
traded are impurified with up to 1% coriander frulfs®* Adulteration of powdered
aniseed or anise oil can be rapidly and reliably determined by direct mass spectroscop
via the ‘marker’ compound pseudoisoeugenyl 2-methyl-butyrate which only occurs in
genuine ‘anise oil’; as little as 0.2—1.4% can be detected in the presence of 94% anethole
without the necessity of its having to be separated or the sample specially prébared.

In the USA, aniseed is listed as GRAS (Generally Regarded As Safe; §182.10 and
§182.20). Aniseed is used extensively as a spice and is listed by the Council of Europe a
a natural source of food flavouring (category N2). Anise seed and anise oil are subject tc
different pharmacopoeial Monographs: Aust., Br., Cz., Egypt., Eur., Fr., Ger., Gr., Hung.,
It., Neth., Rom., Rus., and Swi§Aniseed is covered by the following: Anise DAB 10
(Eur), QAB90, Helv VII, Pimpinella BHP83, Aniseed Mar29. Anise oil is covered by:
DAB 10, BP88, NFXVI, Essentia anisi Hisp IX, Huile essentielle d’anis PFX, Anisi
aetheroleum '@B90, Helv VII, Anise Oil BPC79, Mar 29 (All pharmacopoeias
mentioned under Monographs except Hisp IX additionally alltigium verumHook as
plant of origin). Homeopathic guidance includ&mpinella anisumethanol. Decoctum
hom. HAB1, Anisum hom. HAB 34, Anisum hom. HPUS&3.
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Bay leaves

S. Kumar, J. Singh and A. Sharma, Central Institute of Medicinal and
Aromatic Plants, Lucknow, India

6.1 Introduction

The commodity, traded as sweet bay leaf, and true, Roman, or Turkish laurel, is derivec
from the leaves of.aurus nobilisL. (Family — Lauraceae). Because of the similarity in
the leaves, several other trees are also variously known as: West Indian bajitneatg
racemosa),Cherry laurel Prunus laurocerasus)Portugal laurel Prunus lusitanica),
Laurel of the southern state®runus caroliniand, the Laurel or Mountain laurel of
California (Umbellularia californicg. However, the leaves of true nobilis must not be
confused with other laureld.. nobilis is a native of the Mediterranean and grows
spontaneously in scrubland and woods in Europe and in California. It is widely cultivated
in Europe, America and in Arabian countries from Libya to Morocco (Bailey 1963, Anon.
1962).

The flavouring properties of. nobilis have been known since antiquity. In biblical
times, the bay was symbolic of wealth and wickedness, and in the classical world heroe
and victors were decorated with a laurel wreath. In addition to being a very well known
culinary herb, the leaves and fruits bf nobilis are used medicinally throughout the
world. Infusions or decoctions made from these materials have diaphoretic anc
carminative effects and also serve as a general gastric secretion stimulant. Laurel o
or butter obtained from the fruits (berries) bf nobilis is a vital ingredient of laurin
ointment, a popular medicine for rheumatism and gout and for the treatment of spleen an
liver diseases. It also finds application in veterinary medicine (Anon. 1962; Duke 1989;
Wren 1975; Francesco and Francesco 1971).

L. nobilisis an evergreen shrub, or more rarely a tree attaining a height of 15-20 m.
The smooth bark may be olive green or of reddish hue. The luxurious, evergreen leave
are alternate with short stalks, lanceolate or lanceolate oblong, acuminate, 5-8 cm ¢
longer and 3—4 cm wide, coriaceous, pellucid-punctate, and with revolute, entire wavy
margins; the upper surface is glabrous and shiny, olive green to brown and the lowe
surface is dull olive to brown with a prominant rib and veins. The flowers are small,
yellow in colour, unisexual and appear in clusters. The fruits (berries) are cherry-like,
succulent, purple to black in colour, ovoid, coarsely wrinkled and contain a single seed
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with loose kernel. The dried fruits are drupaceous, ovoid, about 15 mm long and 10 mr
wide. The outer surface is glabrous, shining, nearly black and is coarsely wrinkled owin
to the shrinkage of the narrow succulent region beneath the epidermis. The remains of t
style appear as a small point at the apex and a small scar at the base marks the point
attachment of the fruit to the thalamus. The endocarp is thin and woody and the testa
adherent to its inner surface. The entire pericarp is about 0.5 mm thick. The kernel of th
seed consists of two large plano-convex cotyledons and small superior radicle; it i
brownish-yellow, starchy and oleaginous, with an aromatic odour and aromatic and bitte
taste (Bailey 1963; Wallis 1960; Francesco and Francesco 1971).

The cross-section of the leaf shows epidermal cells with thick cuticle; the epiderma
cells in surface view are sinous, pitted and thick walled. The lower epidermal walls are
more curvilinear and distinctly beaded. The stomata are present only on the lowe
surface, singly or in pairs. The mesophyll of the leaf is distinctly represented by two
layers of parenchymatous palisade cells and a region of spongy parenchyma containi
scattered spheroidal oil reservoirs, fibro-vascular and collenchymatous tissues. The le
has characteristic fragrance when crushed and its taste is bitter and aromatic (Wall
1960; Bagchi and Srivastava 1993).

6.2 Cultivation, production and processing

Sweet bay is propagated by seeds or preferably by cuttings. From a well ripened woo
cuttings of about 7.5 to 10 cm length are put in sharp sand either under bell-glasses or
glass cases. The rooted cuttings are placed in small pots containing fairly rich sandy loa
with good drainage, and then can be put in a hot bed, with gentle bottom heat where the
will make a good strong growth.. nobilis stem cuttings produce roots better in July/
August, under Mediterranean conditions, than in other seasons, although the optim
rooting period can be extended by bottom heating from May until September (Raviv
1983a). Ligneous, subapical stem cuttings of bay laurel have a higher rooting percentay
than herbaceous apical cuttings, probably due to water deficit in the latter, moistur
sufficiency may be critical due to the very long rooting period of four to five months
(Raviv 1983b).

Rapid and efficient rooting df. nobilis occurs at a root medium temperature of 20°C
to 30°C, especially during the winter when, if not heated, both the medium and ai
temperatures are less than 15°C in the Mediterranean region (Raviv and Puticvsky 198:
After that, they may be planted in nursery beds with rich sandy soil and good drainage. |
one growing season, the plants may attain a height of 1 to 1.5 m. At the end of th
growing season and long before the cold season the young plants together with the
stakes are kept in well lit and ventilated sheds, and temperature is kept just abov
freezing. These plants are kept in close rows and watered once or twice a week. Tt
plants are taken out during the spring season and either potted or plunged in nursery. T
rich peaty soil with plenty of water and congenial moist atmosphere near the sea coast ¢
favourable conditions for fast and luxriant growth (Bailey 1963). It also grows well under
the partly shaded conditions in gardens or orchards.

The leaves ol. nobilis are plucked and dried under shade for use as a flavouring
material in a variety of culinary preparations, especially in French cuisine. The leave!
contain an essential oil of aromatic, spicy odour and flavour which can be isolated b
steam distillation. The oil is a valuable adjunct in the flavouring of all kinds of food
products, particularly meats, sausages, canned soups, baked goods, confectionery, |
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The oil replaces the dried leaves to great advantage because it can be dosed more exac
and therefore gives more uniform results than the dried leaves (Guenther 1953).

Laurel berries contain about 1% of an aromatic volatile oil and 25 to 30% fat. The
separated fat is th®lecum lauri expressurof commerce. The pure fat is of dull green
colour, granular and has an aromatic odour. The expressed oil is used in stimulating
liniments and in veterinary practice (Wallis 1960).

Currently, two types of essential oils are traded internationally under the name ‘bay
oil’, although they are entirely unrelated to each other. The West Indian bay oil or bay
leaf oil is distilled from the leaves of the tree Bimenta racemosavhich is found on the
various islands of the West Indies, but most particularly in Dominica. The Turkish bay oil
or laurel leaf oil is distilled from the leaves bf nobilis. The sources of the bulk culinary
bay leaves are Turkey and the Balkan countries, and in small quantities from France. Th
annual production level of the genuihe nobilis oil is only about 2 tons. It is marketed
mainly in Western Europe, largely in Germany and the Netherlands (Anon. 1986).

6.3 Chemical composition

A good deal of work on physico-chemical characterisation and chemical composition of
essential oils of different parts &f nobilis have been reported. The reported values of
physico-chemical constants and chemical constituents identified are provided in Table
6.1 The studies carried out so far on the bay oil indicate the influence of geographical
origin of variety and harvest season on the chemical composition. The chemical
composition of the flower essential oil is quite different from other parts of the plant,
namely leaves, stem bark and stem wood (Fioginal. 1997). The earlier studies were
mostly carried out by chemical methods (Nigatral. 1958) but recent GC-MS and GLC
analyses has made possible the isolation and characterisation of a number of compoun
more accurately and efficiently (Nigaet al. 1992; Fioriniet al. 1997). The chemical
structure of some of the important constituents are provided in Figure 6.1. The presenc
of 1,8 cineole in appreciable amounts makes the oil of bay leaves an important perfumer
item (Pruidze 1971).

6.4 Functional properties

Although the dried bay leaves and their essential oil are mainly used as a spice and foo
flavouring agent, the bay oil also finds use in folk or traditional medicines of different
countries, for the treatment of a number of diseases. Recent studies have shown that it h
the following functional properties:

e antimicrobial and antifungal characteristics
* hypoglycaemic properties (in the control of diabetes)
* antiulcerogenic properties.

The essential oil of. nobilishas been found to be active agaiBsaphylococcus aureps
Escherichia coli Shigella flexneriandSalmonella typhipathogens of the intestinal tract
(Syedet al. 1991). Thel. nobilis has also been noted to possess anti-fungal activity (ies),
(Rahari Velomananat al. 1989; MacGregoet al. 1974).

The hypoglycaemic activity of bay leaf extracts has also been reported (Aséibalva
1984). Bay leaves potentiated the action of insulin in glucose metabolism (&thain



Table 6.1 Physico-chemical properties and chemical constituents of essential oil extracted from different partsisfnobilisof varying geographical origins

S. No. Geographical Plant part Physical characteristic(s) Chemical constituent(s) identified Reference(s)
origin of the  and its determined
resource essential oil
material content
1. NA? NA Yellowish brown unpleasant odour, a-pinene, eugenol, phellandrene Rattu and Maccioni (1952)

d 0.9278 ()**d —120°, hd 1.4730,
soluble in ethyl alcohol 1:90

2. NA Fruits, 1% — pinene, cineole, lauric acid, alcohols andRattuet al. (1953)
sesquiterpenes
3. NA Fruits 0 1.4898, dg?° 0.9218, ()p?°  cineole (12.8%), free alcohols 10.7%,  Nigamet al. (1958)

—18.9°, acid no. 5.92, sap. no. 67.94esters (chiefly Mecinnamate 17.9%), free
cinnamic acid (1.3%), free phenols (2.0%),
terpene hydrocarbons (15.4%), and
different carbonyl compounds and
sesquiterpenes.

4. Idzhevanskii, Leaves d 2.5-3.3qf 3.8-3.1. — Melkumyan and Khurshundyan
Armenia, (1959)
Noemberyam- d 0.924-1.4687, % 0.9416-1.4664
skii, Armenia

5. NA Fruits, 4.1%  §2°1.4898, d,°° C.9218, ()q Carbonyl compounds 11.48%, alkali Nigam et al. (1958)

—18.9°. Acid value 5.92, sap. valuesoluble (by vol) 9% «-pinene, citral
67-94, sap. value (after acetylation)terpineol, Me-cinnamate, cinnamic acid,

99.80 caryophyllene, sesquiterpenes
hydrocarbons
6. NA Information  NA a-pinene, camphene, sabinene, limoneneTeisserie (1966)
on plant part carene and 1,8-cineole (35%)
not
mentioned

2.5%



Table 6.1 Continued

S. No. Geographical Plant part Physical characteristic(s) Chemical constituent(s) identified Reference(s)
origin of the  and its determined
resource essential oil
material content
7. NA NA NA a-pinene, camphengj-pinene, sabinene, Teisserieet al. (1966)
3-carenep-phellandreneq-terpinene,
myrcene,a-limonene,8-phellandreney-
terpinene p-cymine, terpinolene and
ocimene
8. Czechoslo- Leaves NA (-pinene, camphene, myrcene, limonene,Chow et al. (1965)
vakia p-cymene,3-phellandrine,3-selinene;y
and é-cadinene
9. Kazakistan Shoot, 0.5%  NA a-pinene,3-pinene, camphene, I-sebineneGoryaevet al. (1966)
[-myrcene,« and g-phelandrene, 1-
limonene,p-cymene, 1-8-cineole, acetic,
propionic, butyric, caproic, caprylic,
pelargonic and enanthric acid in phenolic
in terpens fraction eugenol,
10. Greece Leaves, NA a-pinene, camphenej-pinene, sabinine, Giuliana and Stancher (1968)
1.0% myrcene,3-phellandrene, d-limonene,
cineole,~-terpinine, p-cymene,
Turkey Leaves, NA terpinelene, camphor, linaloal-terpineol,
0.8% terpenyl acetatej-selinene, methyl
eugenol, terpin-eugenol and acetyl eugenol
11. NA NA NA a-pinene,a-thujene, camphengi-pinene, Kekelidzeet al. (1977)

sabinene, myrceney-phellandrene,
limonene,3-phellandrene, 1,8-cinecle;
terpinene p-cymol, linalool, terpinene-4-
ol, eugenol, methyl eugenol, trepenyl
formate



12. Italy NA NA a-thujene (5.9%)3-pinene (20.1%) 1,8 Hector and Retamar (1978)
cineole (37.3%)-cymene (traces)y-
terpineol (2.2%), terpenyl acetate (10.6%),
methyl eugenol (0.3%)

13. Turkey Leaves NA Cis-thujzen-4-ol (a new compound) Novak (1985)

14. Greece Leaves NA 1,8 cineole anderpenyl acetate (major Tuckeret al. (1992)
component) pinocarvone and (E)-
pinocarveol (new compounds)

15. Uttarkhand,  Fruits, 5% @ 0.923, >, 1.4960, [9H*5- 1,8 cineole (28.4%), methyl cinnamate, Nigam et al. (1992), Appendino
India 5.73°, acid value, 3.34 and ester  (20.1%),a-phellandrene (10.1%jy- et al. (1992)
value, 25.86, ester value after pinene (9.3%)q terpenol (5.8%), sabinene
acetylation — 54.68 (4.9%), a-thujene (3.8%)3-humulene

(3.3%), linalool (2.3%), camphor (2.2%),
and a-gurujunene 2.2%

16. India Petroleum NA 10-hydroxyoctacosanyl tetradicanoate, |- Garget al. (1992)
ether extract do co sanol tetradecanoate and 11-
of fruits gaveeramanthin, dehydrocostus lactone,
costunolide, zalu zanin and sesquiterpene
alcohol
17. Toulouse, Flowers, NA (E)-ocimene and sesquiterpenic Fiorini et al. (1997)
France 0.18% compounds -B-carophyllene, viridio-

florene, 3-clemene, germacrene-D-4-ol
and germacrene-D

Leaves, 1,8 cineole, linalool, methyleugenol and
0.57% terpenyl acetate

Stem bark 1, 8 cineole

0.68%

Stem wood, a-terpinyl acetate, methyl eugenol and
0.07% copaene

a = NA, information, not available,
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a-Thujene p-Pinene Sabinene p-Pinene
OH i
; ;2 q E |
a-Phellandrene 1,8-Cineol Linalool Camphor
\ CHO \
CHO
OH OH | |
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Fig 6.1 Structures of some important chemical constituents of essential oil of bay leaves
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1990) and reduced glucose transport (Gurmgal. 1992). The administration of 200 and
600 mg/kg doses of the ethanolic extract of leaves .ohobilis produced a significant
decrease in blood glucose levels in diabetic rabbits (Yanardag and Can 1994).

The possible antiulcerogenic activity bf nobilis seeds was tested on experimentally
(ethanol) induced gastric ulcers in rats. The results indicated antiulcerogenic activity fo
20 and 40% aqueous extracts as well as for the oily fraction of the seeds. In acute toxici
studies, the aqueous extract was found safe with LD50 compared to oil LD50 at 0.33 m
kg body weight (Afifi et al. 1997).

Bay has also been reported as having a number of other properties. The methano
extract from the leaves df. nobilis inhibited the elevation of blood ethanol level in
ethanol loaded rats. The bioassay-guided separation resulted in the isolation
costunolide, dehydrocostus lactone, and santamarine as the active constituents. The
methylene~-butyrolactone structure was found to be essential for the preventive effec
on ethanol absorption. In addition, the retardation of gastric emptying seemed to b
partially involved in the preventive effects (Matsudaal. 1999).

The effects of aqueous extracts of leaves and flowels ofobilis on adult snail and
embryo Biomphalaria glabratd have been studied. Results obtained have shown a
degree of toxicity on the embryos starting at a concentration of 125 ppm. The flowel
extract appeared to be more effective. Cephalic and shell malformations were found i
embryos treated with both leaf (50 ppm) and flower (25 ppm) extracts. The LD90 value
on adult snails was estimated as 340 ppm for flower extract and 1900 ppm for leaf extra
(Rey and Kawano 1987). Cockroach repellant activity has also been found in bay leave
(Verma and Meloan 1981).

The antioxidant properties of bay have been discussed by Lagouri and Bousko
(1995).

6.5 Toxicity and allergenicity

Bay leaves and their essential oil do not appear to have any significant toxicity. Howeve
sporadic reports have indicated that bay leaves may cause allergic contact dermati
(Asakaweet al. 1974; Cheminagt al. 1984; Goncalo and Goncalo 1991) perhaps induced
by one or more sesquiterpene lactone. Certain bay leaf samples of Mexican origin he
been detected to be infested with gastrointestinal disease catisistgidium perfringens
spores @ <100 to 450 Cfu/g (Rodriguez-Rogtoal. 1998).
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Black pepper
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7.1 Introduction

Among the spices, black pepper is the king. It is the most important, most popular anc
most widely used spice in the world. It has extensive culinary uses for flavouring and
preserving processed foods and is important medicinally. Of the total spices trade
internationally pepper accounts for about 34% (throughout this chapter, pepper is used |
mean black pepper, unless otherwise stated). South West India is the traditional home
this important spice, particularly the Western coastal regions of South Peninsular Indi
(the Malabar Coast).

Black pepper was the first oriental spice to be introduced into the Western world, anc
was well known among the Romans and Greeks. In the middle ages pepper assumed gr
importance in Europe. Its use resulted in revolutionary changes in Western cooking
together with other spices, pepper helped to improve flavour and preservation of foo
became easier. Pepper was also used in medicine, as a carminative and febrifuge, f
aiding in digestion, and in curing the common cold.

7.2 Production and international trade

The genugliper comprises about 1200 species, about 60% of which occur in central and
northern South America. The other important regions are South and South-East Asié
Pepper is now grown in tropical zones such as the Asia Pacific region, mainly India,
Indonesia, Malaysia, Sri Lanka, Thailand, China, Vietham and Cambodia. Outside the
Asia Pacific region the crop is distributed in Brazil, Mexico, Guatemala, etc., totalling
about 26 countries (see Table 7.1). The total global area under pepper production |
around 404,000 ha producing around 180,000 tonnes of pepper annually.

In 1950, 70% of world pepper cultivation was concentrated in India, but this had gone
down to 46% by 1991 and production from 66% to 30%. India’s share of the world
market has come down from 56% to 23% in the same period. At the same time peppe
production in other countries made remarkable progress. Currently India ranks first ir
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Table 7.1 Pepper production in producing countries 1996 to 1999 (in tonnes)

Country 1996 1997 1998 1999
Asia & Pacific 153,988

India 60,000 60,000 65,000 75,000
Indonesia 39,200 43,291 56,250 44,500
Malaysia 12,000 18,000 19,000 21,500
Vietnam 20,000 25,000 22,000 30,000
China P.R. 8,000 NA NA 12,000
Thailand 9,773 5,183 5,313 7,000
Sri Lanka 3,000 4,470 6,771 4,740
Cambodia 2,000 NA NA NA
Brunei Darus 15

South Pacific 168

Fiji 150

Samoa 6

Micronesia 12

Latin America 21,690

Brazil 19,500 18,000 17,000 22,000
Mexico 1,250

Guatemala 380

Honduras 400

Saint Lucia 160

Africa 4,565

Mad