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acceptable daily intake (ADI value) 306 Amomum see cardamom (large)
acetic acid, onions in 257-8 amsol 212
acid insoluble ash (AIA) 14, 20 analgesic properties 84-5, 116-17, 160, 264
adulteration 22-8 anethole 44-6, 46, 47
adulterants 23-5 anise oil 42-3, 44-6, 47
authentication of origins 26-8 aniseed 39-51
black pepper 81 chemical structure 40-1
capsicum, chillies, paprika 120 functional properties 446
cardamom (small) 131-2 production 414
cinnamon 152 quality 47-8
detection 25-6, 27 toxicity and allergenicity 467
marjoram 227-8 uses 44
nutmeg 246 anthocyanin 138-9, 211
saffron 282-3 antibiotic properties 188
turmeric 301 antiepileptic properties 85
Aedes aegypti 224 antifungal properties 45, 54
aflatoxin limits 15, 19, 204 antimicrobia properties 56
Aframomum see cardamom (large) aniseed 45
Agmark specifications 129, 130, 292 bay leaves 54
agriculture, organic 34-5 black pepper 85
see also cultivation cinnamon 150
alkaloids 169 curry leaf 171
alergenicity dill 177
aniseed 467 ginger 202
bay leaves 59 marjoram 224-5
cinnamon 150 turmeric 308
see also toxicity antioxidant properties
allicin 183 aniseed 45
aliin 182-3 black pepper 84-5
aliinase 1834 clove 160
Allium cepa see onion curry leaf 171
Allium sativa see garlic garlic 188
a-pinene 74, 78 ginger 201
American Spice Trade Association marjoram 225-6
(ASTA) 16, 17-18 onion 256

amla preserve 108-9 rosemary and sage 26975



312 Index

antioxidant properties — continued
turmeric 308

antipyretic properties 84-5

antiulcerogenic properties 59

ar-turmerone 305, 306

ash level 14, 20

ASTA colour value 18

atopic eczema 226

ATP citrate lyase 21213

authentication methods 26-8

authenticity 13

Ayurvedic medicine 149, 213, 282

banana pudding, quick 98
bay |leaves 52-61
chemical composition 54, 55-7, 58
cultivation, production and processing 534
functional properties 54-9
toxicity and allergenicity 59
bay oil 534
beans, green, fried with coconut 109
beef, pickled 967
bees 224
benzoid compounds 220
[-caryophyllene 77, 78, 155
(B-pinene 74, 78
beverages 95-6
bhatti system 138
bio-dynamic agriculture 35
bird's eye chilli 111-22
bis-demethoxy curcumin 302, 304, 305
biscuits, pepper 99
black pepper 62-110
chemical structure 73-9
cultivars and varieties 67-8
cultivation 68-72
description 64—7
functional properties 84—6
industrial processing 81-3
pepper products 834
post-harvest handling 72-3
production 62-4, 65, 6873
quality 67-8, 801
recipes with 95-110
trade 624, 65
use in food 86-92
black pepper fried chicken 107
black pepper pot roast 106
bleached cardamom 125
blood coagulation 187
blood pressure 187
Bonda Chai (Bonda tea) 265-6
botanical origins 2, 3, 234
authentication 26-8
ISO list of plant species 2, 8-11
breeding, plant 262
brine, onions in 257-8
bulk density/bulk index 15, 19

bush cultivation of pepper 70, 71
butter
kokam and cambodge 209, 212
nutmeg 242-3

Calicut ginger 196, 202, 203
cambodge 207-15
chemical structure 2089
functional properties 212—-13
production 210, 211
quality 213-14
uses 212
cambogin 213
camphene 243, 245
cancer-preventing properties 188, 202, 282
capsaicin 112, 113, 116
content/test 18
capsaicinoids (CAPS) 112, 113, 116
capsanthin 112, 113
capsicums 111-22
chemical structure 112-13
classification 111-12
functional properties and toxicity 116-17
production 113-15
quality 117-20
uses 115-16
capsorubin 112
capsule husk, poppy 265-6
cardamom (large) 13442
chemical structure 1367
cultivation 137-8
post-harvest handling 138-9
quality 140
trade 137
uses 13940
cardamom (small) 123-33, 134
chemical structure 127-8
production 1247
quality 128-32
cardamom oil 123, 1267
carminative properties 45
carnosic acid 271, 272
carnosol 271, 272
carvone 175, 176
cassia 1434, 151, 152
see also cinnamon
Central Food Technological Research Institute
(CFTRI) 138, 289
certification 35-6
chemical structure
aniseed 40-1
bay leaves 54, 55-7, 58
black pepper 73-9
capsicums, chillies, paprika 112-13
cardamom (large) 1367
cardamom (small) 127-8
cinnamon 144-6
clove 154-5



cumin 164-5
curry leaf 169-70
dill 176
garlic 1824
ginger 1956
kokam and cambodge 208-9
marjoram 220-2
nutmeg and mace 239-43
onion 250-2
poppy 263-6
saffron 276-9
tamarind 289-91
turmeric 302-5, 306
cherries, pickled 96
chicken, fried with black pepper 107
chillies 111-22
dried chilli quality 119-20
dry chilli production 114-15
chips, cinnamon 147
cholesterol reduction 187, 202, 282
chrysanthemin 289
chutneys 96-8
cigarette addiction 123
cineole 128, 129
cinnamon 143-53
chemical structure 1446
economic species 145
essential oil 28, 147-8
functional properties and toxicity 149-50
production 146-8
quality 150-2
uses 148-9
cis-sabinene hydrate 220, 221, 222
Citrin 213
classification of spices 1, 2
cleanliness 14, 16, 17-18, 19
extraction of light filth from marjoram
227
garlic 189
ginger standards 202-5
nutmeg and mace 246
clear dha soup 104
clove 154-63
functional properties 159-60
production 155-8
quality 160-1
uses 158-9
Cochin ginger 196, 202, 203
coconut chutney 97
codeine 264
cold expression process 265
colour 189
capsicums, chillies, paprika 115
kokam and cambodge 211-12
marjoram 228
pigments 211-12, 281, 302
saffron 281, 283, 284
turmeric 302, 3056

Index

colour values 18
colouring strength 283, 284
concentrate, tamarind juice 289
condiments 91-2
consumption, black pepper 64, 66
continuous subcritical water extraction
(CSWE) 222-3
coriander chutney 97-8
cream of vegetable soup 1034
critical region 26, 27
crocins 277, 278, 279, 281, 282
Crocus sativus see saffron
cryogrinding 82
crystallized ginger 197
cultivars/varieties
black pepper 67-8
cardamom (large) 1356
cinnamon 145
garlic 182
onion 250
turmeric 298
cultivation
aniseed 41-2
bay |leaves 534
black pepper 68-72
cardamom (large) 137-8
dill 174-5
organic agriculture 34-5
poppy 263
saffron 279-80
cumin 164-7
chemical structure 164-5
functional properties 165
production 165
quality 166—7
uses 165
cuminaldehyde 166
Curcuma domestica see turmeric
curcumin 300, 302-5, 306, 307, 308
content 19, 301
curcuminoids 302, 305, 308
curing
cardamom (small) 125
turmeric 298-9
curried lamb 107-8
curry leaf 168-72
chemical structure 169-70
functional properties 170-1
production 170
uses 168-9
curry powder 87, 88, 300-1
cysteine sulphoxides 182—4, 188-9, 2512

dehydration

garlic 1846, 190-2

onion 253, 254, 255, 257
demethoxy curcumin 302, 304, 305
dhal soup, clear 104

313
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digestive properties 150, 202
dill 173-9
chemical structure 176
flavour compounds 176
functional properties and toxicity 177
production 174-5
quality 177-8
dillapiole 176, 177
dilution of essential oils 25
dipentene 243, 245
diseases of pepper 70
diterpenes 271
dried chillies 114-15, 119-20
dried clove bud 156
dry ginger 197-8
dry onions 256
drying 13
kokam and cambodge 210, 211, 213-14
marjoram 218-19
dyes 281

E. cali 21
east Indian dill (Sowa) 173, 174, 177, 178
eczema, atopic 226
edible oils 25
eicosanoid cascade 202
elemicin 242, 244
Elettaria cardamomum see cardamom
(small)
emulsions 271-2
essential oils 4-5, 22-33
adulteration problem 22-8
anise 42-3, 44-6, 47
authentication of botanical and geographical
origin 26-8
bay 534
black pepper 74-9
cardamom (large) 136-7, 139
cardamom (small) 123, 1267
cinnamon 28, 147-8
clove 157-8
cumin 165, 166—7
curry leaf 169-70
dill 175, 176, 178
garlic 186
ginger 198
marjoram 216, 218, 219-23
nutmeg and mace 240-2, 244
onion 2534
origins 23-4
physical properties 30-3
poppy seed oil 265
turmeric 300, 305
ester number 25-6, 27, 30-3
ethyl acohol 25
ethylene oxide 16, 117
eugenol 154-5, 156, 157-8, 159, 160
eugenol acetate 154-5, 156

European Spice Association (ESA) 16-18, 19,
20

European ginger standards 204, 205
ever-ready onion 250
expectorant properties 45
extraneous matter 16, 17, 189

see also cleanliness

fat synthesisin the body 212-13
featherings, cinnamon 147
fertilizers 70
fish, salted 291
fish curry 200
Five Spice Blend (FSB) 87
flakes, garlic 190, 191
flavonols 79
flavour
black pepper 80-1
cardamom (small) 128, 129
compounds 4, 5
dill 176
garlic 189
paprika and chillies 115
precursors 182—4, 188-9, 250-2
synthetic flavour compounds 22, 234, 166
flue pipe curing 125, 138
food processing uses see uses of spices/herbs
freeze-drying 219
freezing point 25-6
fresh ginger 197, 198
fried chicken with black pepper 107
functional properties 5-6
aniseed 446
bay leaves 54-9
black pepper 846
capsicums, chillies, paprika 116-17
cardamom (small) 123
cinnamon 149-50
clove 159-60
cumin 165
curry leaf 170-1
dill 177
garlic 187-9
ginger 2012
kokam and cambodge 212-13
marjoram 224—7
nutmeg and mace 244
onion 255-6
poppy 263-6
rosemary and sage 269-75
saffron 282
tamarind 291
turmeric 307-8

Garcinia fish curry 200
garcinia fruits see cambodge; kokam
garlic 180-94

chemical structure 1824



functional properties 187-9
production 180, 181, 184—7
quality 189-92
toxicity 188-9
uses 180, 187
garlic salt 1867
gas chromatography/mass spectrometry
(GCI/MS) 24-5, 267
geographical origins 12, 234
authentication 26-8
ghee 171
ginger 195-206
chemical structure 1956
functional properties 201-2
production 196-8
quality 202-5
uses 198-201
ginger wine 199
globulin 264
glutamic acid 251
grading
cardamom (small) 129-30
cinnamon quills 150-1
ginger 202, 203
nutmeg 245
paprika 117, 118
see also quality; standards
green beans fried with coconut 109
green pepper based products 834
grits, garlic 190-1
Grocers Company 14
ground spices/herbs
cardamom 125-6
cinnamon 147
clove 157, 158-9
cumin seeds 166
garlic 190-1
ginger 198
pepper 82
spice mixture 109-10
turmeric 300

harvesting
black pepper 71, 72
cardamom (small) 124-5
cinnamon 146-7
dill 175
marjoram 217-18
health tonic 281
heat treatment 16, 434
herbal medicines 226
high-pressure liquid chromatography (HPLC)
120
HIV 226
Hungary 113-14
hydroxycitric acid (HCA) 208-9, 212-13
hydroxycitric acid lactone (HCAL) 208-9
hypoglycaemic properties 54-9, 171

Index 315

India
black pepper 62—4, 68
cardamom (small) 123, 124
curry leaf 168
ginger standards 202, 203
kokam and cambodge 210
onion 249
opium 263
organic spices 36, 37
turmeric 297, 298, 301, 302
Indonesia 37
infra-red (IR) spectroscopy 25
insects
damage to capsicums, chillies, paprika
120
pests affecting pepper 70
quality specifications 16, 17, 189
inspection on delivery 21
International Standards Organisation (1SO) 15,
20, 283
list of plant species 2, 8-11
international trade see trade
iodine number 25, 26
irradiation 5, 16
aniseed 434
marjoram 219
isotope ratio by mass spectrometry (IRMS)
27

isotopic fingerprint 27—-8

jellose 290
juice
onion 254
tamarind juice concentrate 289

kernel powder, tamarind 290, 291
kokam 207-15
chemical structure 208-9
functional properties 212-13
production 210
quality 213-14
uses 211-12
korma curry 108

labelling 191
lacrimater 252
lamb
curried 107-8
spicy lamb fry masala 199-200
see also mutton balls, pepper
larvicidal properties 245
laudanum 282
Laurus nobilis see bay leaves
legume preparations 104-5
limbolee oil 169
limonene 74, 78, 176
linalool 27, 28, 128, 129
linalyl acetate 27, 28, 129
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mace 23848
functional properties and toxicity 244
production and chemical structure 239-43
quality 245-6
uses 244
mahanimbinol 169
Malabar tamarind see cambodge
marjoram 216-37
essentia oil 216, 218, 219-23
functional properties 224—7
harvesting 217-18
post-harvest management 218-19
quality 227-31
uses 2234
masala dhal 102-3
masalas 90-1
mass spectrometry 24-5
maximum solvent residues 161
meat dishes 96-7, 106-8, 199-200
mesh size 15
metals 21
methoxy hydroxy chalcone polymer 149, 150
methyl eugenol 128, 129
microbiological quality 15, 16, 19, 21
microencapsulation 83
milk shake, pepper 95
minerd oils 25
mixed vegetable soup 103
moisture content 14, 20, 139
monoterpene alcohols 220
monoterpene carbonyls 220
monoterpene esters 220
monoterpene hydrocarbons 74-7, 220, 221,
2412
morphine 264
mould 16, 17, 189
mulugutwanny 105
mutton balls, pepper 106-7
see also lamb
mycotoxin levels 15, 19, 204
myristic acid 245
Myristica fragrans see mace; nutmeg
myristicin 242, 243, 244, 245

narcotic properties 244
Nature’s Own 213
Nile tilapia 224
noscapine 264
nutmeg 23848
functional properties and toxicity 244
production and chemical structure 239-43
quality 245-6
uses 244-5
nutritional composition
black pepper 85
cinnamon 144
clove 159-60
curry leaf 170-1

garlic 187, 188
garlic salt 186
ginger 201
marjoram 230
onion 250-1
turmeric 304

odour 80, 189
off-flavour compounds 80-1
oil-in-water emulsions 271-2
oleic acid 209
oleoresin
anise 42-3
black pepper 82
capsicums, chillies, paprika 112, 114,
117-19
cinnamon 148
clove 158, 159
garlic 186
ginger 198
nutmeg and mace 242
rosemary 270
turmeric 300
onion 249-60
chemical structure and influences on flavour
250-2
functional properties 2556
production 252-5
quality 256-8
onion salt 254
opium 261, 263, 264
optical rotation 25-6, 27, 30-3
oregano 216
organic spices 34-8
certification 356
future trends 38
organic farming 34-5
quality 356
standards 35
world trade 36—7
orginine 251
outcrossing 262
oven drying 213-14
oxygenated compounds 74-8

packaging 19, 191
pain relief 84-5, 116-17, 160, 264
pakodas 249
Papaver see poppy
papaverine 264
paprika 111-22
production 113-14
quality 117, 118
particle size 15
pectin 290
Peermade Development Society 37
pepper, black see black pepper
pepper mutton balls 106-7



pepper products 834
pepper spike pickle 97
pepper steak 106
pepper tea 95
peppers see capsicums
‘peppers’ guild 14
perfume 245, 281
pesticidal properties 308
pesticide levels 15, 19, 204
phellandrene 176
phenolic components 79
physical properties 25-6, 30-3
pickles 96—7
onion 254-5, 257-8
picrocrocin 277, 278, 279
pigments 211-12, 281, 302
Pimpinella anisum see aniseed
pinene 74, 78, 243, 245
Piper nigrum see black pepper
piperine 74, 75
levels test 18
plant breeding 262
plant species 2, 8-11
platelet aggregation 187, 226
polishing 299
ponga 100-1
poppy 261-8
chemical structure and uses 263-6
cultivation 263
pork, pickled 967
post-harvest handling
black pepper 72-3
cardamom (large) 138-9
marjoram 218-19
turmeric 298-9
pot marjoram 217
pot roast 106
potato chips 99-100
powdered spices/herbs see ground spices/herbs
precursors, flavour 182—4, 188-9, 250-2
preservation 5
preserved ginger 197, 198
prices, saffron 280
processing 4-5
aniseed 434
bay |eaves 534
black pepper 81-3
capsicums, chillies, paprika 113-15
cardamom (large) 138-9
cardamom (small) 125-7
cinnamon 147-8
clove 1568
curry leaf 170
dill 175
garlic 1847
ginger 197-8
kokam and cambodge 210-11
marjoram 218-19, 222-3

Index

nutmeg and mace 23943
onion 253-5
poppy seed ail 265
rosemary and sage 269
tamarind 288-9
turmeric 298-301
production
aniseed 414
bay |eaves 534
black pepper 624, 65, 68-73
capsicums, chillies, paprika 113-15
cardamom (large) 137-9
cardamom (small) 124-7
cinnamon 146-8
clove 1558
cumin 165
curry leaf 170
dill 174-5
garlic 180, 181, 184-7
ginger 196-8
kokam and cambodge 210-11
marjoram 217-23
nutmeg and mace 23943
onion 252-5
poppy 263
rosemary and sage antioxidants 269
saffron 279-80
tamarind 288-9
turmeric 298-301
protein 264
protocrocin 277
puliyingi 199
pulp, tamarind 289
pulse preparations 104-5
pungency 112, 115, 120

quality 13-21
aniseed 47-8
ASTA standards 16, 17-18
black pepper 67-8, 80-1
capsicums, chillies, paprika 117-20
cardamom (large) 140
cardamom (small) 128-32
cinnamon 150-2
clove 160-1
cumin 166—7
defining 13
dill 177-8
ESA standards 16-18, 19, 20
garlic 189-92
ginger 202-5
indices for essential oils 22-33
international specifications 14-15
kokam and cambodge 213-14
marjoram 227-31
nutmeg and mace 245-6
onion 256-8
organic spices 356

317



318 Index

quality — continued

other tests 18-19

saffron 2824

tamarind 291-2

turmeric 301-2, 303
quality assurance systems 21
quick banana pudding 98
quillings 147
quills, cinnamon 147, 150-1

racemic synthetics 228

radish sambar 104-5

Rasam 105

recipes
with black pepper 95-110
with ginger 199-201

refractive index 25-6, 27, 30-3

regulation see quality; standards

rehydration 191

resorcinols 245

rhizomes, turmeric 298, 298-9

rigani 217

rind, kokam and cambodge 208, 210, 211,

211-12, 21314

roghan josh 107-8

rosemary 26—7, 269-75
antioxidant properties 269-70
chemical structure 271-2
extraction methods 269

rosmanol 271, 272

rosmaridiphenol 271

rosmarinic acid 271, 272

rosmariquinone 270

S-ak(en)yl cysteine sulphoxides 1824,
188-9, 2512
sabinene 74, 78
saffron 276-86
chemical structure 276-9
functional properties 282
production 279-80
quality 2824
uses 281
safranal 278, 279
safrole 242, 243
sage 13, 269-75
antioxidant properties 272
extraction 269
sadlad dressings 90
Salmonella 21
sdted fish 291
sand content (acid insoluble ash) 14, 20
sauces 90, 91-2
Scoville heat units (SHU) 18, 112, 120
seasonings 90, 91-2
seed testa, tamarind 290-1
seeds
cumin 165, 166

poppy 264
tamarind 290

sensory evaluation 80

sesquiterpene hydrocarbons 77-8, 220, 305, 306

shallots 250
dices, garlic 190-1
smoke drying 211, 213-14
snacks 99-101
sodium tripolyphosphate (STPP) 270
soikadi 212
solubility 30-3
soluble seasonings 87—90
solvent extraction 158, 270
solvent residues, maximum 161
soups 1034
Sowa (east Indian dill) 173, 174, 177, 178
Spain 284
specific gravity 25-6, 27, 30-3
specifications see quality; standards
spice extracts 4
spice mixes 90-1
spicy lamb fry masala 199-200
spicy water melon juice 95-6
Sri Lanka 37
standards 14-18, 19, 20
capsicums, chillies, paprika 117-20
cardamom (large) 140
cardamom (small) 128-31
cinnamon 151
clove 160, 161
cumin 166
dill 177-8
garlic 189-90
ginger 202-5
marjoram 229, 230
nutmeg and mace 245-6
onion 2567
organic spices 35
saffron 2834
tamarind 292
turmeric 301, 302
see also quality
star anise oil 47
steak, pepper 106
steam digtillation 42, 126-7, 139, 170, 175
stearic acid 209
stimulant properties 45
stomach cancer 188
storage
aniseed 43
cinnamon 148
clove 1567
garlic 192
marjoram 219
turmeric 299, 300
suji halwa 98-9
sulphur-containing compounds 182—4, 188-9,
251-2



sun drying 210, 211, 213-14

supercritical fluid extraction (SFE) 83, 158,

222
sweet preparations with pepper 98-9

synthetic flavour compounds 22, 23-4, 166

tamarind 287-96
functional properties 291
production 288-9
quality 291-2
uses 289-91
tamarind kernel powder (TKP) 290, 291
tea
Bonda (poppy) 2656
pepper 95
terpenes 169
terpineol 128, 129
terpinoid ether/oxides 220
terpinyl acetate 128, 129
testa, tamarind seed 290-1
thebaine 264
thermic effects of food (TEF) 116
thin-layer chromatography (TLC) 25
thyme 13
tomato curry 200-1
toxicity 59
aniseed 467
capsicums, chillies, paprika 116
cinnamon 149-50
dill 177
garlic 188-9
nutmeg and mace 244
trade, international 3
black pepper 624, 65
cardamom (large) 137
cinnamon 146
curry leaf 168
dill 1734
nutmeg and mace 239
organic spices 367
tamarind 288
turmeric 298
traditional medicine 177, 201, 213, 307
black pepper 84, 85
cinnamon 149
clove 160
cumin 165
curry leaf 171
marjoram 2267
onion 255-6
saffron 282
trimyristicin 242-3
turmeric 13, 297-310
chemical structure 302-5, 306
functional properties 307-8
post-harvest processing 298-301

Index

production 298-301

quality 301-2, 303

uses 3057
turmerone 305, 306

Unani medicine 149, 282
United States ginger standards 202-5
urd bonda 100
uses of spicesherbs
aniseed 44
bay |eaves 534
black pepper 86-92
capsicums, chillies, paprika 115-16
cardamom (large) 13940
cardamom (small) 123
cinnamon 148-9
clove 158-9
curry leaf 168-9
dill 173
garlic 180, 187
ginger 198-201
kokam and cambodge 211-12
marjoram 2234
nutmeg and mace 244-5
onion 249, 253
poppy 263-6
saffron 281
tamarind 289-91
turmeric 3057

varieties see cultivars/varieties
varroa infestation in bees 224
vegetable crispies 99-100
vegetable curry 101-2
vegetable hamburger onion hash 101
vegetable khorma 102
vegetable preparations 101-3
vegetable soups 1034
veppilakkatti 168-9
vinegar from onion 255
vitamins 117
volatile il (V/O) 14, 20

see also essentid oils

water availability 14-15
water melon juice, spicy 956

water steeping and retting technique 81-2

weight management properties 21213
wet masala 249

white pepper 81-2

wild marjoram 217

wine, ginger 199

Zaafran Attar 281
Zingiber officinale see ginger
zingiberene 196
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Introduction

Herbs and spices play a pivotal role in the day-to-day life of mankind as important
flavouring agents in foods, beverages and pharmaceuticals and also as ingredients in
perfumes and cosmetics. The manufacturers of foods, beverages, cosmetics and
pharmaceuticals are responding to the growing wave of consumer resistance and
legislative limitations set for products containing chemical additives. Spices as sources
of natural colours and flavours present welcome opportunities in the international
market. The nutritional, antioxidant, antimicrobial and medicinal properties of spices
also have widespread applications.

I.1 Production of quality spices

Production of quality clean spices without any pesticide/chemical residues is important
in this era of free international trade resulting from globalisation. Organic spices
which fetch 20 to 50% higher prices than spices from conventional farms are devoid
of pesticides and chemical residues and are superior in quality. Adoption of good
agricultural practices helps to reduce the above contaminants. Quality assurance
systems such as HACCP is of great relevance in the production of quality spices.
Decontamination techniques and proper packaging and storage techniques play a
major role in maintaining quality of spices.

I.1.1 Rational uses of pesticides and controlling the pesticide/chemicals
residues in herbs and spices

All over the world, people are becoming more and more conscious of health problems
due to consumption of foods contaminated with pesticide residues. It is estimated
that a large number of people suffer from pesticide poisoning and suffer every year
due to the toxic effects of chemicals. Promotion of a farming technique adopting
ecologically sound plant protection measures, organic recycling and bio-waste
management would go a long way in bringing back the health of soil and reducing the
pesticide residues of farm produce. The role played by various beneficial microorganisms
including mycorrhizae, biocontrol agents and plant-growth-promoting rhizobacteria
are enormous in enhancing crop growth and disease control without leaving any
chemical residues on plants. The effective bioagents for the control of major diseases
of spice crops are listed in Table I.1.
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Table I.1 Effective bio agents for the control of major diseases in spice crops

Crops

Major diseases

Causal organisms

Bio control agents

Cardamom (small)

Black pepper

Vanilla

Ginger

Turmeric

Chillies,
Paprikas

Thyme

Rosemary
Sage

Mint

Horse-radish

Burmese-coriander
Marjoram

Oregano

Azhukal

Rhizome rot

Seed rot
Seedling rot

Root rot

Foot rot
(quick wilt)

Slow decline
(slow wilt)

Root rot

Stem rot, stem
blight, beans rot,
beans yellowing
and rotting shoot
tip rot

Soft rot
(rhizome rot)

Ginger yellows

Rhizome rot
Storage rots
Damping off in
seedlings

Anthracnose
(fruit rot)

Wilt disease
Leaf rot

Thread blight
Wilt

Wilt

Leaf blight
Root rot, wilt
Wilt

Leaf blight

Leaf spot
Leaf spot

Phytophthora meadii,
P. nicotianae var.
nicotianae
Rhizoctonia solani,
Pythium vexans

Fusarium oxysporum
R. solani, P. vexans

F. oxysporum

Phytophthora capsici

Rodophilus similies,
Meloidogyne incognita

Fusarium oxysporum,
Sclerotium rolfsi

P. meadii, F. oxysporum
Sclerotium rolfsii

F. oxysporum,
Colletotrichum
gloeosporioides

Pythium
aphanidermatum,
P. myriotylum,
Fusarium sp.

Rhizoctonia solani,
Sclerotium rolfsii

Pythium sp.,
Phytophthora sp.

Colletotrichum
lindemuthianum

F. oxysporum
F. oxysporum

Rhizoctonia solani
R. solani

F. oxysporum

Colletotrichum sp.
Verticillium sp.

Fusarium sp.
Colletotrichum sp.
Phoma sp.
Curvularia lunata

Trichoderma viride

T. harzianum
Laetisaria arvalis
Gliocladium virens
Arbiscular Mycorhizal
Fungi (AMF)
Trichoderma sp.
Pseudomonas

fluorescens

Bacillus subtilis

AMF

T. viride, T. harzianum,
Gliocladium virens
Paecilomyces lilacinus
G. virens, T. viride

T. harzianum, AMF
Verticillum,
Chlamydosporium sp.
Pasteuria penetrans

T. viride, T. harzianum

B. subtilis

P. fluorescens
T. viride

T. harzianum
P. fluorescens

T. viride
T. harzianum

Trichoderma sp.

Trichoderma sp.

T. viride

T. harzianum

P. fluorescens
B. subtilis

P. fluorescens
B. subtilis
Trichoderma sp.

T. viride
T. harzianum

T. harzianum
T. harzianum

T. harzianum

T. harzianum
T. harzianum

T. harzianum
T. harzianum
T. harzianum
T. harzianum
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Guidelines for production of organic spices are developed for various producing
countries. The Spices Board of India (2001) published the guidelines for production
of organic spices in India. The nutrient composition of selected organic cakes and

recommended quantity of organic manure for various spice crops are presented in
Table 1.2.

I.1.2 Radiation processing to decontaminate spices

Radiation processing offers good scope for increasing shelf life, enhancing quality
and microbial safety without changing the natural flavour attributes of spices. This
technique is widely practised in North America and Europe to decontaminate imported

Table 1.2 (a) Nutrient composition of selected organic cakes and (b) recommended quantity of
organic manure for various spice crops

(@)
Oil cakes Nutrient contents (%)
Nitrogen Phosphorus Potash
Edible cakes
Coconut cake 3.0 1.9 1.8
Niger cake 4.7 1.8 1.2
Sesamum cake 6.2 2.0 1.2
Sunflower cake 7.9 22 1.9
Groundnut cake 7.3 1.5 1.3
Non-edible cake
Cotton seed cake (with shells) 6.4 2.9 2.2
Mahua cake 2.51 0.80 1.85
Neem cake 5.22 1.08 1.48
(b)
Spice crops Organic manure Quantity
Black pepper Farmyard manure 4-10 kg/plant
Small cardamom Neem cake/FYM/Vermicompost/Poultry 4-5 kg/plant
manure
Large cardamom Cattle manures/organic cakes 2 kg/plant
Vanilla Farmyard manure/Vermicompost 4-5 kg/plant
Chilli Farmyard manure/ 4-5 t/ha
Sheep manure/ 3-5 g/ha
Neem cake 3-4 g/ha
Ginger Farmyard manure/ 5-6 t/ha
Neem cake 2 t/ha
Turmeric Farmyard manure/ 5-6 t/ha
Neem cake 2 t/ha
Fennel Farmyard manure 10-12 t/ha
Coriander Farmyard manure 4 t/ha
Cumin Farmyard manure 4-5 t/ha
Fenugreek Farmyard manure 4-5 t/ha
Celery Farmyard manure 10-12 t/ha
Clove Farmyard manure 1540 kg/plant
Nutmeg Farmyard manure 15-40 kg/plant

Source: Spices Board of India (2001).
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spices. The various producing countries also started installing facilities for radiation
processing of spices. Radiation sterilisation along with good agricultural and
manufacturing practices help to produce clean, high quality spices free from pesticide
and chemical residues. Being a cold process, it does not affect the delicate aroma and
flavour compounds in spices. The risk of post-treatment contamination can be eliminated
by subjecting the pre-packed spices to irradiation. Table 1.3 gives the list of countries
that have approved irradiation processing of food products and spices items permitted
for irradiation under the Indian Prevention of Food Adulteration Act (PFA) rules.

Low doses of irradiation (< 1 K.Gy) help to inhibit sprouting in onion, garlic,
ginger, etc. A medium dose application (1-10 K.Gy) eliminates spoilage microbes
and food pathogens and high dose application (>10 K.Gy) sterilises food for special
requirements and for shelf-stable foods without refrigeration.

I.1.3 Packaging in spices for maintenance of quality
Spice products are hygroscopic in nature and being highly sensitive to moisture,

Table 1.3  (a) Countries which have approved radiation processing of food products and (b) spice
items permitted for irradiation under Indian Prevention of Food Adulteration Act (PFA) rules

(a)

S. no. Country S. no. Country S. no. Country
1 Argentina 19 Ghana 37 Philippines
2 Australia 20 Greece 38 Poland
3 Austria 21 Hungary 39 Portugal
4 Bangladesh 22 India 40 Russian Federation
5 Belgium 23 Indonesia 41 South Africa
6 Brazil 24 Iran 42 Spain
7 Canada 25 Ireland 43 Sweden
8 Chile 26 Israel 44 Syria
9 China 27 Italy 45 Thailand
10 Costa Rica 28 Japan 46 Turkey
11 Croatia 29 Republic of Korea 47 Ukraine
12 Cuba 30 Libya 48 UK
13 Czech Republic 31 Luxemburg 49 Uruguay
14 Denmark 32 Mexico 50 USA
15 Egypt 33 Netherlands 51 Vietnam
16 Finland 34 New Zealand 52 Yugoslavia
17 France 35 Norway
18 Germany 36 Pakistan
(b)
Name of spice Dose of irradiation Purpose
Minimum Maximum
Onion 0.03 0.09 Sprout inhibition
Shallots (small onion) 0.03 0.15 Sprout inhibition
Garlic 0.03 0.15 Sprout inhibition
Ginger 0.03 0.15 Sprout inhibition
Spices 6.0 14.0 Microbial decontamination

Source: Sharma et al. (2003).
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absorption of moisture may result in caking, discolouration, hydrolytic rancidity,
mould growth and insect infestation. As spices contain volatile aromatic principles,
loss of these principles and the absorption of foreign odours as a result of inefficient
packaging may pose serious problems. In addition, heat and light accelerate deterioration
of aroma and flavour components.

Spices containing natural colouring pigments need protection from light (capsicum,
cardamom, turmeric and saffron). Spice powders like onion and garlic contain highly
volatile sulphur compounds and need rigorous protection from loss/absorption of
flavour. The essential oil components naturally present in most of the spices are
subject to oxidation by atmospheric oxygen, particularly at high storage temperature
resulting in the development of off-flavours. Packing of spice oils and oleoresins is
done in epoxy lined steel drums and high-density polythene containers. For certain
oils and oleoresins, aluminium and stainless steel containers are used. Polyethylene
terephthalate (PET) bottles, which possess very good odour barrier properties and
food-grade high-molecular-weight high-density polyethylene (HMHDPE) containers
are also used for storing essential oils and oleoresins. Most of the whole spices are
protected by pericarp and the natural antioxidants present therein, and need less
rigorous protection than ground spices. The packaging materials suitable for different
spice products are listed in Table 1.4.

Table 1.4 Packaging in spices

Spice Product Type of packaging  Packing material
Black pepper ~ Whole pepper Bulk Gunny bags (burlap bags)
polyethylene-lined double burlap
bags.
Whole pepper Retail HDPE pouches 200 gauge
Ground pepper Retail Laminated heat stable
aluminium foil (polyethylene
coated)

Moisture-proof cellulose film
Double-lined polyethylene bags
Cardamom Green cardamom Bulk Wooden boxes or tins lined with
heavy gauge black polyethylene,
metal foil or waterproof paper.

Cardamom seed Retail Air-tight tin. Wooden chests
lined with aluminium foil laminate
Cardamom powder Retail Lacquered cans, PVDC and
HDPE pouches
Ginger Dry ginger Bulk Single/double gunny bags
Turmeric Dry turmeric Bulk Double gunny bags
Turmeric powder Retail Aluminium foil laminate
Turmeric powder Bulk Fibreboard drums, multiwall
bags and tin containers
Chilli Dry chilli Bulk Wooden crate dunnage with a
layer of matting
Chilli powder Retail Plastic laminate and aluminium

combination pouches with
nitrogen gas.

3000 gauge low-density
polyethylene pouches

Source: Pruthi ( 1993).
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1.2 Herbs and spices as sources of natural colours and flavours

The food sector is now experiencing a trend back towards natural colourants due to
changes in legislation and consumer preference as synthetic food colourants pose
health hazards like cancer, asthma, allergy, hyperacidity and thyroidism. But low
tinctorial power, poor stability (to changes in pH, oxygen, heat and light), low solubility,
off-flavour and high cost limit the use of natural colours. These problems can be
overcome by improving the traditional extraction methods using enzymes,
microorganisms, super-critical CO,, membrane processing and encapsulation techniques.

Before synthetic colours came into existence, spices like chilli, saffron, turmeric,
etc., were used in Indian cuisines to add colour. The Central Food Technological
Research Institute of India (CFTRI) has developed technology for the manufacture of
certain natural food colours such as kokum (red) and chillies (red). Kokum contains
2-3% anthocyanin and is regarded as a natural colour source for acidic foods.
Garcinol is the fat soluble yellow pigment isolated from rind of kokum fruit. Garcinol
is added at 0.3% level to impart an acceptable yellow colour to butter. Colour components
present in spices and natural shades available with spices are presented in Table I.5.

I.2.1 Sources of natural colours in spices

Paprika
The colour in paprika is due to carotenoids, namely capsanthin and capsorubin,
comprising 60% of total carotenoids. Other pigments are cryptoxanthin, xeaxanthin,
violaxanthin, neoxanthin and lutein. The outer pericarp of paprika is the main source
of capsanthin and capsorubin. Indian paprika oleoresin is orange in colour which is
less preferred in the international market. Oleoresin contains up to 50% capsorubin.
Paprika oleoresin is insoluble in water whilst being readily soluble in vegetable oil
and is made dispersible in water by the addition of polysorbate.

Applications are in sausages, cheese sauces, gravies, salad dressings, baked goods,
snacks, icings, cereals and meat products.

Table I.5  Colour components in spices

Colour component Tint Spice
Carotenoid
[B-carotene Reddish orange Red pepper, mustard, paprika, saffron
Cryptoxantein Red Paprika, red pepper
Lutin Dark red Paprika, parsley
Zeaxanthin Yellow Paprika
Capsanthin Dark red Paprika, red pepper
Capsorubin Purple red Paprika, red pepper
Crocetin Dark red Saffron
Neoxanthin Orange yellow Parsley
Violaxanthin Orange Parsley, Sweet pepper
Crocin Yellowish orange Saffron
Flavonoids Yellow Ginger
Curcumin Orange yellow Turmeric
Chlorophylls Green Herbs

Source: Ravindran et al. (2002).
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The ingredients of paprika colour are paprika oleoresin and refined vegetable oil.
Stability is as follows:

Heat good

pH (colour range) pale pinkish

Light good

Concentration 40000 IU
Turmeric

Curcumin is the golden-yellow pigment present in turmeric, regarded as the pure
colouring principle with very little of flavour components. It is produced by
crystallisation from the oleoresin and has a purity level of 95%. Pure curcumin is
insoluble in water and hence is dissolved in food grade solvent and permitted emulsifier
(Polysorbate 80). Curcumin gives a lemon-yellow colour in acidic pH. It is used at
levels of 5-20 ppm. Curcumin is available in two basic forms, oleoresin and curcumin
powder, both are used as food colourants.

The ingredients of turmeric colour (oil soluble) are curcumin and turmeric oleoresin
Stability is as follows:

Heat very good

pH (colour range) greenish yellow to reddish yellow

Light poor

Application butter, margarine, cream desserts, fruit wine, bread,

biscuit and cakes.

It is blended with other natural colours such as annatto and beetroot red for use in
confectionary, ice cream, dairy products such as yoghurts.

Saffron

Saffron gives a wonderful golden colour to food but due to its powerful and distinctive
flavour, it is prized in soups, stews, bread and rice dishes in many global cuisines.
Saffron is perceived as luxurious and expensive and hence its use is restricted in
foods. The intensive colour of saffron is caused by carotenoids, especially crocetine
esters with gentobiose. Other carotenoids present are alpha and 3 carotene, lycopene
and zeaxanthin.

1.2.2 Spices as sources of natural flavours

The increasing demand in developed countries for natural flavour offers tremendous
potential for spice crops as sources of natural flavours. The main flavour compounds
present in herbs and spices are presented in Table 1.6. The recovery of essential oil
and oleoresin from various spices and the major aromatic principles present in spices
are illustrated in Table 1.7. Extraction of oils and oleoresins is accomplished using a
range of methods, including steam distillation, hydrocarbon extraction, chlorinated
solvent extraction, enzymatic treatment and fermentation, and super-critical carbon
dioxide extraction.

Carbon dioxide extraction from solid botanicals is now adopted on a commercial
scale. The resulting essential oils have no solvent residue, fewer terpenes and enhanced
black notes. Enzymatic treatment and fermentation of raw botanicals also result in
greater yields and quality of essential oil. More recently, the use of genetic engineering
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Table 1.6 Important flavour compounds in spices

Spice Important flavour compounds

Allspice Eugenol, B-caryophyllene

Anise (E)-anethole, methyl chavicol

Black pepper Piperine, S-3 Carene, B-caryophyllene
Caraway d-carvone, crone derivatives

Cardamom a-terpinyl acetate, 1-80-cineole, linalool
Cinnamon, cassia Cinnamaldehyde, eugenol

Chilli Capsaicin, dihydro capsacin

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 o-pinene, sabinene, 1-terpenin-4-ol.
Mustard Ally isothiocynate

Nutmeg Sabinene, o-pinene, myristicin

Parsley Apiol

Saffron Safranol

Turmeric Turmerone, Zingeberene, 1,8-cineole
Vanilla Vanillin, p-OH-benzyl-methyl ether
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
Spearmint 1-carvone, carvone derivatives

and recombinant DNA technology have resulted in in vitro production of natural
esters, ketones and other flavouring materials. Cloning and single cell culture techniques
are also of benefit to the flavourist.

1.2.3 Herbs and spices as medicinal plants

The medicinal properties of spices have been known to mankind from time immemorial.
Spices were used extensively in the traditional systems of medicines such as
Ayurveda, Sidha and Unani. In the recent past, there has been increasing interest in
the biological effects of spices as they are safe and cause no side effects to humans.
Extensive studies are going on in developed countries for the separation of medicinal
components from spices and evaluation of their biological properties. A classic example
for such study is the Piperine alkaloid separated from black pepper and marketed as
Bioperine (98% pure piperine). This alkaloid could increase bioavailability of certain
drugs and nutrients like beta carotene. The medicinal properties of spices are summarised
in Table 1.8.
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Table 1.7 Recovery of essential oil and oleoresin from spices and the major aromatic principle

Spice Essential oil (%) Aromatic principle Oleoresin (%)
Black pepper 1-4.0 Terpin hydrate 10-13
Cardamom (small) 6-10 o—terpinyl acetate 1,8—cineole 10-12
Cardamom (large) 1-3 1,8—cineole -
Ginger 1-2.5 Zingiberine 5-10
Turmeric 2-6 Turmerone 8-10
Nutmeg 7-16 Myristicine Elemicin 10-12
Clove 16-18 Eugenol 20-30
Cinnamon 1-3 Cinnamaldehyde 10-12

(bark oil)

Eugenol (leaf oil)

Camphor (root bark oil)
Allspice 1-3 (leaf oil) Eugenol -

3-4.5 (berry oil)

Table 1.8 Medicinal properties of spices

Spice Medicinal property

Black pepper Carminative, antipyretic, diuretic, anthelminthic, antiflammatory and
antiepileptic

Cardamom Antidepressive, carminative, appetizer, diuretic

Ginger Carminative, anti nauseant, diuretic, antiflatulence, antihistaminic, aphrodisiac
and cholesterol lowering

Turmeric Carminative, antibiotic, antiflatulence, antiseptic and anti-inflammatory

Garlic Antimicrobial, diuretic, diaphoretic, antiflatulence, cholesterol lowering and
anti-inflammatory

Clove Antiflatualnce, analgesic, stimulant, carminative and antinauseant

Nutmeg Stimulant, carminative, astringent, aphrodisiac, anti-inflammatory

Cinnamon Stiumlant, Carminative, astringent, aphrodisiac, anti-inflammatory

Chilli Carminative and antirheumatic

Saffron Stimulant, stomachic and anticarcinogenic

Allspice Stimulant, digestive and carminative

Basil, sweet

Bayleaves (laurel)
Caraway

Celery

Chive

Coirander

Cumin

Dill

Fennel
Fenugreek

Leek

Marjoram

Mint (peppermint)
Mint (spearmint)
Oregano

Parsley
Rosemary

Sage

Tarrgon

Thyme

Stomachic, anthelminitic, diaphoretic, expectorant, antipyretic carminative,
stimulant, diuretic, demulcent

Stimulant, narcotic

Stomachic, carminative, anthelminitic, lactagogue

Stimulant, tonic, diuretic, carminative, emmenagogue, anti-inflammatory
Stimulant, diuretic, expectorant, aphrodisiac, emmenegogue, anti-inflammatory
Carminative, diuretic, tonic, stimulant, stomachic, refrigerent, aphrodisiac,
analgesic, anti-inflammatory

Stimulant, carminative, stomachic, astringent and antiseptic

Carminative, stomachic, antipyretic

Stimulant, carminative, stomachic, emmenagogue

Carminative, tonic, aphrodisiac

Stimulant, expectorant

Carminative, expectorant, tonic, astringent

Stimulant, stomachic, carminative, antiseptic

Stimulant, carminative and antispasmodic

Stimulant, carminative, stomachic, diuretic, diaphoretic and emmenagogue
Stimulant, diuretic, carminative, emmenagogue, antipyretic, anti-inflammatory
Mild irritant, carminative, stimulant, diaphoretic

Mild tonic, astringent, carminative

Aperient, stomachic, stimulant, febrifuge

Antispasmodic, carminative, emmenagogue, anthelmintic, spasmodic, laxative,
stomachic, tonic, vermifuge
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This volume is the third in the series Handbook of herbs and spices and has two
parts. The first part deals with general aspects referred to the industry such as quality
spice production, quality assurance systems, decontamination techniques, packaging,
spices as sources of natural colours and flavours, effect of Agreement on Agriculture
on spice production and export, etc. The second part deals with detailed information
on individual spices. It is hoped that this book will form a good reference source for
those who are involved in the study, cultivation, trade and use of spices and herbs.
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horseradish ], [[T3,
hot pepper see Capsicum
human studies
hydrocolloids
hydro-distillation
hydrogen peroxide B2
hydrolases P66-7]
hydroxydimethylfuranone
hydroxyl radical
hygiene

immunity, gut [L63—
indent separators [3 1]
India
Export (Quality, Control and Inspection)
Actp3
Prevention of Food Adulteration Act xxii
trade in asafoetida
Indian Copal tree [148
Indian food ingredients
indirect effects [/0]
inflammatory bowel disease [[31], [61-3, [[63
insect growth regulators B3
insect pests see pests, insect
insecticidal activity
insecticidal soaps
integrated p-est management (IPM) B3, p4=7}
342}

Integrated Spice Project F1]

interactions with drugs [[6§

intercropping
leeks 3743,

lemongrass 404—3
peppermint #64=3
spearmint F14—1q
intercultural operations m,
intermediate density lipoprotein (IPL)
International Federation of Organic
Agriculture Movements (IFOAM)
B3 9
International Plant Protection Convention %
International Standards Organization (ISO)
ISO 900079
quality standards for caraway
international trade see trade, international
international working groups
intestinal propulsion
ion trap detector (ITD) g
ionizing radiations
mechanism of action [70]
sources of [68=70]
see also irradiation
Irani Hing asafoetida
irradiation
application of ionizing radiation
detection [72=3
effects on mycotoxins B2
international approval
mechanism of action [7Q]
nutritional and safety aspects
process control [70]
quality considerations
quality improvement
quality standards
SPS application to boost international trade
irrigation@
caper bush
Capsicum B09|
carambola 63
caraway
celeriac 315}
leeks
lemongrass [404]
long pepper
peppermint 3656
spearmint
irritable bowel syndrome (IBS) [[51], [[63,
isoflavonoids
isopentenyl pyrophosphate (IPP) [[80—1], 03
isoprene unit |1'/8
isoprenoids ‘ h

see also volatiles




isothiocyanates
Japan [82] f84-3, 190

Joint Expert Committee on Food Irradiation

(JECFI)

Kaempferia galanga see galanga
Kaempferia rotunda B43,
kaempferol B51],

kapha

Korea

labelling 72, [13
laboratory analysis [79
see also analytical methods
lactation
Lactobacillus rhamnosus
laminated films
lavender
leaf blight
leaf miner
leek mot
leek rust B75] B76
leeks
botany
chemical composition B67-7()

effect of method of growing and age of

seedling
effect of nutrition B68—9
cultivars
cultivation and production J3 g
description
functional properties
origin and distribution

quality issues
uses in food industry/processing
lemon balm

chemical composition

cultivation and production 924
functional/health benefits
main uses f94

quality issues ? B97

lemongrass F00—
chemical composition
cultivation

functional properties
origin and distribution fi0]]
physiology and biochemistry
processing
quality issues #14-1

species and varieties @
uses in food processing @
varieties for cultivation #02—

lemongrass coconut rice
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lesser galangal B57,
leukaemia
licorice %
light sensitivity
lignans
ligustilide , ,
limonene [T79] [[33] B23 m
caraway P78 P31
spearmint
linalool
linear accelerators (LINACs) @
lipid metabolism
lipids g
Perilla seed lipids
lipoprotein lipase
liquid chromatography-mass spectrometry
(LC-MS) 67
Liv.52
lobster and potato salad with lovage
long pepper
biotechnology
botany and description [F21=
chemical composition f23—
fruits
leaves
oil
roots %
cultivation
economic parts and importance
future
histology of Piper longum root
origin and geographical distribution f21]
quality specifications
uses
contraindication
varieties and cultivars
vernacular/regional names f20—1]

loosening of soil
lovage

botanical characteristics
chemical composition
cultivation and production@
functional/health benefits B48-5(
origin and habitat
trade and commerce
use in food

low-density lipoprotein (LDL) BT

low-density polyethylene (LDPE)

lung cancer (138

lutein

lymphoma

mace
volatiles @
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maceration [f07]
macrophages [[3]]
magnets
malaria
manures/manuring
celeriac 314—15
leeks 373
lemongrass
long pepper
shallots
see also fertilisers
marinated cherry tomatoes with lovage @
marjoram [xx,
markers 34, B03, B0
marketing
marking nut tree (148
mass selective detector (MSD)
mass spectrometry (MS) 26
mastic [L62)
maximum residue limits (MRLs) 2]
medicinal properties/uses
asafoetida P28-9]
capers and caperberries
Capsicum
carambola P67
caraway [[14,
celery [[T4, [TT9] F28-31
future trends
galanga
galangal 601,
herbal medicine market
leeks |378—80)
lemon balm
lemongrass
long pepper
lovage 38 f43-50
major constituents and therapeutic uses of
medicinal herbs and spices [I14—17,
mycotoxins in medicinal plants [[2}
pandan wangi
peppermint #62] F73-4
Perilla
potato onion {99
role of medicinal herbs and spices
spearmint
medicine, modern, and cancer therapy
Mediterranean diet
Melissa officinalis see lemon balm
Mentha
piperita
see also peppermint
spicata @, @

see also spearmint

menthol [[53, POT=3
menthone [[79, [[83
menthyl acetate [183,
methoxyisobutylpyrazine B0g
methoxypsoralen 1],
methyl bromide (MB) @, @
methyl chavicol @
methyl glucosinolate
methylbutanoic acid 4],
mevalonate biosynthetic pathway [[79-83,
Mexican yam [161
micellar electrokinetic capillary
electrophoresis (MECC) @
microorganisms
antibiotic-resistant
antimicrobial activity
caraway
lemon balm |39
lovage
peppermint
Perilla
spearmint f12-13
control of mycotoxins
effect of irradiation
enteric bacterial pathogens
packaging and microbiological safety
recommended microbiological
specifications [63
in spices and herbs
see also bacteria; moulds
micropropagation
carambola
long pepper
pandan wangi
milk thistle [[62
mint
peppermint see peppermint
spearmint see spearmint
volatiles
mites 310,
mixed spices, powdered
model systems [[32-3
modified atmosphere packaging (MAP)
moisture content [61],
molecularly imprinted polymers
monitoring
monocyclic monoterpenes [178),
monoterpene hydrocarbons
monoterpenes 73,
biosynthesis
caraway
oxygenated %
Montreal Protocol

mosquitoes



moulds {3} P7, P13, P9
fungicidal activity of spearmint P13
see also microorganisms; mycotoxins

mulching 39,
leeks

multiplier onion see potato onion
multi-residue methods (MRMs) f7=8]
mustard @, ,
mycotoxins B, [[2, B4
mycotoxins B2,
in caraway [291
detecting %
future trends
mycobiota of herbs and spices and possible
mycotoxin production [[3=19,
naturally occurring in herbs and spices
2
prevention and control of contamination
preharvest control
regulation
technological methods P8=33
safety in researching 27
myrcene 60,
myristicin

nematicidal activity p13]
neral
nerol
nitrogen uptake of plants
norpandamarilactonine [56,
NPD
nutmeg [00] P2} [[14,
mycotoxins [,
volatiles o3
nutritional value
caramb
chives

irradiated foods and nutrition [/0—1

leeks

ochratoxin
ochratoxin A (OTA) [
control

see also mycotoxins
ocimene [185
oestradiol [144]
oleoresins [xxv} [kxvii, [09
caraway
celery 327,
lemongrass {09,
packaging and storage B7, P2—3
on-farm storage

onion 114, 120,
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potato onion see potato onion
shallots see shallots

orchards

oregano k] [[16,
cardiovascular disease [[27,
mycotoxins [7 24

organic cakes

organic manure

organic production f7-8, /9
caraway
guidelines

spearmi
oxalic acid
oxidation
oxygen radical absorbance capacity (ORAC)
assay
oxygenated monoterpenes [183—4
oxygenated sesquiterpenes
ozone

packaging fXixxii],
essential oils
future trends [100
microbiological safety
new packaging materials
oleoresins [§7,
printing P7=§
product formats and packaging techniques
87-91
selection of packaging materials
types of packaging materials
pandamarilactam
pandamarilactone
pandamarilactonine
pandamarine
pandan wangi
chemical structure f55-7]
cultivation, production and processing
K543
description f53—4]

functional properties

uses in foo

pandanamine Y56, {57

pandanin

Pandanus amaryllifolius
see also pandan wangi

paper packaging P4

paprika @, X X1V—XXV] E,

parsley

pasteurisation

Pathani Hing asafoetida

pathogenic bacteria [p1],
enteric bacterial pathogens

experimental assays
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mechanisms of action

see also microorganisms

PC-SPES
pepper P1]

black pepper see black pepper
Capsicum see Capsicum

long pepper see long pepper
white pepper see white pepper

pepper leaf curl virus (Pep-LCV)
peppermint [[16] (20, [[84, F60-81

botanical description
chemical composition {701
cultivation and production 462-9
distribution and history of cultivation
economic aspects [f62]
medicinal uses @
mycotoxins [[2, [L7]
other economic uses
quality issues
adulterants and safety assessment
pesticide residues @76
uses in food industry {62,
varieties

peppermint tea F632,
Peppermint Water

percolation B07]
Perilla
anti-microbial activity ¢88-90

celeriac

celery

chives B42]
galanga

IPM B3 p47
leeks 373,
lemongrass %
long pepper
lovage

pepper fruits B0Y,
peppermint

potato 0
shallots B85-4
spearmint
phase 2 enzymes
phenolics , , ,
caraway [280)
phenylalanine |180}
phenylalanine ammonia-lyase (PAL) B04
phenylpropenes [[77, [[78=9
biosynthesis [180} [L81], BO4-3
see also volatiles
photoconductivity detector
phototoxic reactions
phthalides F401],
physical hazards [[03]

physical tests 415
phyto-chemicals
phytophthora blight

biotechnology pickling

botany capers

chemical composition f86-71 celery B26

chemovars and their genetics picrocroci

cultivation 846 Pieridae

as a spice FO0—]| Piper

varieties betle (Betelvine) [[43]
perillaketone longum (long pepper) [[43, F20,
perillaldehyde K486} histology of root
periwinkle see also long pepper
peroxidases peepuloides 20,

personnel health and hygiene requirements

pesticide residues %ﬂ
11

analytical methods }

see also long pepper

retrofractum @, @,

see also long pepper

control in herbs and spices [f9-54], B3, piperadione
integrated pest management 53, piperic acid
organic production piperidine 24

peppermint 476
potato onion [500)

piperine 24, %%—ﬂ,
extraction 42
regulation

structure [23, f

pesticide risk indicators piperolactam A

pests, insect [62] piplartine
caper bush @ ‘Pippalmul’ {22
carambola R62— pitta
caraway plant density



plant diseases see diseases, plant
plant identification practice [[07} [08=10]
documenting
steps in developing
plant nutrition
caper bush
carambola
effect on chemical composition of leek
3689
spearmint and nitrogen uptake
see also fertilisers; manures/manuring
planting
carambola
long pepper
peppermint
shallots

spearmir%l
plastic jars
pod types
pungency levels @
pollination
polyethylene terephthalate (PET) P3]
polypropylene 3]
post-harvest handling F2]
capers and caperberries
Capsicum
caraw
celery
chives
leeks
long pepper
lovage 445-6
peppermint
potato onion F98-9, F0q
prevention of contamination
shallots
potato onion F95-301]

chemical composition and uses
medicinal properties 99
production
quality FOC|
toxicity
uses in food processing {99

potato sprout inhibitor 290]

potato virus Y (PVY)

powdery mildew

prevention of contamination
harvesting and on-farm processing [/5—6
hygiene and health requirements for

personnel

on-farm storage [76]
packaging [[7]
processing factory
production [3
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sampling and laboratory analysis [79

storage [§]

transportation [7§
primary metabolites
proanthocyanidins
process control [7(
processed celery juice blends @
processing facilities
production

asafoetida

capers and caperberries

Capsicu

caraway R71-2

celery

chives

galanga

galangal %

guidelines

leeks

lemon balm

lovage

pandan wan

peppermint

potato onion

prevention of contamination

quality spices

shallots %

spearmint [504—

see also cultivation
progesterone
propagation

capers and caperberries 35-7]

carambola

celeriac

celery

chives [341

lemon balm [393]

lemongrass {03

long pepper

lovage

pandan wangi

Perilla

shallots 384
propylene oxide (PPO)
propylidenephthalide
prostate cancer
protected cultivation&]
protocatechuic acid
protoplast culture {64]
Provencal herbs
pruning
psoralen % %
pulegone ,

pungency
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Capsicum B07
potato onion SO0
punishment 303
purification 26]

qualified health claims
qualitative methods
quality [p1-6, [/4
asafoetida
capers and caperberries
Capsicum
carambo
caraway 291-3]
celery
controls and pesticide residues [52-3
improvement by irradiation
leeks
lemon balm B9d, B97]
lemongrass
long pepper
peppermint
potato onion SO0
production of quality spices
shallots
spearmint 514, F13, F19
quality assurance (QA)[T03=10|
quality standards
India
quercetin B6Q

radiation processing see irradiation
radiation therapy (139
radicals, free
radioisotopes
radura symbol [/
ramps (wild leeks)
RAPD profiling B33
red pepper [L14, [120

mycotoxins [ [, {1,

see also Capsicum
reference dose (RfD) 4]
refrigerated formats [§8=9
regulation

irradiation

mycotoxin control

pesticide residues
regulatory agencies, analytical methods of

779

reversed phase liquid chromatography
rheumatoid arthritis
root division
root knot nemato
root oil, caraway 284
rosemary fx] [[14, [29.

cardiovascular disease
mycotoxins % =3
volatiles P04-6
rosmarinic acid
rust B73,

S-alk(en)yl cysteine sulphoxides (ACSOs) @
safety
assessment and peppermint
irradiation and
microbiological safety and packaging
see also toxicity
saffron
cancer [[43,
colour
gut immunity
mycotoxins ]
safranal
safrole
sagapenum P23,
]
sambal , 226
sample preparation 20—3, 4,
sampling 20-3, /9]

sanitary and phytosanitary (SPS) agreement

sarcoma
Scoville Heat Units B01-4}, 07
screw pine

see also pandan wangi
season of sowing/planting B71-2]
seasoning-like substan%%%
secondary metabolites , R78-
see also volatiles
seco-tanapartholides [[58]
seed bed preparation
seed collec
seed lipids Y867}
seed propagation
caper bush[235-7
carambola P61
leeks 372
lemongrass

see also sowing
Semecarpus anacardium (Bhela/marking nut

tree)

Semecarpus ‘Lehyam’ SL%

semi-quantitative methods

sensory evaluation

separation 2§, {4} f5-9

sequence characterised amplified region
(SCAR) markers

sesamin

sesquiterpene hydrocarbons




sesquiterpenes [[77,
biosynthesis %
oxygenated [18

shallots
botany
chemical composition

cultivars B83—4

cultivation and production 3 q

description
origin and distribution
quality issues

uses in food industry/processing B86—7]
sharecropping B9
shikimate biosynthetic pathway [&T,
side-effects
Sidha medicine
sifters
Sinbar (terbacil) f66, B67}
single residue methods (SRMs) [§]
SKAL
skin 2467,
contact dermat
slippery elm bark
sodium bisulphite
sodium bisulphite method
soils
caper bush
carambola 262}
caraway
celeriac
celery
chive%
leeks
lemongrass 02
long pepper
lovage
pepper fruit
peppermint
shallots
spearmint
solid phase extraction (SPE)
solubilised spices
solvent extraction
sotolon
sowing
Capsicum B0O3
caraway@
celeriac
celery
see also seed propagation
spearmint [f60}
biosynthesis and molecular genetics p03—4
chemical composition
cultivation and production
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food uses
functional benefits F12-16
important Indian varieties f08—9
medicinal uses
pests and diseases
quality issues
volatiles [T84}
Special Crop Value Chain Round Tables
spent grass
spice extracts 87
spiced carrot soup with ginger and lemongrass

Spices Board of India
spiral gravity separators [§1—3
Spirit of Peppermint @
spores [61] 2

star anise [[Td, [[20

star fruit see carambola
steam distillation 327, f04
steam sterilisation
sterilisation
stolon rﬁlﬂ
stolons
stomach cancer
storage

Capsicum @

carambola P64

factors causing deterioration during 3

leeks

mycotoxin prevention

prevention of contamination [/§

on-farm storage [7q]

requirements

shallots
sumach [[14,
supercritical fluid chromatography (SFC) [f§
supercritical fluids (SCFs) 3]
surgery

sweet pepper see Capsicum

T-2 toxin
tandem quadrupole LC and GC/MS/MS @
tannins [[58,
tapping asafoetida
taraxasterol
tarragon
Taxus baccata (yew) E
tears, asafoetida
teas, herbal
lemongrass
peppermint 67,
technical barriers to trade (TBT) agreement
terbacil (Sinbar) f66, F67]
terpenes [[77-9,



536 Index

biosynthesis B034
found in herbs and spices [[83—4
see also volatiles
Thai cooking
thermal processing see heat treatment
thermionic detectors [{§
thin layer chromatography (TLC) m
thiosulphinates
thrips B10.
thyme [xd [[T4,
cardiovascular disease
volatiles P03
thymol [[57,

tilio
Tinospora cordifolia (Amrut)
tissue culture

galanga B49-3(Q
tobacco ring spot virus
Tom Ka Kai
Tom Yum Kai
Tom Yum Koong
Tom Yum Poh Tak
tormentil
toxicity

caraway P90

celery B31]

long pepper %

peppermint B77—

Perilla

potato onion 00|
traceability
trade, international [f]]

asafoetida

caraway

celery

irradiation and [[1=2

lovage
transgenic plants f64]
transplanting

caper bush

Capsicum

celeriaﬁ

celery

leeks

lemongrass
transportation
travelling wave (T-wave) technology @
trichothecenes [

control 9|
see also mycotoxins
Trikatu
Trolox equivalent antioxidant capacity
(TEAC) assay

tube packaging format

tumour necrosis factor-o. (TNF-o1)

turmeric x] kxiii} [T6, 20, [[64
cancer
cardiovascular disease
colour B3,
mycotoxins B, [ [[7, 23
packaging and storage D0}
volatiles [[84,

turmerone Eo9

twill bags

two spotted mite (TSM)

ultra performance liquid chromatography
(UPLC) B9
umbelliferone
Umeboshi 90
Unani medicine
underground onion see potato onion
United States (US)
Department of Agriculture [T} /2]
EPA[E]
FDA 2] 4]
Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA) B3
Food Quality Protection Act 1996 f3—4]
irradiation [72)
National Center for Complementary and
Alternative Medicine (NCCAM)
regulation of pesticides [,
unqualified health claims 2]
UPC code
urinary problems
ushak
UV absorption g

vanilla kx] [[T4,

Vasic

vata

Vateria indica (Kundura, Indian Copal tree)
148]

vaticanol C

vegetarian pad Thai

verification [107

vermicompost

very low density lipoprotein (VLDL)

veterinary medicine

vinegar, pickling in P43-4

vitamin C

volatiles

biosynthesis of the components of volatile

oils [[79-83
capers
celery 322

classification




and plant sources
major volatiles in herbs and spices
(833
volatile oil constituents

water
irradiation and [7(
irrigation see irrigation
weed control
Capsicum B09
caraway P74—3
leeks B74]
lemon balm
lemongrass ff04
lovage [F44—3
peppermint fF66—7]
spearmint [S06—
wei tong mingEE
white pepper [[3, P,
mycotoxins
white rot 376
white-tip disease |3 q
whole herbs/spices
Capsicum fruits 03
whole seeds
caraway P81-2, 291-2, 293
celery [, [0, 517, 528 B33

wild leeks (ramps) 366
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wilt

Withania somnifera (Ashwagandha)
443

World Health Organization (WHO)

World Trade Organization (WTO)

X-rays , , @’ m

yew

yield
capers and caperberries
carambolﬁ
caraway
celeriac 316
galanga
leeks
lemon balm
long pepper B34

Yum

Yum seafood

Z-asarone @14
Z-ligustilide 140,
zearalenone (ZEN) E
control ,
see also mycotoxins

zingiberene
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