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Preface to the series 

There is increasing interest in industry, academia and the health sciences in medicinal and 
aromatic plants. In passing from plant production to the eventual product used by the public, 
many sciences are involved. This series brings together information whicli is currently scattered 
through an ever increasing number of journals. Each volume gives an in-depth look at one plant 
genus, about which an area specialist has assembled information ranging from the production of 
the plant to market trends and quality control. 

Many industries are involved, such as forestry, agriculture, chemical, food, flavour, beverage, 
pharn~aceutical, cosmetic and fragrance. The plant raw materials are roots, rhizomes, bulbs, 
leaves, stems, barks, wood, flowers, fruits and seeds. These yield gums, resins, essential (volatile) 
oils, fixed oils, waxes, juices, extracts and spices for medicinal and aromatic purposes. All these 
commodities are traded worldwide. A dealer's market report for an item may say 'Drought in the 
country of origin has forced up prices'. 

Natural products do not mean safe products ancl account of this has to be taken bp the above 
industries, which are subject to regulation, For example, a number of plants which are approved 
for use in medicine must not be ~lsed in cosmetic products. 

The assessment of safe to use starts with the harvested plant material which has to comply 
with an official monograph. This Inay require absence of, or prescribed limits of, radioactive 
material, heavy metals, aflatoxin, pesticide residue, as well as the required level of active princi- 
ple. This analytical control is costly and tends to exclude small batches of plant material. Large 
scale contracted mechanized cultivation with designated seed or plantlets is now preferable. 

Today, plant selection is not only for the yield of active principle, but for the plant's ability to 
overcome disease, climatic stress and the hazards caused by mankind. Such methods as i n  z'itro 
fertilization, meristem cult~lres and somatic embryogenesis are used. The transfer of sections of 
DNA is giving rise to controversy in the case of some end-uses of the plant material. 

Some suppliers of plant raw material are now able to certify that they are supplying 
organically-farmed medicinal plants, herbs and spices. The Economic Union directive (CVOiEU 
No 2092191) details the specifications for the nbligatoq, quality controls to be carried out at all 
stages of production and processing of organic products. 

Fascinating plant folklore and ethnopharmacology leads to medicinal potential. Examples are 
the muscle relaxants based on the arrow poison, curare, from species of Cbotzdrode~2~/ro12, and the 
anti-malarials derived from species of Ci?zcbnna and Arteiizisin. The methods of detection of phar- 
macological activity have become increasingly reliable and specific, frequently involving 
enzymes in bioassays and avoiding the use of laboratory animals. By using bioassay linked frac- 
tionation of crude plant juices or extracts, compounds can be specifically targeted which, for 
example, inhibit blood platelet aggregation, or have antitumour, or antiviral, or any other 
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required activity. With the assistance of robotic devices, all the members of a genus may be 
readily screened. Hornrever, the plant material must b e j d l ~ .  authenticated by a specialist. 

The medicinal traditions of ancient civilisations such as those of China and India have a large 
armanlentaria of plants in their pharmacopoeias which are used throughout south-east Asia. A 
similar situation exists in Africa and South America. Thus, a very high percentage of the World's 
population relies on medicinal and aromatic plants for their medicine. Western medicine is also 
responding. Already in Germany all medical practitioners have to pass an examination in phy- 
totherapy before being allowed to practise. It  is noticeable that throughout Europe and the USA, 
medical, pharmacy and health related schools are increasingly offering training in phytotherapy. 

Multinational pharmaceutical companies have become less enamoured of the single com- 
pound magic bullet cure. The high costs of such ventures and the endless competition from me 
too compounds from rival companies often discourage the attempt. Independent phytomedicine 
companies have been very strong in Germany. However, by the end of 1995, eleven (almost all) 
had been acquired by the multinational pharmaceutical firms, acknowledging the lap public's 
growing demand for pl~~tomedicines in the Western World. 

The business of dietary supplements in the Western World has expanded from the Health 
Store to the pharmacy. Alternative medicine includes plant-based products. Appropriate mea- 
sures to ensure the quality, safety and efficacy of these either already exist or are being answered 
by greater legislative control by such bodies as tile Food and Drug Administration of the USA 
and the recently created European Agency for the Evaluation of Medicinal Products, based in 
London. 

In the USA, the Dietary Supplement and Health Education Act of 1994 recognized the class 
of phytotherapeutic agents derived from medicinal and aromatic plants. Furthermore, under 
public pressure, the US Congress set up an Office of Alternative Medicine and this office in 1994 
assisted the filing of several Investigational New D r ~ l g  (IND) applications, required for clinical 
trials of some Chinese herbal preparations. The significance of these applications was that each 

- - 

Chinese preparation involved several plants and yet was handled as a s i ~ ~ g l e  IND.  A demonstra- 
tion of the contribution to efficacy, of end ingredient of each plant, was not required. This was a 
major step forward towards more sensible regulations in regard to phytomedicines. 

My thanks are due to the staffs of Harwood Academic Publishers and Taylor & Francis who 
have made this series possible and especially to the volume editors and their chapter contributors 
for the authoritative information. 

Roland Hardman, 1997 



Preface 

The land and sea of the nlorld carry a variety of medicinal plants that have been used tradition- 
ally for the treatment of various diseases. Most of these plants are known to the local tribes, yet 
many remain scientifically ~lnexplored. Medicinal ~ 1 s t . ~  of plants have been reported in a wide 
variety of ancient literature. From time immemorial, human beings have depended on 
plantslherbs for curative treatment of diseases. Some of these plants have been grouped together 
as spices and they are regularly cons~lmed not only for their nutritive properties but also because 
of their aroma and flavour. Spices have been of general interest in order to increase the quality of 
food and to decrease body ailments. 

In medieval Asia, in addition to fine textiles and ivory, spices were considered to be highly 
important. In this respect, India has been regarded as the 'Kingdom of spices'. In ancient eco- 
nomics, spices ranked in precious inventories of royal possessions. Even today, spices are playing 
a significant role in the development of national economies. In general, spices are used in per- 
fumes, offerings, medicine, preservatives, cultural marks, cosmetics, insecticides and as dyes, 
condiments, food flavo~iring extracts and colouring agents. 

Among the spices, hot pepper or chilli (Cap.ril.1~112) has been popular from ancient time. Many 
members of the genus Cap.psici~nz are of commercial interest, not only for their taste and colour, 
but also because of their essential oil and active principles. The Capsicu77z genus represents a 

diverse plant group, from the well-known fruits of the sweet green bell pepper and bright red 
paprika to the fiery hot small red chilli fruit. When Columbus rasted chilli, which he found on 
his voyage, he believed he had reached India and called it red pepper. Cc@sii.zwl has been domes- 
ticated for 7,000 years. Hon7 then, can the most consumed spice in the world be considered a 
new crop? One reason is that C L I ~ S ~ C I I ~ I ;  is an essential ingredient in the fastest growing food sec- 
tor in the United States, 'hlexican or Southwestern food.' In addition, many of the new uses of 
chilli are hidden within manufactured products. Chilli is being used as a food flavouring, a 
colouring agent, a pharmaceutical ingredient, and in other innovative ways. At present, Capsiciiiii 
is an indispensable and important ingredient in the food of many countries, specially the tropi- 
cal countries. The use of the essential oil and oleoresins from Capsicz/ril species in therapeutic 
applications is increasing day by day. This is leading to a high demand of oleoresins and active 
principles in the pharmaceutical industry. Moreover, some species of Cctp~ic~/itz are highly valued 
for their colo~lrs and are used by dye industries. 

Species of Capsicr~m which are native to South and Central America, Mexico and the West 
Indies are now widely cultivated throughout temperate, subtropical Europe, the Southern US, 
tropical Africa, India, East Africa and China. Indian chillies are medium to highly pungent 
while African chillies are the hottest ones. It  is believed that about 50 species are distributed 
th rougho~~c  the world, and range from the hot variety to the sweet variety. The essential oil is 
obtained by steam distillation. Oleoresins are produced by solvent extraction. These are used by 



spice industries and have a very high future potential. Oleoresin of paprika is still the single 
largest selling oleoresin in the world market. Currently, this is man~lfactured in countries like 
Spain, Morocco, Ethiopia, Mexico and the United States. 

Capsaicin, the active hot principle of the Capsicuin species, has many medicinal properties. 
With the discovery of a capsaicin-like receptor in the human body in 1997, the demand for cap- 
saicin in the therapeutic field for the treatment of pain and inflammatory related diseases is of 
growing importance. Recently, capsaicin has also been used as an antiobesity agent because of its 
cllolesterol lowering properties. The antimicrobial and antiseptic properties of some Cupsiwiu 
species are also well docunlented. The future prospects of Capsi~-zin~ are very promising, especially 
for the new hybrids developed by tissue culture and biotechnology methods. Their high content 
of cq~saicin with bright red colour n7ill provide a cheap available source of valuable ingredients 
for industrial uses. 

This book deals comprehensively with the genus Capsicziin by using contributions from emi- 
nent scientists working on different aspects of the subject: the history, taxonomy, trade, chem- 
istry, cultivation, micropropagation and tissue culture, harvesting, processing, contamination, 
quality standardisation, pharmacology and toxicity, therapeutic implications, future prospects, 
etc. The book covers topics on the History, Trade, Chemistry, Biosynthesis, Irrigation, 
Cultivation, Post-Harvest Technologies, Food Industry and F u t ~ ~ r e  Perspectives of C U ~ S I L - Z / ~ I L .  
There are 16 Chapters in total. As often happens in a multi-authored volume, some overlap has 
occ~rrred in several chapters. Such matter has not been removed as it  would have changed the 
spirit of the contributions. 

This book will be particularly helpful to the students, teachers, researchers and practitioners 
of modern complementary and traditional herbal medicine. Companies manufacturing products 
from natural ingredients will find this publication very useful. The data in this book will be 
especially useful to those engaged in these disciplines whether as students, teachers or profes- 
sionals: botany, taxonomy, agronomy, pharmacognosy, pharmacy, pharmacology, toxicology, 
health sciences, chemistry and biochemistry. 

I am grateful to Dr Roland Hardman, the Editor of the series, for his invitation to edit this 
volume and for giving cont inuo~~s advice. I also warmly acknowledge the cooperation extended 
by the different contributors of this book, from all over the world, in submitting the manuscript 
well in time. 
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1 Capsicum: historical and botanical 
perspectives 

S~zikut Ku~za~ Busu und Anzit Kvishnu De 

Chilli is known by different names in different parts of the world. The genus Capsicz/iz, 
which is commonly known as "red chile", "chilli pepper", "hot red pepper", "tabasco", 
"paprika", "cayenne", etc., belongs to the family Solanaceae. The original distribution of 
this species appears to have been from the south of Mexico, extending into Columbia. The 
taxonomy of the genus Capsicz~in is confounded within certain species complexes. It  is gen- 
erally believed that about 20 Capjicunz species are distributed worldwide. The five major 
species of Capsiczm cultivated are: Capsicuilz amuunz, Capsicu?~zfiz~tcirceuzs, Capsicui~z chtnense, 
Capsicum pe?zdulzt?)z and Capsicuiiz pubesce~zs. However, the question of exactly how many 
species are involved is still controversial. The authors have reorganized and reconstructed 
the available literature in a new and original form to give a brief introduction to the readers 
regarding the historical and botanical perspectives of different Capsicz/?iz species. 

Introduction 

The term "chilli" is a rather confusing terminology; "chile", "aji", "paprika", "chili", "chilli" and 
"Cap.riczinz" are all used frequently and interchangeably for "chilli pepper" plants under the genus 
Capsic~~m, which belongs to a dicotyledonous group of flowering plants. A particular species of 
Capsicuriz is called "chile pepper" in parts of Mexico, southwestern United States and parts of 
Central America. To make matters still more confusing a "sweet bell pepper" is often referred to 
as "Capsiciiiiz pepper", whereas the term "chilli pepper" is used for a "hot pepper". The term "bell 
pepper" is used to refer to a non-pungent, chunky, sweet chilli pepper type, whereas "chilli 
pepper" generally refers to a pungent chilli variety. 

Red peppers have been familiar to all Spanish South Americans by the Arawakan name "aji" 
and by the Nahuatlan name "chilli" in Mexico and Central America. The genus Capsic/~vz, mhich 
is commonly known as "red chile", "chilli pepper", "hot red pepper", "tabasco", "paprika", 
"cayenne", etc., belongs to the family Solanaceae (Night shade family), that includes tomato, 
potato, petunias and tobacco (Hawkes e t  al., 1979; Macrae, 1993). According to some references, 
the popular name "chile" or "chilli" orginates from the hot pepper species cultivated in the 
South American country of Chile. However, the name "chilli" seems to have nothing to do with 
the country name and, on the contrary, it is believed to have originated from a district of Central 
America (De, 1994, 2000). 

One of the very first sources of life amongst the Inca, the Comntenta~ios Reales, written bp 
Garcilaso de la Vega, "El Inca", in 1609, mentions the common or even daily use of chillies. 
According to de la Vega, there are three different kinds of chilli, two of which can be identified 
as "aji" and "rocoto" while the third is only insufficiently described. 

Even though the chilli is regarded by different names within the same country, and even in 
different states or provinces, the botanical name of chilli is the Latin name Cap~.icu7?~. The word 
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comes from a Greek based derivative of Latin "Kapto" meaning "to bite", a certain reference to 
heat or pungency. The word "chile" is a variation of "chil", derived from the Nahuacl (Aztec) 
dialect, which referred to plants now known as C~zp.rici/iiz, whereas "aji" is a variation of "axi" 
from the extinct Arawak dialect of the Caribbean. This brings up the point of the correct way to 
spell "chile" (Domenici, 1983). The "ex ending in chile is the authentic Hispanic spelling of the 
word, whereas English linguists have changed the e to an i. From the Nahuatl dialect of Aztec 
language, the name "Chiltepin" has been derived. This was the name given to the earliest known 
variety of Capsicz~ln. The name has been traced back by linguists to be a concatenation of the 
word chile and tecpintl, the combination resulting in "Flea Chile", which is believed to all~lde to 
the sharp biting taste of the chilli pepper. Down the ages the original name has been slowly 
reformulated as "chile" i "tecpintl" to "chiltecping" to "chiltepin" to "chilepiquin", the latter 
two names being frequently interchangeable. The version used depends upon the source of infor- 
mation. However, C. ~ ~ Z ~ ~ Z L Z I ~ ~ Z  var. nz~icz~Iare is the modern scientific name of this earliest known 
variety (Macrae, 1993). 

However, a multilinguistic nation like India represents a unique case, where the sanle speci- 
men C, anlzuum L. is referrecl to by different names in different parts of the nation. In original 
Sanskrit the plant is known as "Mairichi phalam", "Katuvira" and "Bruchi". However, in mod- 
ern Indian languages it is known by different names, and even by more than one name within 
the same language as given in Table 1.1. 

The chilli pepper is one of the very first don~esticated plants of Middle America. In the Valle 
de Tehuacan (Puebla), which is one of the best clocumented examples of early settlement in 
Mesoamerica, archaeological evidence for the consumption of chilli peppers dates back to the 
seventh millennium BCE, long before the cultivation of maize and beans. The early findings of 
peppers (in coproliths and charred remains) were probably harvested in  the wilcl. However, 
domesticated chillies similar to modern varieties in both size and shape can be found from the 
fifth millennium BCE onwards. In pre-Columbian Mexico, chilli was one of the preferred tributes 
which dependent city-states had to deliver to their hegemonial powers. The paying of tribute, 
including in the form of chilli peppers, was later continued by the new Castilian rulers. 
Cnpsicz/riz has been knonln since the beginning of civilization in the Western Hemisphere. It  

has been a part of the human diet since about 7500 HCE (MacNeish, 1963). It was the ancient 
ancestors of the native peoples who took the wild chilli piquin and selected the various types 
known today. Heiser (1976) states that between 5200 and 3100 BCE, the Native Americans were 
growing chilli plants. This places chilli among the oldest cultivated crops of the Americas. Seeds 
found in cave dwellings indicate that the natives were enjoying peppers in 7000 BCE, along with 
potatoes in the Andes. In Mexico dry pepper fruits and seeds were recovered from 9000-year-old 
burials in Tamaulipas and Tehuacan. Domestication might have taken place 10,000-12,000 
years ago. Christopher Columbus is believed to be the first European to discover chilli in one of 
his legendary travels to America around 1493. H e  was believed to have been loolcing for an alter- 
native source of black pepper which at that time was the favourite spice of Europe. What he dis- 
covered was a small fiery pod that had for centuries provided seasoning for native Americans, rhe 
hot chilli pepper. But to mention it specifically, chilli or Capsict1712 is not related to Piper genus, 
which contains Pipe? 1zii/i^~17iz L. of the family Piperaceae, the source of black and white pepper. 
Within a century after its discovery hot chilli peppers attained a worldwide distribution. 
According to some other sources, the American origin of Capsicunz was first reported in 1494 by 
Chanca, a physician who accompanied Columbus on his second voyage to the West Indies 
(Macrae, 1993). 

Chilli peppers grow as a perennial shrub in suitable climatic conditions. A genus that usually 
represents glabrous, perennial, woody subshrubs or shrubs, some tending to be vines, rarely 
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T~bb l. I C~]~.iici~n? in different langi~ages 

Pharm 
Arabic 
Amharic 
Assami 
Benyali 
Burmese 
Chinese 
Danish 
Dutch 
English 
Estonian 
Flnnish 
French 
German 
Gujarati 
Hebrew 
H ~ n d i  
Hungarian 

Icelandic 
Indonesian 
Itallan 
J'ipanese 
Kannada 
Laotian 
hfalay 
hlalayalam 
Marathi 
O r ~ y a  
Pashto 
Portuguese 
Punjabi 
Sanskrit 
Singhalese 
Spanish 
S\vahili 
Swedish 
Tagalog 
Tamil 
Telegu 
Thai 
Tibetan 
Turk~sh 
Urdu 
Vietnamese 

Fruct~ds Cnjszci Lznr 
Felfel, Bisbas 
Mit'mita. Berbere 
Jolok~a 
Lanka, hforich 
Nga yut thee, Nil thee 
Lup-Chew 
Chili 
Spaanse peper, Cayennepeper 
Cayenne pepper, Red pepper. Chilli, Chili 
Kihe paprika 
Chilipippuri 
Poivre rouge, Pimenr enrage, Piment fort, Piment-a~seau, Poivre de Cayenne 
Koter Pfeffer, Cayenne-Pfeffer. Chili-Pfeifer, BeiRbeere 
La1 marcha (red), Lila marcha (green) 
Pilpel adom 
La1 mirch (red), Hari mirch (green) 
C s ~ l ~ p a ~ r ~ k a ,  Igen er8s apr6, Cayenne bors. Cayenni bors. IvIacskakpocs paprika, 

Aranybors, Ordiigbors, Chilipaprika 
Chilipipar, Cayennepipar 
Lombok, Cah6. Cabai 
Peperone, Diavolerto, Peperoncino, Pepe di Caienne, Pepe rosso picante 
Togarash1 
Menashinakayi 
hfak phet kunsi 
Lada merah 
Mulagu 
La1 ni~rchya (red), Hirvya mirchya (green) 
Lankamaricha 
Murgll 
Pimentao, Piri-piri, Pimenta de caiena 
Lal-mircha 
hIar~chiphala, Ujjvala 
Rarhu miris, Gasmiris 
Chile, Guind~lla.  Cayena inglesa, Pimienta de Cayena, Pimienta picante, Aji 
Pilipili hoho 
Chilipeppar 
Siling labyo, Sill 
Mulagu 
Mirapakaya 
Pisi h u ~ ,  Prik khee, Prik 
Sipen marpo, Si pan dmar po 
Aci kirmizi biber 
Lalmarach 
O t  

herbs, and are native co Central and South America live for a decade or more in tropical condi- 
tions of their nacural habitat, but it is mostly cultivated as an annual elsenrhere. Chiili is native 
to the Western Hemisphere and probably evolved from an ancestral form in the Bolivia-Peru 
area. The first chillies consumed were probably collected from wild plants. Prehiscoric 
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Americans took the wild chilli "Piquin" and selected it for the various pod-types known today. 
However, domesticated chillies were apparently not grown prehistorically in New Mexico 
(Macrae, 1993). 

111 fact, it is not known exactly when chillies were introduced into New Mexico. Chillies may 
have been used by the indigenous peoples as a medicine, a practice common among the Mayans. 
By the time the Spanish arrived in Mexico, Aztec plant breeders had already developed dozens of 
varieties. Undoubtedly, these chillies were the precursors to the large number of varieties found 
in Mexico today. Whether chillies were traded and used in New Mexico pueblos is still not clear 
(Macrae, 1993). 

Capsiczim species have been thought to be of Central American origin, b ~ l t  one species has been 
reported to be introd~~ceci in Europe in the fifteenth century. By the middle of the seventeenth 
century, the Capsic~i~ti was cultivated throughout southern and middle Europe as a spice andior 
medicinal drug. One species was introduced to Japan and about five species were introduced 
into India, of which C ,  nnizziun? L. and C. fizdtwi-e~zs L. were cultivated on a large scale (The Wealth 
of India, 1992). 

The British Pharmacopoeia (BPC, 1988) consists of drugs (chillies, red peppers) characterized 
by the presence of dried, ripe fruits of C. anlziLuni var. iizi?zimuitz (Mill.) Heiser, and small fruited 
varieties of C. fiz/tescens L. In commerce the description given applies to various African commer- 
cial varieties and these and the Japanese variety are sold in the UK as chillies, while the larger 
but less pungent Bombay and Natal fruits are sold as Capsicu112s. Very large Capsicz/~/m fruits that 
resemble tomatoes in texture and are practically non-pungent are widely grown in southern 
E~lrope as vegetables (Evans, 1996). 

Records of prehistoric Cap.iicz~vz species around burial sites in Peru indicate that the original 
home of the chillies may be tropical South America. There seems to have been a diffusion from 
there to Mexico, or an independent origin in the latter country, where a great diversity of the 
genus is found. While C. alziz/i?)z has not been recorded in the wild state and C. ./i.z~tesiee?zs doubt- 
f ~ ~ l l y  so, they have now naturalized in the tropics of many countries and are easily disseminated 
by birds (The \Wealth of India, 1992). 

The plant was introduced into Spain by Columbus, from where it spread widely. 
Subsequently, the prolonged viability, easy germination and easy transportation assisted its 
spread all across the globe. The original distributions of this species appear to have been from 
the South of Mexico extending into Columbia (The Wealth of India, 1992). "Ginnie Pepper" 
was well known in England in 1597 and was grown by Gerarde (Evans, 1996). 

The Portuguese introduced chilli into India. Chilli is used as a condiment in large quantities 
in India, Africa and tropical America, where the f r ~ ~ i t  develops greater pungency than in colder 
regions. It  has now, however, become a popular condiment all over the world. The long, thin 
fruits constitute the source of dry chillies used for commerce. The wide popularity of chilli and 
its extensive cultivation are due to its being a short duration crop and its ease of cultivation 
under a wide range of climatic and edaphic conditions, particularly in comparison with black 
pepper ( P  ~zig~zim L.). The cultivation and utility of both Capsicitiiz spp. are similar, except for 
local peculiarities (The Wealth of India, 1992). 

Capsicz~ws are mentioned in a classic text of the Tibetan medical tradition, the "Blue Beryll": 
"Capsici~m (tsi-tra-ka) increases digestive warmth of the stomach, and is the supreme medication 
for the alle\riation of oedemata, haemorrhoids, animalcules, leprosy and wind". Another passage 
tells us "bad-kan-nad-sel tshe-'phel tsi-tra-ka mar sbrang sbyar - to alleviate diseases of phlegm 
and prolong the lifespan: [use) Capjicutiz mixed with butter and honey". Interestingly, the spice 
translated as cayenne pepper has another name, gYer-ma, and is generally ~ ~ s e d  to "treat wind 
disorders". 
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In pre-hispanic medicine, chilli peppers mere used to treat a host of conditions, often in com- 
bination with other plant and mineral substances. For example, chilli was used to treat diseases 
of the gastro-intestinal tract (infections, diarrhoea), in addition to tooth pain, cough and lack of 
appetite. It  was popular as an aphrodisiac, as well. For that reason, the Spanish Padre Acosta, 
travelling through New Spain in the sixteenth century, warned that high consumprion of chilli 
peppers would be detrimental to the "soul's heaitb" because it "promoted sensuality" (Acosta, 
1985). Chilli peppers had other uses as draconic punishment in childrens' education, and even in 
warfare - the enemy was clriven out of his fortification by employing the acrid smoke of smol- 
dering chillies. This tactic was employed not only in pre-Columbian times, but also during the 
Mexican revolution at the beginning of the twentieth century. 

Chilli is essentially a crop of the tropics and grows better in hotter regions. I t  is culti~rated 
over large areas in all Asian countries, Africa, South and Central America, parts of USA and 
southern Europe, both under tropical and subtropical conditions. The major chilli growing 
countries are India, Nigeria, Mexico, China, Indonesia and the Korean Republic. Japan has 
shown the highest yield of green chillies, followed by India (Prod. Yearb, FAO, 1988). 

Although chilli is popular as food and spice, it was first used as a medicinal plant to treat res- 
piratory ailments and for pain. Today they are used in ointments to relieve m~~scula r  pain. Other 
application of chilli is the use of capsaicin as the main ingredient for spray as a personal defence 
instrument or for crowd control. 

Taxonomy 

Various authors ascribe 25 species to the genus, with new species to be discovered and named as 
exploration of the New World tropics expands. Exploration and plant collection throughout the 
New World have given us a general but false impression of speciation in the genus. Humans 
selected several taxa and in moving them toward domestication selected the same morphological 
shapes, size and colours in at least three distinct species. Without  the advantage of genetic 
insight these early collectors and taxonomists named these many size, shape and colour forms as 
distinct taxa, giving us a plethora of plant names that have only recently been sorted out, reduc- 
ing a long list to four domesticated species. 

The early explorations in Latin America were designed to sample the flora of a particular 
region. Thus, any collection of Cqbsici/l~z was a matter of chance and usually yielded a very lim- 
ited sample of pepper from that area. Only with the advent of collecting trips designed to inves- 
tigate a particular taxon did the range of variation within a species begin to be understood. One 
needs only to borrow specimens from the international network of herbaria to appreciate what a 
limited sample exists for most taxa, particularly for collections made prior to 1950. The domes- 
ticated C, pz~hesceizs, e.g. that is widespread in the mid-elevation Andes from Colombia to  
Bolivia, is barely represented in the herbarium collections of the world. . . 

Most herbarium collections of Capszcz~?~~, with the exception of C. alzwzuriz holdings, are woe- 
fully inadequate. Furthermore, besides C. a?z?zuui~z, very little attention has been paid to the many 
cultivars of each of the domesticated species. Often material is unusable because it was collected 
only in fruit, neglecting the most important and critical characters associated with floral anatomy 
and morphology. The advent of germplasm collecting programmes during the past three decades, 
and concomitant improvenlent in herbarium collections have helped in a better understanding of 
the nature of variation in the genus Capsicz~m. The increasing number of Capsicztvz herbarium spec- 
imens permits renewed interest and debate on the proper species classification (IBPGR, 1983). 

One of the more perplexing questions regarding the taxonomy of Capsicum is defining the 
genus (Eshbaugh, 1977, 1980b; H ~ ~ n z i k e r ,  1979). The taxonomy of the genus Cdpsicu~z is 
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confounded within certain species complexes, e.g. C. bnrcatitn/ .iefzJf/ Into. Major taxonomic diffi- 
culties below the species level in other taxa, e.g. C. nnnz/uni, also exist. What taxa are ultimately 
included in Cnpsiczlin map indeed change if the concept of the genus is broadened to include taxa 
with non-pungent fruits but which have other common morphological and anatomical traits, 
such as the nature of the anther, the structure of nectaries and the presence of giant cells on the 
inner s~~r face  of the fruit (Pickersgill, 1984). The data from plant breeding and cytogenetics con- 
firm that the domesticated species belong to three distinct and separate genetic lineages. Earlier 
st~idies have suggested t \ ~ ~ o  distinct lineages based upon white and purple flo~vered groupings 
(Ballard et al. ,  1970) but an evaluation of more recent data argues for the recognition of three 
distinct genetic lineages. 

According to Pickersgill (1988), the status of C, dlIlZUMTI2. C. chi71en.re and C. filitescens as separate 
species is extremely doubtful. Several other workers, including Eshbaugh et al .  (1983), have 
illustrated that at a primitive level the species are not distinguishably separable, although we 
treat the three as separate domesticated taxa. However, the corresponding wild forms integrate 
in such a manner that it often becomes a problem to distinguish them with distinct botanical 
identities and taxonomic names. Eshbaugh et '?l. (19831, A'fcleod et al.  (1979, 1983), Loaiza- 
Figuerosa e t  al. (1989) suggested that "these species form an allozymically indistinguishable 
association of a single polytypic species" based on isoenzyme data analysis of the three species. 
There is a T7ery close relationship of all these three taxa based on dara from several studies (Smith 
and Heiser, 1957; Pickersgiil, 1980). Stuessy (1990) has observed chat "the ability to cross does 
not j~lst deal with a primitive genetic background, it deals with the degree of genetic compari- 
bility cleveloped in a particular evolutionary line". 

Despite the different views of different workers, it can be suggestecl that the C. atzfzuiiili- 
C ,  chitlense-C. filitescei2s complex is one of the biggesr taxonomic problems. Preliminary studies 
by Gounaris et al. (1986) and Mitchell et al.  (1.989) suggest that the molecular data may provide 
valuable links in solving this complicated problem. According to others, like DIAicp  and 
Hunziker, the problem n~o~l l t i  be solvecl by merging the three taxon into one. 

There is a difference of opinion regarding the global number of species of Capsic-~tiz. Robert 
hlorrison, as far back as 1680,  published the names of 33 species of Cap.ticuiiz in  Plantarunl 
Historiae Universalis Oxoniensis. Joseph Pitton de Tournefort mentioned 27 species in 1700. 
Only two species were mentioned by Carlous Linneaus (1753), \vhile Fingerhurt11 (1832) 
reported 25 species and Felix Dunal (1852) a m a x i m ~ l ~ n  of 50 species. H. C. Irish, in his Famous 
work "A Revision of the Genus C ~ ~ S L C I L I ~ Z " ,  in 1898, mentioned only two species like his fore- 
runner Linnaeus (1753). However Bailey (19231, who has been regarded as the "greatest horti- 
culturist who ever lived", mentioned and named only one species. In 1957, P. Smith and 
C. Heiser recognized five species only, which gives rhe "Big Five" species of Capsii-//in. Further, 
recent works by W. Hardy Eshbaugh, Barbara Pickersgill ant1 Armado. T. Hunziker identified 
22 other \vild species (Alacrae, 199.5). 

After much work by taxonomists concerning the classification of the presently dornesticatecl 
species of C~@sici~?iz, they have been considered to belong eo one of five species (in total, there are 
some 26 species of pepper known at present, but these are mostly found only in the wild and are 
considered ~inclomesricated) (Macrae, 1993). The primary characteristics are based upon flower 
and seed colour, shape of the calyx, the number of flo~=,rers per node and their orientation 
(Hawkes et al. ,  1979). The big five species are C. n7211n11171 (containing the Nuhiex, jalapeno and 
Bell varieties), C. fiute~ceils (containing the Tabasco variety), C. chi7zeizse (containing the Habanero 
and Scotch Bonnet varieties), C. bntwtuiii (containing the aji varieties) and C. puhesai2.r (contain- 
ing the Rocoto and Manzano varieties) (Macrae, 1993). 



Capsicum: historical a~zd bota12ical peijpectizjes 7 

I t  is generally believed that about 20  Capsici~m species are distributed worldwide. 
However, the question of exactly how many species are involved is still controversial. The 
five major species of Capsici~m cultivated are believed to have originated in iMexico, C. jki~tescens 
in swamps around the higher regions of Amazon river in Colombia and Peru, C. baicdtz~nz 
var. bai.~.atiiliz in southern Peru and northern Bolivia (De, 1994). According to Lawrence, 
Solanaceae is a large family consisting of about 85 genera and in excess of 2,200 species, distrib- 
uted primarily in tropical America and South America, where about 38 endemic genera have 
been reported. 

A short key, comprising of few prominent genera of Solanaceae including Capsicz~??~, as pre- 
pared by Sir David Prain (in Bengal Plants, 1905, Vol. 2, pp. 742-743) is given below: 

K g  to the genera 

* Fr~ii t  indehiscent, a berry with many compressed, subdiscoid seeds; embryo curved or sub- 
spiral, corolla-lobes plaited or valvate: 
Q Corolla rotate or wide campanulate: 

Anthers convenient in a cone, longer than the filaments, not dehiscing throughout 
their length: 

Anthers dehiscing introrsely by longitudinal slits, the tips empty; leaves pinnatisect 
. . . . . . . . . . . .  Lycnpe~sil-urn 

Anthers dehiscing by apical pores or by short apical slits; leaves entire, lobed or pinnatifid 
. . . . . . . . . . . .  Solanunz 

Anthers not convenient in a cone and not longer than the filaments, dehiscing 
throughout their length by lateral slits; flowers pedicelled: 

. . . . . . . . . . . .  Calyx in fruit small; flowers solitary or in pairs Capsici~nz 
. . . . . . . . . . . . .  Calyx in fruit enlarged; overtopping the berry; flowers solitary Pb~salzs 

Q Corolla urceolate; anthers not convenient in a cone; calyx in fruit enlarged, overtopping 
the berry; flowers clustered, subsessile: 

* Fruit capsular, valves completely or partially separating: 
Five stamens, all perfect: 

Flowers asillarp, solitary; corolla-lobes plaited, seeds somewhat compressed; embryo 
curved . . . . . . . . . . . . .  Datz~ra 
Flowers in terminal panicles; corolla-lobes induplicate-valvate; seeds hardly com- 
pressed; embryo straight . . . . . . . . . . . .  Nicotin~za 

Four Stamens only, perfect, didynamous; flon~ers solitary or in unilateral stamens 
. . . . . . . . . . . .  Brolc,allia 

Wettestein (1895) regarded the family to orginate in several lines. It  is closely related to  
Scrophulariaceae and can be differentiated from them by actinomorphic plicate corolla, the pres- 
ence of four-five stamens and the bicollateral vascular bundle. Bentham and Hooker (1853), 
Bessey (1915) and Engler and Prantl (1925) considered this to be a primitive member of the 
T~lbiflorae (and derived from Linaceae). Hutchinson (1959, 1960) included it  in Solanales, 
together with Convolvulaceae, and, thought it  to be ancestral to the Personales containing 
families like Scrophulariaceae and Acanthaceae. 

In the Pflanzenfamilien. Wettestein arranged the genera belonging to Solanaceae into series, 
and subdivided these into tribes. He placed the genus cap sic^^?^ within Tribe 2 Solaneae unde: 
Series A. Engler and Diels placed Solanaceae under Order Tubiflorae consisting of eight suborde'g 

,LIT? 
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and 23 families. Solanaceae has been conserved over other names for the family (Lawrence, 
195 1). Simply, the taxonomic position of Caps ic~~z  can be represented as follows: 

Kingdom: Plantae 
Division: Magnoliophyta 
Class: Magnoliopsida 
Order: Solanales 
Genus : Cap.iicz~?rz 
Species: chinensel~~nrz~~wii?Ipz~besce~?s/etc 

The significant diagnostic characteristics of Capsic?/i!z are: Annual or perennial glabrous herbs 
or undershrubs; leaves that alternate, are entire or repand; F/oz~,ers pedicelled, axillary, solitary or 
two-three together; Sepals connate in a subentire or minutely five-toothed calyx, much shorter 
than the fruit; Petals five, connate in a rotate corolla: tube short; lobes valvate in bud; Stnnze!zs 
five, adnate nearly to base of corolla-tube, filaments short; Anthrrs not exceeding filaments; dhis- 
cence longitudinal; Carpels connate in  a two-celled, rarely a three-celled ovary; style linear; 
stigma subcapitate; Frziir globose or elongated or irregularly shaped, many seeded berry; Seedr 
discoid, smooth or subscabrous; E?izb~~,o peripheric (Prain, 1905). 

Some taxonomists divide Captpsici~m L., into Capsici~nz L. and Tuboarpsiciiiiz Makino. Capsicz~i/~ 
comprises a very wide range of forms, varying in shape, colour, pungency and position of fruits. 
The floral characteristics, however, show considerable consistency and are useful for taxonomic 
identification. Based on the morphological characteristics, the genus has been classified by vari- 
ous taxonomists. More than 100 binomials have been proposed for the cultivars, many of which 
should be referred to one or the other of the two cultivated species, namely, C. anfzuiLnz and 
C.  fiutescrns. Irish reduced all the cultivated forms to two species, C. a?z;zuuo? and C. fites'sce~zr, 
whereas Bailey included all of them ~ ~ n d e r  C. fiutescens, on the basis that all the peppers are 
perennial in their native habitat. Recent treatment of the genus recognizes both the species 
based upon the lack of crossability between the two, and their slight but distinct n~orphological 
differences. The majority of the commercial chillies belong either to C. aiz/z~i~i?iz or C. ,+iitesce!zs, 
but mostly to the former. All the domesticated forms commonly grown in the old world are 
within this group. Five or six species are under cultivation, and abo~it  20 mild species have now 
been recognized in this genus. In addition to C .  aiznuzin2. C. fiiitesceiis. C ,  baccatvii~ L. var. 
peizdz~/zliii (Willd.), Eshbough (syn. C, pendz!litin Willd.), C. chinei7.ie Jacq. (sy n. C. aizgwlo~tinl Mill.) 
and C. p~he.rct~zs, Ruiz 6r Pav. have been introduced from South America (The Wealth of India, 

1992). 
The species has been classified earlier and based on the characteristics of fruits is non divided 

into the following varieties: (i) var. nnniiziiiz syn. C. ~i*z~tesesans C. B. Clarke (F1 Br Ind) in part, non 
Linn.; C. pz/rpa,zz/m Roxb., an erect and mucl1-branched, 45-100 inches tall herb or subshrub, 
with a single, terminal white flower (ii) var. g/ubriuscu/z/iiz (Dunal) Heiser and Pickers. syn. 
C. ?izini;i2z/in Roxb.; C. B. Clarke (F1 Br Ind) in part; auct. incl~lcling the ~vild or spontaneous forms; 
and (iii) var. gm.rsnnz (Willd.) Sendt. syn. C. grnsrui?z Willd. including var. ce~usifbri?zis C. B. Clarke 
(Thewealth of Inclia, 1992). 

Most of the cultivars grown in India are attributed to vat. aizizuidttz while a few belong to uar. 
g~oss~iiz, the latter grown for their big, lobed fruits with their mild flavour and pungency, prin- 
cipally used as a vegetable (The Wealth of India, 1992). The cultivars of C .  ~ I Z ~ T J L Z L / H  var. 
a/znuzi?iz of American origin have been classified into five groups: (i) CerasiJor/;z - Cherry-pepper, 
fruit erect or declined, globose, up  to 2.5 cm across, yellow or purplish green, very pungent; 
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(ii) Conoides - Cone-pepper, fruit usually erect, conical or oblong cylindric, LIP to 5 cm long; 
(iii) Fascicz~latzinr - Cluster-pepper, fruit erect, clustered, very slender, up  to 7.5 cm long, red, very 
pungent; (iv) Gross?/tiz - Bell-pepper. Capsicztm. Green-pepper. Pimento. Sweet-pepper, plants 
tall, stout, fruit large, thick-fleshed, inflated, with depression at the base, sides us~ially furrowed, 
broadly oblong bell or apple-shaped yellow or red when mature, non-pungent, mild in flavour 
and used as vegetable and salad and the source of pimento; (v) Longam - Capsiwnj-pepper, 
Cayenne-pepper. Chilli-pepper. Long-pepper, Recl-pepper, fruit mostly drooped and elongated, ~ i p  
to 30 cm long, tapering to apex, often 5 cm across at base, very pungent, the principal condiment 
of pepper, source of chilli powder, paprika and medicinal Capsici~m (The Wealth of India, 1992). 

Although, the general perception is that the bigger and larger varieties are regarded as 
"Coj~siczirt/", the other forms of chillies are not "Cap.ricz~ii7" is wrong. All forms of chillies belong 
to the same taxonomic genus of Capsicz~iiz within the family Solanaceae. Anlong a few other vari- 
eties is one which is bright red in colour and has ovoid to globose shaped Capsicz~nz fruits called 
"Ruby King". Since most of them are found in California (USA) they are also called the 
"Californian wonder" (De, 1994). 

Among other less known commercially important varieties are C.  anlzwzLvz L. cv. 'yalapena", 
C .  frzitesce?zs L. var. ~iizilagcieta, C, an?zz{i~iiz L. var. Kziloi, C.  ~ T Z ~ ~ M Z ~ T T J  L. var. alinu#rn, C.  a n ~ ~ z ~ i ~ z  L. var. 
Scotcl7-Bolznet. C.  fiateseens Mill cv. ar2nziuirz, etc. 

Distribution 

Distribution of the important species of Capsirurn are given in Table 1.2 (Hunziker, 1956; 
Eshbaugh, 1977; Pickersgill, 1984). 

The detailed taxonomic and other related biological, agricultural and geographical aspects of 
the major species of genus Capszczii~~ are described as follows: 

Capsicum annz~u~17 Einn. (purple, red,  yellow chilli, pepper) 

A suffr~~tescent or herbaceous, short-lived perennial (cultivated as annual) up to 1 m in height, 
cultivated throughout India from sea level up  to an altitude of 2 ,100m.  Leayes oblong, 
glabrous; flomers solitary, rarely in pairs, pure white to bluish white, very rarely violet; berries 
green, maturing into yellow, orange to red shading into brown or purple, pendent, rarely erect, 
extremely variable in size (up to 20 cm long and 1 0  cm in diameter), shape and pungency; 
sometimes lobed, seeds white or cream to yellow, thin, almost circular, having long placental 
connections (The Wealth of India, 1992). 

Red pepper is native to tropical America, most probably of Brazil. The crop is cultivated for 
its fruit throughout the plains of India and in the lower hills of Kashmir and the Chenub valley. 
When grown on the hills, it is said to be very pungenr. There are several varieties differing 
chiefly in length, shape and colour of the fruit. The fruits, according to varieties, may be round 
or oblong, lipid or acute, smooth or rugose, red, white yellow or variegated (De, 1794). 

A light, well-n~an~ired soil is best for all kinds. Crops which are raised during the rainy season 
should preferably be sown in well drained heavy soil. The crop prefers a limy soil. The seedlings 
may he planted at least 10cms apart, when they attain a length of 7.5 cms. A subsequent replen- 
ishing of the soil, light earth and a good supply of water are the necessary requirements for the 
crop. Ammonium sulphate as a fertilizer is recommended for a heavy yield of the crop (De, 1994). 

This type of fruit is used for the preparation of arrow poisons of the tribal people Dpaks of 
Borneo and Youri Tabocas of Brazil. It  is ~ ~ s e f u l  in seasickness, typhoid fever and also in chronic 
fever (De, 1994). 
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Tahke 1.2 Synopsis of the genus C a p ~ z r u m  (Solanaceae)" 

baccdt//til L. 
hi*Jot,/inz Hunz. 
~ ~ ~ ? ? Z P ~ ! O P O L / ~ M N ~  Sendt . 
m ~ d e i i u s i i  Heiser S( Smith 
rhacoer~.rr Hunz 
chznense Jacq. 
cocci~ze~nz (Rusby) Hunz. 
iorij~zt~inz (Hiern) Hunz. 
~iimorphuitj (hfiers) 0 .K.  
i /~i~epii i  Bitter 
ex-inzzii7iz Hunz. 
glupagoeensir Hunz. 
~eii~iniJulzuriz (Dammer) Hunz. 
hiiokrt,znr~i~ni (hfiers) O.K. 
Iuriceolutuni (Greenm.) Morton & Standley 
leptlipod~iilln~ (Dunal) O.K. 
nziizutzflorum (Rusby) Hunz. 
nzirabile Mar[ ex. Sendt. 
parz'ifijkz~iili Sendt. 
pt*aeternzis.riilil Heiser 6c Smith 
piibescens Ruiz S( Pav. 
scolizikiarzzirn Hunz. 
schotrinr~lim Sendt. 
t i i v a ~ i i  Eshbaugh, Smith & Nickrenr 
z z i l o ~ u m  Sendt. 

Colombia north to southern Unired States 
Argenrina, Bolivia, Brazil, Paraguay, Peru 
Brazil 
South Brazil 
Bolivia 
Argenrina, Bolivia, Paraguay 
Latin and South America 
Bolivia, Peru 
South Brazil 
Colombia 
Sourheasr Brazil 
Argenrina, Bolivia 
Ecuador 
Colombia, Ecuador 
Ecuador 
Mexico, Guatemala 
Brazil 
Argentina, Bolivia, Paraguay 
South Braz~l 
Colombia, Northeast Brazil, Venezuela 
South Brazil 
Latin and Sour11 America 
Peru 
Argenrina, South Brazil, Southeast Paraguay 
Peru 
South Brazil 

hTote 
a T h e  follo~ving C~?pric?im species have been omitted: C .  a7zor!~ol1!~iz. C .  bi.evijl~r?ii?! and C.  i-zliatiiiiz 

follow~ng the earlier suggestion of Eshbauph (1983). Also, C ,  flexiio~ii7j1 Sendt. has been treated as a 
rarlety of C. rl~biitt~~i27in2 bl- Hunz~ker .  The treatment of C. fiiituceni L. remains to be resolved and some 
may choose to  rerain it as a distinct specles of C a p ~ ~ ~ u t i ,  w h ~ l e  others include ~t in C. 'blner~~e,  as sug- 
gested earlier. Finally, C. extr,rii~in var tiitneizmridi,i Eshbaugh 8r Smith is so distinctive that  i t  may 
deserve species status. 

Capsicum fi-utescetzs Linn. (spur pepper, goat pepper and chillies, 
bird chilli, red pepper) 

A shrubby, hardy, finely pubescent perennial up to  2 m height, occurring wild or semi-wild in 

the  tropics. Stems angular, leaves broadly ovate, usually wrinkled, or less pubescent; flowers 

greenish white, two or more at  node, rarely erect, constriction between the  base of the calyx and 

pedicel absent; fruits ovoid, obtuse or oblong, acuminate, immature and green, sometimes with 

dark pigmentation, nature red, rarely orange, erect, soft-fleshed, calyx embracing the base of 

fruit; seeds cream to yellow (The Wealth of India, 1992). 

This herb originally introduced from South America is now cultivated throughout India. Of 

the cultivated species in  India this is perhaps the most common and the largest. I t  is grown in 

cold weather in  l ight sandy soil in most parts of the country, especially in  Bengal, Orissa and 

Madras. The fruit when dry is bright red. These fruits are collected in large quantities, dried in 

the sun, and made ready for marketing. 
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Chillies are often used for flavouring pickles. By pouring vinegar Llpon the fresh fruits, all the 
essential qualities are preserved owing to their oleaginous properties. Hence, chilli-vineger is 
famous as a flavouring substance. In India a sort of chilli extract is produced by country folk 
which in colour and consistency is almost like treacle. The dried powder of this chilli is often 
sold in the market for ready use. When used as a spice, the preparation is generally mixed with 
water. Dried chilli powder is sometimes mixed with food by certain people in India. M~lndas of 
Chota Nagpur use musrard oil in which roots of the chilli are mixed to shampoo the extremities 
to promote circulation of the blood. In Madagascar this is actually given to those suffering from 
delirium tremens. 

Capsicum ~nininzz?~nz  Roxb. (Bird's eye chilli) 

Sorne workers consider C. Jl.i~tesce?u and C.  nzininzlt?~i to be synonymous. The original home of this 
spice is America. The bird's eye chillies are cultivated throughour India buc not so extensively as 
other chillies. The fruits are very small, suberect and almost oblong. These are found in many 
parts of India, principally in the Southern district, growing in waste places and gardens in an 
apparently wild srate. I t  is also found abundantly in Java ancl other parts of the Eastern 
Archipelago under similar conditions. It  is now cultivated to a large extent in the tropical 
regions of the world. 

In India, it is not much used as a spice but in Europe it  is used for stews, chops and other food 
preparations when mixed \vith vinegar and salt. In West Indies, the fruit is used to treat scarlet 
fever. It  is used medicinally in Madagascar, where it is regarded as a stimulant, a promotive of 
salivation, a digestive, a laxative ancl an antiseptic. In Cambodia, it is much praised as a drug 
chat brings about profuse perspiration. In West Indies, a stomachic preparation called "mandram" 
is still used today by the American Indians. It  is prepared by adding cucumbers, shallots, lime 
juice and wine to mashed pods of bird's eye chillies. This concoction cures stomach aches and 
aids digestion. Externally it is also used as a counter-irritant to cure inflammation, boils and 
rheumatism (De, 1992-1994, 2000). 

Capsiczr~n pubesce~zs Ruiz & Pav. 

C~tpsi~uplz p~6esce~is forms a distinct genetic lineage. This pepper, first described by Ruiz and 
Pavon (1794) has not received wide attention from taxonomists until recencly (Eshbaugh 1979, 
1982). Morpl~ologically, it is unlike any other domesticated pepper, having large purple or white 
flowers infused with purple and fruits with brown/black seeds. Genetically, i t  belongs to a 
tightly knit group of wild taxa inc l~~ding  C, exi?iiiui7z (Bolivia and northern Argentina), C. ca~.deiia.rii 
(Bolivia) and C.  toz~ai.zi (Peru). C. p~~besceizs is unique among the domesticates as a mid-elevation 
Andean species. C. piibesc-eiis is still primarily cultivated in South America, although small 
amounts are grown in Guatemala and southern hlexico, especially Chiapas. This species remains 
virtually unknown to the rest of the mrorld. A small exporc market seems to have reachecl south- 
ern California. TWO of the major difficulties in transferring this species to other regions include 
(1) its growth requirements for a cool, freeze-free environment and long-growing season and (2) 
the fleshy nature of the fruit that leads to rapid deterioration and spoilage. 

Cap.iii.//in P Z ~ ~ W C ~ ~ Z J  ranges throughout mid-Andean South America. An analysis of the fruit size 
of this domesticate indicates that fruits of a smaller size occur in Bolivia, while fruits from acces- 
sions outside Bolivia are somewhat larger, suggesting that Bolivian material approaches a more 
primitive size (Eshbaugh, 1979). Eshbaugh (1979, 1982) has argued that the origin of this 
domesticate can be fo~lnd in the "ulupicas", C. eximic/nz and C. c-a1.deeizasii. Clearly, these two taxa 



are closely related to each other and to C. /i?nbe~.ce?zs genetically. Natural hybrids between these 
taxa have been reported and evaluated (Eshbaugh, 1979, 1982). Furthermore, the two species 
that show the highest isoenzyn~e correlation with C. pubesce??~. C, exi?iii/drii and C, cardennsii, occur 
primarily in Bolivia (Jensen et al., 1979; Eshbaugh, 1981; McLeod et al . ,  1983). All three of 
these taxa form a closely knit breeding unit with the two wild taxa, hybridizing to give fertile, 
progeny with viable pollen above the 90% level. Crosses between the wild taxa C, exi?iziun~ and 
C. ci71-denasii and the domesticate C. pubacens most often show hybrid pollen viability greater 
than 55%. These factors lend to the conclusion that domesticated C. p2~bescen.r originated in 
Bolivia and that C. eh-ivziurn-C. cardefzasii is the probable ancestral gene pool. This does not prove 
that these two taxa are the ancestors of C. pubesce?zs, but of the extant pepper taxa they represent 
tlle most logical choice. One perplexing question remains to be investigated and that is the ori- 
gin of the brown/black seed coat in domesticated C. pubesi-erzs, a colour unknown in any of the 
other pepper species. 

Gupsicun;l chi~zeizse Jacq. 

Examples of this pepper include Habanero and the Scotch Bonnet. It  is fouild mostly in the area 
from the Amazonian Basin to Bolivia. Probably domesticated in the Bolivian Andes. The popu- 
lar pepper I-Iabanero in the Yucatan peninsula belongs to this species. The flowers are two or 
more at each node, corolla is greenish-white, filament purple; best criterion is the fruits' distinct 
aroma. 

Capsicum baccatztm var. pe~zdulu~n 

Capsic-z~rn baccat/ir~z var. pendz~l?n?iz represents another discrete domesticated genetic line. Eshbaugh 
(1968, 1970) notes that this distinct South American species is characterized bp cream coloured 
flowers with goldigreen corolla markings. Tj~pically, the fruits are elongated with cream 
coloured seeds. The wild gene pool, tightly linked to the domesticate, is designated C. haccatrivz 
var. bac~nti/nz and is most common in Bolivia, with populations in Peru (rare) and Paraguay, 
northern Argentina and southern Brazil. This lowland to mid-elevation species is widespread 
throughout South America, and is particularly adjacent to the Andes. Known as "aji", it is pop- 
ular not only as a hot spice but also for the subtle bouquet and distinct flavours of its many cul- 
tivars. This pepper is little known outside South America, although it  has reached Latin 
America (Mexico), the Old World (India) and the United States (Hawaii). It  is a mystery as to 
why it has not become much more wide spread, although the dominance of the C. n?z?zmtsii?rz lin- 
eage th ro~~ghout  the world at an early date may be responsible. 

C@J.~CC/??Z jiacutz~n~ var. pendulum is widespread throughout lowland tropical regions in South 
America. The wild form, recognized as C. baccatujii var. bau-atuliz, has a much more localized dis- 
trib~ltion but still ranges from Peru to Brazil. These two taxa have identical flavonoid (Ballard 
er al., 1970; Eshbaugh, 1975) and isoenzyme profiles (Jensen er al., 1979; McLeod et al. ,  1979, 
1983) and are morphologically indistinguishable except for the overall associated size differences 
found in the various organ systems of the domesticated taxon (Eshbaugh, 1970). The wild form 
of C. hari-atiitri exhibits a high crossability index with domesticated C. bacc~/tut~z var. peizi/ulutii, 
with the progeny typically exhibiting pollen viability in excess of 55% (Eshbaugh, 1970). The 
greatest centre of diversity of wild C. bacia+z~i?z var. bac~z t~~r~z  is in Bolivia, leading to the conclusion 
that this is the centre of origin for this domesticate. 

The wild gene pool, tightly linked to the domesticate, is designated C. baccatunz var. bar-L-at~~iiiiz 
and is most common in Bolivia, Brazil, Chile and Argentina. Pronounced as "bah-KAY-tum". 
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Flowers are solitary at each node. Pedicels erect or declining at anthesis. Corolla white or 
greenish-white, with diffuse yellow spots at the base of corolla lobes on either side of mid-vein 
(flower is white with yellowish spots, anthers are white but turn brownish-yellow with age); 
corolla lobes usually slightly revolute. Calyx of mature fruit without annular constriction at 
junction with pedicel (though sometimes irregularly wrinkled), veins prolonged into prominent 
teeth. Fruit flesh firm. Seeds straw-coloured. Chromosome number 272 = 24, with one pair of 
acrocentric chromosomes, e.g. Escabeche (Peru). 

Subdivisions: 
C a p ~ i c ~ / ~ i f  fi~~tesce~zs uar. baccatuii? Synonym for Cdpsiii/m l?accat1~71/ var. ba~-catz/n~. 

e Capsici(n2 baccatunz var. baccatz~im The wild subspecies (common name: Locoto). 
e Capsic~d112 l/~tccatziin var. inict.o'-arpnin (common name: Aji or Peruvian Pepper). 
e Capsiii/nz i?accatum var. pendt/Iz~?iz The cultivated subspecies (common name: Aji). 
s Capsict~m i/aicati/7i2 var. pvaeter;iiksz/rij (common name: Ulupica). Pods are spherical, 6 mm in 

diameter, recl in colour and grow on bushy plants. Local name from Itaberai, Brazil is 
"Pimenta Cumari". Also known as Capsicz~irz pvaetei.i7ziss/~n2. 

The five major species are morphologically identifiable by the following traits: 

Specre! Flou~ci Niimber Seed colour Caljx 
COIOUP flu iriniie co!iiti.ict~nn 

C.  a11t2ri10i2 White  1 tan absent 
C. fizttatrizs Greenish 2-5 tan absent 
C. chtilen~e Whlrel 2-5 tall present 

greenish 
C. baccutr~m Wliite wj th 1-2 tan absent 

yellow spot 
C. p~he~cewi p ~ ~ r p l e  1-2 black absent 

The haploid chromosomal count of the cultivated and wild species is 12.  There are wide varia- 
tions among and within the species, whether wild or cultivated, as no karyotype is characterized 
by any single species and certain characteristics are studied among the majority of the members. 
Natural polyploidy is reported in the case of Capsic//ii~, although a spontaneous tetraploid has also 
been reported in an intravarietal cross. Induced polyploidy with colchicine has also been reported 
where the induced polyploid exhibits a high vitamin C content profile. Diploids showing mitotic 
abnormalities and irregularities have also been reported (The Wealth of India, 1992). 

In general, there appears to be a well-developed sterility barrier between cultivated species. It  
is impossible to cross C. pz/bescens with other species. Several crosses between C, a?zn~~i/7;z, 
C.  fiz/tetcens and C .  baccat f~?~~ var. peizdz/Iz/~n have produced a few F1 hybrids but are mostly highly 
sterile. In the case of favourable crosses, the success or failure depends upon the direction of the 
cross. Reciprocal differences were observed in the case of fertility. The result of hybridization also 
differed according to the parental cultivars. Viable seeds have easily been produced from 
C .  aizuzlLi-iiiz X C .  chi~zensis and C. fizltescei~s X C.  pe;zdul~o~z. The crosses C.  atzrzuziiz X C.  fir~tescens and 
C.  fi/ttaceizs X C.  ihiizensis have yielded a few viable F1, F2 and bud cross seeds (The \Vealth of 
India, 1992). 

Thus, on the basis of the above study, we may come to the conclusion that the genus Capsii-z~in 
represents a very wide and divergent taxonon~ic group consisting of both wild and cultivated 



species. Some viorkers consider C ~ P J - ~ C U ~ I ~  to consist of three principal species, C .  nnnzlum. 

C. fi/itescelis and C.  chiizelzse, but others have divided the genus into a divergent spectrunl of species. 
Sometimes superficial rnorpho-anatomical and conventional biochemical and cytological 

techniques are not s~~f f ic ien t  to differentiate between closely associated species. But wlth 
enhancement and advancement in the realms of M o l e c ~ ~ l a r  Biology, hfolecular Genetics, 
Phytochemistry and Cell Biology, the genus stands the possibility of being further split. Only 
further scientific investigation in new directions can broadly highlight the taxonomic status of 
the genus Cnpsiciifiz. 

The authors do nor claim any originality in the presentation of this chapter. It is only an effort 
on the part of the authors to reorganize and reconstruct the available literature to give a brief 
introduction to the readers. 
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2 A glimpse of the world trade in 
Capsicum 

Capsiciin~ is cultivated in different parts of the world. Of the total world consumption chill- 
ies proper account for one third of the total, while paprika comprises two thirds. The 
present scenario in Capsiri~riz trade is presented in this paper. 

Introduction 

The voyage of Columbus that led to the discovery of red peppers made this very fiery variety of 
spice known to the world. As a result, black pepper, which was a highly prized commodity in 
Europe, started facing stiff challenges from the new species of red peppers. 

Chillies were historically known to be used to impart flavour and hotness to  food. Many 
civilizations were knomrn to use this species, especially the Mayans and the Aztecs. The very 
foundation of Mexlcan food is based on the essence of chillies. 

Columbus' discovery of the New World resulted in the discovery of the chillies which was 
found to be an excellent substitute to black pepper. Called the chilli pepper, this chilli, which was 
once native to the warm temperature and tropical regions of America, found its way to the Indian 
coast. It  had its roots in the West Asian coast, and also in the islands of East Africa. This aug- 
mented the use of chillies in the food of various nationalities and societies and has become an 
essential part of indigenous diets. Chillies are cultivatecl in different parts of the world, but many 
non-commercial varieties are still c~~lt ivated and collsumed in the American regions of Mexico. 

Over 25 varieties of chillies, including the cloinesticated varieties, are widespread in the micl- 
elevation Andes from Colombia to Bolivia ancl in the Amazon regions of America. The result of 
voyages and colonization has helped to spreacl the cultivation of chillies to the tropical and sub- 
tropical countries of Africa, India, Japan, Turkey, Hungary, Morocco and China. The power of 
chillies has been tested even politically. In 1978-79 Korea fiacecl a shortage of red chilli. I t  was 
feared that the Korean government would fall if the supply of chilli was not adequate. That year, 
ho\x,ever, Korea imported upto 50,000 tonnes from all over the world. 

Belonging to the genus Capsicl1i72, chlllies have various species of long, hot, mild, fiery and 
sweet types of peppers. The dried fruits of the species Cqbsicuilz are used as a condiment or 
culinary supplement. The consumption of chillies per head is very high in India. 

Though the origin of chillies is traced to certaln American countries, chillies are now grown 
worldwide. The prominent producers are India, China, Pakistan, Korea, Mexico and 
Bangladesh. Even t h o ~ ~ g h  production figures are available, the total estimate of international 
trade in Capsiixnt is very difficult to estimate. Besides this, the genus Cap.ricz/m has many vari- 
eties and strains. The domesticated species is Capsiczinz an?zziuiiz, n~hich is the best known species 
and very hot. The following chillies are predominant in world trade: 

Capjic~tliz pzibesce?zs This variety is hairy and is very popular, though there is very limited 
consumption. 
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Capsica??~ 6accatu7n Meaning berry-like. This species is common in Bolivia, Peru, Paraguay, 
North Argentina and Brazil. Known as Ajis, this species is very hot and has distinct flavours 
in its various cultivars. Its reach has extended to the borders of Mexico, Hawaii and India. 

C~~psiczm chinense Although the name implies a Chinese origin, this species originated and was 
widely cultivated in the Amazon basin of America. 

Capsicz~n~fmtaie?2s This means shrubby or bushy and includes the South American Ricottas and 
Mexican Manzanos. 

Chillies are known worldwide by different names. Popular names are red pepper, cayenne 
pepper, sweet pepper, bell pepper, pimento, sweet banana, etc. 

With regard to the international trade in chillies, ITC Geneva has made its estimate for world 
consumption and production. Of the total world consumption, chillies proper account for one- 
third of the total, while paprika comprises two-thirds. During the late 1990s it was estimated 
that the total world production of chillies was in the region of 25,00,000 tonnes. The figures 
relating to the consumption has been estimated to be over 50,000 tonnes, of which paprika 
varieties accounts for two-thirds. 

World production of chillies is going up year after year as more consumers develop a taste for 
chillies. One of the reasons is the growing popularity of 'ethnic food'. 

Though there are no official figures for the production of chillies worlclwide, it is estimated to 
be 25,00,000 tonnes. India tops the list with 8,50,000 tonnes, followed by China with 4,00,000 
tonnes, Pakistan 3,00,000 tonnes, South Korea 1,50,000 tonnes, hlexico 3,00,000 tonnes, 
Bangladesh 1,00,000 tonnes and other countries combining to produce 4,00,000 tonnes. 

Now let us examine the other trade figures in Capsicwriz chillies. According to ITC estimates, 
the total imports of Capsii-lm2 in dried. crushed and ground form has totalled 10,95,200 tonnes. 
The major source of imports by countries like Australia, Austria, Belgium, Luxembourg, Brazil, 
Canada, Egypt, France, Germany, China, Italy, Japan, Korea, Malaysia, hlexico, The Netherlands, 
Pakistan, Poland, Russian Federation, Saudi Arabia, Singapore, South Africa, Spain, Sweden, 
Sxvitzerland, the UK and the USA were from the producing and the non-producing centres for 
C~@sic/wi2. The main producing centres listed in the source of imports were India, Mexico, Chile, 
China, Morocco, Pakistan, South Africa, Vietnam, Zimbabwe, Brazil, Hungary and Spain. 
Countries like Egypt, Israel, Indonesia, Jamaica, Turkey, Myanmar, Malawi and Malaysia also fig- 
ured quite prominently. The countries like Austria, A~lstralia, Cuba, Croatia, Italy, Kenya, Korea, 
Y~lgoslavia, Uzbekistan, Ukraine, Zambia, Thailand, Peru, Poland, Nigeria and Sri Lanka are also 
new known sources for exports. European countries like the UK, Switzerland, The Ketherlands, 
France and Belgium are also found to be exporting chillies. Huge quantities were found to be 
re-exported by countries like Germany, The Netherlands and Singapore. 

Though Singapore is not a producer country for Cap~.il.aitz it has exported a quantity of 16,000 
tonnes between 1994-98. The ITC figures compiled for the import by Singapore during 
1994-98 are 86,426 tonnes. This reveals that over 65% of the total imports are re-exported 
to different counrries. Singapore has mainly supplied to Amsterdam, Hong Kong, Japan and 
The Netherlands. 

Yet another prominent importer and re-exporter is The Netherlands. During 1994-98, the 
total import was estimated to be 27,293 tonnes, of which nearly 11,578 tonnes were re-exported 
to countries like Russia, Belgium, Sweden, Switzerland, the UK, the USA and Italy. 

Germany is also a major importer and a re-exporter. Over 69,000 tonnes of chillies were 
imported and an approximate quantity of 13,000 tonnes were re-exported during the period 
1994-93. 

The share of Capsi~wn in the total imporrs of different spices has been consisrent around 15% 
to 17%. The latest figures available from the ITC Geneva for the year 1998 confirm these figures. 
The total imports of spices for 1998 have been estimated at US$2,338.54 million. Pepper tops 



the list with 40%, followed by Capsicui?~ at 16%, spice mixtures at 10%, seed spices at 8 2 ,  
ginger at 6%, cinnamon at 6%, nutmeg, mace, cardarnom at 6%, thyme, saffron, bay leaf at 3% 
and vanilla at 3%.  However, in 1994 [he share of Capsic11112 was 17% of the total imports at 
US$158.15 million. In that year Capstczin? also came second with 17% next to pepper at 255f. 
The share of other spices were, spice mixtures at l 3 % ,  seed spices at 1055, cinnamon at 95?, 
vanilla at 84, ginger at 7%, thyme, saffron and bay leaf at 44, nutmeg, mace and cardamom at- 
4% and cloves at 2%. The unit price of world imports of Capsic~~v~ was 1.45 dollars per kg in 
1994 and this has shown a rising trend of 1.97 dollars per kg in 1995 and up  to 2.01 dollars 
per kg in 1998. 

India has emerged as a major producer and supplier. The main varieties grown in the 
country are: 

Snnnanz: This is a common variety and dominates over 7 5 4  of production. These are long and 
narrrow, ranging from 4 to X VMS with a capsaicin level ranging from 0.10% co 0.45%, 
depending on the area where they are grown. 

i\.l~/ndz~: The Mundu is a roundish cherry-shaped chilli and the approximate procl~~ct ion is 
10,000 tonnes. 

The u'nlzkked varietj,: The wrinkled variety is mainly used for the manufacturing of paprika-type 
oleoresin, and the ann~lal production is 40,000 tonnes. 

Birds eye chillies: This variety has high capsaicin levels ranging from 0.45% to 0.90% and is 
small in size with length ranging from 1 cm to 4 cm. The Indian exports of Cnp~zrzn2, which 
was 50,051 tonnes during 1996-97, xvent up to 68,019 tonnes in 1998-99 and slightly 
declined to 61,000 tonnes during 2000-01. Chillies contributed to a 12% share in the total 
spice export from India during 2000-01. It  was 14% during the previous year. The important 
markets for Indian chillies are the USA, the South East Asian countries, Sri Lanka, Bangladesh 
and the Middle East countries. 

There are also many other varieties like Ellachipur Sannam which has an ASTA colour value of 
70.40%, Hindp~l r  S 7 having a colour val~le of 33%, Kanthari white with a capsaicin value of 
0 . 5 0 4 9 ,  Kashmir chilli with a capsaicin value of 0 . 3 2 5 P ,  Madras pari having a capsaicln value 
of 0 . 2 0 6 4 ,  the Nalchetti variety having an ASTA colour value of 77.0355, Ramnadu Mundu 
having a capsaicin value of 0 .166%, the Sangli sannam variety having a capsaicin value of 
0.2 15%, Sattur S 4 having an ASTA colour \.alue of 59.157, Scotch Bonnet with a capsaicin 
value of 0.878%, etc. The Tomato chillies have a colour value of 125.2657. 

Good quantities of chillies are exported in the form of oils and oleoresins. Of all the countries, 
India is the major proclucer and only 1 0 9  of the total production is exportecl. The total esti- 
mated production in India is 9 ,50,000 tonnes of which the exports account for only 65,000 
tonnes. Other than exports in bulk, exports are in the form of oil, oleoresins, powders, pastes and 
mixtures. The country-wise exports from India for the last five years for chillies/powders, chilli 
oils and chilli oleoresin are shown in Tables 2.1, 2.2 ancl 2.3, respectively. 

Challenges in international trade 

The international trade in Cr~psii.i~i/i is non7 concerned with issues like aflatoxins, pesticides, 
residues, microbial contaminations, and capsaicin and colour values. Major importing countries 
in Europe and America have fixed quality requirement standards for chillies. The American 
Spice Trade Association's cleanliness specifications and the US Food and Drug Aclministratio~-r's 
defect action levels for chillies prescribed levels for dead insects, mammalian excreca, 



Table 2.1 Country-wise export of chilli from India during 1996-97 to 2000-01 (Quantity (Qty) in tonnes; value in Rs. lakhs) 

Cuiintry I 996-9 7 1997-98 1998-99 1999-2000 2000-01 

Q ~ Y  Valiie Q ~ Y  Vaiiie Q ~ Y  Vaiiie Q ~ Y  Vaiiie Q ~ Y  Valiie 

Australia 
Argentina 
Austria 
Baharain 
Belgium 
Bangladesh 
Burma (Myanmar) 
Brazil 
Barbados 
Bahamas 
Brunei 
Belarus 
Canada 
China 
Cyprus 
Canary Islands 
Chile 
Congo 
Cuba 
Croatia 
Czech Republic 
Denmark 
Dj ibouti 
Egypt (A.R.E.) 
Ethiopia 
Ecuador 
Finland 
France 
Fiji 
Greece 

222.51 117.95 
- 

- 

128.86 55.95 
64.42 38.69 

184.55 68.22 
627.05 190.23 

35.50 23.56 
- 

- 

- 

25.00 13.86 
477.58 236.55 
146.75 82.28 

17.00 6.93 

24.52 8.32 
- 

- 

- 
- 

1.20 0.93 
- 

- 

483.40 188.08 
- 
- 
- 

624.19 240.53 

181.66 53.19 

- 

176.54 84.43 
14.85 6.31 

1.20 0.24 
102.79 45.51 
117.27 40.33 

- 

- 

67.37 32.57 
14.00 3.89 

- 
- 

- 

770.45 335.92 
44.50 10.78 

- 

- 

69.43 24.81 
0.22 0.16 
- 
- 

10.25 5.65 
38.56 8.03 

0.20 0.13 
480.00 152.83 

- 

- 

3.50 0.98 
437.39 150.70 

212.75 68.63 

- 

252.56 
2.25 

67.00 
83.25 

104.33 
10,892.62 

0.21 
139.17 

10.98 
1.90 
6.00 

627.11 
24.80 

2.50 
0.04 

50.00 
0.09 
3.70 
0.80 

72.00 
79.00 

2.00 
29.09 

203.74 
2.60 

80.00 

- 

- 

- 

153.13 
1.19 

10.01 
42.05 
40.56 

4,454.37 
0.11 

100.65 
7.25 
0.26 
3.93 

311.74 
8.97 

1.38 
0.04 

18.65 
0.07 
1.69 
0.14 

25.47 
24.97 

1.07 
13.12 
85.05 

1 .06 
37.09 

215.02 135.56 
7.50 4.15 
0.1 1 0.54 

80.2 1 39.07 
99.25 33.27 

4,722.12 2,367.03 

119.45 80.19 
12.00 5.04 

14.65 7.87 

883.77 520.79 
147.59 59.59 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

2.04 0.31 

601.50 296.94 
10.28 6.37 
11.38 4.58 
32.00 1 1 . 1 5  

190.22 83.19 
13.78 7.77 

100.65 49.38 

- 

229.18 119.07 
- 
- 

73.10 38.75 
77.66 39.93 

2,289.57 662.70 

114.98 63.87 
- 

- 

- 
- 

- 

1,091.22 313.82 
48.39 18.45 

- 

- 
- 

- 

- 
- 

- 

- 

- 

629.00 350.31 
18.00 3.47 

16.50 7.75 
229.64 89.40 

2.78 2.30 
46.64 13.59 

- 

(Cuntinued ) 



Tuble 2.1 (Continued) 

Country 1996-97 1997-98 1998-99 1999-2000 2000-01 a 

Q ~ Y  Vulue Q ~ Y  Vulue Q ~ Y  Vulue Q ~ Y  Vulue Q ~ Y  Vulm 

Germany 
Guatemala 
Guinea 
Guadeloupe 
Hong Kong 
Iraq 
Italy 
Indonesia 
Ireland 
Iran 
Israel 
Ivory Coast 

Jordan 
Kuwait 
Korea (South) 
Korea (North) 
Kenya 
Kazakhstan 
Libya 
Lebanon 
Liberia 
Latvia 
Lithuvania 
Morocco 
Maldives 
Malaysia 
Mauritius 
Mexico 
Martinique 
Macau 

Japan 

387.30 176.69 
__ 
- 
- 

1,453.12 589.10 

587.1 1 306.05 
433.96 160.58 

- 

- 

- 

293.08 125.83 

532.13 236.80 
5 1 .00 13.64 

174.82 79.99 
2.00 0.94 
9.00 7.84 
6.00 3.39 

- 

- 
- 

22.30 9.15 
- 

- 

12.25 5.52 

67.20 25.74 
5,891.83 2,443.40 

281.55 125.66 
1,183.15 513.04 

- 

- 

450.39 161.92 

0.15 0.03 

157.38 76.49 

626.51 293.53 
1,174.01 230.12 

11.00 3.90 
4.92 3.62 

437.11 158.95 
0.50 0.22 

246.52 128.00 
160.60 31.09 
208.00 77.27 

- 

- 

- 

- 

- 

39.50 10.59 

12.50 3.67 
79.70 24.78 

- 

- 

- 

- 

- 

17.92 5.91 
1,868.94 432.00 

162.25 55.85 
3,382.28 884.68 

- 

89.29 35.54 
11.38 4.58 

12.50 6.1 1 
117.16 73.87 

18.00 3.55 
385.49 215.68 
550.44 184.14 

- 

- 

70.55 
211.91 

137.76 
42.50 

109.85 
100.00 

2.00 
89.57 
18.00 
49.00 
43.50 

1.15 
90.00 

19.00 
151.57 

1,478.72 
168.40 
742.20 

7.00 
- - 1.03 

11.99 
97.58 

99.98 
8.87 

61.16 
13.23 

1.20 
32.51 
18.03 
21.09 
15.02 
0.21 

33.07 

6.01 
35.82 

605.27 
78.55 

222.08 
6.53 
1.05 

307.10 127.54 
- 

- 

- 

141.68 88.33 

518.60 281.48 
1,621.27 499.32 

- 

- 

- 

219.65 109.38 

64.95 77.43 

- 

44.00 11.19 
313.94 169.61 

- 

- 
6.00 3.22 
- 

- 
65.24 20.86 

136.40 74.94 

19.75 6.84 
0.38 0.24 

4,007.61 1,519.09 
193.82 92.95 
379.94 161.91 

- 

- 

166.06 56.17 
- 
- 

__ 
90.27 50.60 

460.36 261.15 
1,613.63 411.38 

- 

- 

- 

294.75 115.69 

339.73 95.33 
33.80 5.52 

196.45 83.59 

- 

- 

- 

15.00 3.21 
- 

- 

58.04 17.70 

0.06 0.04 
- 

- 

- 

83.29 38.80 
1,611.02 581.46 

207.99 92.88 
2,640.15 1,014.75 

- 

- 



Mali 
Malagasy Rep. 
Norway 
The Netherlands 
Nepal 
New Zealand 
Niger 
Netherland Antils 
Oman 
Portugal 
Poland 
Pakistan 
Paraguay 
Peru 
Phillipines 
Qatar 
Romania 
Reunion 
Russia 
Singapore 
Sweden 
Spain 
Switzerland 
Senegal 
Seychellers 
South Africa 
Sri Lanka 
Sudan 
Swaziland 
Saudi Arabia 
Slovenia 
Thailand 
Tanzania 
Togo 
Trinidad 
Tunisia 

- 

0.30 0.15 

929.62 417.25 
68.85 8.13 
54.80 34.03 

- 

- 

- 
143.35 53.66 
289.46 116.78 

16.00 7.06 
2,265.28 487.32 

7.00 4.95 
- 

65.10 35.01 
6.75 1.96 

1.10 0.36 
241.58 128.47 

7,279.79 2,808.76 

501.11 233.38 
4.00 2.17 

6.55 2.52 
552.04 180.96 

5,154.67 1,843.18 

- 

- 

- 

- 
- 

912.69 298.65 
50.40 9.02 

793.55 314.93 
- 

- 
3.00 1.79 

120.25 39.19 

- 

- 
20.16 6.13 

1,041.81 362.79 
437.52 75.04 
106.63 49.78 

- 

- 

251.56 106.97 
61.72 27.49 
46.75 18.29 

1,339.89 185.63 

72.00 37.14 
109.00 49.67 

72.23 17.68 

- 

- 

- 

664.62 408.38 
2,344.31 536.80 

3.05 2.34 
764.41 174.16 

10.05 2.38 

6.90 2.15 
2,648.08 811.05 

11,881.35 2,539.11 

- 

- 

- 

807.03 197.98 

52.98 13.00 
4.28 2.17 

- 

__ 
- 

93.73 31.98 

334.11 119.66 

22.39 5.82 
300.55 158.31 
388.24 122.18 

56.80 5 1 . 5 5  
25.00 12.34 
13.00 6.67 

155.64 90.79 
2.02 0.48 

97.50 28.04 
14,901.39 3,201.20 

15.00 6.51 

49.00 25.77 
18.65 6.86 
4.05 0.82 
0.04 0.02 

211.00 97.86 
1,016.52 412.76 

24.23 3 1.88 
55.00 34.49 

1.42 0.68 
26.85 8.46 

1.13 0.87 
383.09 128.64 

19,805.56 7,302.73 
0.34 0.19 
0.48 0.13 

491.72 189.23 

20.00 13.65 
10.61 5.35 
0.07 0.06 

15.50 8.22 
36.00 18.87 

- 

- 

- 

93.02 36.26 
- 

- 

710.41 183.53 
1,413.81 305.91 

49.47 37.30 
- 

- 
151.71 88.29 

13.08 5.62 
217.58 70.62 

8,885.77 2,108.86 
- 

- 
72.00 38.65 

9.04 0.93 
- 
- 

484.25 183.50 
897.50 381.49 

28.12 26.85 
75.41 45.06 
36.90 9.96 

- 

- 

180.92 56.47 
17,546.05 5,97 1 .1  5 

- 

__ 
632.97 216.63 

12.00 4.98 
4.70 3.76 

- 

- 
- 

- 

- 

- 

0.34 0.10 
617.80 234.64 
657.43 172.76 

26.33 13.47 
- 

- 

124.66 60.77 
69.74 14.27 

235.50 88.74 
4,601.11 1,109.40 

- 
- 

70.92 28.42 
102.29 30.56 

37.50 12.68 

472.50 133.80 
666.98 228.29 

14.37 15.36 
173.00 74.18 
82.64 19.82 

- 

- 

- 

794.01 286.30 
22,589.29 6,173.64 

__ 
- 

356.03 104.27 

51.60 33.27 
4.91 4.28 

22.17 8.02 

- 

- 

- 

(Continued j 



Tuble 2. I (Continued) 

2000-01 Country 1996-97 1997-98 1995-99 1999-2000 

Q ~ Y  V&e Q ~ Y  Vulm Q ~ Y  Vulw Q ty Vuhe Q ~ Y  Vuhe 

Turkey 
Taiwan 
USA 
UK 
Uganda 
Uruguay 
UAE 
Ukraine 
Uzbekistan 
Venezuela 
Vietnam 
YAR 
Zimbabwe 

Total 

75.00 38.76 
685.84 259.17 

9,205.68 4,206.55 
1,962.75 1,007.60 

14.00 9.24 
3,851.78 13,76.50 

128.00 52.83 

- 

- 

- 

0.26 0.16 
13.50 7.64 
15.00 8.21 

50,05 1.04 20,145.17 

65.51 15.80 
290.57 105.56 

12,056.91 4,919.51 
2,081.71 830.60 

0.30 0.33 

2,522.50 717.12 
274.94 66.75 

7.00 5.58 
0.18 0.13 

20.25 6.34 
16.00 9.68 

51,779.18 15,890.05 

- 

- 

30.50 9.82 
181.16 74.06 

7,441.40 4,408.22 
1,423.49 S04.71 

1.20 0.93 

3,555.15 881.54 
74.00 22.28 
18.00 14.69 
4.00 4.92 
0.04 0.03 

22.00 4.65 

- 

68,018.95 25,287.29 

- 

335.64 150.01 
11,799.28 5,987.20 

1,728.37 920.25 
0.60 0.19 

3,648.54 1,107.10 
16.00 4.97 

- 

- 
42.00 15.89 

64,775.90 25,065.87 

- 

3 4 5 2  25 32 
1 4 8 4 6  5 1 8 7  

10,998 7 9  4,334 57 
1,939 52 745 44  

- 
3,089.64 819.66 

46.00 23.72 

- 

11.00 1.14 

61,000.00 19,523.5 1 

- 

Source: DGCI&S., CalcuctaiS. BilliExporters recurns 

Noce 
a Provisional. 



Table 2.2 Country-wise export of chilli oil from India during 1996-97 to 2000-01 (Quantity (Qty) in 
tonnes; value in Rs. lakhs) 

County  1996-97 1997-98 1998-99 1999-2000 2000-01" 

Qty Value Qty Value Qty Value Qty Value Qty Valae 

Germany 0.01 0.08 - 0.20 3.77 - - 

- 0.80 12.85 - - Japan 
Singapore - - 0.02 0.09 - - 

USA - 0.35 10.54 - - - 

Total 0.01 0.08 1 .15  23.39 0.22 3.86 - - 

- 

Source: DGCIaS., CalcuccaiS. BilliExporcers returns 

Note 
a Provisional 

Table 2.3 Country-wise export of chilli oleoresin from India during 1996-97 to 2000-01 (Quantity (Qty) 

in tonnes; values in Rs. lakhs) 

Country 1996-97 1997-98 1998-99 1999-2000 2000-01" 

QtY Value Qty Vah Qty Value Qty Value Qty Value 

Australia 0.66 5.03 
Bangladesh __ 
Brazil - 

Canada 0.66 8.80 
China - 

France 0.72 9.75 
Germany 1.35 11.33 
Italy - 

Israel 0.58 7.49 
Japan 0.5 1 8.33 
Korea (South) __ 
Korea (North) - 

Mauritius - 

Mexico 0.20 6.33 
The Netherlands - 

Phillipines - 

Russia - 

Singapore - 

Spain 2.10 23.90 
Turkey - 

Taiwan 2.00 63.41 
USA 1.40 11.55 
U K  1.54 10.02 
Uruguay - 

UAE __ 
YAR - 

Tot a1 11.72 165.94 

0.60 3.11 0.01 0.11 - 

0.06 0.45 - - 

0.29 4.71 - - 

0.40 4.42 - - 
__ 0.40 2.46 - 

0.30 4.20 0.25 3.48 0.65 5.35 
1.09 13.74 - - 

0.84 20.95 0.54 6.29 - 

15.46 185.66 4.00 59.84 - 

1.35 24.62 0.41 6.32 - 

0.30 4.02 - 
1.03 16.38 - - 

0.58 7.95 - - 

0.60 6.14 - __ 

4.02 21.77 - - 

3.01 42.92 - - 

2.16 19.47 - - 

- __ - 

11.19 162.31 26.98 192.03 0.04 2.15 

- 0.04 2.78 0.02 1.03 

- - - 

60.23 492.05 0.23 31.25 0.55 32.46 
0.22 2.23 0.05 2.58 - 

0.15 1 .51  - - 

0.02 3.46 - 

1.44 28.68 - - 

- 

105.02 1,063.27 27.52 229.45 1.70 48.66 

26.07 184.39 
__ 
- 

- 

- 

- 

- 

- 

Neg. 0.04 
- 

- 

- 

- 

33.89 288.00 

Source: DGCIaS., CalcurraiS. BilliExporrers returns 

Note 
a Provisional 



molds, insect desified, extraneous foreign matters, rodent and insect filth in each and every 
consignment. 

These standards have made trading in Capsi~.zd-zi?ir more complex. With a view to p r o d ~ ~ c e  clean 
chillies, organic farming practices are gaining momentum to produce pesticide-free chillies suit- 
able for various international markets. In countries like India, quality awareness programmes 
and continued improvements in  post-harvest operations are taken up on a consistent basis to 
export 100% clean chillies. 



3 Chemistry and quality control of 
Capsiczlrns and Capsicam products 

"Qua l i t~ ,  contml" is a "sine quonone" for the success of any industry, may it  be Agro-food 
industry or Spice industry. This chapter covers the various quality control techniques 
whether physical, or physico-chemical etc. The quality evaluation of Capsicz~nzs whole, 
ground or processed, variations in chemical composition of Capsic?/~;is, major principles, 
methods of determination of pungent and colouring principles of all types of chillies, 
Capsiri~~?zs, paprika, detection of adulteration, quality evaluation of oleoresins of different 
types and quality standards etc. have been discussed. 

Both at National and International levels, there are numerous food bodies implementing 
standards for spices and spice products. For instance, there are ten international organiza- 
tions like EC, FCC, FAO, W H O ,  ISO, Codex, ASTA, EOA, etc. and numerous national 
bodies (like, BIS (ISI) BS, Agmark) in each country, which guide the industry concerned in 
trade at both national and international levels. These standards are the result of conscien- 
tious efforts in standardization. Harmonization of national and international 'standards 
avoids costly litigation in international trade and hastens the marketing of products. 
However, due to a lack of space it is not possible to cover all such standards. Only I S 0  and 
BIS specifications have been listed while detailed Indian PFA and Agmark standards have 
been described to facilitate quality control. 

Introduction 

Quality control constitutes the very backbone of success in any industry, be it agriculture or spices. 
The quality of spices is evaluated by the following three techniques: (i) Physical or sensory 

evaluation; (ii) Physico-chemical analysis; and (iii) Nutritional assessment. 
Since chillies, like most of the spices, are used in small quantities both in vegetarian and non- 

vegetarian dishes as "Food additives" only, they contribute little to human nutrition. However, 
spices indirectly play an extremely valuable role in good nutrition by helping to increase the 
appeal and appreciation of foods that are nutritionally important to us. Except in most restrictive 
diets, spices may be used and they can make the difference that pers~lades a patient to stay faith- 
fir1 to an otherwise unappealing diet. These analyses should be particularly good news for waist 
watchers because they confirm that even the spice highest in calories (poppy seeds) does not add 
more than two or three calories per serving in normal usage. Considering the amounts used, other 
spices typically contribute not more than one calorie per serving and usually less. Having this 
definitive data at last, nutritionists and all those interested in good nutrition, may utilize spices 
to their full potential in making wholesome foods excitingly delicious as well as good for us. 

Fortunately, quality has been a tradition in the spice trade of India and to maintain this tradi- 
tion and to adhere to modern developments in the standardization of agricultural produce, the 



Government of India has prescribed standards for almost all the important spices, including 
chillies. Chillies are graded compulsorily under law before export. The grades adopted for chill- 
ies (whole and ground) are those prescribed under the Agricultural Produce Grading and 
Marking Act and these grades are popularly known as "Agmark grades". 

Quality evaluation of chillies and chilli products 

Detailed quality evaluation techniques include, physical, chemical-microbiological, instrumen- 
tal and sensory evaluation of spices, including chillies (whole and ground) and their processed 
products, like chilli oleoresin, etc. All modern methods have been described in detail in a recent 
book on "Quality Assurance", by Pruthi (1999). The chemical composition of Capsic~/~i~/chilliesi 
paprika/ red pepper as a meas~~r ing  quality is presented in Table 3 .  l ,  which is self-explanatory. 

Chemical  co~lzpositio~z of  Capsicums1pap~- ika  

Capsic~~nr fruits contain colouring pigments, pungent principles, resin, protein, cellulose, 
pentosans, mineral elements and a very little volatile oil, while seeds contain fixed (non-volatile) 
oil. Chillies and paprika map be regarded as taking LIP positions at opposite ends of a spectrum of 
common properties. From chillies through Capsic~~nzs to paprika, there is a steady decrease in pun- 
gency level and an increase in the pigment content. The fruits of most Capsicz~nz species contain 
significant amounts of vitamins B, C, E and provitamin A (carotene) when in a fresh state. The 
large type of C. amzuafiz is among the richest known sources of vitamin C, which may be present 
up to 340 mg/100 g in some varieties (Purseglove et al., 1981). The variation in the composition 
of 12 varieties of chillies is given under Table 3.2 composition and has been studied by Bajaj et al. 
(1978, 19SO), Mauriya et al. (1983) and reviewed by Govindarajan (1986) and Pruthi (1999). 

Table 3.1 Composition of pepper ancl paprika 

Q~mlit) chni.arteri.itzcs Pdprika Paprika Pepper Peppe? 
i Uizrts ziithzn brnrket~) ll~izported) IDa~~zutic) (Chilli) (Red) 

Ci?enziinl L-onzposition 
Moisture (g) 
Food energy (cal) 
Protein (g) 
Far (g )  
Toral carbohydrates (g) 
Fibre carbohydrates (g) 
Total ash (g) 

~\li?ie~uls 
Calciun~ (g) 
Phosphorus (g) 
Sodium (g) 
Potassium (g) 
Iron (mg) 

I7itdmins 
Thiamine (mg) 
Riboflavin (mg) 
Niac~n (mg) 
Ascorbic acid (mg) 
Vitamin A (IU) 

Source: B a d  on analyses performed by 900 Amer~can Laboratories, Sr Louis, MO, USA 



Table 3.2 Variations in the yield and bioclle~llical constituents of 12 Indian  chill^ 
varieties 

\hl.ictio Yield CLZPJP-'"KDZ Oleoreriiz Colour i % , iiicorbjc 
(kghap') (2) ASTA acid zzilnt. 

Nl2ltS) (mg: 100 g) 

TC 1 1,542 0.156 13.0 85.0 135 
TC 2 1,607 0.141 12.4 82.0 133 
Sel 1 2,100 0.178 14.4 '6.0 114 
KCS L 2,143 0.191 13.4 81.0 122 
DPL (Cl) 1,984 0.3 l .3 11.6 88.0 127 
Phule 1,627 0..344 12.9 85.0 l 5 3  
Jawahar 1,348 0.241 12.2 82.0 122 
Musalwadi 2,069 0.159 12.4 88.0 109 
CA 586 1,894 0.490 13.2 85.0 164 
LCA 206 2,358 0.465 12.0 92.0 l 34  
LCA235 1,521 0.325 13.5 95.0 166 
LCA 248 2,100 0.250 13.2 85.0 173 
.................................................................................................................. 

Mean 1,983 0.288 12.9 85.0 l 3 9  

- 

Source: Go~inda Reddy et sl. (1999) 

Thejxed oil (now-volatile) in chillier 

The chilli fixed oil is comprised mainly of triglycerides (about 60%)  of which linoleic and other 
unsaturated fatty acids predominate. The fat content and composition of paprika powder and its 
propensity to auto-oxidation are dependent upon whether the seeds are removed from the pod 
before grinding or not (Anu and Peter, 2000). 

The zjolatile oil iesse~itial oil) of Capsicums 

F r ~ ~ i t s  of C:apsici~w species have a relatively low volatile oil content, ranging from about 0.1% to 
2.6% in paprika. The characteristic aroma and flavour of the fresh fruit is imparted by the 
volatile oil. The composition of the volatile oil of fresh Californian green bell peppers has been 
examined by Buttery et al .  (1969) using gas chromatography. Twenty-four components in this 
oil -were positively identified. One of the major components, 2-methoxy-isobutyl pyrazine, was 
considered to posess an aroma characteristic of the fresh fruit and to dominate the organoleptic 
profile of paprika. 

Several pungent compounds found in nature are derivatives of o-methoxyphenol, The major 
principles naturally present in Capsi~x;~zs are capsaicin and dihydrocapsaicin (Kulka, 1967). The 
degree of pungency and the character of taste sensation vary markedly with different varieties of 
chillies. It  was in 1846 that Thresh isolated for the first t ime the pungent principle from 
Capszcz~~ns, Nelson (1919) and Nelson and Dawson (1923) declared it to be an amide of vanilly- 
lamine and isodecanoid acid. Further work on the chemistry of capsaicin has been reviewed by 



Newman (1953); Rogers (1966); Pruthi (1970a,b) and further reviewed by Pruthi (1980). The 
chemistry of pungent principles has been reviewed by Pruthi (1980, 1999), Govindarajan 
(1986) and more recently by Anu and Peter (2000) and bp the Basic Synthite Chemicals, 
Cochin, India and is briefly discussed later. 

Kosuge e t  al. (1 965) established that the pungent principle of red pepper consists not of one 
chemical but actually of the unsaturated and saturated amides - capsaicin and dihydrocapsaicin. 
The mixture of these two amides was named capsaicinoid, mhic11 is odouriess (cited by Pruthi, 
1980). With regard to the pungency of this group of compounds, it can be stated that an aromatic 
ring having a phenolic hydroxyl group and an ether group s ~ ~ c h  as methoxy in ortiiio position to 
each other is a basic prerequisite. A side-chain is also necessary. The length and compositio~l of 
this sicle-chain are important. The pungency is greatly enhanced by an acid amide group, in this 
instance vanillylamide, as found in the capsaicinoid molecule (Kulka, 1967). 

On the basis of these observations, the synthetic compound nonenoylvanillylamide was pre- 
pared. This has considerable pungency and heat (Kulka, 1967). Friedrich and Rangoonwala 
(1965) stuclied the separation of capsaicin and nonanoic acid vanillylamide. Kos~lge and Furuta 
(1970) f~lrther studied the pungent principles, which consist of capsaicin, dihydrocapsaicin, 
nordihydrocapsaicin, homodihydro capsaicin and two or more analogs of these materials. Thin 
layer chromatography and open t~lbular gas chromatography showed that the natural pungent 
mixture contains no czs isomer of capsaicin. The chemical structure of nordihpclrocapsaicin was 
determined as N-(4-hydroxy-3-methoxybenzyl)-7-methy10ctanamide by gas chromatography, 
infrared spectrometry, mass spectrometry and NMR spectroscopy. Homodihydro-capsaicin was 
identified as N-(hydroxy-4,3-met11yloxybenzyl)-9-methyl decamide (Kulka, 1967). 

The pungency is ca~lsed by a group of vanillyl amides named capsaicinoids located in the pla- 
centa of the fruit. The heat of Cap~ii-i~iir powder is measured bp Scoville heat units (Scoville, 
1912). One part per million concentration of capsaicinoids is measured as l 5  Scoville units. The 
nature of pungency has been established as a mixture of seven homologous branched-chain alkyl 
vanillyl amides, named capsaicinoids (Table 3.3). 

The distribution of the pungent principles in the fruit is uneven and is the greatest in the 
placenta. According to Govindarajan (19861, the group paprika contains less than 0 .1% of 
capsaicinoids, the best grade of Spanish paprika having 0-0.000392 and for the pungent 

Table 53 Seven capsaicinoids identified in C~~pjicuriz species 

(CH,) .  CH. C H = C H  (CH2)4 - CO-R" Capsaicln 
(CH,)?. CH. (CH2)6 - CO-R Dihydrocapsaicin 
(CH ,),. CH. (CH,), - CO-R Nordihydrocapsaicin 
(CHj)T CH. (CH& - CO-R Homodil~ydrocapsaic~n 
(CH3),. CH. CH=CH. (C13L)j - CO-R Homocapsaicin 
CH; (CH,)- - CO-R Nonailoic acid vanillylarnide 
CH ;. (CH2), - CO-R Decanoic acid ~~anillylarnide 

Source: Anu and Peter (2000). 

Note 
where R I S  
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grade a maximum of 5%. Pungency level in chillies varies from 0.1 % to 1.4% (Anu and Peter, 
2000). The chemistry of pungent principles has been reviewed by Pruthi (1980, 1999), 
Govindarajan (1986) and more recently by Anu and Peter (2000) and the Basic Spnthite 
Chemicals, Cochin (India). 

A~1alj,tical nchniqz~s JOY the deter~iziiz/ntion qfj?zajor p~/ngent 
principlrs icapsairz?zs ii? Capsicumsichillies) 

A number of analytical techniques have been reported from time to time since 1912 for assaying 
the pungency or capsaicin (Joint Committee of the Pharmaceutical Society, and the Society for 
Analytical Chemistry, 1959, 1964). The chronological developments in analytical techniques 
are summarized in Table 3.4,  along with their working principle and the authors' critical 
remarks. The 35 methods suggested haye been categorized as organoleptic, photomerric, 
spectrophotometric polarographic titration, paper chromatographic, thin layer chromatographic 
and GLC techniques (Table 3.5) Barnyai and Szabolis (1976). 

The pungency or capsaicin content of C~psiczin~s varies widely among varieties, seasons, places 
of origin, etc. The available data on the capsaicin content of paprikas, peppers and chillies grown 
in different parts of the world (Africa, Ethiopia, Hungary, India, Japan, Mexico, Turkey, 
Uganda, the United States and other countries) have been summarized in Table 3.6. Thus, the 
capsaicin content varies from 0.0% in sweet peppers to as high a? 1.86% in Indian chillies which 
is the highest on record. 

Andre and Mile (1975) have developed a new, simple and sensitive TLC method for the 
determination of capsaicin, even at levels as low as 0.1 k g  of capsaicin per spot. This method can 
readily be used to distinguish the paprika varieties according to their degree of pungency. The 
International (ISO) sub-committee 34lSC7, which was chaired by Dr J .  S. Pruthi at the British 
Standards Institute in London in October 1968,  scanned through the merits and demerits of 
each method and unanimously recommended (1) Spectrophotometeric or spectrometric method 
as the I S 0  KeJeience inethod; (2) HPLC and TLC method and (3) by Scoville index techniques 
described in fair detail by Pruthi ( l969) ,  as the I S 0  working methods for the determination of 
capsaicin in Capsicii772sIchillies. 

The colour of spices is important from the point of view of quality as well as economic xrorth. 
The colouring pigments present in pepperlpaprika have been briefly discussed here 
(Krishnamurthy and Nararajan, 1970). 

Colnurzng pigments in ~edp@er 

A number of carotenoids have been isolated and characterized from red pepper 
(Cajuicz/m ~?ZIZZLMI~)  or the dehydrated product, paprika (Cooper et al., 1962; Curl, 1962; Cholonoky 
et al., 1963; De la Mar and Francis. 1969). The major red pigment is capsanthin, which was iso- 
lated in crystalline form as early as 1927 (Karrer and Jucker, 1950), but the current structure was 
assigned relatively recently (Barber et al., 1960, 1961). Faigle and Karrer (1961) determined the 
asymmetry of the carbon-5 position in the five-membered ring of capsanthin and Cooper et al. 
(1962) established that the hydroxyl in the cyclopentane ring is trans to the polyene chain. 
Capsanthin occurs as the dilaurate in paprika (Phillip et al., 1971). The oxidation degradation 
sequence for capsanthin in oxygen was worked out by Phillip and Francis (1971a). 



Tahir 3.4 A critical appraisal of the available analyrical techniques for the determination of capsaicin in 
chilliesl'C~7p~ii-?~7?~~ 

Glbbs (1927) 
Voii Fodor 

(1930, 1911) 

Tice (1932) 
Berry ancl Samways 

(1937) 
Hayclen and Jordan 

(1941) 
Nogrady (1943) 

Buclii and 
Hippenmrier 
(1948) 

North (1 949) 

Nemman (1953) 
Fujita e t  N I .  (1954) 

Schenk (1954) 

Schulce and Krueger 
(1955) 

Spanyar e t  n/.  ( l  956a) 

Scoville orgaiioleptic test - based on 
rhreshold sensory evaluation 

Phorometric inechocl 
VOCI method (vanadium oxy- 

trichlorlde) 

VOCI; merhocl 
Threshold sensory evaluation 

Threshold sensorv evaluation 

Titrarion with picric acid and 
flourescence desorption 

Phospl~oinolybdic acid method 

Phosphosrungsric pl~osplioniolybclic 
acid-vanillin merhod 
(Folin-Denis reagent) 

O n  Scoville tesr 
Paper partition chromatography 

and colorimetric method 
Ammoni~im vanadare 

and HCI method 
Diazobenzene sulfonic 

a c ~ d  method 
Sulfanilic acid method 

Spanyar et  al. (1956b) Polarimetric titration with 
p-diazobenzene sulfon~c acid 

Schenk (1957) VOCl merhod 

Spanyar et  al. (1957) D~azosulfanilic acid n~etliocl 

Unsatisfacrory. Results nor 
reproducible. 

Needs improvement. 
Colour must be determined wirhin 

20-30 seconds; orherwise 
interference by orher colour 
reactions take place. 

Low sensitivity. Lack of 
reproducibility. 

Results not reproducible 

Colorimecric method. 
Time-consuming. 

Colorilnetric method. 

Defects of Scoville rest poinred out 
Simple rechnlque. 

Photometric metllod. 

Color~metric method. 
A satisfactory method. 

Aurhors surveyed the difficulties 
in earlier method. This merhod 
gives consiclerably accurate and 
reproducible resulrs. 

Applicable to samples conraining 
capsaicin more than 30  mgi100g 
and moisture not above 20%. 
Mean error less than 5 1 0 2 .  

Optical inspection and colour 
coniparlson. Sulrable for rough 
assessments in pharmacy. A good 
review of earller methods presenred. 

Applicable to samples concaining 
capsaicin above 5 m g i l 0 0  g and 
moisture not above 20%). 
Accuracy i 10%. 

Schulte and Photometric meri~od 
Krueger (1957) 

Suzuki e t  al. (1957) Ultraviolet speccrophoto~netric 
method 

Waldi (1958) Paper chrornatograph~c method The fat extracred from 
paprika causes elongation 
of spots ancl tailing. 



Table 3.1' Continued 

Spanyar e t  al.  (1958) Sulfanilic acid method, modified A quick method; rough results 
obtaiuable within 
4 minutes. 

Zitko (1957) 
Benedek (195%) 

Sulfanilic a c ~ d  method, modified 
Ammonium vanadate photometric 

method 
Photometric method 
Column chromatograph~c 

purification 
ancl spectrometry 

Spanyar e t  al.  (1958) 
Joint Committee of tile 

Pharmaceutical Societl- 
and the Society 
for Analytical 
Clhemistry (1959) 

Csedo e t  al. (1 960) 
Tiechert et al.  (1 961) 
Brauer and Schoon 

(1962) 
Kosuge and Inagakl 

(1962) 
Joint Committee of the 

Pl~armaceutical Society 
and the Society 
for Analytical 

Chemistry (1964) 
Heuser (1964) 

Satisfactory. 
A review and improvement of 

available methods discussed. 

Review of analytical methods 
Thin-layer chromatography 
Ultraviolet spectrophotometric 

method 
Phosphomolybdate method and 

colorimetrrc method 
Spectropl~otometric and modified 

colorimetric methods 

Authors recommend Spanyar method. 
Satisfactory. 
Satisfactory but time-consuming, 

involving costly equipment. 

Spectrophotometric and colorimetrlc 
methods, recommended. 

Thln-layer chromatographic 
method 

Applicable to samples containing 
at least 0.1 mg of capsaicin. 
Not sensitive for lower 
concentrations. Time-consuming 

Csedo and Kopp (1 964) 
F r ~ e d r ~ c l ~  and 

Ammonium vanadate 
Thin-layer chromatography 

Rangoonwala 
(1965) 

Karawya and Balbaa 
(1967) 

American Splce Trade 
Assoclatlon ( l  968) 

Mlcromethod, diazobenzene 
sulfonic acid method 

Scoville test Subiective test recommended 

Reaction not very specific. Colouring 
pigments interfere. Evaluation to be 
completedm~itl~in 1-2 minutes 
after spraying to avoid interference 
by other pigment compounds. 

Applicable to oleoresin and other 
preparations containing large 
amounts of capsaicin. 

Spanyar and Blazovich 
(1969) 

Thin-layer chromatographic 
method using ferric 
chloride and potassium 
ferricyanide reagent 

Blazovich and Spanyar 
(1 969) 

Thin-layer chromatographic 
method 

Hollo et al.  (1 969) 
Hartman (1970) 
Mathew et al. (197 1) 
Govindarajan and 

Ananthakrishl~an 
(1974) 

Indian Standards 
Institution (1976) 

Govindarajan e t  crl .  
(1977) 

GLPC method 
GLPC method 
TLC method 
Paper partition chromatography 

Satisfactorl~. 
Simple, inexpensive, adoptable. 

Scoville test modified Adoptable method 

Scoville heat units (organoleptic 
evaluation) 

Modified Scoville rest, 
useful method. 

Source: All references are ci ted 111 Prutl~i (1 980, 1999). 



Table 3.5 Systematic categorization of analytical techniques for the evaluation of pungency 
(capsaicln) In Capi ~C~!NZJ. 

Threshold sensory (organoleptic) 
evaluacion 

(1) Photometric methods 

(2) VOClj method (vanadium 
oxytrichloride) 

(3) Phosphomolybdic acid method 

(4) Follin-Den~s reagent: phospho- 
tungsric phospliomolybdic- 
vanillin method 

(5) D~azobenzenesulfonic acid 
method 

(6) Sulfanllic acid method 
Ultraviolet spectrophotometric 

methods 

Polarographic titration with 
p-diazobenzene sulfonic acid 

Paper chromatography and 
colorlmetry 

Thin-layer chromatography 

Titration with picric acid and 
fluorescence desorption 

Gas-liquid chromatograpblc methods 

Scoville (191 2); Berry and Samways (1 97 3): 
Haydeil and Jordan (1941); Indian Standards 
Institution (1976); Goviiidarajan e t  al. (1977) 

Gibbs (1927); Joint Committee of the 
Pharmaceutical Soclety and the Society for 
Analytical Chemistry (1959) 

Von Fodor (1930, 1931); Tice (1932); Schenk 
(1954, 1957); Benedek (1959a); Csedo and 
Kopp (1 964) 

Buchi ancl Hlpenn~eier (1948); Kosuge and 
Inagaki (1962) 

North (1949) 

Schulte ancl Krueger (1 95 5); Spanyar e t  al. 
(1957); Karaurya and Baibaa (1967) 

Spanyar e t  al. (1956, 1958); Zitko (1957) 
Suzuki e t  al .  (1957); Brauer and Schoon (1962); 
Jolnt Committee of the Pharmaceutical 
Society and the Society for Analytical 
Cliemistrj- (1964) 

Spanyar e t  al. (1956) 

Fujita a t  al. (1954); Waldi (1958); Govindarajan 
and Ananthakrishnan (1974) 

Ticchert e t  al. (1961); Heusser (1964); Friedrich 
and Rangoonwala (1965); Blazovich and 
Spanyar (1969); Spanyar and Blazovich (1969); 
 math hew e t  a/. (1971) 

Nogrady (1943) 

Source: All references are c ~ t e d  111 Pruthi books (1980. 1999). 

Coloztring parameters in paprika and paprika oleoresiu 

Column chromatography has been the traditional method for the separation of carotenoids 
(Davis, 1965). For example, with paprika carotenoids, Sea Sorb 4 3  is effective, but it  does cause 
some isomerization and oxidation of pigments; hence, a more rapid method is desirable. Paper 
chromatography based on impregnated papers (Booth, 1962) and papers with suitable fillers 
(Jensen and Jensen, 1959; Jensen, 1960) have been suggested. Separations are described based 
on thin-layer systems on alumina (benzene), silica gel G (methylene chloride-ether, petroleum 
ether-benzene, undecane-methylene chloride and methylene chloride-ethyl acetate), calcium 
hydroxide (hydrocarbon mixture-methylene chloride), secondary magnesium phosphate (carbon 
tetrachloride, benzene and petroleum ether-ether), silica gel G mixed with rice starch 
(12-hexane-ether), calcium hydroxide (benzene, benzene-methanol and petroleum ether- 
benzene) (Demole, 1958, 1959; Stahl et al. ,  1963; Bollinger, 1965). Stalil et al. (1963) reported 
that not all carotenoid mixt~ires could be separated with a single solvent and a single absorbent 
in a thin-layer system. Phillip and Francis (1971b) reported the development o fa  solvent system 



Che7iiisti.j aizd quality control of Capsicums 33 

Table 3.6 Variations in capsaic~n content in imporranr varieties of red pepper grown in different parrs of 
the world 

Paprikas 

Hungarian paprika 
(ground) 

hlambasas var. 
Red pepper 
Hontakas 
Sanraka 
Ethiopian chillies 
Uganda var. 
Turkish 
Mexican pequinos 
Santana 
Abyssinian chillies 
Indian chillies 

Different sources 

Hungary 

Afr~ca 
Gnited States 

Japan 
Japan 
Erhopia 
Ugandd 
Turkey 
Mexico 
Japan 

India 

Kisgyorgy et al. (1962), Natarajan e t  al. 
(1968b); CAL (1969) 

Pruthi (196%) 

Louis Sair (personal co~nmunicacion, 1969) 
Louis Sair (personal cornn~unication, 1969) 
Louis Sair (personal communication, 1969) 
Louis Sair (personal communicarion, 1969) 
Lollis Sair (personal communication, 1969) 
Suzuki e t  al. (1957) 
Suzuki et  nl. (1957) 
Suzuki et  dl. (1957) 
Suruki e t  U / .  (1957) 
Suzuk~ et  al. (1957) 
Deb e t  al. (1963) 
Ramanujan and Tewar~ (1968) 

Source. All references are gtven In P r u t h ~  (1980) 

for the thin-layer separation of paprika carotenoids as well as the physico-chemical properties of 
capsanthin and derivatives. Rosebrook (1968) and Rosebrook (1971) reported the results of sys- 
tematic collaborative studies on a method for the detection of the extractable colour in paprika 
and paprika oleoresin. The colour in paprika is extracted with acetone, and absorbance is mea- 
sured at 460 nm. The method incorporates a standard colour solution as a spectrophotornetric 
check. The method has been recommended for adoption. In a series of papers, Moster and Prater 
(1952, 1957a,b,c) described the extractable colour, the colour scale, the colour of paprika oleo- 
resln, and the structure of the colouring matter of paprika. Cholonoky et al. (1958) reported on 
the carotenoid pigments in yellow paprika, and Curl (1964) reported on carotenoids of green 
bell pepper. Thus, the subject of the assessment of colour of Capsicz/7/nis and paparika has been 
investigated by a number of workers in  different countries. Their findings have been 
condensed in Table 3.7. 

Shuster and Lockhart (1954) have reported on the comparative composite colour grading of 
paprika by visual score, Lovibond units, C-units and absorbancy at 462 nnl (Table 3.8). 

Coloz/~zng pzgnzent tlz caj ezne pepper 

Lease and Lease (1956) have reported on the different fractions of red pepper pigments of differ- 
ent varieties of cayenne pepper and paprika as a percentage of total colour of the hexane extract 
(Table 3.9). Pruthi (1969) reported on the loss in colour (capsanthin and capsorubin) in 
Hungarian paprika during storage. Kanner et al .  (1976, 1977, 1978) studied the carorene- 
oxidizing factors in red pepper. The comparison between the Indian and Zimbabwean paprika 
varieties for colour production is set out in Table 3.10. All references cited by Prurhi, in his 
recent books on "Quality Assurance in Spices and Spice Products" (1999), Van Blaricum and 
Martin (195 1) reported the retarding of the loss of red colour in cayene pepper. 



Tmble 3.7 Analytical techniques for colour evaluation of Cnpsz~.i/nz and factors affect~ng colour retention 
therein 

hloster and Prater (1952) 

Shuscer and Lokhart (1 954) 

Moster and Prater (1957a) 
hloster and Prater (1957b) 
hloster and Prater ( 1 9 5 7 ~ )  

Garcia (1959) 

Benedek ( l959b) 
Pohle and Gregory (1960) 

American Spice Trade 
Association ( l  968) 

Khristova (1961) 
Santa Maria and de-Ruiz- 

Assin (1961) 

Videki and Videki (1961) 

Serna (1962) 

Sancho and Navarro 
(1962a) 

Sancho and Nararro 
(1962b) 

Curl (1962) 

Sancho (1962) 

Palotas and Koneesnl 
(1964) 

Benedek (1968) 
Rosebrook et a/ (1968a) 

Lantz (1946) 

hleasurement of extractable 
colour of Cupsz~./im 

Objective method of colour 
evaluation, colour grading, 
absorption spectra 

Extraction of colour 
A linear colour scale 
Measurement of the colour of 

oleoresins of paprika 
Determination of capsanthin 

and capsorubin content 
Determit~ation of colour 
Spectrophotometr~c method, 

calibration with p-carotene 
Photometric method (ASTA) 

Determination of plgments 
hlethods of analysis of paprika, 

colour index (transmittance 
of 0.05 g11 0 0 m l  in CCl, 
at 460nm.  15%) 

American Spice Trade Association 
method, Spectrophotometric 

method, compared with 
Benedek method 

Pl~ocometric method measurement 
of transmission at 460 nm, 
true colour purity values 

Variation in colour of 
factors on caroteno~ds 

Ultrav~olet absorption 
spectra of carotenoids, 

Carotenoids of red bell peper (% 
of different pigments g ~ v e n )  

Photometric method, colour 
measurement at 
450 nm, comparison 
with standard solution 
of KLCr20- and CoC12 

Application of ASTA method 
(No. 10) and comparison 
with Benedek method 

Improved method for the 
determination of 
extractable colour 

Effect of slicing or slitting 
on time of dehydration and colour 

RCTTZ~IYIFS 

For routine analysis. 

Lengthy and expensive although 
the inaccuracy 1s negligible. 
Benedek method preferred. 

Results on 122 samples obtained 
with spectrophotometry and 
two colorinleters showed 
very close agreement 
with true colour purity. 

Kine carorenoids obtained by 
cl~romatographp. 

Values of one method are 
convertible to those 
of the other. 
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Table 3.7 Continued 

Awthori~) Title~pi.z;zcip/i. rzjitjrthod Renznrk~ 

Lease and Lease ( 19i6a) 

Lease and Lease (1956b) 
Lease and Lease (1762) 
Daoud and Luh (1967) 

Chen and Gujmanis (1968) 
De La Afar and Francls (1 969) 

Phillip and Francis ( 1 97 1a) 

Phil l~p and Francis (1971 b) 

Rosebrook ( l  9' 1) 

Effect of stage of ripening 
on rhe retention of colo~ir 

Effecc of far-soluble anrioxidancs 
Effect of drying condirions 
Merhod and nature of packaging, 

laminate and aluminurn film pouches 
Auroxidation of exrracrable colour 
Carorenoicl ciegradation in 

bleached paprika 
Nature of farty ac~ds and 

capsanthin esters in paprika 
Isolation and chemical properries of 

capsanthin and clerivatires 
Collaborative study of a method 

for exrractable colour 
in paprika and parika oleoresin 

Source. All above references are c ~ t e d  in Prutlii (1980). 

T'zhke 3.8 Compotite colour!grading dara on domestic papr~ka samples" 

Sanzple W~izgl Lot iholzd C utiitsd Absorbani) nt Order of 
no. .rmizb 462 mp.' 

Source: Reproduced from Pruthi (I 980). 

Notes 
a From Shustrr and Lockhart (1954). 
b Average of 10 ohiervers. 
c Two-~nch cell Lovihond yello~v unl t i  at 20-2-;  concentration I : 500; ethanolic 

extract. 
d Two-lnch cell. From Lov~bond red uti~ts.  
e Hardy recording spectrophorometer (cell path 1 cm; bandn~idrli 10 m,u: concenrra- 

non  I : 1000; acetone extract). 
f An order of 1 signifies the reddest sample. The  order was the same for the visual 

scores, the absorbances, and the C units 

The c o l o ~ ~ r  in paprika powder is the principal criterion for assessing its quality. The pigment con- 
tent of paprika powder can range from 0.1 to 0.8%. The colour value of paprika is usually 



Table 3.9 Fractions of pepper pigments of paprika (as a percentage of total colour of 
the hexane extract)" 

Caps~c~~rnn??di~aprik-n F~e2.i. Ester Caroterze, p-Cnrotem 
rarietiei .uatztbophj ll ~'~izthophjil I ~ O ? ~ - J ~ L ? ~ ~ / ~ Z ~ ~ Q ~ / ~  injgig of 

(5%) (5%) (c/ . )  ~ Y J  pel~per) 

Lou~srana sports I 
New 10.5 81.3 S. 1 8.0 
Aged (70 .8%)~  4.9 61.3 10.8 2.9 

Long Cayenne 69A 
New 8.8 78.6 12.7 5 .0 
Aged (44.2%lb 6.6 67.8 10.4 1.2 

"Seedless" Cayenne 
New 3 .9 S7.8 8.3 9.2 
Aged (35.9%/c)" 6.6 60.6 7.5 1.5 

"Stock" Cayenne 
New 7 .4  85.4 7.2 4 .2  
Aged 4.9 66.0 8.6 1 .S 

Papnka Carolina 
New 18.5 74.1 7.4 5.7 
Aged ( 3 5 . 2 ~ ) ~  11.1 64.7 7.1 0.97 

Paprika l-M-1 
New 12.1 77.2 10.7 13.0 
Aged (30 .8%)~ 7.9 51.5 7.2 0.97 

Kotes 
a From Lease and Lease (1956); Priith~ (1999). 
b Percentage of rota1 colour left after 11; months of aging ~t 25'C 

Tdble3.10 Comparison between the Indian and Zimbabwean paprika 
varieties for colour production 

Colour value (MSD- 10) 
Capsaicin (%) 
Carotenoids &/kg) 
Red pigments (%) 
Capsanthin ( X )  
Xanthophyll (g! kg) 
p-carotene (%) 
Absorbance racio 

Source: Basic Synrhii-e Chemicals, Kolencherry. Kerala. Ind~a  and Marhew e t  ul 
(2000). 

expressed in terms of ASTA colour value (American Spice Trade Association). This is the 
extractable colour present in the paprika. Common paprika ASTA colours present in the industry 
are 83,100, 120 and l 5 0  (Tainter and Grenis, 1993). The major colouring pigments in paprika 
are capsanthin and capsorubin, comprising 60% of the total carotenoicls. Other pigments are 
Betacarotene, Zeaxanthin, Violaxanthin, Neoxanthin and Lutein (Anu and Peter, 2000). 
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Detection o f  adulteration i n  Capsicztmslpaprika 

Konecsni (1956-57) studied the microscopic determination of added food-paprika in milled 
spice-paprika. Mitra e t  al .  (1970) made a comparative study of the estimation of starch in 
20 samples of chillies by acid hydrolysis and diastase methods separately. They suggest that the 
Prevention of Food Adulteration ACT (PFA) (Government of India, 1955) specification for the 
maximum limit o i  starch content (by the diastase method) in ground chilli may be safely fixed 
at 4%. Navarao e t  al. (1965) have reported the thin-layer chromatographic determination of syn- 
thetic fat-soluble azo dyes in foods, particularly paprika adulterants. Stelzer (1963) reported the 
identification of synthetic colouring in paprika by thin layer chromatography (TLC). Pure 
paprika gave very low Rf values. Sudan I1 coloured and paprika gave Rfvalues of 0.78. 

Sch\vien and Miller (1967) have reported a method for the detection and identification of 
dehydrated red beets in Capsir-~/vz. Dried red beet pulp used as an adulterant in C U ~ S ~ C ~ L ~ ~ L S  may be 
detected by removing the Capsicunl oil with petroleum ether and isolating the red beet particles 
from the decolourized spice. The beet particles (which are insoluble in petroleum ether) are 
identified and confirmed bp microscopic examination, paper chromatography and spectrophoto- 
metric analysis. Todd (1958) described a method for the detection of foreign pungent 
compounds in oleoresin Capsjcu112, ground Capsic?~ni and chilli. 

Sacchetta (1960) and Mitra et al.  (1961) reported the detection of added colours to chilli or 
Capsic~in powder by paper chromatography. Datta and Susi (1961) reported the quantitative differ- 
entiation between the natural pungent principle (capsaicin) and vanillyl nonamamide in Cap~icunz 
by infrared spectrophotometric procedures. Sen e t  al. (1971) have reported a quick and reliable TLC 
method for the detection of a small amount of mineral oil (a prohibited adulterant because of its 
carcinogenic effect) in chillies. The method can detect mineral oil at levels below 0.1%. 

The most likely adulterant or substitute of cayenne pepper is the exhausted C ~ ~ C ~ C I L ~ / S  which 
can be detected by low non-\rolatile ether extract, nrhich should be at  least 15% (Cox and 
Pearson, 1962). Microscopic examination should reveal adulterants like dried tomato waste from 
factories (seed and red skins) (Pruthi, 1980). 

Detec t ion  o f  oi l -solz~ble coal- tar dyes  i l z  chillies (IVelche,; 1970) 

Petroleum ether 40-60°C, Diethyl ether, Benzene, Hexane, Acetic acid 

Fivegrams of the powdered chilli sample is taken in a 250 m1 beaker and shaken with 50ml of 1 : 1 
petroleum ether and diethyl ether. The ether extract is filtered and concentrated to 1 ml. The con- 
centrated extract is potted on the 0.2 mm thickness silica gel G plate with the help of glass capillar- 
ies. The plate is developed in benzene : hexane : acetic acid in the ratio (40 : 60 : 1) to a 15 cm height. 
The plate is removed, air-dried and kept in the oven at 100°C for 1 h. The spots of natural colour are 
changed to pale yellow or fade away while spots of oil-soluble coal-tar dyer remained as such. 

Qztnlitatizje t es t  fol- detectiolz o f  oil-soluble colou~*.c 

Reagents 

(1) 90% Alcohol; (2) Petroleum ether; (3) 40% Stannous chloride 



An alcoholic solution of the colour can be obtained by shaking the oil or fat with equal volume 
of 9 0 9  alcohol and washing the alcohol solution with petroleum ether to remove traces of fat. 
The alcol~olic solution is used for fi~rrher testing. Test two small portions of alcoholic sol~ltion by 
mixing one with equal vol~lme of HCI and the other with equal volume of 40% stannous chlo- 
ride solution. Common oil-soluble colours shonr a decrease of red colour or turn blue with acid 
and are decolourized bv stannous chloride. 

Detection of vegetable tanni?z coloz~rirzg of chilli pou'der 

Often chilli powders of poorer colour are polished with "Ratanjot" i.e. alkanet extract in an oily 
medium. The oil used is generally of "taramira" seeds. The oil is cheap and has its own pungency 
to enhance that of chilli powders. The ether extract is treated with 10% of hTaOH 
solution and a violet colour confirms the presence of these tanning agents. 

Detection of water-soluble colou~c in  chillies 

The resid~le left after the filtration of ether (for detection of oil-soluble dyes described above) is 
dried. Then about 100 m1 of 80% alcohol is aded and kept overnight. The extract is then filtered 
and the residue washed mith 80% alcohol two to three times so that all the colours are extracted. 
The filtrate is then concentrarecl until the alcohol is removed and then sufficient water is added. 
This process extracts both acidic and basic dyes. 

Alternatively, acidulated or alkaline water can also be used for extracting basic or acidic dyes 
respectively, if no interference is expected in wool dyeing. The merhod of \v001 dyeing co~lsists in 
absorbing the colour in an acid or base from aqueous solutio~l on white nrool strands in boiling 
conclition and mashing the wool and stripping the dyed wool fibre with an alkaline or acidic elu- 
ent. The extract is chromatographed on filter paper (Whatman No. 10) mith any of the follonring 
solvent systems using control lcnown dyes: (1) Iso-amyl alcohol-ethanol-~ater-~H? (-1 : 4 : 2 : 1) 
or (2) iz-butat~ol-acetic acid-water (2 : 1 : 1) or (3) 257 sodiunl citrate in 5% NH; solution. 

All three solvents should be tried for u n a n ~ b i g ~ ~ o u s  detection as some colours do not separate 
in one solvent or can have the same mobility. The current method for the detection of nrater- 
soluble colours is by TLC using n-A1203 as the adsorbent. Extract the sample (5- log)  with 
25 ml of water and a few drops of NH;.  Corlc the flask ancl let i t  stand for 10 min. For extraction: 
shake, filter and concentrate the extract to 2-3 ml. Spot the sample along ~ i t h  the standard 
colours on n-alumina plate. R L I ~  the plate up to 1 0 c m  in the developing chamber using 
methanol; N H ;  (9 : 1) as the developi~lg solvent. Remove the plate ancl dry. 

Detection of lead chl-owzate i-rz chillies, c u t ~ y  pozlw'el- a7zcl turnzeric 
by diphetzyl carbazide test for lead chla??zate (IS:2446: 7980) 

Lead chromate resembles turmeric ponder in colour and solubility in water. These similarities are 
abused by uilscr~ipulo~is traders. The hazardous lead chromate is at times employed to highlight 
the faded colour of old turmeric rhizomes and also to patch up weevil's bores or black mouldy 
patches on them. At the same time, the element chromium is a constituent of natural turmeric 
occurring to the extent of 3-5 ppin (Roberts, 1968). Earlier, i t  was thought that the absence of 
chromate also confirmed the absence of lead, an assumption subsequently proved false. Several 
samples of turmeric powder give a negative chromate (CrOl) test but still have a lead content Inore 
than 6Oppm. Thus the chromate test ~ n u s t  be negative in turmeric. The proceclure is described 
next. 



Cheiizz~tq and qun/zt~ lo?ztt al of Capsicums 39 

Rtagazts 

Dilute sulphuric acid ( l  : 7 v!v), diphenyl carbazide solution 0.2% W/V in ethyl alcohol (95%). 

Ash about 2 gm of the material. Dissolve the ash in 4-5 m1 of diluted sulphuric acid in a test tube 
and add 1 m1 of diphenylcarbazide solution. The presence of chromate is indicated by violet colour. 

Boric ac id  test  for detection of  tur-nlel*ic i n  chillies 

Rrdgtnt.r 

Hydrochloric acid (HCI), diluted ethanol, boric acid, ammonium hydroxide 

Slightly acidulate the aqueous or dilute ethanolic solution with hydrochloric acid and divide it  
into two equal parts. To one portion, add solid boric acid. A brown red colouration forms in the 
presence of turmeric. Compare the colour with that of the paper treated; it sho~lld be a similar 
colour without the addition of boric acid. Dip in another portion of the solution with a strip of 
turmeric paper and dry on a watch glass over a water-bath. The same brown red colour soon 
appears. With the addition of a drop of ammonium hydroxide, the colour changes to blue black. 
This technique is conveniently used for milk system, syrups and the aqueous or alcoholic extract 
of spices. 

Quality evaluation of oleoresins of cap sic^^?^, 
paprika, red pepper, chillies 

There is an apparent confusion in the nomenclature of oleoresins of Capsicz~m.i, chillies, paprika 
and red pepper, which has been sorted o ~ l t  by the Essential Oils Association of USA (1979) as 
follows: 

Nomenclature of oleoreslns of Capsii-~n?s, red pepper, paprika, chillies and bird chillies 

7 j p e o f  oleoreriizs oj- Botanical nanze Colizir Ciiloi~i. Pulzgencq of 
Capsicums i.qeciicc) vabe dejcription bite inteizsit) 

Oleoresln Caprzizlm Cap~ziunz fizite~ctizs 4,000 max Clear red, Very hlgh bite' 
Ilght amber pungency 

Oleoresln red pepper Cap~rlu7iz aizizuim 240,000 max Very deep Hlgh bltel 
red colour pungency 

Oleoresln paprlka C ~ ~ J I I I L I I I  mnzi~z~7t1 40,000- Deep red NII or 
100,000 colour negllglble 

Oleoresln chllll Capszt~~n niziz~l~li~ 4000-10,000 Deep red Hlghly 
colour pungent 

Blrd chllll C N ~ C Z I N I I ?  LZ?ZIZWU~IL 2000 Red colour Hlghly 
pungent 

Sourcr: Essential Oils Association o iUSA;  E~svale ( l98 l). 



Szabo (1969) has described the manufacture and quality of paprika oleoresin. About 50,000 tonnes 
of paprika are required for the production of oleoresin and colouring powder. Out of this, a major 
portion (20,000 tonnes) is produced and utilized in Spain alone (Anu and Peter, 2000). Spain also 
p r o d ~ ~ c e s  about 500 tonnes of paprika oleoresin. The next major producers of paprika are 
(1) Hungary, (2) Morocco, (3) Yugoslavia, (4) Czechoslovakia, (5) Chile, (6) Turkey, (7) Portugal, 
(8) Bulgaria, (9) Romania, (10) Greece, (1 1) China, (12) Mexico, (13) Israel and (14) South Africa. 
Paprikas from various countries are known by the names of the respective countries of origin. 
They include all forms of zero pungent types. In Europe, only cnro forms are recognized, the long 
Hungarian type and the round Spanish type. According to the Basic Synthite Chemicals, the 
paprika exporting firm in Kerala, though 75,000 tonnes of paprika s~ich as Byadagi chillies and 
9,000 tonnes of Tomato chillies are produced, very little is available in India for the manufacture 
of paprika oleoresin. There is an urgent need for the development of paprika varieties from the 
above two types. It  is estimated that 470 tonnes of paprika oleoresin n7ere exported from India 
(valued at Rs. 55 crores) during 1997-98 (Anu and Peter, 2000; &fathew et al., 2000). 

Colour of oleo~*esia paprika 

Oleoresin paprika is the product obtained by solvent extraction of the powdered dried ripe red 
pods of paprika Cdpsic~717 U?~IJZLZ?JZ L., with the subsequent removal of the solvent. Oleoresin 
paprika is evaluated strictly on a unit colour basis. The b ~ l l k  of the oleoresin paprika has a colour 
value of 40,000-100,000. 

iijiye~zru2ince and odour 

A deep red, somenrhat viscid liquid, wlth a characteristic odour of paprika 

BY VISIJAL hIETHOD 

(1) Measure exactly 1.0g of oleoresin into a 100 m1 volumetric flask. Make LIP the volume with 
acetone, and mix and shake mell. 

(2) Prepare the appropriate dilution with acetone depending upon the approximate colour 
value of the oleoresin. 

( 3 )  Chart: Colour value vs dilutions 

Coloitr z.dlide q j Dilutioiz ((2 ) 17ol~~~ze uf.roli/tin?~ Approxinz~te z'olr/~/me ofdlz~te  
oieo~esin used for di/i/tiiin soli/tio7z t o  66 wsed (in inl) 

100,000 0.01 1 m11100 m1 acetone 8-10 
50,000 0.02 1 m11 50 m1 acetone 8-10 
40,000 0.02 1 m11 5 0 m1 acetone 10-13 
30,000 0.02 1 m11 50 m1 acetone 15-20 
20,000 0.04 2 m11 5 0 m1 acetone 1 0-1 3 
10,000 0.10 5 ml/ 50 m1 acetone 8-1 0 
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(4) Pipette approximate amount of dilute solution (depending upon its colour v a l ~ ~ e  (CV)) into 
a 100 ml Nessler tube. Bring up the volume to mark with acetone. Compare through the 
length of the tube with blank. Make small addition until sample and blank match. 

( 5 )  Calculation: 

Where A is the volume of dilute solution used (in ml) and B is the percentage of dilute 
solution. 

(6) Blazk: Into a 100 m1 Nessler tube, pipette 10 m1 of 0.1 N potassium dichromate solution 
(4.904 g m  K,Cr20- per litre) and 1.0 m1 of 0.5 N cobaltous chloride solution (5.945 g m  
CoClZ.6H20 per l 0 0  ml) and make up to l 0 0  m1 with distilled water. 

BY Ii\-STRL,-IIIESTAL LIETHOD 

Spectrophotometric assay of oleoresin paprika (Videki and Videki, 1961; Pruthi, 1999): 

( l )  Equzp~2ent: 

(i) Spectrophotometer: Beckman Model D U  or DK2. 
(ii) 1 cm silica or corex capped cell. 

(2) Pvocedu~e: Weigh 1 . 0 g  of oleoresin into a 100ml  volumetric flask, and make up the volunle 
with acetone. Pipette 1.0 m1 of this solution into a second 100 m1 volumetric flask and 
make up the volume with acetone. 

Using a tungsten lamp source and a P25 photomultiplier tube, zero the spectrophotometer 
using acetone as a blank. Measure the absorbance of the 0.01% solution oleoresin at 458 nm. 
Multiply this reading by 61,000 to obtain the hTesslerimeter colour value. 

Alcohol: Partly soluble with oily separation. 
Benzyl benzoate: Soluble in all proportions. 
Fixed oils: S o l ~ ~ b l e  in all proportions in most fixed oils. 
Glycerine: Insoluble. 
Mineral oil: Very slightly soluble. 
Propylene glycol: Insoluble. 

FQUIP51EUT AND CHEMICALS 

(1) Gas chromatography 
(2) "Volatile oils apparatus" for essential oils heavier than water, made according to the ISU 

specification (J. Am. Pharma. Soc. XVII (4), 346). The neck on the distilling head should 
be insulatecl with asbestos (Pruthi, 1999). 

(3) Pipettes, volumetric flasks, heaters, etc. 
(4) Toluene of purity suitable for this analysis. Purity of the toluene for the purpose of this 

analysis may be determined by a gas chromatographic analysis using the columns and 



conditions prescribed below and injecting the same quantity of toluene as will be injected 
in the analysis for solvents. If impurities interfering with this test are present in the toluene, 
they will appear as peaks prior to the toluene and can be removed by fractional distillation. 

(5) Column packings: (a) 17% by weight of Ucon 75-H-90,000 on 35-80mesh chromosorb-W 
or equivalent support. (b) 20% Ucon LB-l35 on 35-80mesh support. (c) 15CZ Ucon 
LV-17 15 on 60-80 mesh support. (d) Porapak Q 50-60 mesh. 

(6) Potassi~~m carbonate (anhyclrous), sodium sulfate anhydrous, a detergent free of volatile com- 
pounds, and an anti-foam free of volatile compounds. If volatile compounds are present in 
the detergent or anti-foam, they may be removed by length boiling of their aqueous solution. 

(7) Benzene of sufficient purity for this analysis; purity is to be determined as in the case of toluene. 

REFERENCE SOLI-TION 

(a) Prepare a solution of toluene containing 2,500ppm of benzene. If the toluene available 
contains benzene as the only impurity, the benzene level in the tol~lene can be determined, 
and sufficient benzene can be added to bring the level to 2 ,500ppm.  A procedure for 
determining the benzene content of toluene is as follows. 

Procedhre: At constant carrier gas flow rate and colun~n temperature, with other instru- 
mental condition constant, determine the area of benzene in a suitable sample size of 
toluene. Add known amounts of benzene to this toluene, and determine areas for each 
known amount under the same conditions. Plot the results on a linear graph paper, with the 
known concentration of benzene as the ordinate and the area as the abscissa. The plot should 
be linear, and the negative intercept of the ordinate will give the concentration of the 
benzene in the original toluene. 

(b) Prepare a solution containing 0.63% vlw acetone in water. 
Procedz~~i.: Place 50.0 g of oleoresin, 1 .0 m1 of solution A, 10 g of sodium sulfate, 50 ml of 

water, and a small amount of detergent and anti-foam in a 250 m1 flask. Attach the distill- 
ing head and receiver and collect approximately 15 ml of the distillate. Add 15 g of potas- 
sium carbonate to the distillate, cool while shaking. and allow the two phases to separate. 
All the solvents except methanol will be present in the toluene layer. Draw off the aqueous 
layer, and place it in a 50 m1 flask with boiling chips. Add 1.0ml of reference solution B. 
Attach a distilling head and distil1 off approximately 1.0 ml. This distillate will contain 
methanol if present in the oleoresin, and acetone as the internal standard. 

ANALYSIS 

Cnlitnzn: 1.4" 0.d. 6-8" long. 
Flou rote: 50-80 m1 per min. 
Te~i@ei.ot~~is: 7 0-80°C. 
Snlig~le size: 15-20 ~1 for hotwire detector. 

(1) Ucon 90,000: Use this column for the separation of acetone and methanol from their aque- 
ous solution. Use it for the separation and analysis of hexane, acetone and trichloroethylene 
in the toluene layer from the distillate. Elution order on this column is acetone, methanol, 
water; hexane, acetone, isopropanol plus methylene chloride, benzene, trichloroethylene, 
ethylene dichloride plus toluene. 

(2) Ucon LB-135: Use this column for the separation of ethylene chloride, isopropallol and eth- 
ylene dichloride. Elution order on this column is: hexane plus acetone, ethylene cl~loride, 
isopropanol, benzene, ethylene dichloride, trichloroethylene, toluene. 



(3) Ucon LB-1715: This is the best general purpose column, except for the determination of 
methanol. Elution order for this column is hexane, acetone, benzene, ethylene dichloride, 
toluene. 

( l )  Culibnztiolz ofthe iizitr~~iire~zt: Determine the response of the detector for known ratios of sol- 
vents by injecting known mixtures of solvents and benzene in toluene. The levels of the 
solvents and benzene in toluene should be of the same magnitude as present in the analysis. 
Calculate the areas of the solvent in relation to benzene. Compute the calibration factor C of 
the detector as follows: 

WC% solvent area of benzene 
C (solvent) = X 

mt% benzene area of solvent 

The recovery of the lrarious solvents from the oleoresins In relation to the recovery of 
benzene by the distillation procedure is: 

hexane 52% ; methylene chloride 87.5%; 
acetone 85%; trichloroethylene 113% ; 
isopropanol 100%; ethylene clichloride 102%'; methanol 87% 

(2) Calculation of residual solvent in oleoresin: The level of the internal standards, related to 
the 5 0 g  of oleoresin ~ ~ s e d ,  is: Benzene 43.4ppm and acetone 100ppm. The level of residual 
solvent using benzene as an internal standard is computecl as follo\vs: 

Residual solvent ppm = 43.4 X C (solvent) X 100/(% recovery of solvent X area of sol- 
ventlarea of benzene. The level of residual methanol using acetone as an internal standard is: 
Residual methanol ppm = 100 X C (metlianol)l0.87 X area of methanollarea of acetone. 

6)  g~z r c h r o ~ a a p  head-spaie inltcrnnte) i12ethod i EOA 1 9'9) 

( l )  Prilzcipke: an oleoresin sample is diluted with diethyl phthalate and equilibrated at 60°C 
with its head-space in a flask sealed with a septum. A sample of head-space vapour is 
assayed by gas chromatography. The r e s i d ~ ~ a l  solvent content of the oleoresin can be 
obtained from that of the vapour by use of a calibration chart. 

(2) Apparatz/s: (a) Bottles, glass, 2 oz bottle equipped with septum caps; (b) injection syringe, 
2.5 ml, gas tight; (c) Water-bath, set the thermostat at 60°C; (d) Gas chromatograpl~ (GC) 
with flame ionization. 

(3) Co?zditio~zs: 

(a) Column: Stainless steel, l m X 4 m m  (i.d.). 
(h) Packing: Poropak Q (or other suitable column packing) 
(C) Column temperature: 1 50°C, isothern~al. 
(d) Injection port temperature: 220°C. 
(e) Detector: Flame ionization 

Hydrogen flow rate: 50 mllmin 
Air-flow rate: 500 mllmin. 

( f )  Carrler gas: Nitrogen, flow rate : 40 m l l m ~ n .  
(g) Chart speed: 30 cm111. 
(h) Sample size: 2.5 1x11. 



(a) Residual solvent standard (RS) essentially single peak by GC 
(b) Diethyl phthalate (DEP) essentially slngle peak by GC. 

(a) Preparation of solutions: 

(a- l )  Sample solution: Weigh 1 0 g  of the oleoresin to be tested into the 2 oz bottle and 
make up to 20 g with DEP. Seal with a septum cap. 

(a-2) Calibration solution: Weigh 1 . 0 g  of RS scandard in a 100 m1 flask, and make up 
to 100 g with DEP to obtain a standard solution. Into a series of 2 oz bottles, 
weigh 1.0, 2.0, 3.0,d.O and 5.0g of standard solution and make up to 2 0 g  with 
DEP. Seal the bottles with septum caps. These calibration solutions will contain 
respectively, 10, 20, 30, 40 and 50 ppm of RS. 

(b) Calibration and determination: 

(b-l) Immerse the bottles up  to the necks in a water-bath thermostated at 60°C. After 
1 5  min remove the bottles, mix by whirling, and return to the water-bath for 
a fi~rther period of 2 11. 

(b-2) Using the 2.5 m1 syringe, inject a sample of the vapour in each bottle onto the GC 
column, as follows: draw 2.5 m1 of air into the syringe and insert the needle into 
the bottle. Discharge the syringe contents into the bottle and withdraw 2.5 m1 of 
vapour from the bottle. Discharge the syringe contents back into the bottle, again 
withdraw, and repeat these operations once more. Leave the needle in the bottle for 
30 S, withdraw the needle, and inject the syringe contents into the GC column. 

(c) Calculation: 

(c-1) Determine the areas of the RS peaks from the gas chromatograms of the calibra- 
tion samples and plot in a graph the corresponding concentration of the RS. A 
linear calibration curve passing through the origin should be obtained. 

(c-2) Determine the area of the RS peak from the gas chromatogram of the oleoresin 
sample and read from the calibration curve the concentration of RS expressed in 
ppm, correcting, if necessary for attenuation. 

Qztality of  oleol-esi~z Capsicum 

The oleoresin Capsict/nz is obtained by solvent extraction of powdered dried ripe fruit of 
Capsic~~iizfiz/te~ie~~~ (bird chillies). Stahl (1965) has presented a critical review of the available 
methods of quality assessment of oleoresins. 

Appearance and odoz~l 

A clear red, light amber or dark red, somewhat viscid liquid with a characteristic odour and very 
high bite. 

The method is the same as given for chilli oleoresin (min Scoville unlts 240,000) 

Four thousand units maximum. The paprika method is the same as for paprika oleoresin 
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As described here: 

(a) Alcohol: Partly soluble \vitl~ oily separation anc1,'or sediment 
(h) Benzy-l benzaoate: Soluble in all proportions. 
(c) Fixed oil: Soluble in all proportions in most fixed oils. 
(d) Glycerine: Insoluble. 
(e) hfineral oil: Insoluble. 
(f) Propylene glycol: Insoluble. 

The oleoresin red pepper is obtained from C'NJ~J~L.NII~ N ~ Z I Z / / T / ~ ~ ~  L. or its hybrid pepper, known as 
"Loz!~siana sport". 

A deep red coloured liquicl with a characteristic o d o ~ ~ r  and high bite 

As described here: 
(a) Alcohol: Partly soluble with oil. separation or sediment. 
(b) Benzyl benzoate: Soluble in all proportions. 
(c) Fixed oils: Soluble in all proportions in most fixed oils. 
(d) Glycerine: Insoluble. 
(e) Propylene Glycol: Insoluble. 

Oleoresin chilli is extracted from chillies (the fruit of reci pepper, C'ipii~-i/in n~z~zuii~n L. or CLZ~.T~L-/LIIZ 
fi~itejirceizs L.) using approved food grade solvent and subsequent careful removal of the residual 
so l~en t  by distillation. In addition to the intense pungency caused by the capsaicin and the small 
yuantities of allied alkalloids, the oleoresin chilli has dark red caroteno~d pigments. The oleo- 
resin should be free from rancid flavour. 

(a) Prinrijile: To n-ialte the estimation completely objective, instrumental analysis is employed. 
The colour of a specified dilution is estimated at 458 nm and multiplied bp the appropria~e 
factor (ISI, 1979; ISO, 1989). 

(b) Ajipm.atus: (1) 100 m1 volumetric flask; (2) 1 m1 pipette; ( 3 )  Spectrophotorneter or a 
Spectronic photo-electric colorimeter with adjustable wavelengtl~. 

(c) Reagent: Acetone. 
(d) P~.or.e~/uie: Weigh 1 . 0 g  of oleoresin into a 100 n-il volumetric flask and make up the vol~ime 

with acetone. Using a tungsten lamp source and acetone as the blank, measure the 
absorbance level of the 0.01% solution of oleoresin at 458 nm. Multiply this readlng by 
61,000 to obtain the colour value. 



(a) Prjncipk: This is a method based on sensory e\raluation. Although subjective, industry and 
trade still employ this method. Oleoresin solurions variably diluted with sugar solution are 
tested in increasing concentration. The highest dilution at which a pungency is first 
detected is taken as the measure of the heat value ( S O ,  1977; ISI, 1976). 

(h) Reage1it~ : 5 F sugar solution 95 X alcohol. 
(c) P~.octd~/l~ : 

(a) 0.2 g of the oleoresin is weighed into a 50 m1 volurnerric flask. 95% alcohol is added up 
to the volume, the material is shaken and allowed to settle. 

(b) To 140 m1 of 5 %  sugar solution, add 0.15 ml of alcoholic solution. Swallow 5 m1 of this 
solution after thoroughly shaking it; a i d  

(c) il bite or stinging sensation in the throat which is ~ ~ 1 s t  perceptible at  this dilution is 
equal to 240,000 Scoville units. if bite is very strong, a f ~ ~ r t h e r  dilution is necessary. 
The following dilutions are equal to the corresponding Scoville heat ~lnics when 5 m1 of 
swallowed causes a perceptible pungent sensation: 

(i) 15 m1 of sugar solution, 30 m1 of solution (b) = 360,000 
(ii) 20 m1 of sugar solution, 20 m1 of solution (b) = 480,000 

(iii) 30 m1 of sugar solution, l 5  m1 solution (b) = 720,000, 

A panel of five members may be used. Three our of the five members should fincl the solutlon 
to be pungent. 

The pungency of chilli is caused by capsaicin and traces of allied pigments. Therefore, pungency - - 

can be more objectively evaluated by estimating the capsaicin content. For this purpose, two meth- 
ods are currently used and are ecjually suitable (Govindarajan et al. ,  1977; ISI, 1976; ISO, 1988). 

TLC \ILTHOD FOR L A P h h l C I U  DLTER1IIUAI TO\ 

(a) Prz11r-iple: The capsaicin and allied pigments may be separated from other constituents by 
TLC on a silica gel. The pungent principle can react n ~ i t h  Folin-Dennis reagent to give a 
blue complex which may be estimated colorlmetrically. The HPLC and spectrometric 
methods have been described earlier for the determination of capsaicin content of chillies 
(\\,hole and ground). The presence of much simpler TLCIPPC inethods are briefly described 
below: 

(b) Appnratw: (1) Complete TLC set; (2) Spectrophotometer or calorimeter capable of measur- 
ing in rhe region of 660-669 nin; (3) 10 ml measuring jar with stopper; (4) Test-tubes; 
(5) Graduated 1 0 m l  pipettes (graduated at 0.1 ml). 

(c) Rengenlr: 

(1) Silica gel (TLC grade); 

(2) Developing solvent - Mixture of 80 m1 of benzene and 5 m1 of metllanol; 
(3) Phosp11omolybdic-Pl1osp11otu11gstic acid (Folin-Dennis Reagent)-Reflux for 2 11, - - 

: 10 m1 water, 100  g sodium f~lngstate, 20 g phosphomolybdic acid and 50  m1 of 
phosphoric acid. Cool the mixture and dilute to l L with water. 

(4) Vanillin - Analytical grade. 
(5) Standard aqueous vanillin solution - The srdndard aqueous solution of vanillin should 

contain 0.01 mg/ml. This standard solution (1-3.5 ml) is made to react with 0.5 m1 of 
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Folin-Dennis reagent and 1 m1 of saturated aqueous solution of sodium carbonate, 
keeping the rota1 volume to 5 m1 by the addition of distillecl water. 

(d) Pro~.td~~re: 

(1) Preparation of TLC plates: Mix 30 g of silica gel containing calcium sulphate as a 
binder. Mix with 60 m1 of distilled water. Pour the slurry into a TLC spreader adjusted 
to a thickness of 150 p m  and spread over five to six glass plates of 20 X 20 cm. Air clry 
the plates for 4-5 h, and later acrivate them by drying [hem in a desiccator. 

(2) Estimation: Weigh 5 g of oleoresin in to a 10 m1 stoppered measuring jar and make up 
the volume nyirh acetone. Spot 10 p1 (5-20 p1 depe~ldi~lg upon the capsaicin content) 
of this solution on TLC plate and pour developing solvent into an all glass chamber 
which has been thoroughly saturated with the vapours of the solvent. Expose the plate 
for about half an hour to free it of the solvent and lightly spray with phosphomolyb- 
dic-phosphotungstic reagent. Mark the clear blue capsaicin spot (Rf 0.16) with a small 
stainless steel scooper or spatula in the form of a circle, enclosing both the spot and an 
area of 0.25 cm beyond the spot. Scoop out the silica gel containing capsaicin in the 
marked area into a clean butter paper and transfer it inro a test-tube. Add 3.5 m1 ofdis- 
t ~ l l e d  water and shake it  well. Pipette out 0.5 m1 of phosphomolybdic-phospho- 
tungstic reagent into the tube and mix well. After 3 min add 1 m1 of a saturated 
aqueous sodium carbonate solution. Mix thoroughly for 5 min and set in aside for 1 h. 
Prepare a reagent blank using silica gel layers from a blank area in the plate. Centrifuge 
the tubes (or filter) at the end of one hour to separate solids. Read optical density in a 
spectrophotometer at 725 nm (or in a colorimeter using a glass filter in 660-690 nm 
region). Determine the amount of capsaicin (X) in the spot from a standard graph of 
known concentrations of pure vanillin vs optical density. (Multiply by a factor of 2 to 
correct for the difference in the molecular mass of capsaicin and vanillin.) 

(3) Preparation of standard graph: Different volumes of a standard aqueous s o l ~ ~ t i o n  of 
vanillin are made to react with Folin-Dennis reagent and the optical density is deter- 
mined. Draw a standard graph with the mass of vanillin against optical density 
(6ovindarajan and Ananthakrishna, 1970). 

where X is the number of grams of capsaicin (vanillin X 2)  in the spot, and r is the 
number of b l  of 50% acetone solution of oleoresin. 

(B) PAPER CHKOLI %TOGRAPHIC \ JFIHOD FOR LHPbAICIN I lEIEK\ f IhATIOU 

(a) App~n utns 

1 Chamber for ascending paper strip chromatography, complete with accessories. 
(2) Spectrophotometer or colorimeter with narrow band filter. 

(b) Rengel~t.~: (1) Ethyl acetate sol\-ent of capsaicin or dilution of total extracts; (2) Methanol 
(AR); (3) Boric acid (AR); (4) Potassium chloride; (5) Buffer-A solution containing 1 . 1  g of 
boric acid and 3 . 7 g  of potassium chloride in 100ml  of distilled water adjusted to p H  9.6 
with 1 sodium hydroxide; (6) 1\Ieti?n?~ol B2IJJer p H  9.6 (60 :  40 viv) and developing sol- 
vent; (7) Gibba reagent 0.1% 2,6-dicl1olro-p-benzoquinone-4-chloromine in acetone as the 
chromogenic reagent. 



(1) Dissolve the oleoresin or extractiues in ethyl acetate to give a solution containing about 
2.5 giL of capsaicin. Apply an amount of the solution containing 10-50 k g  of capsaicin 
(that is 4-20 k l )  as a thin streak covering the entire width of a 2 X 20  cm strip of 
Whatman no. 3 paper. Develop by ascending chromatography in methanol buffer 
solvent untll the solvent front has moved up about 15 cm, usually in about 1 h. Dry the 
strip in air (Govindarajan and Ananthakrishna, 1974, ISI, 1979). 

(2) Pass the dried paper strip uniformly through Gibbs reagent and dry it in air. 
Capsaicin becomes faintly visible as a blue spot near the solvent front. Develop the 
colour further by spraying it with buffer (pH 9.6) lightly on both sides of the paper. 
Transfer the strip to a dark cupboard for -30 min for the full development of colour anci 
drying. 

(3) Excise the blue spot and elute it with methanol in the dark. Make up the eluted colour 
to a convenient volume (5-10 ml) and measure at 61  5 nm in a spectrophotometer 
against a reagent blank eluted from the corresponding area of strip run simultaneously 
without the sample. Calculate the percentage of capsaicin from a standard graph as 
given in Section "TLC method for Capsaicurn Determinants" or by using E 1% 
cm = 640 at 61 5 nm. 

(d) Estimation of capsaicin content in Caij?~ii~~v/: Prepare the oleoresin or total extract of the 
sample by Soxhlet extraction of the powdered C ~ ~ S Z C J ! ~ I /  with a suitable solvent (ethyl 
acetate) for 2.5-3 h. After removal of the solvent, weigh the residue and proceed as in "TLC 
method for Capsaicum Determinants". 

(e) Standard curve and E 1 %/l cm for pure capsaicin: Prepare a solution of pure capsaicin in 
ethyl acetate (2 g/L). Spot 10, 20,  30, 40 and 50  k g  of capsaicin (5-25 Ul) on strips of 
Whatman no. 3 paper. Develop and visualize the capsaicin spot elute i t ,  and proceed 
f~irther, as usual, for the estimation of capsaicin. 

Development of International (ISO) Standards for spices 
including chillies and their methods of testing 

The International Organization for Standardization (ISO) is the specialized international 
agency for the developme12t of international standards. The I S 0  has 191 tecllnical committees 
covering different commodities traded on an international level. The membership of the 
ISO, at present, comprises 8 9  countries. The I S 0  aims to promote the clevelop~nent of 
standardization with a view to facilitate the international exchange of goods and services and 
to develop cooperation in the sphere of intellectual, scientific, technological and economic 
activities. The results of the I S 0  technical work are published as international standards (IS0 
standard). 

One of the I S 0  technical committee, ISOiTC 34, deals with agricultural food products. This 
technical committee has 15 sub-committees dealing with various food commodities, such as 
fruits and vegetables, milk and milk products, meat and meat products, spices, etc. One of the 
sub-committees (ISOiTC 34ISC 7) cleals with spices and condiments. The Indian Standards 
Institution (now called the Bureau of Indian Standards, BIS), New Delhi, holds the ISOiTC 
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Tuble 3.11 Inrernational (IS01 iranclarcls ior CCrpsicriii/i, chillies, paprika products ancl nierhods of rescing 

IS0 .rt~/~z~lards ,fir ~ h u l e  czizd gru717rd C C ~ ~ . ~ Z L - I / ~ ~ I ,  et(-: 
IS0 972: 199- Chillies ancl C L Z ~ ~ I L I ~ ~ Z S .  whole or ground (powdered) - specification 
IS0 7540: 1981 Ground (powdered) paprika (Crzp~icl-iiii nizuii/im L.) - Specificarion 4 
IS0 3588: 19'7 Deterrnitlatioll of degree of fitleness of grinding - hand sexring 2 

method (reference method) 
IS0 -542: 1981 Ground (powdered) paprika (Cdjii~~fF72 U:/I~CIIIFYI L.) - 8 

Alicroscopical examinarion 
IS0 551.3: 1995 Chillies - determ~narion of Scoville index 
IS0 7541: 1989 Ground (powderec!) paprika - decerminacion of toral na t~~ra l  3 

iolouri~lg matrer conrenr 
1 l :  1 Chillies and chilli oleoresins - determination of roral capsaicinoid 

content, Part 1: Spectromerric merhod 
IS0 ;545: 1993 Chillies and chill1 oleoresins - derermlnation of total capsaicinold 

contenr, Parr 2: Method using High Performance Liquic! 
Chromatography (HPLC tnethod) 

Iizarlmtio~zal (1x0) 7iit.ti?odi oj/te.it .pice~ ~217~1 ~jice-pro~lur-ti : 
IS0 2825: 1981 Preparation of a ground sample for analysis 
IS0 948: 1980 Method of sampling 
IS0  92': l982 Determi~lation of extraneous matrer 
IS0 1298: l982 Dererm~natlon of molsrure conrent - enrralnment method 
IS0 941: 1980 Determination of cold water-soluble extracr 
IS0  6571: 1984 Determination of volatile oil content 
IS0 928: 1997 Decerminatlon of total ash 
IS0 1108: 1992 Determi~latioil of non-x~olarlle ether extracr 
IS0  930: 1997 Dereril~lnacion oiac~d-insoluble ash 

Source. Conlpiltd by Pruthi ( l  999) 

3i!SC 7 Secretariat, and the Director of Agriculture and Food Division of BIS is the permanent 
Secretary of SC 7 ,  while the Chairman is elected at each sub-committee meeting whic11 is 
generally held once in every two years by rotation in different member countries. Generally, the 
India11 representative is invited to be Chairman. 

The membership of this Spices sub-committee (SC ') has 18 participating members, 
2 3  observer members and 6 international bodies llavillg category "A" liaison and category "B" 
liaison. Under the rules of procedure of ISO, ewry participating member has an obligation to 
vote and attend meetings of IS0,'TC 34!SC 7. The observer anci liaison members receive all the 
technical docun~ents for comments but have no voting rights, but they can attend meetings. A 
list of the I S 0  standards published on chilli (whole and groilnd) and chilli products is given 
below (Table 3.11). 

These standards are subject to  a periodical review (every five years) under the working 
procedure of the I S 0  (with a view to keeping the standards up-to-date). 

National standards for Capsicums and chilli products 

The following three bodies are responsible for fornlulating Indian National Stanc1al.d~: 

( A )  The Agm0i.k- itaizdards (Directorate of Agricultiiral Lllarketii2g aud Izspei-tiol~ (DillI) Gore~.v?uctzt 
ofI71dia ~~?zdes the argir oJthe Agriiultu~aL illnrketiiig Adz'isor to Governnieizt of India: This is the 



oldest (1935) standard formulating body in the country under the APGM Agricultural Produce 
Grading and Marking Act, 19 i7 .  The DMI laid down numerous Agmark standards for over 20 
spices including nine grade standards for the most important commercial varieties of dried ripe, 
whole reci chillies. These standards encompass "stalkless chillies" (mainly for export to USA), 
and "clipped chillies" (m~ithout calyces) produced in India, and "red chilli powder". The eight 
stanciards for whole chillies cover important grade designations and physical quality parameters, 
while the chilli powder standard covers specifications for chemical factors like moisture, total 
ash, ash-insoluble in HC1, crude fibre and non-volatile ether extract. This standard also covers 
physical quality factors like freedom from extraneous matter, darnage, freedom from insect 
ancl fungal contamination or rnould growth, added colouring and flavouring matter, oil ancl 
preservatives, etc. The nine Agmark standards are described in schedules I-V, V A, B and C and 
on the section covering powder. 

(B) The Ilzdinl/ ( I S )  Stni/dards: Now called the B~ireau of Indian Standards (BIS), it came into 
being in 1944-45. Since then, it has laid down standards as well as htethods of Testing for 
important spices, including the three standards for chilli (whole and ground) and one for chilli 
oleoresin. These are listed below, along with their cocle numbers: 

Chillia i~iholi. nlzd g~i i~ / i?d~  
(1) IS: 2322-1984 Chillies, whole (first revision) 
(2) IS: 2115-1984 Chillies, powder (first revision) 
( 3 )  IS: 2322-1998 Chillies (whole and ground) combined 
Chilli oleoiesii? 
(4) IS: 1 6 6 1 9  Oleoresin, chillies specification 

Source: Bureau of Indian Standards, Director. Department of Food and 
A g r i i ~ ~ l r u r r .  BIS, New D e l h ~  

(C) PFA ~t~i2dd~~/~~/Spe~ifi~dt~iilf~: The Directorate General of Health Services (Ministry of 
Health, Government of India), has ~lncler the Prevention of Food Adulteration Act (PFA), 1955, 
laid down the following two PFA standarcls~specifications for chillies (whole) and chilli (ground 
or chilli powder). 

PFA specificatio~z of cbillies (uphole ~z~zdpou'der) 

(1) A. 0 5 .0 5 - chillies (Lnl illinhi) whole: The dried ripe fruits or pods of C. n~zlzzirin2iC. j%~te.resce?zs L. 
The proportion of extraneous matter including calyx pieces, loose tops, dirt, lumps of earth, 
stones shall not exceed 5.0% by weight. Tlie pods shall be free from extraneous colouring mat- 
ter, coating of mineral oil and other harmful substances. The amount of insect-damaged matter 
shall not exceed 5.057 by weight. 

(2) A. 05.05.01 - chilli (Lul Jlirchi) powder: The powder is obtained by grinding clean dried 
chilli pods of C. fir~tesceiu L.JC, auilounz. The chilli powder shall be dry, free from dirt, lnould 
growth, insect ~nfestation, extraneous matter, added colouring matter (and flavouring matter). 
The chill1 powder nlay contain any edible oil to a maximum limit of 2% by weight under a label 



Agmark grade specifications.for chillies (whole) 
Schedule I :  Sannam chillies 

Grade designations and definitions of quality of chillies commercially known as Sannam variety and harvested in January-August - special 
characteristics 

Grade Trade Lenfith Colozii, Maxiruzm h i t s  o/ tolerance s Genera[ chamcten stirs 
desig- vame (in cm) 
natiow Dmiapd Pods /Moi.iture Loose Foreign Broken 

and discoloured uithorit (96) ~eed matter chillies 
pods (%) Jtdlk (%) (%) (96) (96) 

special above shining 

SG Sannam Below 5 Light red 4.00 3.00 
general and shining 

above 3 
SF Sannam - d o  - Dull red 6.00 4.00 

fair 

ss Sannam 5 and Light red 2.00 2.00 I I .50 1.00 1 .OO 5.00 Chillies shall 
(a) be the dried ripe fruits belonging 

to the species C. annuim; 
1.50 2.00 2.00 7.00 (b) have shape, pungency and seed 

contents normal to the variety; 

1.50 2.00 2.00 7.00 (c) be free from mould or insect 
damage and be in sound condition 
and fit for human consumption; 

(d) be current year's crop and should 
be free from extraneous colouring 
matter, oil and other harmful 
substances. 

Notes 
Basis of quantimtive determinacion: All determinations and percentages shall be reckoned on the basis of the total weight of represenracive samples 
Length The  tolerance specified in column .?I shall be based upon the average Iengtli of 20 fruits selected a t  random The measurement will be taken from [lie cip of the fruit to 
che pedicel point (where clie stalk is atcaclied). 
Discoloured pods Pods having brown, black, white and other coloured patches will be considered as discoloured pods. 
Foreign matter: All extraneous matter including calyx pieces and loose scalks will be treated as foreign matrer. For accidental errors a tolerance is permissible up to 5.0% in  
excess of the tolerance specified under column 3 in respect of S S. and S.G. and S F. grades. For accideiiral errors a tolemnce of 0.5% under column 5 and 1 .U% under column 5 
is permissible for all three grades. 
Moisture: For accidencal errors, a ci)lerance o f0 .5% for moisture content will be allowed over and above 11.509E only. 



Schedule 11: Sannam chillies 

Grade designations and definitions of quality of chillies commercially known as Sannam variety and harvested in September-December - special 
characteristics 

Grade Trade Length C o h r  Maxinmiiz liiizitr of tolerance General characterzstia 
desip naiiie ( in  cm)  

Daniug'cd Pods Moi i twe  Loose F o r e i p  Broken 
and dircoloured wrthozit (%) reed nzatter chillies 
pods (96) stalk (%) (96) (%) (%) 

SS Sannam 5 and Light red 5 
special above shining 

to light 
red dull 

SG Sannam Below 5 - d o  - 
general and 

above 3 

10.00 11.50 3.00 1.00 0 . 5 0  Chillies shall 
(a) be the dried ripe fruits belonging 

to the species Cap~fcuna annuion; 

20.00 11.50 3.00 1.00 2.00 (b) have shape, pungency and 
seed contents normal to the 
variety; 

(c) be free from mould or insect 
damage and be in sound condition 
and fit for human consumption; 

be free from extraneous colouring 
matter, oil and other harmful 
substances. 

(d) be current year's crop and shall 

Notes 
Basis of quantitative determination: All determinations and percentages shall he reckoned on the basis of the total weight of representative samples. 
Length: The tolerance specified in column 3 shall be based upon the average length of 20 fruits selected at random. The measurement will he taken from the tip of the 
fruit to the pedicel point (where the stalk is attached). 
Discoloured pods: Pods having brown, hlack, white and other coloured patches will be considered as discoloured pods. 
Foreign matter: All extraneous matter including calyx pieces and loose stalks will be treated as foreign matter. For accidental errors a tolerance of 0.5% under column 5 
IS permissible for both the grades. 
Moisture: For accidental errors, a tolerance of 0 . 5 %  for moisture content will be allowed over and above 11.50% only. 



Schedule III: Mundu chi l l ies 

Grade  designations and  definit ions of qual i ty  of chillies commercially known as M u n d u  variety and  harvested in  September-December - special 
characteristics 

Grade Tradg 
desig- name 
nations 

Length COlO?//r Maxiriiim linuts of tolerance 
(in cm) 

Daniuged Podc Moistwe Loose Foreign Broken 
and without (96) .teed iizatte?’ chillies 
discolo?tred stalk (96) (96) (96) 
podr(%) (96) 

General chamcteristtci 

MS M u n d u  
special 

MG M u n d u  

N o t  Deep red 2 0 5 0  11 5 0  1 0 0  1 0 0  1.00 
exceeding shining 
2 5 c m  

- do - - do - 4.0 10.0 11.50 1.00 1.00 1.00 

Chillies shall 
(a) be the  dried ripe fruits belonging 

(b) have shape, pungency and  
to  the  species C. nnnzmiz; 

seed contents normal to the 
variety; 

(c) be free from mould  or insect 
damage and  be in sound condition 
and fit for human  consumption; 

be free from extraneous colouring 
matter,  oil and other harmful 
substances. 

(d) be current year’s crop and shall 

Notes 
Basis of quantitative determination: All determinations and percentages shall be reclconed on the basis of the total weight of representative samples. 
Length. The tolerance specified in column 3 shall be hased upon the average length of 20 fruits selected at random. The measurement will be taken from the tip ofthe 
fruit to the pedicel point (where the stalk is attached). 
Discoloured pods: Pods having brown, black, white and other coloured patches will be considered as discoloured pods. 
Foreign matter: All extraneous matter including calyx pieces and loose stalks will be treated as foreign matter. For accidental errors a tolerance of 0.5% under column 5 
is permissible for both the grades. 
Moisture: For accidental errors, a tolerance of 0.5% for moisture content will be allowed over and above 11.50% only. 



Schedule I V :  Rari Patarki or Patli chilli 

Grade designations and definitions of quality of chillies commercially known as Rari (Patarki or Patli) variety - special characteristics 

Grade Trade Length Colour Maxinziim lzniit.s, percentqe hy weight Geiierul iharai~terzstzcs 
desig- name (in cm)  
riation.s Damaged Pods Moisture Loo.re Foreip Broken 

and di.scoloi~red svithout ( 5 % )  .reed niatter c-hillies 
pods (%) .stalk (%) (%) (5%) 

(%I 
~ ~~~~ ~ 

RS Rari 8 and Bright red 1.0 2.00 11.50 1.0 1.0 5.0 Chillies shall 
special above (a) be the dried ripe fruits belonging 

to the species 
R G  Rari Below8 - d o  - 2.0 2.0 11.50 1.0 1.0 5.0 Ca~i.riczim annriiim ; 

general and (b) have shape, pungency and seed 
contents normal to the variety; 

damage and be in sound condition 
and fit for human consumption; 

be free from extraneous colouring 
matter and other harmful substances. 

above 6 
(c) be free from mould or insect 

(d) be current year’s crop and shall 

Notes 
Basis of quancitacive decerminacron: All determinations and percencages shall be reckoned on rhe basis of the rota1 weight of representative samples. 
Length: The tolerance specified in column 3 shall be based upon the average lengrh of 2 0  fruits selected ar random. The measurement will be taken from the t ip of the 
fruit to the pedicel point (where rhe sralk IS atrached). 
Discoloured pods: Pods, having brown, black, white and orher coloured patches will be considered as discoloured. 
Foreign matter: All extraneous marrer including calyx pieces and loose sralks will be creaced as foreign maccer. For accidencal errors a tolerance is premissible up CO 5% in 
excess of the tolerance specified in column 3 under R.S. and R.G. grades. For accidenral errors a tolerance of 0 . 5 %  under column 5 and 1.0% under column 6 is permis- 
sible for both the grades. 
Moisture: For accidental errors, a tolerance ofO.5% for moisrure content will be allowed over and above 11.50% only. 



Schedule V;. Gospurea chillies 

Grade designations and definitions of quality of chillies commercially known as Gospurea variety - special characteristics 

Grade Trade Length Colouv Maxinzuni limits, percentage by weight Geneva1 chavuctcristia 
desig- nmic (in cm) 
nations Damaged Pods Motstuve Loosc F o v e i p  Bvoken 

and disi.olormd without (%) seed riiattev chillies 
pods (96) stalk (96) (96) (96) 

(%) 
~ 

GS Gospurea 5 and Bright red 2.0 2.0 11.50 1.0 1.0 5.0 Chillies shall 
special above 5 (a) be the dried ripe fruits belonging 

to the species C. ann/um; 
GG Gospurea Below - do - 3.0 2.0 11.50 1.0 1.0 5.0 (b) have shape, pungency and 

general 5 and seed contents normal to the 

(c) be free from mould or insect 
above 3 variety; 

damage and be in sound condition 
and fit for human consumption; 

be free from extraneous colouring 
matter and other harmful substances. 

(d) be current year's crop and shall 

Notes 
Basis of qumcitacive determination: All decerminacions and percentages shall be reckoned on the basis of the total weighc of representative samples. 
Length: The tolerance specified in column 3 shall be based upon the average length of 20  fruits selected at random. The measurement will be taken from the rip of che 
fruit to che pedicel point (where the stalk is attached). 
Discoloured pods: Pods, having brown, black, white and other coloured patches will be considered as discoloured. 
Foreign matter: All excraneous matter including calyx pieces and loose scalks will be creaced as foreign matter. For accidental errors, a tolerance of 0 . 5 %  under column 5 
and 1.0% under column 6 is permissible for both the grades. 
Moisture: For accidencal errors, a tolerance o f 0 . 5 %  for moisture content will be allowed over and above 11.50% only. 



Grtzdp C @ h  / f K / t J  ofpv..cC"rizp of Iileiyht Gcwenul durtii tariJiiri 
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P O ~ J  Moistzire Loose FwEig?i B , ~ k e n  
3 (%) J W d  iilditW C h i L L X S  

redpad: ::ad& (%) (8) (Ti.) 
i y5 j 

Special Characteristic of the 2.0 2.0 11.5 1.0 1.0 3.0 Chillies shall 

General - do - 2.0 3.0 11.5 2.0 1.5 3.0 thr  sprcirs C. mnz imr;  
Staridard Characccristic of thc 6.0 4.0 12.5 3.0 7.0 7.0 (h) l i a v c  thc chmicccristic 

varieiy (a) bc thc dricd ripe fruits belonging to 

mrieiy. Dull shade 
I I ~  t u  50% o f  the pods 
pcrmis5i blc 

shape, colour, lcngch, 
pungency and seed contents 
normal to the variety;* 

(c) be free from mould or insects 
and be in sound condition and fil 
for human consumption; 

(d) be of current year's crop and 
free from extraneous colouring 
matter, oil and any other harmful 
substance. 



Schedztle VII: Stalkless chilliej 

Grade  designations and  definit ions of qiialit\- of chillies (stalkless) p r o d ~ i c e d  i n  India  - special char,icterlstics 

G~.nde Z.NL/~ Pm" Pod, /Ilautmujn Iznilti of  tobiitizr-e Gtizn.ul clliiiai-te1.l~ tit-r 
~iciiirgnatior2 I Z U I I I P  urlth u ' ~ t / i  

~ t o l k  1'6//~ X i t  Loae Foreign 
) (57) (%) I ted iiiottei. 

( ? l )  (7i) 

Chill ies general Sralkless 1.00 5 . 0 0  11.00 3.00 0 . 5  C h i l l ~ e s  sliall 
(stalkless) chillies bp  h p (:I) b e  t he  d r i ed  ripe fruits.  be longing 

coun t  coun t  t o  tile species C, m2111ili7ii; 
(b) be  free f r om ~ . r s l b l e  mould  o r  

illsects a n d  be  111 sound  conclition 
arid fi t  for humni i  consumpt ion;  

(C) b e  of one  year's c rop  and  free froin 
extraneous colour ing  mat ter .  ancl 
any  orller h a r m f ~ ~ l  substance. 

Kures 
Foreigii marter: All extr,lneous inatrer inc lud~np (,~l!-x pleces aircl loose stalks ~ ~ 1 1 1  be rrratrd ,is foreign matter, A toler,~nct- 1s prrmls- 
sible up to 0.25'7 In escebs of tolerance ipeiifitd ~ lnder  columns 5 and - cl~icl 0.5% 111 column 4. 
bIoisture. A rolerancr of 0.59; for moisture corirent will be allo\ved over and abo~-e the stipulated limit. 
Stalkless chill~es: Chillies fi-om ~xhlch rlie call-x togethrr with the stalk 1s rerno~ed 

Schedz~le V I I I :  Cl ipped chillies 

Grade  designations and  definit ions of qual i ty  of chillies (clipped) producecl i n  India  - special characreristics 

- - - - -- 

Chlll ies C l ~ p p e d  1 .OO 1 1 . 0 0  3.00 0.5 Chill ies shall  
general chillies by  (a) be  t h e  dr ied  ripe f r u ~ t s ,  b e l o n g ~ n g  ro  

(clipped) counr  t he  species Cnpsizun~ a i ~ z ~ i ~ i i l ;  
(b)  be  free f rom visible mou ld  o r  insecrs and 

be  in soutld coildirion a n d  f i t  for humai i  
consumpt ion;  

(c) be  of one  year's c rop  and  free from 
extraneous colour ing  mat ter .  oils a n d  any 
o ther  harmful  substance. 

Notes 
Foreign matter. All exrraileous marter includiiig calyx pieces and loose stalks \\.l11 be treated as foreign matter, A rolerance 1s permis- 
sible up to (1 2 5 9  in excess ofrolemilie specified under ~o lumi l i  3 , ~ n d  6. 
hloiirure: A tolerance of 0. 5';; for nlorstilrr corirent \\.ill be allowed over and ahme the stipulated Iiil?it. 
Cllpped chillies: Chillies having stalks clipped from the very base m-itho~ir having calyx. 



Ag??znrk grade specificatio~zs for chillipou~del. 

Grade designation and definition of quality of powdered chill~es 

G ~ u d e  Total aih, Speim! ~-h~~~*aittrlstii-i iphj si~~~l-ihe7~2ica~) Genrw! cha?arter/itici 
~/eiigz~ztiotz peneiztuge 

i h j  i~eight] Aih ln.ro!//lile Cru~t'efiIIe. 2\TN?z-~.olat11e 11101ititre. 
I ~ I N X Z ~ I ~ N R Z  In HC!, par[-eiztagc ether e.xtrai t .  peri.izt~rge 

perieiitage f l ! ~  u'eight) perii.nt/rge /1,3 u'eight) 
U eight) I I ~ L Z X ~ ~ I Z N I ~ Z  f h), u eight) ;iznxin7ftnz 

nmxiii2~itz ?ita.xiii2iiiii 

Standard 8.00 1.23 30.00 12.00 10.00 Powdered i l i ~ i l ~ e s  shall be 
the product obtained by 
grinding pure, clean, dried, 
ripe fruits of the genus 
Cnpsrzitm only and shall 
be free from esrraneous 
matter. It shall also be 
free from damage by insect 
lnfescacion and'or fungus 
contarnination, niould 
growth, added colour~ng 
matter and preservatives 
and other foreign 
substances or substitutes 
and from any extraneous 
or undesirable o d o ~ ~ r  or 
flavour. 

declaring the amount and the nature of the oil used. The chilli ponrder shall conform to the 
following physico-cheinical standards: 

Moisture: hTot more than 12.0% by weight. 
Total ash: Not more than 8.0% by weight. 
Ash insoluble in dilute HCI: Not more than 1.39 by weight. 
Non-volatile ether extract: Not  less than 12.0% by weight. 
Crude fibre: Not more than 30.0% by weight. 

I~Zdi6~72 stafzdurd for chilli, whole and gvoztud (pou~dered) specificatioa (IS 2322: 
1978 - 2nd ~zcision) 

Description of chilliw Ju'hole atz~i' gro?ozd) 

(1) The chilli shall be dried, ripe fruits or pods of the species C. fizite~,esce?z~ L. and C. annzu?iz L. 
The chilli may be with or without stalk. 

(2) The ground chilli is the product obtained by grinding the whole chilli without stalk and 
without any added matter. 

(1) Whole chilli may be graded on the basis of length, colour and characteristics like moisture. 
extraneous matter, damaged and discoloured pods, pods without stalks, loose seeds and 
broken chillies. 



(2) Grade designation, trade name and their requirements are given in Table 3.12 

ODOLR A\D I*LA'\ Or-R 

Chilli shall have a characteristic pungent taste. It  shall be free from foreign taste and flavour 
lncl~lding rancidity and mustiness. 

FREE DObI FROhI \lOITLDS, IhSECTS. EI'C 

Chilli, whole or ground (po\r~clered), shall be free from living insects and shall be practically free 
from mould growth, dead insects, insect fragments and rodent contan~ination, which may be 
visible to the naked eye (corrected, if necessary, for abnormal vision), or by using the required 
magnifying instrument. If the manification exceeds X 10, this fact shall be mentioned in the test 
report. 

The whole chilli and powder may vary in colour from dark blackish red to orangish yellow 
according to the variety. The colour of the graded chilli shall be as given in Table 3.12 for 
particular grade. 

L1 KGTH 

The length of the ungraded whole chilli shall be agreed between the purchaser and the supplier. 
The length of the graded chilli shall be as given in Table 3.12 for the particular grade. The mea- 
surement shall be taken from the tip of the fr~l i ts  to the pedicel point (where the stalk is 
attached) and the average length of 20 fruits selected at random shall be reported. 

Extraneous matter includes all vegetable matter other than the whole chilli; but including calyx 
pieces and loose stalks, and mineral matter such as sand, soil and earth. The proportion of extra- 
neous matter in whole ungraded chilli when tested by the method given in IS 2322 shall not 
be more than 4% (mim). In case of graded chilli the extraneous matter shall be as given in 
Table 3.12 for the particular grade. 

These include pods damaged due to insect attack or diseases and which have developecl brown, 
black, white and other coloured patches. The proportion of such damaged and discoloured pods 
in "ungraded whole chilli" shall be not more than 5% by mass mhen determined by physical 
separation. In the case of "graded whole chilli", the damaged and discoloured pods shall be as 
given in Table 3.12 for the particular grade of chillies. 

PODS \VITfIOIIT STALKS 

In the case of "~~ngracled whole chilli", "the pods witho~lt stalks" shall not be more than 1057 by 
mass mhen determined by physical separation. In case of "graded whole chilli", "the pods with- 
out stalks" shall be as given in Table 3.12 for the particular grade of chilli. 



TabLe 3.12 Grade designations of whole chilli and their quality requirements 

Grade Trade Length Coiour Maxiiizrm tiiizzt.r, percent (mlm) 

ss 1 

SG 1 

SP 1 

s s 2  

SG2 

MS 

M G  

RS 

Sannam 
special 

Sannam 
general 

Sannam 
fair 

Sannam 
special 

Sannam 
general 

Mundu 
special 

Mundu 
general 

Rari 
special 

5 and 
above 

Below 5 
and above 3 

- do - 

5 and 
above 

Below 5 and 
above 3 

Not exceeding 
25 

- do - 

8 and 
above 

Light red 
shining 

Light red 
shining 

Dull red 

Light red 
shining to 
light red 
dull 

- do - 

Deep red 
shining 

- do - 

Bright 
red 

2.0 

4.0 

6.0 

5 .0 

5.0 

2.0 

4.0 

1 .0 

2.0 11.5 

3.0 11.5 

4.0 11.5 

10.0 11.5 

20.0 11.5 

5.0 11.5 

10.0 11.5 

2.0 11.5 

1 .0 1 .0 

2.0 2 .0 

2.0 2.0 

3.0 1 .0 

3.0 1 .o 

1.0 1.0 

1 .0 1 .0 

1 .0 1 .0 

5 .0 

7 .0 

7.0 

0.5 

2.0 

1 .0 

1 .0 

5.0 



R G  

GS 

Rari 
general 

Gospurea 
special 

Gospurea 
general 

Special 

Below 8 and 
above 6 
5 and 
above 

above  3 
Below 5 and 

- do - 2.0 2.0 11.5 1 .0 1 .0 5.0 

5.0 

5.0 

- do - 2.0 2.0 11.5 

2.0 11.5 

1 .0 1 .0 

1 .0 1.0 GG - do - 3.0 

uss Characteristics 2.0 
of the 
variety 

- do - 4.0 
- do - 6.0 

2.0 11.5 2 1 .0 4.0 

USG 
USF 
SL 

General 
Fair 
Stalkless 

chillies 
Clipped 

3.0 11.5 
4.0 11.5 

11.0 i: 

3 2.0 
3 2.1 
5.0 0.5 

6.0 
8.0 - 

5.0 

cc 1: 11.0 3.0 0.5 

Source: Indian standard: IS 2122 : 1998 (2nd revision) - Courtesy BIS 

Notes 
1 For accidental errors in the case of extraneous matter, a tolerance is permissible up  to 5.0% in excess of the tolerance specified in respect of the Grades SSI, SGI ,  

2 A tolerance of0.5% in respect ofgrade USS and USG in excess of the tolerance specified for extraneous matter is permissible. A tolerance of 0.25% in excess of the 

3 For accidental errors in the case of damaged and discoloured pods, a tolerance of 0.5% and in the cased of pods without stalks, a tolerance of 1 .O% is permissible 

4 For accidental errors, except for the grade USF, a tolerance of 0.5% over and above the tolerance specified for moisture is permissible. 
% Pods with sralk - 1.0% by count. 

SF1, SS2, MS, MG,  RS, RG,  GS and GG.  

tolerance specified in respect ofpods with stalk and extraneous matter and 0.5% for pods with calyx for grade SL IS permiss~ble. 

in respect of the Grades SS1, SG1, SF1, SS2, SG2, MS, MG,  RS, RG,  GS, GG,  USS, USG, USF. 



LOOSE SEEDS 

The proportion of loose seeds in ungradecl whole chilli shall not be more than 357 by mass n ~ h e n  
determined by separating the loose seeds and following the method given in Para 1 of IS 1797 
(Indian Standard). I n  the case of graded chillies, the proportion of loose seeds shall be as given in 
T ~ b l e  3.12 for [he particular grade of chilli. 

BROKEN POD> 

The proportion of broken pods in  "ungraded whole  chill^" shall be not more than 8% by mass 
when determined by separating the broken pods and following the method given in Para 4 of IS, 
1797. 111 the case of "graded whole chillies", the proportion of broken pods shall be as given in 
Table 3 .12 for the particular grade. 

The moisture content in "ungraded whole chilli" and "ground (powdered) chilli" shall not be 
more than 1 2 %  and 1057 by mass, respectively, when determined in  a c c o r d a n c ~  wi th  [he 
method given in  Section 9 of IS 1797 .  In  case of graded whole chillies, the moisture content 
shall be as given in Table 3 .13  for the particular grade. 

FIL-ENESS 

The chilii (powdered) shall be ground to such a fineness that all of i t  passes through a 500 p.nl IS 
sieve and nothing remains on the sieve. 

CMEhIICAL REQC IKEhflh-TS 

The chillies ground (powdered) shall also comply with the requirements given in Table 3.1 3 

SCOL'ILLE Ih-DFX 

W h e n  rested in accordance with the method given in IS 8104,  the Scoville index in chilli, whole 
and ground (powdered) chilli shall not be less than 24,000. Chilli of lower Scoville index than 
that specified may be supplied as agreed between the purchaser and the supplier. 

Tai//e 3.13 Physico-chemical requiremeilts for chillies. grouncl (powderecl) 

C h n ~ a c t e r ~ ~  tics Req~irriiietzti AIethodi of tezt 
/ I S .  2322: 1998) 

Total ash, percent by mass, (maximum) 8.0 6 
Acicl insoluble ash, percent by mass, (maximum) 1.3 S 
Crude fibre, percent by mass, (maximum) 30.0 l 3  
h-on-volatile ether extract, percent by mass, 12.0 14 

(minimum) 

Source. IS-2322. 1998 (BIS) (2nd rev~slon). 

Kote 
The characteristics shall be rested on dry basrs. 
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l R E t D O h I  FROM ADDED COLOLR h h D  THE LIKE 

The pods shall be free from extraneous colouring matter, coating of mi~leral oil and other harm- 
fill substances. The ground chillies shall be free from extraneous colouring matter and flavouring 
matter. However, i t  may contain any edible oil upto a maximum limit of 2% by mass. The 
amount and name of the oil used, however, shall be declared on the label. 

HYGlEUIC COKDITIONS 

The chilli, wliole and ground shall be processed and packed under hygienic conditions (see 
IS 2322: 1998). 

Representative samples shall be drawn and conformity of the product to the requirements of this 
standard shall be determined in accordance with the methods given in IS 13145. 

Pa~krizg and nzalitizg 

Chillies, whole or ground, shall be packed in any clean, sound and dry container made of metal, 
glass, food-grade polymers, wood or jute bags. The wooden boxes or jute bags shall be suitably 
lined with moisture-proof lining which does not impart any foreign smell to the product. The 
packing material shall be free from any fungal or insect infestation and should not impart any 
foreign smell. Each container shall be securely closed and sealed. Virakamath (1964) studied the 
packaging of chillies and other spices. 

hiARKJUG 

The following part~culars shall be marked or labelled on each contalnerlbag 

(a) Kame and address of che manufacturer or packer; 

(b) Name of the material (whole or ground); 
(c) Trade name or brand name, if any; 
(d) Grade designation (in case of whole) 
(e) Batch or code number; 
(f) Net mass; 

(g) Best before . . . (n~onth/year); 
(h) Year of the harvest (in case of whole); 
(i) Month and year of packing (in case of ground); and 
(j) Any other marking as required under the "Standards of Weights and (Packaged 

Commodities) Rules", 1977, and the Prevention of Food Adulteration Act, 1954, and the 
rules framed thereunder. 

Im&a~z standard for chilli oleoresi?? specificcttio;~ 

DESCRIPTIOK 

The chilli oleoresin shall be obtained by solvent extraction of the dried ripe fruits of C. niznziiti~z L. 
or C. fiz~tesce?zs L., with the subsequent removal of the resid~lal solvent.The material shall be a red 



visco~~s  liquid with the characteristic odo~lr  of chilli, high pungency and deep red colour. The 
material shali be free from rancidity. It  shall be free from any added colour. The material shall 
also comply with requirements given in Table 3.14. 

(1) The material shall be supplied in tightly closed glass, pure aluminium or tinplate contain- 
ers which shall be nearly full with the material under reference. 

( 2 )  The material shall be protected from light and stored in a cool, dark and dry place. 

/\Iark.tizg 

The container shall be marked wlth the following. 

(a) Name of the material; 
(b) Manufiacturer's name and trade mark, if any; and 
(C) Net mass of the material when packed. 

Representative samples of the material sufficient to  give a composite sample for all the 
deterininations shall be drawn from the containers selected from the lot. Tests for all the charac- 
teristics shall be conducted on the composite sample. 

Tests 

Tests shall be conducted as prescribed in Table 3.14 

Unless specified otherwise, pure chemicals (chemicals that do not contain impurities 
which affect the results of analysis) and distilled water (see IS 1070: 1992) shall be employed 
in tests. 

Tdbk 3.14 Physico-chemical requirements for clill11 oleoresin 

CbniacterOtia Reqiiz1.~7te7zt 

Colour value 
Scoville heat units (min) 
C a p s a ~ c ~ n  content, percent by mass (min) 1 .5  
Residual solvent, mg/kg (max) - 

Hexane L 5  
Acecone/Echglene dichloride!tricliloroecl~ylene 3 0 
Mechanol'isopropanol 3 0 

Sources: Indian specificdrion (15 : 7543.1 : Parr I, 1993; IS : 75 43 : l991 : Part 11). 
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D e t e r r ~ z i ~ z a t i o ~ z  O ~ C O I O Z L V  o a l z ~ e  

To make the estimation completely objective, instrumental analysis is employed. Colour of 3 

specified dilution is estimated at 458 nm, the absorbance reading multiplied by a dilution factor 
and the result expressed as Nesslerimetric colour value. 

Volumetric flasks (100 ml), 1 m1 Pipette, Spectrophotometer or a colorimeter with adjustable 
x~~avelength. 

Rtdg;i'e?ztr 

Acetone. 

Measure 1 . 0 g  of oleoresin into a 100 m1 vol~~metr ic  flask, and make LIP the volume with acetone. 
Pipette 1.0 m1 of this solution into a second 100 m1 volumetric flask and make LIP the volume 
with acetone. Using a tungsten lamp source and acetone as the blank, take the absorbance of the 
0.01% solution of oleoresin at 458 nm. Multiply this reading by 61,000 to obtain the colour 
value. 

Detew~zi+zat ion  ofSco.t~ille b e n t  u f z i t  

This is a method based on sensory evaluation. Oleoresin solutions variably diluted with sugar 
solution are tasted in increasing concentration. The highest dilution at which a pungency is just 
detected is taken as a measure of the heat value. 

Rcage.elztj 

Sugar solution 557, Alcohol 95Q 

(1) Accurately measure 0.2 g of the oleoresin into a 50 m1 volun~etric flask. Add alcohol up to 
the volume mark and shake the contents and allow to settle. 

(2) Add 0.15 m1 of this alcoholic solution to 140 m1 sugar solution. Swallow after thoroughly 
shaking 5 m1 of this solution. 

( 3 )  A biting or stinging sensation in the throat which is just perceptible at this dilution is 
equal to 240,000 Scoville ~lnits.  If bite is very strong, a further dilution of this solution, is 
necessary for a perceptible pungent sensarion: 

(a) 15 m1 of sugar solution, 30ml  solution (2) = 360,000 Scoville units 
(b) 20 m1 of sugar solution, 20 m1 solution (2) = 480,000 Scoville units 
(c) 30 m1 sugar solution, l 5  m1 solution (2) = 720,000 Scoville units. 

The panel for evaluation shall consist of five members, and three members out of five shall find 
the solution to be pungent. 



Concluding remarks 

In this chapter, various aspects of chilli standardization and quality control hare been discussed. 
Some aspects have included the importance and advantages of the standardization of C~zpsici~ii2s, 
quality evaluation of chillies and chilli products (notably oleoresin), variations in chemical 
composition, major principles or constituents of Capsiii/n~lpepperlchilli, determination of pun- 
gent principles (constituents) like capsaicinoids and colouring pigments (p-carotene, capsanthin 
and capsorubin) in all types of chillies, or Capsicz~nt and paprika, detection of adulteration in 
chillies or Capsiciinz or chillies, qualitylcolo~ir evaluation of chillies and oleoresins of different 
types, national and international (ISI) standard for chillies (whole and powder) and oleoresin, 
development of the international standards for chillies, development of national (Agmark, IS1 
and PFA) standards for different commercial varieties of chillies, and IS1 standard for chilli 
oleoresin. 

There is a need for rhe development of improved high yielding varieties of paprika that are 
rich in attractive red pigments and which have higher drying yield and disease resistance. There 
is also a need to develop better, slmpler and quicker methods of quality evaluation of chillies and 
chilli oleoresin in conjunction with better sensory evaluation techniques. There is a great poten- 
tial for the development and export of paprika and other export varieties of Capsic~n~. There is an 
estimated world demand for about 50,000 tonnes, of which Spain alone utilizes 20,000 tonnes 
ann~lally (Anu and Peter, 2000). Greater emphasis may also be laid on quality production of 
chilli and paprika. Oleoresin, including tailored oleoresins attempt, to meet the varying 
demands of the vario~ls types of food industries and the pharmaceutical industry. 

It  may also be noted that the paprika oleoresin is one of the most celebrated and most popu- 
lar natural colourants for different categories of processed foods. Hence the greater need for 
emphasis on intensive R&D work, notably in developing countries like India, which produces 
the largest quantity (about 900,000 tonnes) of Capsic~~nzslchillies annually. 
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4 Pungency principles in Capsicam - 
analytical determinations and 
toxicology 

Capsaicinoids are a natural group of alkaloids responsible for the pungency and hotness of 
the Capsi(.u711 fruits. Increasing interest in both their role in food additives and their phar- 
macological properties has led many researchers to conduct more investigations. This chap- 
ter deals with their biochemistry, toxicology and analytical methods for determination. 
H ~ l m a n  risk of intoxication with these compounds was reported to be low. Chromatographic 
analytical methods, including liquid and gas chromatography, were fo~lnd to be the most 
convenient for their determination, while spectrophoton~etric methods were advised for 
total capsaicinoid measurement. 

Introduction 

C~tpsic;i~?)i fruits in different forms are intensively used in many parts of the world as additives in 
food for their very strong pungency anci aroma, as well as for their pharmacological and thera- 
peutic effects as a stimulant and counter irritant (Govindarajan, 1986; hfanirakiza et al., 1999). 
Paprika normally grows in tropical and temperate regions, and has more recently been intro- 
duced in the southern parts of US. It  is ured as a table spice, as well as in the food and meat pro- 
cessing industry in Europe and in Japan. Several varieties of peppers are conlmercializecl all over 
the world and are generally considered to be a balanced source of essential nutrients, containing 
proteins, minerals, vitamin C, sugars and lipids. Several natural pigments and aromas are con- 
tained in sweet peppers varieties (Govindarajan, 1986). 

Chemical composition of Capsicum fruit 

In addition to water which represents more than 90% of the Cr~p~ici/vz fruit, fibre, pectin, 
glucose, starch ancl fructose represent the main components (Table 4.1). Among the high ~ l u n ~ b e r  
of natural chemical group components occurring in the Capsicziin species, carotenoicls are respon- 
sible for the colour in peppers (a- ,  P-,  y-,  6-carotenes). Together nrith xanthopl~ylls, they are not 
only precursors of vitamin A (retinol), but are also reported to contribute to cancer and cardio- 
vasc~~lar  diseases prevention (Machlin, 1995; Afuller, 1997). In most of the Capsiclinz species 
(Cap.p.~jin?i2 a12nzi~~11. Capric?/?i~ fi~/tesi.eni, CLI~IPS~C/A~I~  chinenie), maturation corresponds to changes in 
carotenolds, flavonoids, chlorophylls, phenolic acid, ascorbic acid and total soluble reducing 
equivalent (Jurenitsch et a l . ,  1979; A'farkus et al . ,  1999; Howard et nl..  2000). When the 
C ~ ~ S ~ C N I I ?  fr~l i ts  start the ripening process, chlorophylls disappear in favo~lr of carote~loicls of 
red varieties with the occurrence of related xanthophylls, cryptoxanthin, zeaxanthin, epoxide 
antheraxanthin, luteoxanthin and new synthesis of the characteristic red carotenoids, crypto- 
capsin, capsanthin (hlarkus et al. ,  1999). These biochemical changes correspond with structural 
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Table 4.3 Occ~~rrei lct  of carorenoids In Cu/~.ilr~!iii fruits varieties 
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RY - Cal~fornla nonder yellon rlpr fru~t: ' for green sragis onl): -.- for grctn itdge of '111 iariirlei - compound nor 
present. + compound present 



n~odifications in the cell. Chloroplast (rich in chlorophylls) changes to chromoplast, which 
contains only carotenoids. Red carotenoicls are not reported in yellow pepper varieties in which 
hydroxy-a-carotene, mono- and ditpoxides of cryptoxanthin, auroxanthin hare been identified 
(Table 4.2). 

The pungency and hotness principle of the Ca]~l,sjcui?z species is unanimously reported in the 
literature to be a group of compounds related to capsaicin (8-methyl 6-nonenoyl-vanillylamide) 
and are called capsaicinoids (Iwai e t  a l . ,  1g79). The common structure of rhese compouncis is 
composed of a uanillylamide moiety and C9-C11 farty acids (Nakatani e t  nl., 1986; Hawer e t  al . ,  
1994; Esteves e t  a l . ,  1997; Peusch e t  a l . ,  1997; Laskaridou-Monnerville, 1999; Singh e t  NI . ,  
2001; Sprague e t  al . ,  2001; Reilly e t  al. ,  2001a,b) (Figure 1.1) .  Levels of these capsaicinoids vary 
with genotype, maturity and are influenced by growing conditions and losses after processing 
(Zewdie and Bosland. 2001). The main pungency compounds of hot chilli peppers are capsaicin 
and dihydrocapsaicin (go%), while the rest is constiruted by nordihydrocapsaicin, homocap- 
saicin, hom~dih~drocapsaicin and norcapsaicin (Rico Avila, 1983; Laskaridou-hlorneville, 1999; 
Nanirakiza e t  a l . ,  1999; M ~ ~ r a l c a n ~ i  e t  '? l . ,  2001; Singh e t  a / . ,  2001: Reilly e t  nl. ,  2001a). 
Capsaicinoids concentrations can be converteci to Scoville Heat Units (SHU) bp n~ultiplying the 
pepper dry weight concentrations in parts per million (ppm) by the coefficients of heat value for 
each compound; 9 .3  for llordihydrocapsaicin, 16.1 for both capsaicin and dihydrocapsaicin 

Compounds 

Nornorcapsaicin 

Norcapsaicin 

Capsaicin 

Homocapsaicin 

Nornordihydrocapsaicin 

Nordihydrocapsaicin 

Dihydrocapsaicin 

Homodihydrocapsaicin 

F?glire d .  1 Chemical structures of capsalcinoid conlpounds 
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(Govindarajan et '?l., 1977; Zewdie and Bosland, 2001). A SHU is defined as the number of parts 
of sugar-water needed to neutralize the heat of one part sample extracc (e.g. if the heat of a 
cayenne pepper is 30,000 SHE,  it means that 30,000 parts of sugar-water are needed to dilute 
one part of cayenne pepper extract to the last point that hotness can be detected). 

Besides [he natural compounds occurring in the Capricum species, anthropogenic activities 
have led to the discovery of various levels of organic and inorganic pollutants in Capticztiiz (PCBs, 
pesticides, heavy metals) and an increasing interest in spices has led to several nlethocls for 
monitoring these pollutants (Manirakiza et al., 2000). 

As interest in spicy foods and in the pharmacological properties of capraicinoids increases, 
there is a need to test and classify chemical principles responsible for the pungency and hotness 
of the C @ S ~ C W I ~ I  species. The existing methocls, from spectrophotometric to chromatographic 
methods for the determination of these natural compounds, will be critically reviewed and 
compared, \vith regard to simplicity, precision and cost. 

Biochemistry of the pungency principles in the Capsicum species 

Altllough the contents of C d p s i ~ m  depends on the particular variety, the capsaicinoid's profiles 
should not be a good chemocaxonomic indicator for Capsicu?~~ species (Zewdie and Bosland, 
2001). According to Zewdie and Bosland, the statement chat capsaicin and clihydrocapsaicin 
were always the major capsaicinoids was not true. The same authors confirmed that different 
genes concrol the synthesis of each capsaicinoid and thus explain the different capsaicinoid 
proportions within the same Cap.ricr~fiz species (Zewdie and Bosland, 2000). Besides the eighr 
classic capsaicinoids reported in the literature (Figure 4. l), nonivamide (which presents pungent 
properties) [nonamide, AT-(4-hydroxy-3-methoxyphenyl) methyl) has been confirmed as being 
naturally present in the Capsici~n2 species. 

Existing data from the analysis of Cnpsic/ii), fruits of different varieties have shown considerable 
variations in the rot-a1 capsaicinoid content and the impossibility of predicting proportions 
betn~een capsaicinoids even within same species (Hall at  nl., 1987; Zewdie and Bosland, 2001). 
With some exceptions, 11 is believed that capsaicin and dihydrocapsaicin are the major con- 
stituents (80%), while nordihydrocapsaicin and homodihydrocapsaicin vary nridelp from 1 2  to 
12%. When detected, the remaining homologues are present at very low percentages (Constant 
and Cordell, 1996; Manirakiza e t  a l . ,  1999). Even if large variations in the total capsaicinoids 
content within and between C'zprpsicuiiz species following cultivation conditions exist, the ratio 
between the principal coinponents capsaicin and dihydrocapsaicin is reported to vary narrowly; 
for instance, 1 : 1 for C, atuzzrldliz L. to 2 : 1 for C. fii/tei(.eizs L. (Neumann, 1966). It  has long been 
observed that pungency stimulants were concentrated in the pericarp tissues and not in the seeds 
or peduncles (Suzuki e t  al., 1980). Individual capsaicinoid contribution to total capsaicinoids in 
relation to the age of flowering in the pericarp and placenta of Capsicii~ii fruits is given in 
Figure 4.2. Several stuclies have concl~lded that levels of capsaicinoids increase with maturation 
(Hall et al., 1987), remain constant (Sukrasno and Yeoman, 1993) or decrease slightly up to 60% 
after the m a x i m ~ ~ m  is reached. 

B iosy ~ztbesis of capsaici~zoids 

Capsaicinoids, are synthesized from phcnylpropanoid intermediates throilgh the cinnamic 
acid pathway (Figure 4.3). One of the enzymes involved in the biosynthesis is the caffeic 
acid-3-0-methyltransferase which has been reported to be important in lignification 
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j0 
Days 

flowe~ 

Pericaro Placenta I 

Fzg/iiz 4.3 Indixidual capsaicinoid contr~burion to total c a p s a ~ c ~ n o ~ d s  rn relat~on .nit11 age of flowering In 
Cnp.rzi/~ii~ fruit perrcarp and placenta. (iSI)C - nordihydrocapsaicin, C - capsaicitl, D C  - 
dihyclrocapsa~cin. H C  - hornocapsa~c~n. H D C  - l~omodihydrocapsaicin) (Suruki e t  nl . ,  1980). 

Phenylalanine trans-cinnamate-4- 
mono-oxygense 

COOH 

H2N 
trans-cinnamic acid trans-p-coumaric acid 

c ~ o - ,  :~-iso. C&. C1 1- 
iso-acids 

capsaicinoids vann~llylam~ne 
R 

trans-p-coumarate- 

1 3-mono-oxygense 
\ 

trans-caffeic acid 

caffeic ac~d-Omethyl 
transferase 

/ 

trans-ferulic acid 

(Inoue et a/ . ,  1998). In capsaiciuoids synthesis, it catalyzes the con~ersion of caffeic acid to ferulic 
acid by metl~ylating the hydroxyl group at the 3 position on the benzene ring. Ferulic acid is 
converted to vanillin. Vanillin is f ~ ~ r t h e r  converted to vanillylamine, which later condenses 
with branched chain fatty acid to forin capsaicinoids. Extensive studies on the capsaicinoids 



2'17hle 4 . j  Capsaicinoid composition in pericarp and placenta at d~f fe ren t  growth 
stages of fruits of C N ~ I J I L I ~ I I Z  ~ziz72111i7n \.as. ~ n l i ~ i i i i i ~  CV. Karal-arsubusa 

Plou errng Prirt C O ~ . ! C / Z L - ~ ~ ~ O I ~ J  ( 2 ) ~  pg:??/g dry tis~iiej 
J 

 TOIL^ . D C  C DC HC HDC 

10 Prricarp 
Placenta 

20 Pericarp 
Placenta 

3 0 Perlcarp 
Placenta 

10 Pericarp 
Placenta 

50 Perlcarp 
Placenta 

ncl nd 
nd nd 
2 ,  l 1.3 

17.9 12.3 
15.6 11.8 

101.9 62.5 
25.1 13.8 

137.9 109.1 
1.7 1.5 

33.3 19.6 

ncl 
nd 
11 d 
nd 
nd 
nci 
nil 
nd 
nd 
nd 

Source: Suzulci e t  ' / l . ,  1980 

Notes 
Capsaiilnoids \\-err estimated w ~ r h  GC-MS. KDC - nord~h?drocapsa i i i~ i ,  C - iaphalcln; 
DC - d ~ h j - d r ~ c ~ ~ p ~ a i c i n ,  H C  - hornoiap>aiilil; H D C  - l i ~ m o d i l i y d r o c a ~ s a l i i n ;  nd - nor 
detected; tl. - trace 

biosynthesis with newly developed methods have led to the statement that,  at all stages of 
growth, the total or indivicl~lal capsaicinoids based on dry weight is far higher in the placenta 
than in the pericarp (Table 4.3). This statement allows the conclusion that the main site of cap- 
saicinoids synthesis is the placental tissue of the fruits (Fujiwake e t  a l . ,  1 982a,b; Bernal e t  al., 

1993a,b; Ochoa-Alejo and Gomez-Peralta, 1998). 
Bernal e t  nl .  (1993a,b) suggested by means of ill zit1.o studies that peroxidases were involvecl in 

the degradation of capsaicinoids. Pepper peroxidase, also mainly located in the placenta, was 
reported to oxidize capsaicin (Bernal e t  a l . ,  199.3a) and dihydrocapsaicin (Bernal e t  nl., 1993b). 
Therefore, the turnover and degradation of capsaicinoids observed after Cap.riciinz f r ~ ~ i t s  reach 
maturation could be explained by the activity of peroxidases . 

Inventory of analytical methods for capsaicinoids determination 

The choice of an analytical method is generally guided by many factors, including the properties 
of the targeted compounds (polarity, stability, solubility), matrices, time assigned for analysis 
and additional factors introduced by the laboratory itself. For Cnp~iuinz compounds two objec- 
tives for determination can be foliowed: the determination of the heat level of a Capsicr~7iz f r ~ ~ i t  
and the determination of its capsaicinoid composition. 

O~*ga~zoleptic arzd spectrophoto~net1-i~ ?nethods 

Procedures including organoleptic (Ramos, 1979) and spectropliotometric methods (Meilgaard 
et al. ,  1987) have been developed. Organoleptic methods were preferred by the food industry for 
the direct heat level measure it  offered, while it presented the disadvantage of requiring the 
extensive training of panelists and the monitoring of their sensitivity for the attainment of con- 
sistent results (Bajaj and Kaur, 1979). Spectrophotometric methods use vanadium oxl-trichloride 
or phosphomolybdic acid to produce colo~ired solutions. Even if i t  is not specific, the result 
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obtained is proportional to the heat level (Kosuge and Furura, 1970; Rymal e t  al.,  1979) anct 
therefore can be used as a cool for total capsaicinoid content. 

Gns chronzntogvaphic ~netbods 

A variety of gas chromatograph~c (GC) methods have been developed for capsaicilloicls 
a~~alysis  (Table 4.4) and most of them still present serious limitations. As shonrn in Table 4.4, 
sample preparation and extraction are not so different, proceeding by the grinding of che 
dried Cczbsii~~n2 or the chopping of the fresh fruics into small pieces and then extracting witli 
different solvents. Most of the GC methods need a derivatization step to increase the volatility of 
the capsaicinoids, and, f~~r thermore ,  an efficient clean up step is necessary (Todd e t  ' / l . ,  1977; 
iwai e t  al., 1979; Krajewska and Powers, 1987; hlanirakiza e t  al., 1999). Two types of derivati- 
zation procedures have been reported, trimechylsilylation of capsaicinoids (Lee e r  al., 19'6; Todd 
e t  al., 197;; Iwai e t  al., 1979; Fung e t  al., 1982) ancl hydrolysis of capsaicinoids for yielding fatty 
acids anci s~lbsequent esterification (Jurenitsch e r  al., 19'9; Jurenirsch and Leinmuller, 1980). 
An on-colun~n derivatization has also been reported (Krajewska and Powers, 198'). The use of 
structurally related codeine as an internal scandard was reported (Manirakiza e t  al., 1999), while 
retracosane (Krajewska and Powers, 1987) and squalene (Hawer etal., 1991) have also been used 
as internal standards. To overcome the problem of tailing peaks and to avoid the use of a cleriva- 
tization step, Thornas et a l .  (1998) and Hawer e t  al. (1994) l~ave recognized the use of a polar 
capillary analytical column (14% cyanopropylphenyli86F methyl stationary phase, 
3 0 m  X 0.25 m m  i.d. X 0.25 k m  film thickness) for interaction wich polar f~~nct ional  group of 
the molecules. The resulting chromacogram is shown in Figure 1 .4 .  Furthermore, the use of 
a thermionic selective detector (TSD) insread of flame ionization detection allon~s the elirnina- 
tion of sample clean-up (Thomas e t  al., 1998). Unfort~lnately, GCiMS was not able to separate 
or differentiate ilonivamide and norclihydrocapsaicin (Kosuge and F~lruta ,  1970; Saria e t  al.,  
1981; F~lng  e t  al., 1982; Reilly e t  al., 2001b), leading to the misidentification of nonivamide as 
nordihydrocapsaicin. Although GCIMS is believed to offer good results, they still require 
specific sample preparation and a complex, costly instrument. Limits of quantification were 

Nigh Petfovnza?zce Liquid Chromatography ~zethods 

As for GC methods, HPLC methods are encumbered by significant difficulries (Table 4.5). For 
instance, normal phase HPLC was unable to separate all individual capsaicinoicls (Dicecco, 
1976; Cooper e t  g/., 1991; Constant e t  d., 1995). Therefore, the results were gi\-en as total c a p  
saicinoids even if three major capsaicinoids - capsaicin, dihydrocapsaicin and nordihpclrocap- 
saicin - could be eventually separated. Furthernlore, these HPLC methods were applied to  
relatively capsaicin rich matrices, while poor capsaicinoids matrices recluired sample clean-ups 
with a preconcentration step (Peusch er  al., 1997). 

The reverse phase HPLC \\,as limited by the non-resolution of nonivamide and capsaicin with 
regards to the similar chromatographic properties in HPLC (Saria e t  al., 1981; Constant er  nl . ,  

1995). Constant and coworkers (1995) used complexacion chromatography ( i lgN03)  to separate 
the coeluting compounds. In mosc of these HPLC methods, the limit of was 
superior to 15 0 ppm. 

The use of the LC-MS (Reilly e t  a[. ,  2001a) hai been reported to differentiate nonivamide 
and capsaicin by mass-to-charge ratio. The same authors have reported the use of 
LC-MS-MS wich an electrospray ionization source operating in che selected reaction monitoring 



Table 4.4 Gas chromatographic method for capsaicinoid determination in Cap.ric~/vi products 

Matrix Sample jwejmratznn Extrnction A nnlysis Co17iment.r 

Chilli peppers 
(Cnp.rzcm spp.) 

Cnppszc/m fruits 

Green C n p k m  
fruits 

Red peppers 

Peppers samples 

Dry at 80°C overnight 

Dry and grind to fine 
powder 

Freeze dry 

Dry, finely grinded 
(2-3 g taken) 

Pepper samples frozen, 
thawed and seeds 
removed, finely 
chopped to a 
uniform mixture 
of pepper tissue 

With high speed blenderICHCI,, 
sonication, activated charcoal, 
concentration, SPE clean-up on 
florisil, elution with EtAc 

Extraction with acetoneiclean-up 
with HPLC 

Soxhlet extraction with acetone 
and liquid purification 
afterwards 

Soxhlet extraction with acetone, 
purification by liquid liquid 
frac tionation 

Extraction with acetone 

GCIMS, splitless, DB-5 analytical 
column, SIM mode, codeine as 
internal standard (IS) (Manirakiza 
e t  nl. ,  1999) 

GCIMS on packed column with 
trimethylsilylation (TMS) as 
derivatization. a-cholestane 
used as internal standard (Iwai 
e t  al., 1979) 

column, tetracosane (IS) and on 
column derivatization 
(Krajewska et al.,1987) 

GCIFID, (25 m fused silica 
capillary column bonded with 
crosslinked cyanopropyl- 
dimethylsiloxane (BP- 10). 
Squalene as IS. Comparison of 
mass spectra (Hawer e t  al., 1994) 

GCITSD, more polar column 
(AT-1701, 14% 
cyanopropylphenyl, 869% 
methyl stationary phase, 
3 0 m  X 0.25 m m  i.d. X 0.25 p m  
film thickness) (Thomas e t  nl., 
1998) 

GCIFID, packed analytical 

Clean chromatogram, but only three 
capsaicinoids quantified and one 
detected 

Rapid fouling of HPLC columns, 
increasing pressure in the system 
shortens the column life, old 
technique 

Old methodology 

Good resolution of capsaicinoids 
and clean chromatogram, no 
derivatization step needed 

Very clean chromatogram, use of 
guard column, expensive 
procedure, no derivatization step 
needed, three compounds 
quantitated 
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Flg14i.e 4.4 GC cl~romatogram of capsaic~nolds obtained ~ r t h  a 14% cya11opuopylpl1enylI86% methyl 
stationary phase, 3 O m  X 9.25 m m  i.d. X 0 .25  y m  film rhrckness (Thomas et nl . ,  1998). 

(Reilly e t  al., 2001b). The quantification of capsaicinoids ~ls ing LC-MS-MS was more sensitive 
and exhibited greater accuracy, even at low analyte concentrations. A mass spectrum of product 
ions generated by collision-induced dissociation of capsaicin (iicds 306) is given in Figure 4 .5 ,  
\vllile a typical selected reaction monitoring profile from the analysis of capsaicinoids by 
LC-MS-MS is shown in Figure 4.6. The limit of quantification of LC-MS in C~zp.ric~~iiz was 10 
nglml, while it was ten times lower for LC-hlS-A'$§. 

Analytical I-eco?~z?ne~zdations 

Although the choice of an analytical method for capsaicinoid determination usually depends 
upon the available instrumentation, the following considerations sho~ilcl be taken into account. 
The sensory, colorimetric, spectrophotometric or thin layer chron~atography (TLC) procedures 
are not convenient for the determination of individual cornpoullds and are, therefore, recom- 
mended only for the analysis of total capsaicinoids. Reversecl-phase HPLC with a complexation 
step could be an alternative method. Although GClhfS is beliel-ed to offer good results, it still 
req~~ires  specific sample preparation and costly instrumentation. For its ability to identify cap- 
saicinoicls in dilute or very small samples and also for its high costs, LC-MS-MS should be 
employed for forensic analysis. 



Matrix Sample preparatiomi Extraction Amialy.ris 

Table 4.5 Liquid chromatographic methods for capsaicinoid determination in Capsicum products 

- 

Cap.r icuimz Capsicz/nz oleoresins are sampled, SPE on silica gel cartridge, wash 
oleoresins and container heated in waterbath, with hexane and with 
pharmaceutical shaken for good homogeneity, methanol 
preparations SPE on silicagel 

Capsicumn and Capsictinz fruits are crushed or Extraction in warm ethanol with 
extractives ground reflux condenser or C18 SPE, 

elution with ethanol 

Chillies and Capstcum~z powdered 
paprika, Cap.ricum 
frute.rcen.r L. and 
Capsicum annuuimz L. 

Pepper sprays Equilibration at - 20"C, 
products evaporation of the volatile 

Supercritical fluid extraction 
(SFE)/acetone, liquid liquid 
partition for further clean-up 
(chillies) 

~ ~~~~ 

HPLC separation, mobile phase 
60% MeOH/40% water, Supelcosil 
C l 8 ,  25 cm X 0.46mm,  5 k m  particle 
size; elution in order of molecular 
weight; use of dimethoxyl- 
benzylmethyloctamide (DMMBO) as 
internal standard. UV detector 
(Cooper et al.,  1991) 

LC with UV detector, fluorometer 
with excitation 280nm and emission 
325 nm; mobile phase used: 
acetonitrile 40%/60% water with 
1 %  acetic acid viv (AOAC, Official 
method 995.03, 1995) 

Lichrospher RP-18 column with a 

RP-18 ,4  X 4 c m  guard column, eluent 
mixture, acetonitrileiwateriacetic acid 
(100:  1 0 0 :  1); use of fluorescence detectoi 
(Peusch e t  al.,  1997) 

HPLC on 250 X 4 m m  

Sample reestablished with LC-MS-MS, metaSil basic (100 X 3.0 mm), 
methanolin-butylchloride (1 : l ) ,  3 p,m, particle size, C2-C8 
if necessary 50 times diluted reverse phase, mobile phase: 

methanoliwater (57.5 : 42.5) with 
formic acid 0.1 "/o viv. Electrospray 
ionization source operating in SIM 
mode (Reilly e t  al.,  2001) 

capsicumn Chopped in fine tissue Extracted with petroleum ether: HPLC with conventional analytical 
oleoresin acetone mixture and TLC columns (Perucka and Oleszek, 2000) 

separation (silica gel) 

Cnmnnzemits 

Has been app!ied to material with 
higher concentrations of 
capsaicinoids; use of internal 
standard 

No internal standard needed, 
based on empirical formula for 
the determination of the SHU 

SFE offers shorter extraction 
time, less sample preparation; 
the procedure is somewhat 
expensive, convenient for rich 
capsaicinoid rich compounds 

Use of costly equipment, very 
high selectivity, can separate 
nonivamide wirh capsaicin with 
mass-to-charge ratio; well 
indicated for forensic analysis 

Evaluation of all capsaicinoids 
without any individual 
identification 



Fig1t1.e 4.3 Mass spectrum of product ions gtnerartcl by collision-induced dissocint~ons of capsalcln at 
;;c#; 306 (Reilly e t  al. ,  2001b). 

mlz 280+137 

mlz 30841 37 

0 2 4 6 8 10 12 14 16 18 20 22 

Time (min) 

Figure 4.6 Typical selected reaction monitoring profile from the analysis of capsalcinoids by LC-MS-MS 
(Reilly et izi.. 2001b). The identities of the peaks are octanoyl vanlllamide (m,'; 280-137), non- 
ivam~de ( i i j i ~  291-l37), capsaicin (n j lz  306-137), and d~hydrocapsaicin (inis 305-137). 



Capsaicinoids and toxicity 

Many studies have been conducted on the most abundant capsaicinoids in the Cupjiiun~ pepper, 
capsaicin and dihydrocapsaicin. Capsaicin, the pungent phenolic compound of the Cap~ii.~uu 
species, has shown a wide range of pharmacological properties, including antigenotoxic, antimu- 
cagenic and anticarcinogenic effects. Other studies, however, have shown it to be a tumour pro- 
moter and potential mutagen ancl carcinogen, resulting in capsa~cin being termed as 
"a double edged snrord" (Richeux e/  al., 1999; Sing11 e t  NI., 2001). 

The detection of painful stimuli occurs primarily at the peripheral terminals of specialized sen- 
sory neurons called nociceptors. The small diameter neurons transduce signals of a chemical, 
mechanical or thermal nature inco action potentials and transmic their information to the central 
nervous system, ultimately eliciting a perception of pain and discomfort (Caterina and Juliiis, 
2001). The localized ctesensitization of nociceptive afferents when capsaicin is applied in small 
doses has led to capsaicin being used as a therapeutic drug for pain relief (Minani et ' / l . ,  2001). 
For example, capsaicin has been evaluated as an analgesic in a variety of neuropathic pain condi- 
tions, including postherapeutic neuralgia, painful diabetic neuropachy, osteroarthritis, the posr- 
surgical pain syndrome and Guillain-Barre syndrome (Markovits and Gilhar, 1997; Szallasi and 
Blumberg, 1999). However, at increased concentrations, a capsaicin-associated burning 
sensation can negate the beneficial and therapeutic effects (LIinani et al. ,  2001). 

In  order to determine the lethal toxic level of capsaicilloids and to extrapolate them to 
hurnal-rs, many experiments were performed in mice, rats, guinea p ~ g  and rabbits. Pure capsaicin 
(16,000,000 SHU) was administered intravenously, subcutaneously in the stomach and applied 
topically until the death of the animals. The lethal toxic closes of capsaicin in m g  per kg animal 
\veight, were 0.56 for intravenous administration, 190 when consumed and 512 ~srhen applied 
topically. The probable cause of death in all cases was presumed to be respiratory paralysis. 
Guinea pig was the most sensitive to capsaicin, while rabbits were less sensitive. The acute tox- 
icity of capsaicinoicls as a food additive for humans was negligible. Lioreover, if humans were as 
sensitive as mice, che acute fatal toxicity dose for a 70 kg person would be about 13 g of pure 
capsaicin which is very high regarding the Capjictil~i content and the quantity taken per one 
meal. Other studies have concluded that a person of 70 kg weight would have to consume nearly 
2. j L of Tabarco sauce to overdose and to beconle unconscious. People with few tastebuds in the 
mouth are not so bothered by the extreme heat. However, most of the people react very nega- 
tively to the super hot sauces, experiencing severe burning and sometimes blistering of the 
mouth and the tongue and immediate responses have included shortness of breath, fainting, 
nausea and spor-itaneous vomiting (Geppeti r t  nl.,  1988; Palecek r t  d., 1989; Midgren e t  al . ,  

1992). 
Many other studies on capsaicinoid toxicity have shown that capsaicin directly inhibits pro- 

tein synthesis by competition with tyrosine in a cell-free system, as well as in a cell culture sys- 
tem according to the cell type and the extracellular concencratlon (Cochereau e t  al.,  1996). 
Reports in the literature (Nagabhushan and Bhide, 1985; Lawso and Gannetr, 1989; idZorr6 
et  nl., 1995) indicate that capsaicin and its metabolites are able to induce DNA damage and 
mutagenicity observed in bacteria and in ziz 0 micronucleus formation in mice. In the presence of 
Cu (11) and molecular oxygen, capsaicin was reported to cause strand scission in DNA through 
an oxidative mechanism (Morri et a / . ,  1995; Cocherea~l et  '?l., 1996; Cochereau et  al., 1997). For 
example, in Hela cells in culture, 100 pM capsaicin was reported to induce DNA fragmentation 
and chromatin col~densation (LIorri et al., 1995). 
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Usage ofcal!suicirzoids in self-deferzce u~eapo~z.5 

An interesting application of capsaicinoids is then  use in self-defence weapons. Defense sprays 
have become popular for both police use and personal protection. AtIost of them contain 
o-cl~lorobenz~lidene, malononirrile, cl~loroacerophenone, oleoresin ca]~~z~-wiiz or a combination 
of these ingredients. When  applied topically, capsaicin produces a spontaneous inflammatory 
reaction in mucous membranes, and contact with eyes resulrs in bleplxxrospasm caused by irrita- 
tion of the cornea1 ner\es. Additional symptoms of eye contact include extreme brrrning heat, 
lacrimation, conjunctival eiienla and hyperemia (Gonzalez e t  al., 1993). In the nasal mucosa, 
capsaicin produces burning pain, sneezing and a dose-dependent serious discharge (Lundblad 
et  ' I / . ,  1984; Geppeti e t  a / . ,  1988). Contact w ~ t h  skin produces a b ~ ~ r n i n g  sensation, erytherna 
~vi thour  ~~esiculation, while its inhalarion results in rransitorp broncl~oconstr~ction, cough and 
retrosternal discornfort (Collier ancl Fuller, 1984; F ~ ~ l l e r  e t  al., 1985; Blanc e t  al., 1991; hlidgren 
et  nl., 1992). Direct administrarion of extratracheal capsaicin aerosol in dogs resulted in apnea, 
brachj-carclia, hyporension, nliosis and aqueous flare (Gonzalez e t  '?L. ,  1993). 

Conclusion 

Capsaicinoids are a natural group of alkaloids attracting an increasing interest for their use as 
food additives and for their pharmacological properties. Human intoxication risk with capsaici- 
noids after ingestion n7as evaluated to  be very low, while its use in self-defence weapons with 
possible contact \vith eyes could result in acute blepharospam. Their isolation from the C~7p.rii~nz 

spccies and their complete quantification stlll requires relatively sophisticated apparatus. 
Hon-ever, permanent research for low cost determination continues. 
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In order to clarify the factors controlling capsaicinoid biosytlthesis, the contents of capsaici- 
noids and their phenolic intermediates in: (1) the place~ltas of Capsii-idm nlz i~ i~i i~n  L. 'Jalapeiio' 
and 'Shimof~isa' during the fruit-developing period; (2) various organs of C .  ai2i~u~/i/2 L. 
'Jalapefio' and; (3) the placentas and septa of tetraploid plants of C. n7z?7ul~nz L. 'Shish~tol~ '  
were investigated. The content of free phenolics in placentas was less than one-fifteenth of 
the capsaicinoid content in placenta t h r o ~ ~ g h o u t  the observation period. The contents of 
capsaicinoids and their phenolic intermediates in various organs such as peduncles, leaves, 
stems and roots were less than those in placentas. The contents of capsaicinoids and their 
phenolic intermediates in the placentas and septa of cetraploid plants were almost the same 
as those in diploid plants. 

Introduction 

Capsaicinoids are the pungency principles found in the fruits of CU]?J~CNI~Z.  The contents of 
capsaici~loids are quite important for the use of the fruits of C ~ ~ S Z C I / I Z .  So the reg~llation 
mechanism of the biosynrhesis of capsaicinoids has been investigated intensively. 

Capsaicinoid is a compound group that is a11 acid amide of vanillylamine and a C9-C,, 
branched-chain fatty acid. At first, the pungency principle of C&psi~-~/nz was thought to be a sin- 
gle compound, capsaicin. According to the description of Kosuge tt a l .  (1957), Mlcko isolated 
capsaicln in 1898 and in 1923, Kelson cleternli~lecl the chemical constitution of capsaicin 
(8-methyl-N-va~lillyl-6-nonenamide). In 195', Kosuge et a l . ,  identified another compound in 
capsaicin. On studying the chemical constitution, he named the second compound dihydrocapsaicin 
(8-methyl-N-vanillyl-nonaa~nide), and proposed to call the pungency principle 'capsaicinoid' 
(Kosuge et '?l., 1961). To date, 22 conlpounds have been listed as capsaicinoids: capsaicin, dihy- 
drocapsaicin, isomer of dlhydrocapsaicin, homocapsaicin, homocapsaicill 11, homodihydro- 
capsaicin, l~omodihydrocapsaicin 11, norcapsaicin, nornorcapsaicir-i, etc. (Bosland and Votava, 
1999). Krajewska and Ponrers (1988) reported sensory properties of capsaicin, dihydrocapsaicin, 
nordihydrocapsaicin and hon~odihydrocapsaicin. \When solutions of low concentrations were 
examined, the differences in character, duration and location of pungency in the tongue and 
palate were observed. And altliough individ~lal compounds had different values of Sco~i l l e  
Heat Units, the total pungency of the mixed compounds was highly correlated with rhe sum of 
plingencp of individual compounds. 

Ohta (1962) and then Fujiwake e t  a l .  (1980) reported that capsaicinoids were localized in the 
vacuole of the epidermal cells of placentas and septa, and the accum~~la t ion  of capsaicinoids 
reached the maximum level when the size of the fruits reached the maximum. Experiments 
using radioactive substances revealed that capsaicinoids were biosynthesized from the two arms; 
the aromatic component from L-phenylalanine to vanillylamine, and C9-C,, branched-chain 
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Figitre 5 .1  Proposed hrosp~lrhetic pathway of capsaicinoids 

fiatty acid moieties from L-valine or L-leucine (Bennet and Kirby, 1968; Leete and Louden, 1968) 
(Figure 5 .  l). The intensive work of Iwai was particularly important for the establishment of the 
fundamental aspects of the biosynthetic pathm7ay of capsaicinoids (Imai, 1986). The pathway 
proposed for the biosynthesis of the vanillylamine moiety of capsaicinoids from L-phenylalanine 
is as follows: L-phenylalanine, trans-cinnamic acid, t1.an.r-p-coumaric acid, t?.a?zs-caffeic acid, 
t~'t?i.r-ferulic acid, vanillin and vanillylarnine. In the pathway of biosynthesis of capsaicinoids, the 
last step of condensation of vanillylarnine and fatty acids is expected to be important, but the 
enzyme for that step has not so far been purified. S~lppressive or stiinulative factors are also 
unknown so far. 

So we considered it to be important to characterize the biosynthetic status of capsaicinoids. At 
the beginning of this chapter, the time-course studies of the contents of capsaicinoids and their 
phenolic intermediates in the placenta of the two culcivars of C. anniiunl were described (Sakamoto 
et al., 1994). One cultivar was the highly pungent 'Jalapeiio', while the other was the non-pungent 
bell pepper 'Shimofusa'. In this study, the importance of phenolic intermediates was disc~~ssed. 
These results were slightly different from those of C. ,ti.z~te~ce?u (Sukrasno and Yeoman, 1993). 

The contents of the capsaicinoids and their phenolic intermediates in the various organs of 
C. L T ? Z ? ~ V Z L ) ~ ~  L. were described in a study by Ishikama et al. (1998). In this study, the pungent 
'Jalapeiio' was used as a plant material. The contents of vanillylamine or phenolic intermecliates 
in peduncles, leaves, stems and roots were less than that in the placenta. 

The capsaicinoid contents in tetraploid plants of C, aizizazini L. 'Shishitoh' were described in a 
further study by Ishikawa et al.  (2000). Tetraploid plants yere established in order to investigate 



the biosynthesis of capsaicinoids in different physiological conditions. Tetraploid plants of 
C~~psiiidlij were easlly obtained by the colchicine treatment of the seeds (Ishikawa e t  n l . ,  1997). 
The fruits of 'Sliisl~itol~' are usually noil-pungent, and consun~ed in the young green stage as 
vegetables in Japan. 'Shishitoh' produces a lot of elongated fruits with a thin pericarp, 
compared with a typical bell pepper like the 'California Wonder'. In a stress condition, such as 
dryness or high ten~peracure, the fruits of 'Shishitoh' become easily pungent. So this cultivar is a 
suitable plant for the investigation of the factors affecting on the capsaicinoid contents. Our 
results showed that the seed number and the length of [he fruits were reduced, and that the 
accumulation of capsaicinoids and their phenolic intermediates did not change. 

Materials and methods 

Cdpsaicinoid co~ztelzts d z ~ r i a g  the  fiuit-dezlelofiirzg period 

The seeds of C. n:zlzznzin? L. 'Jalapefio' and 'Shimof~isa' (Japan Horticultural Production and 
Research Institute) were sown in May and the plants were grown for about ten months in the 
greenhouse. The fruits mere removed two to twelve weeks after flowering and capsaicinoids were 
extracted from their placentas by the methods described next. 

Cdpsaic i~zoid  contents i f z  the  z~arious organs 

The placentas, peduncles, leaves, stems and roots of C. N ~ ? Z M N ? I Z  L. 'Jalapefio' growing in the 
greenhouse for ten montlis were used for the analysis of capsaicinoid contents. Capsaicinoids 
were extracted from the placentas of the fruits two to twelve weeks after flowering by the 
methods described next. 

Establisbnzeut oftet lzlploid plmzts of Capsicum 

The seeds of C .  nilnid~nj L. 'Shishitoh' (Nihon Horticultural Procluctioil Institute) were surface- 
sterilized n-it11 1% sodium hypochlorite solution for 1 5  minutes and rinsed three times in sterile 
distilled water. About 40 seeds were then soaked in 10 m1 of 1% colchicine solution in Petri 
dishes (9 cm in diameter), in which one sheet of filter paper was put. Four days after soaking, the 
seeds were transferred onto 'Murashige and Skoogs' medium (Murashige and Skoogs, 1962) with 
3% sucrose and 0.2% Gellan Gum,  and cultured at 25°C under c o ~ l t i n ~ ~ o u s  light condition. 
Several weeks after culture, plantlets were acclimatized and transferred to pots, and cultured at 
2i°C under continuous light condition. Ten weeks after the colchiclne treatment, the DNA con- 
tents of the leaves of these plantlets were analysed by flow cytometry. 

For the flow cytometric analysis, the leaf segment (about 0.5 cmL) was chopped with a sharp 
razor blacie in the buffer (Solution A of plant high resolution DKA kit type P, Partec, Germany). 
After chopping, the suspension was stained with staining solution (Solution B of plant high 
resolution D K A  kit type P, Partec, Germany) and filtrated with 40 1J.m nylon mesh and 
immediately analysed with flow cytometer (Partec SA, Germany). 

Alovphology alzd capsaici?zoids o f the f i . u i t s  of tetraploid 'Shishitoh' 

Tetraploid plants of 'Shishitoh' were grown in a greenhouse for ten months with non-colclliiine 
treated plants as the control. Four fruits were taken, and the seed number of the fruits was 
counted. The weight, length and diameter of the fruits, and the weight of placentas and septa 
were measured. Half of the placentas and septa mere used for an analysis of capsaicinoid content. 



Capsaicinoids were extracted from the placentas and septa of the fruits of tttraploid 
'Sliisliitoh' by the methods described here. 

A?znlysic of capsnici?zoid conte~zts by NPLC 

The tissues mere weighed and extracted twice with 80% ethanol. The extract was then evapo- 
rated to dryness and dissolved in 1 m1 of dimethyl sulfoxicie (DMSO). Free phenolic intermedi- 
ates, including cinnamic acid, coumaric acid, caffeic acid, ferulic acid and vanillylamine, 
together witli capsaicin and dihydrocapsaicin (CAPS), were quantified by the HPLC method. 
HPLC was carried out according to the method of Jolinson e t  nl. (1992) with a slight modifica- 
tlon to the solvent gradient and detection wavelength (280 nm). Tlie gradient conditions coil- 
trolled by a Tosoli SC-8010 I-IPLC system were as follows: 0-50 minutes, linear gradient from 
0% to 1 0 0 9  CH;CN at 1 nil/min in 0.1% aqueous trifluoroacetic acid; 50-65 minutes, 100% 
C H j C N .  Tlie analytical colunin used was an Inertsil ODS-2 type (4.6 m m  i.d. X 15 cm, GL 
Sciences) witli an ir-ijection volume of 20 pl. Tlie effluent was monitored by a Tosoh UV-8010 
detector and a Waters 991J photodiode-array cletecror. Authentic samples of vanillylamine, 
capsaicin ancl dihydrocapsaicin were presented by Professor H .  Kamada, while authentic 
samples of cinnamic acid, coumaric acid, caffeic acid and ferul~c acid mere presented by Professor 
U. Sankawa. 

Results and discussion 

Capsuici?zoid co?fterzts dz tr i~g finit-developing period 

As cinnamic acid, cou~iiaric acid, caffeic acid and f e r ~ ~ l i c  acid are ~~biquitously distributecl in the 
main stream of phenylpropanoid metabolism, their contents were summed and were presentecl 
as the content of plienylpropanoids. In addition, as CAPS are known to be the two major com- 
ponents chat constitute more than 9 0 2  of total cal~saicinoicls, their contents were also summed 
and were presented as the CAPS content. 

In the 'Jalapeiio' placenta, CAPS starteci to accumulate after four weeks, and active accumula- 
tion continued u n t ~ l  the eighth week (Figure 5 .2) .  After reaching the niaximum value, the 
CAPS contents remained practically constant for as long as observation was cont~nued. In the 
case of 'Sh~mofusa' ,  little CAPS accumulated, even at ten weeks, the content being about 
one-thousanclth of that in 'Jalapefio'. 

Time after flowering (weeks) 

F ~ g ~ / r e  j,? Accumulation of CAPS it1 the placentas of C. U ? ~ I Z I ~ N I I /  L. 'Jalapefio' and C. ~ : Z ? Z / L / / , I ~  L. 
'Shirnofusa'. 
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Figure 5.3 Accumulation ofphet~ylpropanoicls (C6-C:) and vanill!-lamine (VA) in tile placentas o f  
C, rZii72NNlii L. 'Jalapeiio' and C ,  rrn/z1/?/ii2 L. 'Shimofusa'. C6-C;: citina~nic a c ~ d ,  co~imaric 
acid. caffeic a c ~ d  and ferulic acid. 

Phenylpropanoids were also acrively accunlulated in the 'Jalapefio' placentas, together with 
CAPS acculnulation (Figure 5.3). However, their content was less than one-fifteenth of the 
CAPS content throughout the observation period. O n  che other hand, vanillylarnine started to 
accumulate after four weeks, although the amount was less than that of phenylpropanoids. 

In the case of 'Shimofusa', no remarkable changes were observed in the contents of phenyl- 
propanoids and vanillylarnine during the fruit-developing period. The maxinlum contents were 
not markedly different from those in 'Jalapefio', in comparison wirh the differences between the 
CAPS contents in 'Jalaperio' arld 'Shimofusa'. It is of interest to note that a substantial arnount 
ofphenolics was also produced in the placenta of 'Shimofusa' which is not pungent. 

Sukrasno and Yeoman (1993) have reported char no free phenol~c inrermediates were detected 
in the fruit of C. jiuttirceiir. However, we detected free phenolics in the placentas of tn7o cultivars 
of C. aizizuiin~. The maximum total content was alnlost the same as that of glvcosylated phenolics 
observed in the fruits of C. j.zite~ie:~.r (about 1,000 nrnol per fruit). We cannot account for the 
importance of glycosylation of the phenolic intermediates in the capsaicinoid biosynthesis; 
however, the difference betnreen the free and glycosylated forms might be attributable to the 
subgenus of the Capsiciin~ fruits. 

Sukrasno and Yeoman (1991) also reported that the capsaicinoid accumularion in the fruit 
concurred n ~ i t h  the disappearance of cinnan~oyl glycosides, and suggested that cinnamoyl glyco- 
sides were accumulated mainly in the seeds, rather than in rhe placenta, on the basis of tissue 
compartmentation analyses of the phenolics in well-matured fruit. In our study of the placentas 
of 'Jalapefio', however, no acc~lmulation of phenolics occurred prior to that of CAPS. 

Connecting these observations with the fact that capsaicinoids were accumulated in the 
placenta, a translocation system for the phenolic intermediates from the seeds to placenta seems 
ro have been involved. More detailed kinetic studies on the phenolics in  various tissues 
of C~lpsii-ai/? f r ~ ~ i t s  will be required to elucidate the translocation system for the phenolic 
intermediates and its role in the biosynchesis of capsaicinoids. 

Capsaici~zoid contents in the cm-ions organ3 

The CAPS were specially accum~llated in the placenta (Figure 5.4). The amounr of CAPS in the 
peduncles, leaves, stems and roots was as small as c.0.5 ymollg, which was only 0.7% of the 
amount in placentas. 
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17/giwr 3.4 The contents of capsalcinoids i n  various organs. CAPS: CAPS; C6-C;, cinnamic acid, 
coumarlc acid, cafkic acid and feri~lic acid: VA: raniilylamine. 

The average content of phenylpropanoids (C6&;) in the placenta ancl other organs was 1 .9' 
and 0.54 kmolig, respectively. The average content of vanillj-lamine In the placenta and other 
organs was 0.90 and 0.14 kmolig, respectively. The amounts of bot-h phenylpropanoids and 
vanillylamine in placenta mere higher than those in other organs. 

Our result showed chat the amounts of these phenolic intermediates and vanillylamine in 
placenta ancl in other organs were not correlated to the p rod~~ct ion  of CAPS. 

AIo+phology m z t l  capsuici~zoids o f  thefi.uits of tetl-~zploid 'Shishitoh' 

Germination rates were 100% in both control and colchicine treated conditions. Polyploidy was 
determined bl- the flow cytometrlc analysis of the leaves. Main peaks of 2C and 4C were 
observed in the leaves of cliploid and tetraploid plants, respectively (Figure 5.5). Bp the flo~v 
cl-tomerric analysis, about 20% of the plants were ideutlfiecl as tetraploid. These plantlets had 
short, thick roots and hypocot!-1s. 

After acclimatization, these tetraploid plantlets were grown in a greenhouse together with 
their diploid control plants for about ten months, and the fruits were collected (Figure 5.6). 

The average seecl number of tetraploid 'Shishitoh' was a b o ~ ~ t  10'1 ofthat of diploid, although 
the average fresh weight of place~lra and seprum of tetraploid was about 90% of that of 
diploici (Table 5.1).  Because a lot of tiny unde\~elopecl seeds were observed on the placentas 
of tetraploid fruits, it was expected that the development of the embryos might be suppressed in 
tetraploicl plants. 

Although the dialneter of the diploid and tetraploid fruits was about 2 cm, the average length 
of the tetraploid fruits was only 1 . 5  cm, which was 60% of the average length of the diploid 
fruits. It  is expected that the elongation of the pericarp cells of tetraploicl fruit xvas suppressed. 
It is reported that reduction of [he seed number induced the suppression of the fruit clevelop- 
ment (Polo\~ick arid Sa~vhney. 1985). 

The contents of CAPS and phenolic intermediates in the fruits of tetraploid 'Shishitoh' were 
almost the same as those in the fruits of cliploid 'Shishitoh' (Table 5.2). The capsaicin contents of 
the placentas and septa of diploid and tetraploid fruits were both about 2 k g / g  fresh weight. Our 
results agreed with the report by Yazanya et al.  (1989b), in which the capsaicin content of 
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Tdl~le j .1  hlorphologj- of the mature fruits of diploid and tetraploid 'Shisllitoh' 

No. of seeds '3.0 i 13.8 2'.3 i 5.2 
The length of che fruits (mm) 69.9 5 4.8 44.- i 1.2 
The di:~meter of che fr~llts (mm) 21.5 t 0.4 20.0 i 1.2 
Tlie weiglic of che fruics (g) 8.11 i 1.13 5.47 i 0.33 
The we~gli t  of clie placenca 

and interlocular septum (mg) 621.0 ? j5.2 546.2 +- 50.2 

h-ore 
hitan t SE, ii = i 



T~~hfr, j .2  The content5 of capsaicinoids of the inature f r u ~ t s  of 
diploid and tetraploid 'Slllshitoh' 

Vdn~ll) lamine 1.43 0.30 0.9' = 0.36 
Caffeic acid -'.38 z 21.68 7 < 4.20 I 15.1- 
Ferulic acid 4.18 I 1.58 '.X f 2.39 
Capsaicin 2.06 I 1.56 1.60 5 0.51 
Dihydrocapsaicin 2.16 2 1.50 1.70 2 0.3- 

Mean X SE (p. g g ) ,  ,I = i 

'Shishitoh' was 18 bgl'g dry weight. We also detected l1 mg/g fresh weighr in the fruit of 'Shishitoh' 
in a different condition, the same level with the pungency cultivars such as 'Jalapefio' (Sato et nl., 
1999). It is concl~~clecl that [he pungency of tetraploid fruits of 'Shishitoh' was not affected. 

The ratio of CAPS content was almost 1 : 1, \vhich agreed with the report by Yazawa et n l .  
(1989b), and also wirh the result of 'Jalapeiio' (Sakamoto r t  nl.; 1991). One of [he famous 
pungent Japanese peppers 'Takanotsume' contains about 1800 bgig dry weight of capsaicin and 
300 bg /g  dry weight of dihydrocapsaicin (Yazawa e t  d., 1989a). It  is expected that the ratio of 
capsaicin to diliydrocapsaicin is different among the cultivars. 

Our results showed that although [he seed number and the fruit length of tetraploid 
'Shishitoh' were reduced, the content of capsaicinoids and their phenolic intermediates were the 
same as thar of diploid 'Shishitoh'. 

In order to clarify the factors controlling the biosynthesis of capsaicinoids, we are nonr 
investigating the other conditions that may change the pungency of C~~psiciliic. 

Conclusions 

In the breeding and production of Cnpsic~fiz ,  the reg~llation of capsaicinoid biosynthesis is one of 
the most important subjects. 

In order to clarify rhe biosynthetic status, the contenrs of the capsaicinoids and their phenolic 
intermediates in the placentas of the pungent fruits of C .  anwiiitnd L. 'Jalapefio', and the non- 
pungent fruits of C. ni2unn7iz L. 'Shimofusa', during fruit-developing periods were investigated. The 
content of phenolic intermediates in the placentas of 'Jalapeiio' n7as less than one-fifteenth of the 
capsaicinoid content chrougho~it the observation period. Also in peduncles, leaves, sterns and 
roots, the contenrs of capsaicinoids and phenolic incermeditates were less than those in placentas. 

In order to investigate the biosynthesis of capsaicinoids in different physiological conditions, 
tetraploid plants of C. a:lMIlN712 L. 'Shishitoh', were obtained by colchlcine treatment of the seeds. 
Although the seed number and the fruit length of the tetraploid plants were reduced to 10% 
and 60%, respectively, of diploid plants, the contents of capsaicinoids and their phenolic inter- 
mediates were almost the same. 
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G Biotechnological studies on Cnpslcg~m 
for metabolite production and plant 
Improvement 

C U ~ J ~ C I I ? ~ ~  is a versatile plant used as a vegetable, a pungent food additive, a colourant and 
a pharmaceutical. Capsaicinoids and carotenoids are the major chemical constituents of 
importance, which add high cornlllercial value to this plant. The studies on the production 
pathway of these secondary metabolites and their regulation is a subject m~hich needs atten- 
tion in order to develop a biochemical understanding of their formation. Genetic engineer- 
ing and biotechnology work need to be carried out to achieve the targets of pre-harvest 
improvement and post-harvest characterization for value addition of this plant. 
Nutraceutical, pharmaceutical and colour principles of C~zpslczin2 mill become useful in years 
to come. This review focuses on the chemistry, biosynthetic pathway of capsaicinoid and 
carotenoid, genetic engineering, downstream processing, industrial prospects and the 
relevance of biotechnology. 

Introduction 

The genus Cap.rjc~712, which is commonly known as chilli, "red chile", "chilli peppers", "hot red 
pepper", "tabasco", "paprika", "cayenne", etc., is a member of the family Solanaceae. This genus 
has approximately 22 wild species and five domesticated species (Table 6.1) namely Copsici/:z 
anizunni. Capsici~?f~fi~te~~-riz .r .  C~@r.ii.un2 hnccdtiii??. Capsi~zi?i2 chinenie and Cllp.ticziiiilz pfihriceizs (Bosland, 
1994). It is a small perennial shrub and the fruit is a berry. The cap sic^?^^ plant grows optimally 
in conditions of 7.27"C with annual precipitation of 0 .3- i .6m and a soil p H  of 4.3-8.7 (Simon 
e t  nl., 1984). They grow best in well drained, sandy or silt-loam soil and are cold sensitive. 
Planrings are established by seedling or transplanting. Hot  and dry weather is desirable for the 
fr~iit  ripening. 

Chilli bred for generating better pleld, should have superior genetic potential, protection 
against insects and pests and improved quality. Hybridization in chillies was tried by both inter 
and intraspecific crosses and backcrosses. Haploid breeding and single seed descent have also 
been tried. As it is a self-pollinating crop, commercial production of hybrid chillies has been 
successful by hand emasculation. Molecular marker-assisted selection techniques provide new 
tools for the breedlng of chillies. In this regard, isozyme and nlolecular markers have been 
applied to chillies. Prince et nl .  (1993) have reported a saturated isozyme and RFLP map of chilli 
which contains 192 chilli and tornato genomic cDNA clones with 19 linkage groups with a 
total coverage of 720 CM. Specific map positions of 26 RFLP markers in seven linkage groups 
were not determined and vast regions of the chilli genome remain unmapped. 

The total capsaicinoid content, and its con~position in various chilli varieties, is given in 
Table 6.2 (Jurenitsch e t  al . ,  1979). Capsaicin contents of various chilli varieties have been 
reported to range from 0.2% to 1.0% (Tewari, 1990). Very high values ofabove 1.0% have been 
reported in some highly pungent Indian varieties of C ,  n?zizuma fruits (Ananthasamy e t  a l . ,  1960; 



Table 6. l List of major Cctpszi-iiiii species 

*:c. aizizi///7iz L.  
;::C. b'!~.t.cit//iiz L. 
C ,  hi/for~/iii A.T. Hunz. 
C. iiziiip~~lopd1i/~11i Send[. 
C ,  i o ~ ~ / e z u i ~ i  Heiser & Smith 
::'C. rhnroe?iie A.T. Hunz. 
'K. ci~iweic~r Jacq. 
:':C. coci-ilreuii2 (Rusby) A.T. Hunz. 
C. roiiziiti/iiz (Hiern) A.T. Hunz. 
C. cji?i7orphiim (Miers) O.K. 
C. du1e:iii Bitter 
'V. miiizz7inz A.T. Hunz 
:':C. gulap~zgorrisis A.T. Hunz. 
*C, /?i/te.ii-e?i~ 
C. gen2ttizi;ilii~nz (Dammer) A.T. H i ~ n z .  
C. hiic~keria121~?iz (Miers) O.K. 
C.  luiiceii/~/ti/m (Greenm.) hlorton Sr Standley 
C. Iej~topo~Jlinz (Dunal) O.K.  
C.  nz?iciit$~ritni (Rusby) Hunz. 
C ,  iiiznzhiie Mart. ex Sendt. 
C. pa~z,tfoli~/m Sendt. 
*C, p~aeteriiii~sii712 He~ser  & Smith 
C ,  p//beJ.i.e?Zi R. & P. 
C. sc3ott~aiziiiii Sendt. 
C. L-o/iiikinniii,i A.T. Hunr .  
C ,  tozjb~rzi noiii. nud. 
C. C I / ~ I I J ~ N ~ ~ ~  Sendr. 

Colombia north to southern USA 
Argentina, Bol i~ ia ,  Brazil, Paraguay, Peru 
Brazil 
Brazil (southern) 
Boli\.ia 
Arpent~na,  Bolivia, Paraguay 
Latin and Soiith Amer~ca 
Bolrvia, Peru 
Brazil (southern) 
Colombia 
Bra211 (southeast) 
Argentina, Bolivia 
Galapagos Islands 

Colombia, Ecuador 
Ecuador 
Guatemala, Honduras, Mexico 
Braz~l  
Argentina, B o l ~ v ~ a ,  Paraguay 
Brazil (southern) 
Braz~l (northeast), Colombia, Venezuela 
Brazil (southern) 
Latin and South America 
Argentina, Brazll (S), Paraguay (SE) 
Peru 
Peru 
Brazil (southern) 

Kore 
::: \Viciely used species 

Tuble 6.2 Capsaicinoids content and oleoresin yield of some world varieries of chlllies 

\/ariet) IJ oi/n-e Cop~uiiii~oidl in  O/eol.r~iii j ieM (g) C~zpiaiczizciidi ziz 

~-hi l / i  (5%) oleu~.esi?l (R) 

Monlbasa, Uganda 0.80-0.85 
Mombasa, African 0.12 
Snlall chillies, 0.82 

African 
Baham~an 0.51 
Bird chillies, India 0.36 
Santaka, Japan 0.30 
Sannam, India 0.33 
hfundu, India 0.23 
Jwala, India 0.63 
Green chillies, India 0.69 



Deb et a l . ,  1963; Thirumalachar, 1967). Mathen, e t  a l .  (1971) reported that the capsaicin 
contents of Indian chillies varied between 0 . 2 9  and 0 . 5 F .  

Most of the bigger red-coloured fruits cultivated and marketed the world over, including 
chillies, paprika and Crzpsici~ii~, belong to the species C .  aui~~/z~i i z ,  while the highly pungent ones 
belong to C. ji*~te.r.i(.ens. 

Gapsicunz oleoresin 

The term "oleoresin" has been used for desolventized total extracts by a specified solvent. In its 
use as a food additive, the best oleoresin of Captprici/nz is that which contains those components 
\vhich constitute colour and flavo~lr (pungency, aroma and sensory factors). Oleoresins are essen- 
tially divided into three types. O/t.oroinpaprika is used as a food colouring agent in processed 
meats, dairy products, soups, sauces and snacks. Oleoresi:~ reU'p@w is a source of both colour and 
pungency, essentially used in canned meats, sausages, in some snacks and in a dispersed form in 
some drinks, such as gingerale. Oleoiesii~ Capsii-iiiii (African) is the most pungent anci used for the 
counter-irritant property in plasters and pharmaceutical preparations. 

Despite the advantages in the use of oleoresin over the ground spices, the world production 
and use of spice oleoresins is only around 1,600-1,800 tons and represents only 10% of total 
international spice trade. Oleoresin chillies with a pungency range of 0.25-1.0 X 106 Scoville 
units (1.66-6.669 capsaicinolds) and colour up to 20,000 units are used by larger food industries 
in the USA and the UK (Johnson, 1993). 

Pungency and its measurement 

Kobayashi (192 5 )  revealed that the vanillylamide moiety and acyl residues with appropriate 

chain lengths were required for exerting pungency. Nelson (1919) had reported that pungency 
depends on chain length. The alkyl residue with CS H , -  showed the strongest pungency. 
Decrease in pullgency was found to be associated with both longer and shorter alkyl chain 
lengths (Nelson, 1919). Pungency seems to depend not only on the presence of the nlethoxy 
group but also on the position of the hydroxy group. 

The basic principle of pungency evaluation using an organoleptic method was established by 
Sco~i l l e  (1912). Scoville quantified the pungency of Cff/~szi-?/i12 fruits by examining diluted 
ethanolic sweetened solutions of Capsic~/~n extract to determine the greatest dilution at n~hich 
definite pungency could be recognized. Scoville (1912) expressed the greatest dilution as the 
reciprocal of the dilution in  Scoville Heat Units.  Scoville Heat Units for pure capsaicin are 
reported as 15-17 X 106 (S~lzuki et a l . ,  1957; Todd, 1958). The pungency of various chilli vari- 
eties varies from 0 to 300,000 SHU (Table 6.3). 

SLIZLII<~ et a l .  (1957) compared the pungency determined by the orgalloleptic methocl to that 
of chemical methods. Hartman (1970) correlated SHU to the proportion of capsaicinoid content 
to GLC. Johnson e t  a l .  (1993) developed the HPLC method for the separation of capsaicin and 
other phenyl propanoides. Govindarajan et al .  (1977) proposed a scandardized procedure for the 
eval~lation of the pungency of S H L  by xvhich a linear regression was obtained between SHU and 
the capsaicin content of samples. The pungency, total capsaicinoid content and oleoresin yield of 
various chilli pepper varieties of the world are presented in Table 6.4. 

Capsaicin and four related compounds - dihydrocapsaicin, nordil~ydrocapsaici~~, homocap- 
saicin and homodihydrocapsaicin - are all responsible for pungency. Of these, the first two corn- 
pounds are equally pungent and constitute 80-90% of the total capsaicinoids; the latter two are 
present 111 minor amounts and possess only half the pungency (hfaga, 1975). The pungency 



T'/h/t 6.3 Pungency of \-ar~ous c1111li pepper n r i e t ~ e s  

PgDer t j p f  bIe'/l rui114$ 
(in Scncllle Htat LTiutr j  

I-Iabanero 
Red A~nazoll 
Peiluin 
Chiltrcpin 
Tabasco 
Cayenne 
Arbol 
Japone 
Smoked Jalepeno (Chipode) 
Serrano 
Puya 
Guajillo 
Jalepeno 
Poblano 
Pasllla 
T A N  Mild Jalepeiio-l 
Atlaheim 
New 3'1ex1can 
Ancho 
Bell & Pl~uento  

Note 
0-5,000: mild; 3,000-20,000 medium; 20,000--0.000, hot: 
-0.000-300,000. exrremt.1) Ilot. 

Tcib/e 6.t' Trade types of chillies n~orldwlde 

Tf.~7c/e )z't/~~e Soiirie P / I ~ ~ ~ I z c :  T o t n l  Piiiziipai 
S c u ~ i l k  N l l l l i  c'/~.!~?ll~l?202f~l l/ re 

(V ~-u~J~'~z[~~I~o~L/I) 

Fukien rice China 120,000 (0.8) 0.5-0.95 
chillies 

A 
Pusa J\\ ala Indla H ~ g h  0.6-0.' A 
Chillies Sierra Leone 0.5-0.' 
Uslmilagai India 0.6-0.- 
Bahamian USA '5,000 (0.5) 0 .5  B 
Tabasco USA ca. 0.5 
Ch~l recp i~ l  Mexrco ;1Zedium ca. 0.5 
Hantaka Japan 0.3-0.5 
Funrua N~ger ia  60,000 (0.1) 0.4 
Jalapeno Mexrco Low to medium - 

Satlnam India 0.3 C 
Chillits Kenya 0.2 
Danclic~~t cherry Paklsran and 30,000 (0.2) 0.2 

Bangladesh 

Iiore 
A: Oleoresin; B: Chrlll p o ~ d e s ;  C: Pickle 
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T~z61e 6 . j  Pungency threshold of major 
components of capsalclnoid 

I\ criire (4 the iiiiijp~~izd P Z I ~ Z ~ E N C :  
ISHL' X 1 0 " )  

Capsaicin 16.0 
Dihydrocapsaicin 16.0 
Nordil~yiirocapsaicin 9.1 
I-Iomodih) drocapsaicin 8.6 
Hornocapsa~c~rl 8.6 

threshold of major compounds of capsaicinoid is given in Table 6.5. The pungency ofcapsaicin 
is reg~llated by many factors. Capsaicin has three structural features: (a) tlne 4-hydroxy-3- 
n~ethoxy benzyl (I-anillyl) group (I); (b) the optimal length of linear alkyl chain (11); and (c) an acid 
arnicle linkage (111) (Govindarajan and Satyanarayana, 1991). 

Any change in one or more of these structural features decreases or even abolishes the pungency 
stimulation. Changes in 4-hydroxy-3-methoxy substitution on the aromatic moiety (I), such as 
dimethoxy, dioxy methylene groups, or a shift to the 2,i position, almost abolishes the pungency. 
The carboxyl group presetnt appears essential for pungency. The length of alkyl chain influences 
pungency, e.g. shorter and longer chain or branched chain acids stimulate little pungency. 

Uses and biological significance of capsaicinoids 

Effect of capsaicin on huinan pbj~siology 

Chillies, when taken with food, stimulate our taste buds and thereby increase the flow of saliva 
which contains the enzyme amylase, which in turn llelps in the digestion of starchy or cereal 
foods. The stimulating effects involving receptors in the mucous membranes of the mouth, nose 
and throat, the gastrointestinal tract, and the vascular receptors after adsorption and circulation 
through the blood could evoke central excitation and consequent responses in tlne internal 
organs. Chillies and other spices, have been considered psychological stimulants in animals 
(A'folnar, 1965) and in man (Glatzel and Gewarr, 1968; Meyer-Bahlburg, 1972). Long-tern~ 
capsaicin inhalation desensitizes the respiratory tract ancl protects it  form various gaseous 
irritant-incluced p~llmonary damage from cigarette smoke, formalin, nitrogen dioxide and ether. 
C ~ ~ p s i l - ~ i i n  preparations are used as counter-irritants to lumbago, neuralgia and rheumatoid 
disorders. Taken internally, Cdp.rir-znz has a tonic and carminative action and is specially usefill in 
atoric dyspepsia. It  is sometimes aclcied to tanin or rose gargles for pharyngitis and to relax 
sore throat. It  is administered in the form of powder, tincture, liniment, plaster, ointment 
and medicated wool. Pharmacopoeia1 requirements are chiefly met by highly pungent varieties 
of C. fii4tesccn.r. 

As a medicinal plant, the Cnpsii-un7 species has been used as a carminative, digestive irritant, 
stomachic, stimulant, rubefacient and tonic. The Cnpsic1/112 plants have also been used as folk 
remedies for dropsy, colic diarrhoea, asthma, arthritis, muscle cramps and toothache. C. Jiutests~zs L. 
has been reported to have hypoglycemic properties. Prolonged contact with the skin may cause 
clermatitis and blisters, while excessive consumption can cause gastroenteritis anci kidney 
damage. Paprika and cayenne pepper may be cytotoxic to mammalian cells iiz vit~w. Consumption 
of red pepper may aggravate symptoms of duodenal ulcers. High levels of grouncl hot pepper 
have induced stomach ulcers, and cirrhosis of the liver in laboratory animals. 
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The discovery of the medicinal applications of capsaicinoids have sparked innovative ideas for 
their use. The medicinal use of Capsicz!ii~s has a long llistory, dating baclc to the Mayas who used 
them to treat asthma, cough and sore throats. The Aztecs used chilli pungency to relieve 
coothaches. The pharmaceutical industry uses capsaicin as a counter-irritant balm for external 
application (Carmichael, 1991). It is the active ingredient in Heet and Sloan's liniment, two lin- 
iments used for sore muscles. The capsaicin is used to alleviate pain. Its mode of action is 
thought to be the stimulation of nerve endings which release a neurotransmitter called substance P, 
which informs the brain that something painful is occurring. Capsaicin causes an increase in the 
amount of substance P released. Eventually the substance P is depleted and f~irther releases from 
tlie nerve endings are reduced. Moreo~er, reducing substance P also helps in reducing long-term 
inflammation, which can cause cartilage break down. 

Creams containing capsaiciis have reduced post-operative pain for mastectomy patients and 
for amputees suffering from phantom limb pain. Prolonged use of the cream lsas also been found 
to help reduce the itching in dialysis patients, the pain froin shingles (Zoster) and cluster 
headaches. Creanls made of capsaicin, namely Zostrix and Axsain, have been found to bring 
relief without any side-effects in the case of patients suffering from arthritis and pain in the feet. 
Capsaicin lsas also shown bacteriostatic activity against several bacterial species, such as Bncillz~s 
reirus and B. .ii~btzli.i, even at 1110,000 dilution (Gal, 1965). In contrast, A.qeigilliu izigei and 
Peuicillitini ch~~supnui~z decomposed capsalcin in a medium within ten clays of incubation. Gutsu 
e t  al. (1 982) proposed that capsaicinoid may function as an immunity factor. They realized that 
resistance to diseases in Capjii/d?iz plants seems to be related to capsaicinoid content. 

Formation and accumulation of capsaicinoids 

Though tlie capsaicinoids are simple phenolic amides, they are remarlcable for their very high 
pungency. In spite of large variations in the total capsaicinoids content within and between 
Capsi~!~?~? spp. and due to cultivation conditions, the ratio of principal components, capsaicin and 
dihydrocapsaicin are about 1 : l  for C. a7772~?!771 and 2 : l  for C. fiuresccus ( J ~ ~ r e n i t s c h  and 
Leilsm~~eller, 1980). It  was found that, upon maturation the epidermal cells of dissepiment (the 
surface layers on the inner side of the pod) undergo segmentation and proliferation perpendicu- 
lar to the surfiace. Capsaicinoids first formed in an oily state between the outer wall and cuticu- 
lar layer of these epidermal cells in the chilli and precipitated out as colo~~rless tetragonal and 
hexagonal crystals on the drying of the fruits (Furuya and Hashimoto, 1955). With the clistrib- 
ution of capsaicinoids in the perlcarp, the dissepiment and placenta of the fruit chaiigecl the ratio 
from 1: l  to 2 : l  (Lee, 1977). The capsaicinoids mere first detected around 20 days after flowering 
in both placenta and pericarp and rose sharply up to 40 days. Then, there was a sharp decrease 
after 50 days (Iwai et al. ,  1979). 

Iwai e t  al. (1979) found that at all stages of growth, the total and individual capsaicinoids 
were many times higher in the placenta than in the pericarp. They concluded that the placenta 
is the site of synthesis of the capsaicinoids. The capsaicinoids were reported to be formed under 
continuous light during post-harvest ripening. The initial formation was observed after four 
clays of ripening and increased bp 2.5-fold after seven clays of ripening. No pungency principles 
were detected during ripening in dark. In the placenta, the formation of dihydrocapsaicin and 
nordil~ydrocapsaicin, n~ l~ ic l i  are vanillylamides of saturated branched-fatty acids, was higher 
than that of capsaicin, which is a vanillylamide of unsaturated fatty acid. The major con~pounds 
in the placenta after ten days of ripening were dihydrocapsaicin, nordihydrocapsaicin and cap- 
saicin in the proportion of 44F,  11% and 25%, respectively. Iwai e t  al. (1977a,b) reported that 
tlie proportion of nordihydrocapsaicin to total capsaicinoids was 31% in fruits after ten days of 



post-harvest ripenlng under continuous light,  while it was 7-1557 in naturally ripened hot 
peppers. They also noticed increased dihydrocapsaicin content when vanillylamine and isocapric 
acid were externally supplied under continuous light during post-harvest ripening. Ko capsaici- 
noids were found in the dark, even in the presence of vanillylamine and isocapric acid. In fruits 
ripened with vanillylamine ancl isocapric acid under continuoils light, there was a 9-fold Increase 
in capsaicinoids. The portion of dihydrocapsaicin was extraordinarily high; as much as 925; of 
the total capsaici~loids in fruits ripened in the presence of vailillylamine ancl isocapric acid. 
Fujirnoto et al.  (1980) reported the intracellular localization of capsaicin ailcl its analogues in 
Cap~ic~iii? fruir. They also mentioned that the vacoule is the prlmarp intracellular accun1mul2ition 
site in the protoplast of Cal~~ii-iiiii fruit. 

It  is well-known that capsaicinoid content is also influenced by environmental factors such as 
temperature, light exposure, fertilizatioil, etc. The formation of capsaici~loids 1s i~lfluencecl by 
temperature, and it is highly likely that higher night-time temperature may be responsible for 
higher capsaicinoids. The illfluence of light on high capsaicinoid formation during post-harlrest 
ripening was attributed to the i~~duction'activacion of some enzyme sj,stems, such as phenylala- 
nine ammonia lyase (PAL), that are involved in the biosynthesis of capsaicinoids, thereby 
resultitlg in the accumulation of capsaicin. The levels of -\laline and leucine in rhe placenta of 
Capsic2~i:r fruit are closely related to the content and composition of capsalc~noids (Suzuki c i  nl., 
1981). 

The pungency is controlled by a single dominant allele. With respect to any correlation of 
fruit size ancl pungency, the capsaicin content in Cap~iiiinz friiit had once been considered to be 
inversely proportional to the size of the fruit (Trenov and Khristov, 1966). 

Capsaicin is the major metabolite in Capsiczi/iz and is produced mainly in the placenta of the 
fruits. A degree of variability of capsaici~i in the varieties of the same species has been recorded 
by several researchers (Quagliotti and Bttaviana, 19'1). The various i~lterlllediate steps of 
capsaicinoid and biosyilthesis through phenyl p ropa~~oid  metabolism have been well studied. 

The biosYnthetic pathxvay of capsaicinoids has been thoroughly evaluated (Figure 6.1). Earlier 
studies of the biosynthetic pathways of capsaicin and its analogues were reported by Bennet and 
Kirby (1968) and Leete and Louden (1968). Bennet and Kirby (1968) showed that L-phenylalanine. 
p-coumaric acid, ferulic acid, cafiic acid and vanillylamine are involvecl in the b i ~ s ~ n r h e s i s  of 
capsaicin. Capsaicinoids are synthesized from phenyl propanoid itlrermediates. The capsaicinoid 
structure is rhe acid amldes of vanillylamine and C,, to Cl, isotype fattj- acicls (Kosuge 
and Furata, 19'0; Bennet and Kirby, 1968). In nature, capsaicin and dihydrocapsaicin are 
the major analogues occupying more than 907; of the total capsaicinoids, whereas 
homocapsaicin, homodih>-drocapsaicin and ~lordihydrocapsaicil~ are the minor analogues (ivcai 
tit a!., 19'9). All these analogues are biosynthesized from L-phenylalanine and L-valine or 
L-phenylalanine and L-leucine in the placenta of Copsicii:,~ fruits by phenyl propanoid metabolism 
(In~ai e t  al . ,  1979). 

Tr'rl~i-cinnamic acid, tiztfis-p-counlaric acid, troizs-caffeic acid and ti.oi2r-ferulic acid were also 
reported to be involved in the biosynthesis of capsaicin and its a~lalogues (Bennet and Klrby. 
1968). Fujiwake er a!. ( l980b)  described an assay method for the capsaici~loid synthesizing 
enLyrne activity with labelled (14C-i~~ethoxy) vanillylamine and also with some properties of the 
enzyme prepared from C. U I Z I ~ U U ~ ~ ?  which catalyzes the formation of capsaicinoid from vanilly- 
lamine and C,, and C l l  isotype fiatty acids, such as 7-n1erhyloctanoyl Coil, 8-methplilonenoyl 
CoA, 8-methyl-6-nonenoyl CoA or 9-methyldecanoyl CoA. isotype fatty acld reaction requires 
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CH,CHOHCOOH CH2COCOOH CH,CHCOOH 

Phenylactic Phenylpyruvic Phenylalanine 

CH = CHCOOH 

CH =CHCOOH 
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CHCHCOOH 

Caffeic acid Valine 

CH3 
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\ + CHCH =CH(CH2),COOH 

CH,/ 

/I-Methylnonenoic acid 

/CH3 

CH,NHCO(CH2)4CH =CHCH 
\CH, 

OH 
Sinapic acid 

FiCyure 6.1 Proposed bios!nchetic pathn-a)- of capsa~c in  and vanillrn (from Yeoman et a / . ,  1980). T h e  
enzymes i~lvolved are: 1. Phet~plalanine ammonia lyase (PAL): 2. t rn iz~-C~nt la rn~c  acid 
I-hyilroxylase (Ca,H): 3. ~rn~/s-)-Coumaric  acid 3-hydroxylase (&;H): 4. Cafkic acld 
0-metl~yltrat~sferair (CORIT): 5 ,  Capsaicino~d spnthase (CS). 

CoA, ATP and h'Ig---- as cofactors. Among acyl-CoAs examined, 7-metl~yloctanoyl (iso-C, (,-CoA) 
was used most effectively as an acyl donor for capsaicinoid formation, while dihydrocapsaicin 
((,OF) was the major product nhen equivalent amounts of iso C, &oA, iso-Cl0 CoA, iso-Cl(, ,-CoA 
ancl iso-C, (,-CoA were added together as acyl donors. 

The enzymatic formation of capsaicinoid from vanillylamine and iso-Clo (, is composed of two 
reaction steps. Namely the first step is the enzyrnatic conversion of i ~ o - C ~ ~ , ~  to iso-Cl(, (,-CoA 



using ATP and ~ g - +  as the cofacrors, and rhe second step is the enzynlatic condensation of 
~ ~ O - C ~ ~ , ~ - C O A  and vanillylamine to yield capsaicinoid. It  is difficult to reveal the mechanism of 
capsaicinoid biosynchesis at subcellular organelles level using a conventional technique for cell 
fractionacion on the incact fruits or tissue slices, because the subcellular organelles (especially the 
vacuole) are disrupceci during cell fractionation. Using protoplasr as the experimental tool, on 
the orher hand, can be replaced n7ith intact fruits and tissue slices to overcome the problem of 
clisruption of the subcellular organelles during the course of the study of biosynthetic pathway of 
capsaicinoid. 

Fujiwake et a l .  (1982a) investigated the phenylalanine ammonia lyase, trails-cinnamate 
4-monooxygenase and capsaicinoid syntherase activities in the subcellular fractions from proto- 
plasts of the placenta of Cnj~siciiiii fruits, along with the s~~bcellular distribution of intermediates 
of capsaicinoid biosynchesis, tn7iz.r-cinnamic acid, tnins-p-coumaric acid and capsaicinoid. The 
activity of t7.a7?s cinnamate 4-monooxygenase and capsaicinoid synthetase was mainly in the 
vacuolar fractions, while the activity of PAL was in the cytosol fraction. 

Non-pungency is a recessive trait; pungency is inherited as a single major gene at locus C 
(Andrews, 1995). However, virtually nothing is known about the genes that control the synthesis 
of individual capsaicinoids, or that control the abundance of total capsaicinoids. (Suzuki et nl., 
1980; Sukrasno and Yeoman, 1993). The site of synthesis and accumulation of the capsaicinoids 
is the epidermal cells of the placenta (Suzuki et al. ,  1980). Within rhe cells, capsaicin-synchesizing 
acrivity has been demonstrated in the vacuolar fraction and capsaicinoids have been demonstrated 
to accumulate in .r~acuoles (Suzuki et al., 1980: Fujin~ake et '?l.. 1982b). Ultimately, capsaicinoids 
are secreted extracell~~larly into receptacles between the cucicle layer and rhe epidermal layer of 
the placenta (Fujiwake et al., 1981b). These filled receptacles of capsaicinoids often appear as pale 
yellon7 to orange droplecs on the placenra of the most pungent chilli fruits. Padilla and Yaliia 
(1998) described the evolution of capsaicinoids during the development, nlaturation and senes- 
cence of the fruic in rhree varieties of hor chilli peppers widely used in hlexico and the relation 
n ~ i t b  the activity of peroxidases in rhese fruits, namely Habenero, De arbol, piquin. They conjec- 
tured that peroxidase activity increased at the time when capsaicinoids scarted to decrease. There 
was an inverse relationship bermeen the evolution of the capsaicinoids and peroxidase activity thac 
might indicare that rhis enzj-me was involved in capsaicinoid degradation. 

Molecular biology of capsaicin synthesis 

The capsaicin biosynchetlc pathway has cn70 clistinct branches, one of which ~ttilizes phenylala- 
nine and gives rise to the aromatic component vanillylamine via the phenylpropanoid pathway. 
The second branch forms [he branched-chain fatty acids by elongarion of deaminated valine. The 
early steps in the phenylpropanoid pathway are expressed in many plants and in many plant cell 
types as [he products of these reactions are intermeciiates for a wide range of plant secondary 
products. cDNA and, in some cases, genomic clones have been cliaracrerized from many plants 
for rhree of these enzymes; phenylalanine ammonia lyase (PAL) (Esrabrook and Sengupta- 
Gopalan, 1991; Joos and Hahlbrock, 1992; Lee et al . ,  1992; Nagai et a/. ,  1994; Pellegrini et nl., 
1994). Cinnan~ate 4-Hydroxylase (Ca ,H)  (Fahrendrorf and Dixon, 1993; Hotze et al. ,  1995; 
Kawai ct al. ,  1996; Akashi et al., 1997; Schopfer and Ebel, 1998), and Caffeic Acid O-Mechyl 
Transferase (COhlT) (Gowri et r d . ,  1991; Jaeck et al., 1996; Lee r t  al. ,  1998). Capsaicin is the 
result of the condensation of 8-methyl-6-nonenoic acid with vanillylamine by capsaicinoid syn- 
thetase. In plants, the condensation of the acetyl and malonyl groups during fatty acid synthesis 
requires at least three separate classes of 3-ketoacyl-ACP synthases, E.C. 2.3.1.41 (Kauppinen, 
1992). The first condensation to form a 4-carbon product is carried out by 3-ketoacyl-ACP 
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synrhase 111. Intermediate (4-16 carbon) chain lengths are produced by 3-ketoacyl-ACP 
synthase I. Finally, the 16-carbon palmitoyl-ACP is elongared by 3-ketoacyl-ACP synthase I1 to 
form stearoyl-ACP. Elongation of the branched-chain fatty acids for the synthesis of capsaici- 
noids is predicted to require 3-ketoacyl-ACP synthase I activity. Aluru e t  a l .  (1998a,b) and 
Curry et a l .  (1999) have isolated a 5-ketoacyl-ACP synthase gene from the Habanero chilli, 
C. chiizeizse, by screening cDKA libraries of transcripts from placental tissues. A cDNA library of 
the habanero placental transcripts was constructed in the phage vector system, lambda Zap11 
(Straragene). The cDNA was synthesizecl from mRNA isolated from the placental tissue of an 
i~nmature  habanero fruit at approximately 70% of the maximal capsaicinoid acc~~mulat ioi l .  
Follon7ing amplification, the library was screened using a differential screening srrategy with a 
probe for COhlT from alfalfa (M63853, Gon~ri  e t  al. ,  1991). The hybridizing clones mere char- 
acterized and rhe clone with the largesr insert was secluenced. cDNA clones containing tran- 
scripts abundant in pungent habanero but not detecrable in non-pungent habanero were selected 
for further analysis and the clones with the largest insert were sequenced. 

The cDNA clone for chilli -3-ketoacyl-ACP synthase contains a 191 1 nucleotide transcript; 
7 ~lucleotide S 'UTR,  1467 nucleotide coding region, 437 nucleotide 3 'UTR and a 36 
nucleotide poly A tail. The predicted translation product of the coding region is a 488 amino 
acid protein n ~ i t h  a secluence identity!similarity greater than 75-88% (Altschul et al. ,  1997) to  
3-keroacyl-ACP synthase I from the plant; AF026148, Perzlla fiwtescens; Ll3242 ,  Rzci?zus 
~-r/ii1~/2iini.r U24177, Ardbidopsis thaliancr M60410, Horde1i17z z,ii/gdre (Siggaard-Anderson e t  n l . ,  
1991). Transcripts for this gene are abundant and developn~entally regulated in the placenta of 
immature fruir. Transcripts are not detected in other tissues of the plant such as the root, stem, 
leaf, flower, seed and fruit wall. Assignment of the name 3-ketoacyl-ACP synthase to the chilli 
cDNA clone is based on sequence similariry. 

Similarly, by using heterologo~~s probes Curry et NI. (1998) have isolated the cDKA forms of 
Pnl. C ~ 4 h  and Coli~t from a library of cloned placenral transcripts. These genes encode the first, 
second and fourth step of the phenylpropanoid branch of the capsaicinoid parhway. Based on the 
patrern of expression of these three genes during fruit developnlenr and across fruit of different 
pungency levels, Curry e t  al .  (1998) have developed a hypothesis about the regulation of tran- 
scription for capsaicinoid biosyntheric enzymes. Transcripts of biosynthctic genes accumulate in 
the placenta early in fruit development and then decline in abundance; transcript levels of 
biosynthetic genes are proportional to the degree of pungency, with the hortest chilli having the 
greatest accumulation of transcripts. Curry et a l .  (1998, 1999) have employed rhese transcript 
levels as a screening tool of a cDNA library of habanero placental tissue. Using this differential 
approach they have isolated a number of cDhTA clones and confirmed their differential patterns 
of espression; tn.0 of the clones putarively encocle enzyme acrivities predicted for capsaicinoid 
biosynthesis, P-ketoacyl synthase and a transaminase. Lee et al .  (1998) isolared and characterized 
0-diphenol-0-metl~yitransfrrase cDNA clone in hot pepper. A'Iatsui e t  al. (1997) have performed 
purification and molecular cloning of bell pepper f r ~ ~ i r  fatty acid hydroperoxide lyase. 

Carotenoids and their biosynthesis 

Carorenoids are a class of hydrocarbons (carotenes) and their oxygenated derivatives (xanrho- 
phylls). Carorenoids play an important role in the transfer of energy ro chlorophylls, in addition 
to the photoprotection of chloroph>-11s in photosynrheric organisms. Paprika and paparilca 
oleoresi~ls are used as natural colour additives in a wide variety of foods, drugs and cosmerics. 
Capsaicinoids and carotenoids are found in the oily fracrion of several varieties of chilli peppers. 
The carorenoid colourants are normally commercialized as a dried paprika powder or as a main 
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Capsanthin 

Fignre 6.2 Structure of major carotenoids ofCnpsii117ii 

component of oleoresins obtained after extraction with hexane. The colour and pungency are 
dependent on the C~/p.riculi2 variety. The Guajillo variety is the most frequently used in the 
Mexican colourant industries due to its low capsaicin content. About 20 carotenoids contribute 
to the Cczpsic~/lt2 pod colour and to the colour ~ a l u e  of paprika powder and oleoresin (Harkay, 
1974). The kerocarotenoids, capsanthin and capsorubin (Figure 6.2)  are unique CN]ISIL.II~II' 
carotenoids. The major red colour in paprika comes from the carorenoids capsanthin, capsanrhin 
j,6-epoxide and capsorubin, nrhile the yellow colour is from p-carotene, zeaxanthin, \rioloxan- 
thin. antheroxanthin, p-cryptoxanthin and cucurbitaxanthin A (Reeves, 1987). Yellow colour 
constituents act as a precursor for red colour. 

Capsanthln, the major carotenoid in ripe fruits, contributes up to 60% of the total 
carotenoids. Capsanthin and capsorubin increase proportionally with advanced stages of 
ripeness, with capsanthin being the more stable of the two. The arnount of carotenoids in fruit 
tissue depends on factors s~lch as cultivar, maturity stage and growing conclitions (Kanner r t  '?/., 
1977). The majority of carotenoids are tetrapenes, formed from the joining of eight molecules of 
isoprene via the divalent unit.  Difference in carorenoid structure is based on the structural 
alterations in one or both halves of the molecule, which inclucles biocl~emical reactions such as 
hydrogenation, c lel~yclroge~~atio~~,  cyclization, acidition of oxygen in mrious forms, hyclroxyla- 
tion, epoxidation, double bond migration, methyl migration, chain elongation and chain short- 
ening. All the carotenoids present in the Cap~.iaiuz sp. are Clo  isoprenoids containing nine 
conjugated clouble-bonds in the central polyenic chain. The changes in the end groups 
(p,~,~,3-hydroxy,5,6-epoxide) will change the chromosphere properties of each pigment. 
Recentl!; Maoka r t  al. (2001) reported the isolation of a series of apocarotenoids from t11e fruits 
of red paprika C. aiziiuun~ by spectroanalysis, namely apo-14'zeaxanthinal (d), apo-l 3-zeaxanthinone 
(6), apo-12'-capsorubinal (9), apo-8'-capsori~binal (10) and 9,9'-cliapo-10,9'-retro-carotene- 
9,9'-dione ( l  l). The other six known apocarotenoids were identified to be apo-8'-zeasanthinal (l),  
apo- 10'-zeaxanthinal ( l ) ,  apo-l2'-zeaxantl1inal(3). apo-15-zeaxanthinal(5), apo-l l-zeaxanthinal 
(7) and apo-9-zeaxanthinone (8) which have not been previously found in paprika. These apoc- 
arotenoids were assumed to be oxidative cleavage products of CA,, carotenoid, such as capsanthin 
in paprika. 
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Mdecular biological studies of carotermoids 

Developn~entally regulated transcription was foulld to be the major mechanism that 
controls carocenogenesis in fruits ancl flo\vers. Meray e t  a l .  (2000) have cloned plant genes 
for carotenoid biosynrhesis enzymes and analysed the regulation of their expression. 
Developmentally regulated transcription was found to be the rnajor mechanism that 
co~ltrols carotenogenesis in fruits and flon-ers. To alter the accum~llation of carotenoids they 
hare genetically manipulated the pathway in tobacco and tomato. To this end they have 
over-expressed the following genes: lJi~ (isopentyl pyrophosphate isomerase), P.rj (phytoene 
syntllase), Ci tB  (phytoene synthase from cyanobacteria), Crrl (phj-toene desaturase from 
Er~ci11ia herhicola), P ~ J  (phytoene desaturase from tomato) and CitO (p-carotene lietolase 
from H. plnz:ialU). These genes were f ~ ~ s e d  to various flower-specific promoters and a transit 
peptide from the tomato PDS n7as used in the case of the bacterial and algal genes. Petals 
of transgenic tobacco plants expressing the crtB gene accumulated phytoene, the first intermedi- 
ate in the carotenoid pathway. When co-transformed \s.ith constructs containing Crtl and 
Ipi genes, these plants did not show any significant change. To obtain white flowers, a desired 
trait in certain ornamentals, they have produced transgenic tomato plants over-expressing 
sequences of the native P ~ J  or Prj in a flower specific mode. The petals of these plants were 
white due to the silencing of the rele\-ant genes. Over-expressing the algal gene CrtO in tobacco 
resulted in the accumulation of astaxanthin in the nectarles, changing their colour from 
yellon, to red. These results demonstrate the feasibility for genetic engineering of carotenoid 
biosynthesis in plants. 

Uses of carotenoids 

Carotenoids are important in humail nutrition as a source of vitamin A (eg. from @-carotene) 
and as a preventive agent for cancer and heart disease. In addition, carotenoids add colour to 
foods allcl beverages (eg. orange juice). And in addition, carotenoids are the precursors of many 
inlportant chemicals responsible for the Flavour of foods and the fragrance of floa.ers. 
Carotenoids have been considered irnportarit only as precursors of vitamin A. However, there has 
been significant interest in the evaluation of carotenoids for roles chat are unrelated to their con- 
version to vitamin A. Recent studies have emphasized the role of carotenoids in disease preven- 
tion. When ingested they have sho\s.n important biological fiuncrions, such as antioxidant 
actil-ity and free radical scavenging (Hornero-Mendez et ' / l . ,  1000). 

Health aspects of carotenoids 

In hulnan nutrition, carotenoids play an important role as a source ofprovitamin A. In the gas- 
troillrestinal tract p-carotene sers converted to vitamin A, which plays an important role in the 
regulation of vision, growth ancl reproduction (Ong and Clloo, 1997). More recently, hon~ever, 
the protective effects of carote~loicis against serious disorders such as cancer (Peto et'L~l., 1981; 
Shekelle et L T / . ,  1981), heart disease, squalnous cell carcinoma of the lung, oral tumours and 
degenerative eye disease have been recognized, and have stimulated intensive research into the 
role of carote~loids as anrioxiclants and as regulators of the immune response system. The antiox- 
idant property of p-carotene by its effective rndical trapping was studied by Burton and Ingold 
( l  984). Kunert and Tappel (1983) reported the efficient reduction of lipid peroxidation by prior 
treatment with p-carotene in guinea pigs. 



Extraction and downstream processing of pungency 
principles and pigments of Capsicu~rz 

Provitamin-A carotenoids of C ~ ] I J ~ ~ ? A ? J J ,  namely p-carotene and p-cryptoxantl~ln, are reduced 
during the processing of paprika. Esterified carotenoids, a41ich are found as ketocarotenoids, cap- 
santl~in and capsorubin, are more stable than zeaxanthin (free, monoesterified and diesterified 
forms), 0-cyrptoxanthin (free and mono-esterified form) and 0-carotene (free form) (Howard, 
2001). Loss of provitamin-A activity of 67% and 81% has been reported for paprika varieties 
Agridulce and Bola, respecti\~ely. (Minguez-h~1osquer.n and Horneo-Minder, 1991). The natural 
antioxidants present in the fruit prevent the degradation of colour (Kanner et al., 1979). Tocoferol 
acts as an oxidation barrier, while ascorbic acid is useful for tocoferol regeneration and carotenoids 
prevent lipid oxidation (Esterbauer, 1991). Though there are reports of a decrease of capsaicinoid 
upon food processing, the pungency factor is generally nor affected under the condirions of oleo- 
resin preparation. However, prolonged storage of pasteurized yellow wax pepper for a period of 
four months has caused a reduction in capsaicin and dlhydrocapsaicin by 30% and 10%,  respec- 
tively (Lee and Howard, 1999). Thus, characteristic fearures of raw materials need to be consid- 
ered for the processing and exrraction of the constituents for p~lngency or colour components. 

The oleoresin is oil-soluble, but when emulsified becomes water-dispersible. Oleoresins are 
extracted by percolation with hexane and hexane/acetone!aIcol~ol isopropyl (3 :2 : l )  at ambient 
temperature, with the paprika/solvent ratio being 1:1. 

Light shows a strong degradative effect on the colour of all oleoresins. The oleoresin extractecl 
with hexane:acetone~isopropyl alcohol (3:2:1) has the least stability, especially in the presence of 
air. 111 darkness and in the presence of air, an induction period became evident for all oleoresins 
and the oleoresin extracted n7itl1 l~exane/acetone/ isopropyl alcohol (3:2: 1) slionred a colour 
degradation rate constant 1.8 times higher than the others. The commercial oleoresin needs to 
be made more stable by the addition of antioxidant to iacilirate storage. 

The stability of paprika oleoresin is strongly dependent on light and on the type of solvent 
used for its extraction. Balakrishnan and Vergliese (1997) reported that after hexane extraction, 
it was posslble to reduce pungency in oleoresin by fractionation with 70% ;alcohol v!v methanol 
solutions, recovering 87% of carotenoids and X35F of capsaicinoids after separation. Amaya 
Guerra et a/. (1997) reported the extraction of oleoresin from dried Guajillo pepper \ ~ i t h  the four 
solvents etlianol, acetone, ethyl acetate and hexane. Selective extraction of capsaicinoids and 
carotenoids from chilli guajillo "puya" flour was studied by Santaniaria et  al .  (2000) (Figure 6.3). 
They reported chat \\.hen ethanol was used as a solvent 80% of capsaicinoids ancl 73% of 
carotenoids were extracted, representing an inreresting alternative for the subsritution of hexane 
in industrial processes. Additionally, when the flour was pretreated with cellulases ancl pecti- 
nases and extracted in ethanol, the yield increased to I 1  X and 7% for carotenoicl and capsaici- 
noid, respectively. They have also proposed selective two-stage extracrion process after the 
treatment with enzymes. The first step uses 230% (v/v) ethanol and releases up to 602 of the 
initial capsaicinoids, and the extraction step wirh industrial ethanol permits the recovery of 83% 
of carotenoids present in the flour. 

Manuel Jaren-Galan e t  a/ .  (1999) reported the extraction of oleoresins from paprika 
(C. an?z1/1~~t2) with supercritical carbon dioxide. They have reported that higher extraction volunles, 
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Fig~ire 6.3 A protocol  for extract ion o f  capsaicino~ds and carotenoicia by using three extract ion options: 

water, industr ial  alcol~ol,  etllanol (30% v'\.). 

Source. Sanramaria e t  '71. (2000) 

increasing extraction pressures and the use of co-solvents, such as l? ethanol or acetone, 
resulted in higher pigment yields. Pigments isolated at lower pressures consisted of p-carotene 
exclusively and at higher pressures resulted in more proportions of red carotenoids and smaller 
amourtts of p-carotene. Kiss e t  nl. (2000) have used the microwave-assisted extraction of 
pigments from paprika powders. 

Immobilized cell cultures of Capsicunz and biotransformation 
to produce secondary metabolises of importance 

Biotransformation is a growing field of biotechnology and encompasses both enzymatic and 
l~lantlmicrobial biocatalysis. It  is a process through which the functional groups of organic com- 
pounds, for example, substrates or precursors or intermediates, are modified either stereo- or 
regio- specifically by living cultures, entrapped cells or enzymes or permeabilized cells to a 
chemically different product. Biotransformations can produce novel compounds, and it is possi- 
ble to enhance the productivity of a desired compound. I t  also overcomes the probleills 
associated with cl~emicai synthesis. 

The p r o d ~ ~ c t i o n  of high value food metabolites, fine chemicals and pharmaceuticals can be 
achieved by biotransformations using biological catalysts in the form of enzymes and whole cells 
(Armstrong e t  al . ,  1993; Rhodes et al., 1994; Berger, 1995; Cheetham, 1995; Dornenburg and 
Icnorr, 1996 a,b; Neyer et nl., 1997; Scragg, 1997; Krings and Berger, 1998; Ramachanclra Rao 
and Ravisllanl<ar, 2000a; Ravishankar ancl Ramachandra Rao, 2000). Consumer sensitivity 
about synthetic food additives has stimulated interest in the nlanuhcture of natural and nature 
identical food ingredients using novel biotechnological methods. Froin an industrial point of 
view, biotransforll~atio~ls performed by plant cell culture systems can be desirable when a given 
reaction is ~ l n i q ~ i e  to plant cells and the product of the reaction has a high value. 



The producrion of capsaicin in cell cultures of the Capj.ii-im species, C. ,t?/itec~jlr and C. al?iluuj,z 
was proposed by 'Yeoman e t  al. (1980). They described the formation oftrailj-cinnamic acid from 
phenlyalanine, an aromatic amino acid, by PAL, which is f~lr ther  converted Into p-coi~maric 
acid by cinnamic acid 4-hyclroxylase. The conversion ofp-coumaric acid into caffeic acid and 
fi-rulic acids is initiated by two enzymes, p-coumaric acicl 3-hydroxylase and caffeic acid 
0-metl-ryltransferase. respectively. Ferulic acicl can divert into lignin pathway or can be converted 
into vanillin and vanillylamine by oxidation and oxiclative deaminarion reactions, respectively. 
Vanillylamine condenses with P-n~ethylnonenoic acid, obtained from valine, and the pungent 
principle, capsaicin is synthesized by capsaicin synthetase. 

A careful a~~alysis  of secondary metabolite profiles during the culture of plant cells indicare that 
most of the secondary compo~~nds  are produced during the post-exponential or stationary phase 
of gro\vtli (Lindiey and Yeoman, 1985). The biochemical hcrors ~lniierlying this phenomena are 
the channeling of precursors from g r o n ~ l i  related processes to secondary metabolism. This 
observarion for capsaicin production in irnrnobilizecl cell culture system has already been 
reported (Ravishanl<ar e t  a/., 1988). The above situation could be induced by subjecting the cells 
to nutrient stress. We found that nirrares ancl phosphates stress enhances the capsaicin produc- 
tion in immobiiizecl cells by 13- and 5-folcl, respectively, in comparison \~icl i  free cell culture 
sysrems. Xlathen?atical   no del ling of capsaicin production in immobilized cells of Cnpsii- in was 
studied by Suvarnalatlia rt al.  (1 993) to optirnize pliyslcal paramerers, such a5 the bead strengtl~ 
of calciunl algillate used for immobilization and the niedium constituents for enhanced yield. 

Secondary metabolite production in plant cell cultures can be elicited using a range of elicitors 
(Di Cosmo and Talleri, 1985). Elicitation is envisaged to overcome the problem of low produc- 
tivity of plant cells for inclusrrial applications (Knorr e t  'l/., 1993). Treatment of irnrnobillzed 
cells and placental tissues wirh various elicitors, silch as filngal extracts (A. ~liger and Khiz//liw~ 
ci/igmpm.zu~) and bacterial polysaccliarides, curcllan and xanthan lvere performed. It  \<,as found that 
curdlan was moit effective in eliciting capsaicin synthesis (johnson e t  '/l., 1991). imruobilized 
cells responded niore effectively than placental tissues for curdlan treatment. Curdlan and xa11- 
rhan in combination enhanced capsaicin prodi~crion by nearly 8-fold for curdlan treatment. 
Suvarnalatlia e t  nl. (1993) s l~onwl the optimization for capsaicinoid formation of immobilized 
C. ,~ .~ / ie . rc r~~~ cells using Response Surfiace Merliodology. 

Atrempts have been made to increase the production of cal~saicin in both freely suspended and 
imlnobilized cell cultures of C. j?nte.ri-tns by the feeding of phenylpropanoid intermediates. A 
6- to 7-fold increase was found in the capsaicin accumulation upon precursor biormnsformatlon. 
The feeding of intermediate precursors to Cal~.ric~/:i~ cell cultures not only ~ncreased the capsaicin 
accumulation (Figure 6.4) but also shortened the time required to produce high amounts of cap- 
saicin (Johnson er U / . ,  1990, 1991). Irnniobilized placenta, wlilcli is the site of s~-nthesis of cap- 
saicln in the fruit, was administered wirh intermediates of capsaicln path~vay wl-ricli resulted in 
large arnounrs of cal~saicln accumulation, n~hich is similar to the conrent of pungent variety of 
Cn/~.ric-~/n~ fruit (Johnson and Rauishankar, 1996). During biotraniformation studies to increase 
capsaicin yields, i t  was found thar low capsaicin producing C~/i~ilisic/iijz cell cultures formed 
vanillin when fed wirh phenylpropanold compounds - prorocatechuic acid, caffeic acid, ferulic 
acid, vanillylamine, conikryl aldel~ycle and veratraldehyde. 
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Fzgzire 64 I~lfluence of feeding intermediate metabo1itt.s (adcleii individually at 2 . 5  1r1Xl final conc.) on 
iapsaicin and d~liydrocapsaicin formation in immobilized placenta of C. fizite~ri.en~. Abbreviations 
for [he conipoiinds used. Phe: phenylalanine; Cinn: c~nnamic acid; Coum: p-coumaric acid: Caff: 
caffeic acld; Frr: ferulic acid; Van: vanillylamine; Cultures m-ere treated with precursors ac the 
2. j mhf level on da) zero and ailalysis was done after five days of culture. 

PI-otocatechuic aldehyde and caffeic acid biot~.a~zsfi~??zntiu;17 
leadi~zg to z~u17illin afzd capsaicin production 

Freely suspended cells and immobilized cell cultures of C. f i ~ t e s c e ~ z s  biotransforrn externally-fed 
prorocatech~~ic aldehyde to vanillin, whereas caffeic acid created cultures accumulate more cap- 
saicin than vanillin. The addition of S-adenosyl-L-methionine (SAhf), a methyl donor, to proro- 
catechuic aldehyde-treated immobilized C. j;.1~tts'sie?2.r cell cultures results in 14.081ng1L vanillin 
accumulation, which is 2.3-fold higher than that in cuitures wirll protocatechuic aldehyde 
alone. This result suggests that the influence of SAh'f on 0-methylation of prorocatechuic alde- 
hyde rescilts in a higher accumulat io~~ of vanillin. The increase in vanillin accumulation corre- 
lates well with an increase in the specific activity of caffeic acid 0-methyltransferase in  
protocatechuic aldehyde and SAM-treated immobilized C. j;.ntesceni cell cultures. Capsaicin 
accunlulation is also increased in protocatechuic acid and caffeic acid-fed imn2obilized 
C. fi.iitaceizs cell cultures (Table 6.6). The formation of vanillin from prorocatechuic aldehyde 
involves 0-methylation at the /?/et& position; further oxidation of vanillin leads to tlle formation 
of vanillic acid, \vhich upon f~lr ther  demerhylation or oxidation of protocatechuic alciehyde 

protocatechuic acid (Figure 6.5). (Ramachancira Rao and Ravishankar, 2000b). 

Fe$-nlic acid, ~~a?zillyla??zilze a7zd cowifeq'l aldehyde biot~a~zsfoi-?)zatio~z 
lencz'izz'lly to ~ ~ a ~ z i l l i n  and capsai~ in  proclz-lztction 

Other phen>-lpropanoid compo~incls, ferulic acid, vanillylamine and coniferyl aldehyde were also 
tested for the biorransformation to capsaicin and vanillin in  free cell and immobilized cell 
cultures of C. f iu tace?zs  (Figure 6.6) .  



Tcble 6.6 Influence of interm~trenr feed~ng ofprotocarechuic aldehycle and caffeic acid rogetl~er (1.25 mhf each) 
to ~mmobiiized cell cultures of C. ,fiiittiiens 

COOH 

OCH, 

OH OH OH 
Protocatechu~c aldehyde V a n I ~ n  Vanill~n acid 

OH 
Protocaiechulc a c d  

F i g i i r ~  6 .5  Probable biosynther~c pathway of v a n ~ l l ~ n  from pro toc~~tec l~uic  aldehyde in C. f i i t t 6 ~ ~ e n ~  cell 
cultiires. 

Ferulic acid administered Cczp-riciin~ culrures are biotransformed to vanilla flavour metabolires - 
vanillin, vanillic acid. vanillyl alcohol, p-hydroxybenzoic acid, p-couniar~c acid and protocate- 
chuic acid. Adclitionally, an increase in [he capsa~cin accumulation is observed in free cells and 
immobilized cell cultures. inlmobilized C~~ps1ciin2 cells show a 4.0 and 5.23 times increase in 
vanillin and vanillyl alcohol accuni~~la t~on  on the 10~11 day over its freely suspencied cultures in 
2.5 rnM ferulic acicl supplementation whereas vanillic acid, protocatechuic acid and p-hyclroxy- 
benzoic acid accunlulation were -3 .14 ,  7.4, and 1.27-fold over freely suspended cultures 
(Ramachanclra Rao, 1998; Raniachandra Rao and Ravishankar, 200Ob). 

P-cyclodextrin (Figure h.-) was used to effectively biotransform tlie phenylpropanoid precur- 
sor to capsaicin and ~ani l l in .  The precursor moiety fills tlie lumen of P-cyclodextrin molecule 
and renders it soluble. This resulrs in higher biorransformation efficiency. P-cyclodexrrin (BCD) 
used as a BCD-ferulic acid niixt~lre treatment reveals that there is a 1.8-fold increase in vanillin 
accumulation (18.O mg!L) in fo~lr days of incubation in immobilized Cdp.iii.uin cell culrures. The 
addition of BCD favours increase in the vanillin accuniulation in a shorter duration. The effect of 
reducing agent, dithlothreitol (DTT) at- a 1:l ratio (2 .5  miZl each) on ferulic acid biorransforma- 
tion sho\x~s thar a 4.35-fold higher vanillin accumulation (23.0mg:L) over only ferulic acid-fed 
freely suspended Cdp.rii~iiii cell cultures. At a higher concentration of D T T  (5.0 mhf) treatment 
shows significant reduction in vanillin accuni~llacion (Ramachandra Rao, 1998). 
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Retention time (min) 

F7gur.t 6.6 HPLC profile of autlientic \-anilia flavoured ~metabolites (a). conlferyl alclehydr-fecl CLZ~ZLL.LII,/ 
cultures (13) and natural vanilla extract (c). 

The effect of adsorbents Amberlice SAD-7 and SAD-4  at 2% (n,,/v) on ferulic acid blotrans- 
formation results in an increase i1-i the vanilla flavour metabolite acc~~mulation, as well as cap- 
saicin in freely suspended cultures treated n ~ i t h  ferulic acid (2.5 mM). The results show that all 
the merabolites are adsorbed by adsorbents with different affinities. Adsorbents also stimulate 
the excretion of metabolites from C L I ~ J ~ C U ~ I ~  cell cultures. The addition of XAD-7 (hydropl~ilic 
resln) stimulates 2.2- and 3.2-fold in vanillin and vanlllic dcid accumulation on the 8th day and 
the excretion of these metabolites from cells into medium is 95% and 7 5 % ,  respectively. 
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F I ~ N ~ P  h. 7 (a) Structure of /3-cyclodestrin. (h) Molec~ilar shape of P - ~ ~ c l o d e x r r i n .  

The adsorption is 6 4 F  and 8 9 2  for van~llin and vanillic acid on rhe 8th day. The production of 
p-hydroxybenzoic acid is significantly increased mirh XAD-7 treatment ancl the adsorption 
IS 96.3%. XAD-7 sriniulates the capsaicin production bp 1.34 times on 6th day, corresponding 
to 6 0 9  acisorption. XAD-4 fiavours more vanillin accumulation, ancl p-hydroxyhenzoic acicl 
is 23% adsorption, suggesting that XAD-4 is less selective. The addition of adsorbenrs 
exert posirive influences on the accumularion of vanilla flavour metabolites and capsaicin. The 
addition of XAD-4 favours more vanillin accumulation, while XAD-' Cavours \~anillic acid and 
p-iiydroxybenzoic acid accun~ulation in ferulic acid-fed C. Ji-~/tai-e~u cultures (Ramachandra Rao, 
1998). 

Vanillylamine-fed cultures show formarion of vanillin and its metabolites. \\-hich suggests 
that C~p.riiltliz cultures can perform oxiclatiue deamination by a re\-ersible reaction (Johnson 
et al., 1996). Coniferyl aldehyde-fed C~/p.rii.u:i~ culrures show that a range of vanilla flavour 
metabolires form and acc~~mulatecl ferulic acicl is the major metabolire. The flavour profile 
obtained in the biotransformation compared \\re11 with the profile of vanilla extract obtained 
from natural vanilla cured bean, which suggests that biotransformed vanillin has a similar note 
of mnilla to char found in rhe vanilla bean, and can be used for an alternative source of vanilla 
f lavo~~red metabolites. Veratralclehyde is also bioconvertecl ro vanilla merabolites by CLZ~SLI.N~IZ 
cell c~llrures (Ramachandra Rao, 1978). 



Psoeztgenol biotra:z~foz.?~aiio~~ leacling to the fopol-rnaticiaz 
of znnilla co?npoundc 

Isoeugenol, a clove principle, is biotransformed to \-anillin and vanilla flavo~~red metabolites in 
hot11 freely suspended and imniobilized C, j?ute~~-e~rr cell cultures (Figure 6.8). The addition of 
isoeugenol also stimulates its biotransfornlation to cnpsaicin. The addition of p-cyclodextr~n 
together with isoeugenol, each at 2.5 nihf, results in 23 n~g./L of vanillin acculnularion on it11 
clay, xvhich is 1.62 rimes Inore than in cultures treated n-ith isoeugenol alone. Isoerlgenol bio- 
transformation is more effecrive in immobilized cells. Based on metabolites identified, the path- 
nray of vanillin forlnarion from isoeugenol has been proposed (Figure 6.9) (Ramac11andr.a Rao 
ancl Ravishankar, 1999). The formation of fer~llic acid from isoeugei-iol may take place by oxida- 
tion of the aromatic side-chain. In the second step, formation of vanillin from ferulic acid izlay 
occur via feruloyl CoA tlirough a reaction similar to P-oxidation of fattj- acids (Zenk, 1965). 

Biorransformarion studies using C'?psii-z~lii cell cultures have revealed that CN~ISII .II?IL contains 
a reposirory of enzymes that can perform a broad range of reactions including oxidarion, reduc- 
tion, merliylation, oxidarive clearnination and clemethylation to produce a range of vanilla 
flavoured metabolires. These findings suggest chat these cultures can be adopted to generate 

Time (day) 

Fzg7il.e 6.8 Gron-c11 partrrn. acciirnillarion o fva~l i l l a  fa\-oureil tnetabolices and capcaic~n 1 1 1  1.13 m51 (:I) 

and 1.5 m M  (b) isoeugenol-fed immobilized C, f i c i t e ~ c c n ~  cell cultures (mean i §D. I /  = 3). 
4 Biomasr in control cultures: 0, isocugenol-fed cultures: A, ~ ' ~ t l i l l i n  concent In be'1ds; @, 
r a ~ l i l l i ~ l  in medium; B, coral \-anillin content; 0, ferulic acid; 0 , total capsaicin in  control; 
0, coral capalcii? it1 ~soeugenol-fecl cultures. 
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Fig~/re  6.9 Possible h~osyntlictic pathway of vanillin forrnat~on from isoeuge~lol 

novel compounds. Though the amounts of vanilla flavo~lred metabolites is relariveiy low in view 
of the con~mercializarion of these processes directly, the information generated on biosyntheric 
pathways and enzymes can be used to express at high levels using metabolic engineering 
approaches. 

Column reactor for scale-up of capsaicin production 

The scale-up of capsaicin producrion ~ ~ s i n g  immobilized cells in col~lmn reactor (Figure 6.10) 
has been attempted (Johnson, 1993). The details of inputs of operation and yield of capsaicin are 
presented. 

I t z ] ~ f i l ~ t . ~  of operation 

1 Tn~enty-day-old C r ~ p s i c ~ ~ i t ~  cells or placenta (100 g fresh n~elght); 
2 Alginate and calcium chloride solutions required to envelope 1 0 0 g  of cells/placenta 

in beads. One liter of sodium alginate 2.5% (wiv) wirh cells extruded into two litres of 
calcium chloride dihydrate 0.9% (1x7:~); 

3 Beads washed wirh water were transferred by compressed air into the vessel containing 1 L 
of MS medium supplemented with 3% sucrose, 2 mg/L 2,4-D and 0.5 mgIL kinetin; 

4 Airflow (mixture of CO2 + air 2:1 for initial seyen days of culture 4:1 for the latter seven 
days of production) at the rate of 0.4 W m ;  

5 Incubarion ar 25 ? 2OC in continuous light of 1000lux; 
6 p H  adjustment to 5.8 during culture; 
7 Replenishmenr of entire mediurn after seven days with fresh medium; 
8 Capsaicin recovery and analysis in  tn7o weeks culture with two harvests a t  a seven-day 

interval. 
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Fig~~re 6.10 Lab scale column reactor for imlnobilized cells of C. ,li.~ttwaizs for capsalcrn production 

Yield cn7~zpzpo~ze?zts 

The airlift culture vessel was run with imnlobilized cells or placenta for two weeks under three 
different conditions: (I) using standard m e d i ~ l m  (SM); (11) SM + elicitor; and (111) §&I f 
precursor (coumaric acid). The results were as follon~s: 

ISe/d ill .rtundord niediziulil 

1 Immobilizecl cells: 35 n1gIl00 g fresh cellsil5 clays or O.iq on dry wt. basis; 
2 Immobilized placenta: 240 mg./100 g fresh placentail5 days or 1.0% on clry wt basis 

Yield i l l  ~tmzd~?rd 7ized/u771 + eli~itor 

The elicitors used were c~lrdlan at 8 mg!L concentration for cells and R ~ ~ Z O ] J I / . T  ~ / i 'g~~i l r z~ , r  mycelial 
extract equivalent to 1 . 5  g mycelium per litre medium administrated for placental immobilized 
cultures. 

1 Immobilized cells: 76rng,' 100g/ l5  days fresh cells or 0.95% on dry wt basis; 
2 Immobilized placenta: 300 mg/100 g fresh placenta/l5 days or 1.25% on dry wt. basis 

Yield in rti*.?zdard inedi~/m + preczt~:mi. iCoi/?imric acid 2.5 ~ ~ i l l j  

1 Immobilized cells: Not done; 
2 Immobilized placenta: l l48 mg,'100 g fresh placenta/lj  days or 7.657 on dry wt. basis. 

By the methods described above we n7ere able to get a rnaxinlunl prodilction of 1 .15  g;L. 
However increases can be obtained using continuous cultivation with the adsorption of capsaicin 



from the 11iedium and by recycling tlie meclium to minimize the cosr. Hon-e\-er, the plant map 
not be viable if it has less than 10,000 litre capacity. 

The follon,ing sreps are needed for rhe scale up of capsaicin producing culture: 

s Improvement in productivity, srability and viability of cells in culture; 
e Minimization of microbial contamination; 
e Development of automated systems of immobilizing the cel1s:placenta; 

Continuous separation of capsaicin from tlie mediuin ancl the recycling of nutrients; 
e Analysis and eraluation of various immobilizarion methods. 

Hence a11 intensive industrial R&D trend is required to solve the problems of capsaicin 
production process through ininiobilization technology for conlmercial exploitation. 

Tissue c~alture of Capsicunz for i a z  m"ro plant regeneratio11 

Chilli pepper is highly susceptible to f~lngal and viral pathogens and these cause considerable 
clarnage to tlie crop (Morrisson et iil., 1986). One of the solutions to this problein is the develop- 
ment of pathogen-resistant pepper varieties using genetic transformation techniqiles, which in 
turn require efficient plant regenerarion prorocols (Liu et ill., 1990). hPost pepper regeneration 
protocols indilce shoot buds on cotyledon (Sripicliitt et izl., 19g7) and hypocotyl explanrs using 
growth hormones, such as BA and IAA, then transferring buds to rooting medium (Gunay and 
Rao, 19'8; Phillips and Hubstenberger, 1985; Agarwal ri al. ,  1989; Arroyo and Revilla, 1991; 
Valera-Montero and Ochoa-Alejo, 1991: Cliristopher and Rajam, 1991, 1996). Silver nitrate has 
been used for prornoring shoot development and plant regeneration from cotyledons of chilli 
pepper (Hyde and Phillips, 1996). Shoot induction and subsequent plant regeneration hare been 
obtained from decapitated, rooted hypocotyl explants or half-seed explants using hormone-free 
MS ~lleclium or medium supplemented with BA and IAA (Valera-Alontero and Ochoa-Alezo, 
1991; Ezura c t  al . ,  1993; Ramirez-hlalagon and Ochoa-Alezo, 1996). Pepper culrivars also 
differ markedly in their regeneration recluiremcnts (Ochoa-Alezo and Ireta-Aforeno, 1990; 
Cliristopher and Rajam, 1994, 1996; Szasz et nl., 1995; Hyde and Philllps, 1996). Hussain ei ul. 
(1999) reported a highly etficient three-stage protocol for the regeneration of chilli pepper 
(C. ani~/iinii/ L.) from cotyledonary explants. This protocol used phenyl acetic acid (PAA) in both 
the shoot-bud inductio~i meciiuni and the medium for the induction of buds from the cotyledons 
was AfS mediurn, supplemented with BA + ?AA. Somatic embryos could be a method of choice 
because of the difficulries encountered in tlie elongation of iiz 2,iti.o organogenic shoot buds. 
Harini and Lakslimi Sita (1993) reported somatic embryogenesis in peppers. Later, Binzel ct ' I / .  

( 1  996) anci Alarla st izl. (1996) reported the induction of direct somatic embryogenesis ancl plant 
regenerarion in C. ai~jzzi~/7jz. 

Hairy root cultures of Cctpsicuvz 

Hairy roots of chilli pepper, C. fr/ite.~l.eizs CV. Cayenne have been obtained using Agrob~~iter.i~i?ii 
d~izogej~rs mediated rransforn~ation by Sel<iguchi et  al. (1996). where they have reported that cap- 
saicin is not produced in hairy root cultures. Later Yamakawa et al.  (1998) successf~llly trans- 
formed C. J , .~tesa?~s m-ith a phenylalanine ammonia lyase gene, where the PAL cDNA from 
parsley (Petroseliuiiz) was linked to the CaMV 35 S promoter and subsec1uently transferred into 
hairy roots. They found that hairy roots harbouring the PAL transgene shon~ed different PAL 
activity with slow growth and altered morphology. Increased PAL activity was studied by 
Sekiguchi et rtl. (1999) where the PAL activity was increased by tlie expression of parsley PAL 2 
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cDKA.  The increase in PAL activity leads to  increased lignin blosynthesis. They have also 
observed alreration in metabolism of aromatic compounds and also the content of aminoacid. 
These studies s h o ~ v  rhat there is a scope for the increase of phenylpropanoid biosynthesis by 
transformacion. The fast growing hairy roots with stable metabolic producrion capabilities could 
be a model systenl for f ~ ~ r t h e r  studies on phenylpropanoid pathway. 

Genetic transformation and transgenic Cap.vicl~~~2 

Recent years have witnessecl a rapid d e ~ . e l o p n ~ e n t  of genetic engineering approaches to  
several crop impro~ernents (hlanol~aran et al., 1998). This is mainly due ro the vast aclvancemenc- 
in the understanding of growth and physiological processes of the plant at  molecular level. 
However, cielrelopn~ent of an efficienr and reproducible tissue culture regeneration protocol is 
the first step in ~lr i l iz ing the power and potential of [his technology. Although excellent 
progress has been made in obtaining rransgenlc plants from many species of the solanaceae, 
pepper has lagged behind due to  the unavailability of an efficient regeneration protocol (Liu 
et (/l., 1990;  Ebida and HLI, 1993) .  Sweet pepper is an inlportant vegetable crop around 
tile world, yet i t  suffers great losses d ~ ~ e  to infection by various viruses, including ChlV 
(Cucumber mosaic virus). Genetic engineering of sweet pepper for usef~ll traits, such as virus- 
resistance, is dependent on an efficient and reliable transformation and regeneration protocol. 
Despite several recent articles describing systems for the regeneration of both chilli and snreet 
peppers cultivars, elongation of shoot buds is a formidable job (Ochoa-Alezo and Ireta-Moreno, 
1990). Wang e t  al .  (1991) reported, for the firsr t ime, the recowry of plantlets from culrured 
sweet pepper hypocotyls and cotyledons with  GUS gene expression. Later, Zhu et a l .  (1996) 
reporred rransgenic s\xreet pepper plants from Agrnhacte;.iid:~z-mediat-ed transformarion. They 
reported the regeneration of fertile transgenic sweet pepper (C. LH~?~I!I/?I/ var.g~~n.isr!iii) plants at a 
relatively high rate from various explants tl-rar mere co-cultiuated wirh A.  tu~iiej5~cejiz.r strain 
GVi111-SE harbouring a plasmid that contained the ciicumber mosaic vlrus coar protein 
(CMV-CP) gene. Similarly. Agrnbcrcteriiini-mediated transformation in C~rp~iczii~z has been 
reportecl by Professor Lakshmi Sita's group at the Indian Institute of Science, Bangalore. \x,ho 
n7ere firsr successf~~l in getting transgenic C L ? ~ S ~ L ~ / I T ~  of a high-pungent variety mirh C U S  and 
N P T  I1 gene insertion (hfanoharan e t  al. ,  1998). 

As Caj?~icr!i~i is a self-pollinated crop there is a lot of scope in using the barnase gene expression 
for conferring male sterility and for using rhe barstar gene for male restorer lines similar to the 
application realized in Canola (Brassita izu,bi!.i). This would go a long way in getting hybrids of 
the required type by effective cross-pollination. 

The genus Capjii-ziiii is also silsceptible to  the bacterial pathogen Xcii/tl?iifiioi~a~ i.~ifi~j~l,estris. 
Studies have shown that avrBs2, an avirulence gene of this pathogen triggers disease 
resistance in pepper plants containing [he Bs2 resistance gene and contribute to bacterial uim- 
lence on susceptible host plants. (Gassman et al . ,  2000). The az'rBj3 gene of the same organisnl 
has been found to  be specific for avirulence in pepper (Bonas et al . ,  1993).  Analysis of disease 
resisrance loci for diseases caused by X.  canipwtl.i.r has been reported by Pflieger et al .  (1998). A 
PCR-based approach was used ro isolate resistance gene analogs (RGAs) in pepper n.ith primers 
corresponding to  the Nucleoride Binding Site of the RPSL (Ar~r/iidop.rii), (tobacco) and L6 
(flax) genes and to  the kinase donlains of the Fen and Ptn (tomato) genes. Pepper PCR products 
were cloned, sequenced and localized on thc interspecific pepper maps. Cloned resistance genes 
(Pto, C J Z ,  S) and Pathogenesis-Related protein genes \\.ere used as a probes for heterologous 
RFLP mapping (Pflieger et al . ,  1998). 

Ir has been observed that hot pepper (C. LTIZI?NN~/L) exhibits a hypersensitive response (HR) 
against infection by many tobacco vlruses. A clone (CaPR-I) encoding a putative pathogenesis 
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related protein 4 was isolated by Park tit al. (2001) by differential screening of the cDNA library 
prepared for resisrant pepper plant leaves inoculated with tobacco mosaic virus (TMV) patho- 
type PO. This study was extended to demonstrate capR-4 gene expression in pepper plants blr 
various signal molecule, such as jasmonic acid and other abiotic elicitors. Such information has 
been useful in developing systemic acquired resistance (SAR) approaches for disease manage- 
ment. Similarly, the expression of SAR study would shed light on the defence system of CL~)I.LL-I/;/L 
for future use in the genetic engineering of plant to confer resistance. 

There are relatively few studies on the tissue-specific expression in Capsii-~~~~i fruits. A recent 
report by Sung e t  c r l . ,  (2001) has shown that a regulatory role for flower and fruit development in 
C.nllnc/i~?iz may be developed by an interaction of prorein prod~lcrs through MADS-box genes, 
canMADS1 (isolated from floral bud) and CanMADS6. This was found by using the OSMADS 1 
rice MADS-box gene as a probe. 

Metabolic engineering of Capsii-uliz, with regard to enhanced capsaicin or carorenoid 
producrion, will be an area of commercial importance. Already clonlng of the carotenoid 
pathway gene has been demonstrated in  several systems, including rice (Ye et a l . ,  2000). 
However, there is a need to get a high pigment and low pungency product from Capsicu?iz 
n711ich will be of value for pharmaceuticals, consumer purposes and as a food colourant. 
Attempts to get both a placenta-specific expression of capsaiciiloids and a fruit wall specific 
expression of carotenoids is also needed. Such developments need to be completed for disease 
resistance, which would r e s ~ ~ l r  in the overall improvement of the Capsic~in plant for pre- and 
post-harvest applications for augmenting qualitative and quantitative ourput of the p r o d ~ ~ c t s  
from  cap^ ii-1/171. 

Ht~dustrial prospects and relevance of biotechnology 

Capsaicin is fast becoming a number one plant based pharmaceutical in the world due to its 
benefits as a pain reliever for arthritis and as a nutraceutical owing to its natural antioxidant 
properties. Similarly, carotenoids of paprika haw been useful as natural colourants and as potent 
antioxidants for use in designer foods. It  is estimated that the world market for food colourants 
is US$7000 nlillion annually, of which US$L000 million is for natural colours for food applica- 
tions. The use of paprika carorenoid is for both direct use as a carotenoid colourant in processed 
foods, but also as colourant for meat, especially chicken by way of feeding ir ro the poultry birds. 
Since the use of chemical methods of colouring processed foods is diminishing, scope for rhe 
application of a natural colourant is enormous. 

Already several companies are manufacturing capsaicin-based products for a number of 
diversified applications. The details are given in Table 6.7. 

The need for the technological improvement of Capsici/m oleoresin for pungency and for 
colourant is growing as industry demands high pungency oleoresin for capsaicin-related applica- 
tions. Both these can be met by biotechnological intervention, firstly by increasing capsaicinoid 
yield by pathway engineering and secondly, by suppressing capsaicin production in paprika 
Capsic1~177 with high colour value. The use of antisense gene technology for low pungency fruit 
and the over-expression of carotenoid pathway is a great prospect. Since the technology of oleo- 
resin preparation for colour also involves compensation of the pungency factor it is necessary to 
get zero pungency in colour-rich fractions. This is achievable through genetlc engineering, as 
described earlier. 

Overall focus in the near future should be on the improvement of Capsi~~71z plants for 
preharvest management practice such as disease resistance, nematode resistance and high yields 
of oleoresi~l for specific uses. 
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T'lhle 6, r Some industrial appl~cations of capsa~cino~ds and carotenoids of C~!]~~ii-iilii2 - J representative listing 

l .  Buri~npron- 13enatonium 
Biomedical and Capsaicinate 
Scientific Co. 

A\-ersive apcnc, blocide, 
antifoulant and flavorant 

2. Duke Lnivcrsicy Aerosol fornlulat~on To reduce cigarrtre 
wich capsaicin and smoking 
essential 011s 

3. Nen- Mexico Protect~ng objects,' Procectant cont;iining 
Tech Research lcems for grazing habareno pepper 

- - -  

scarion an~mals and chew~ng 
rocients 

4. Sabina Alleviation of Herbal form~ilacion witli 
International Ltd premenstrual C~zjjic?/?ii 

symptoms 
5. Departn~ent of Bird feed 

Health and Human 
Services 

6.  The Proccer & Dermal 
Gamble Co. 

Formulacion preventing 
consumption of bird feed 
by other animals 

Prevencs irritation for 
thioglycolate 
depilator~es 

'. I<alamazoo, Insecticidal Crop protection from 
Holdings Inc worms and beetles 

8. Bioquimtx, BIO-RED L Carorenoid for poultry 
Spain feed 

US patent # 

5,891,919 

US patent # 
5,673,476 

YS patent X 
j,70',630 

bS patent # 
5.g79,696 

US parent P 
4,536,l  l 2  

US patent # 

5,599,803 
Also porenr 

antioxidant 

Conclusion 

Cnpjiczd?iz, which is traditionally consumed as a vegetable or food additive, is now gaining impor- 
tance for its capsaic~noids and carotenoids, owing to their nutraceutical and therapeutic value. 
Production of these constituents can be achieved by genetic engineering and biotecl~nology, 
however, adequate efforts have not been made in this direction. The challenge of obtaining a zero 
capsaicin and high colour value crop will be of great economic value, which is achievable 
through genetic engineering. The scientific challenge lies in obtaining the tissue-specific 
expression of the metabolites in the desired loci of the plant.  Production of capsaicinoids 
through immobilized cell cultures will be an area of biotechnological utility. Hon~ever, the 
scale-up of the process has not yet been addressed. 

In future years the demand for capsaicinoids and carotenoids of CL/~JZL-NIZ  is bound to Increase 
dile to the demand for nutraceuticals in processed foods and for use as a herbal medicine. 
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7 Irrigational aspects of Capsicrbm 

L. B. iVaik 

Cdpsini i?~,  a shallow rooted crop, is very sensitive to soil moisture variations. Excess or 
deficit soil moisture must be avoided. More than half of the root system is concentrated in 
the 5-1 5 cm layer. For field irrigation, the land should be laid into ridges ancl furrows to 
economise water. Under conditions of water scarcity, alternate filrron~s ancl widely spaced 
furrow irrigation are recommended. Generally, eight to nine irrigations may be required to 
raise the crop depending upon agroclinlatic conditions. The irrigation requirement of the 
crop is found to be 110 cm. Scheduling of irrigation can be made based on cumulative pan 
evaporation ( 4 0 m m ) ,  IWICPI ratio (0.75-0.90), available soil nloisture depletion 
(40-60% ASM) and soil moisture tension (25 kPa). Drip irrigation was found to be superior 
to sprinkler and furrow irrigation in saving water and reducing the incidence of disease. 
Spraying 200ppnl alachlor solution as antitranspirant was found to be beneficial. 

Introduction 

Chillies are shallow rooted crops and are very sensitive to soil moisture variations. Field moisture 
must be caref~llly monitored throughout the crop growth. Excess soil moisture particularly fol- 
lowing the fruit set must be avoided. When there is a soil moisture deficit, blossonl end rot may 
occur and under greater moisture stress, fruit abortion is possible. 

Hot chillies, which are usually grown for red dry chillies, are raised as a rainfed crop in several 
parts of the world that receive an annual rainfall of around 80-100 cm. Chilli seedlings are usu- 
ally transplanted with the onset of nlonsoon in the tropics when the relative humidity is around 
90%. This transplantation facilitates quick establishn~ent of the seedlings. The chilli crop is also 
raised during winter and surnnler seasons, and also in places where rainfall is not sufficient for 
the growth of the crop, and so a supplen~ental irrigation is required. Non-pungent types of chillies 
are raised under irrigated conditions. 

Rootitlg depth 

The depth of rooting of vegetables is influenced by the soil profile. If there is a clay panlhard pan 
or other clensification, then it is not possible to root the vegetable at its normal depth. Although 
C U ~ S ~ C I I I ? J S  are of a shallow to moderately deep rooted vegetable crop (90-120 cm), the root pat- 
tern development indicates that more than half of the root system (dry weight) is developed in 
the 5-15 cm layer (Keng e t  d . ,  1979). The root length density of pepper decreases nrit1-1 soil 
depth, and rapidly so below 20 cm, while horizontal variation in root distribution is relatively 
small (Morita and Toyota, 1798). Capsicz~ins extract 70-SO% of water used from a depth of 0-30 
cm (Dimitrov and Ovtcharova, 1995). 



Methods of irrigation 

The land sho~lld be laid out either in ridges and furron~s or in flat beds for irrigation. Ridges and 
furrows are better than flat beds or check basins for the economisation of water (Subramanian 
et al., 1998). Additionally, chillies cannot withstand water stagnation. Seedlings shoulci be 
transplanted halfway on the ridge for better g r o n ~ h  and higher yields. The distance between two 
ridges depends upon the row spacing of the crop. Hegde (1989a) obserxwl that alternate furro~vs 
and a widely spaced fiirrow irrigation system holds great promise for reducing the irrigation 
need, as such a set-up has the inbuilt advantage of holding a smaller quantity of irrigation water 
compared to that of every furrow irrigation. 

Matev et al. (1970) compared the different types of irrigation using the c\,. Kurto\.ska K~lpija- 
1619. The lowest yield was obtained with pipe irrigation. Sprinkler irrigation was most suitable 
for light sandy clay soil, while irrigation by furrows ancl pipes mas most suitable for heavy 
meadon, soils. The efficiencies of rain hose sprinkler and f ~ ~ r r o w  irrigation systems were investi- 
gated by Eom and Im (1990) in a sandy loam soil. Curn~llative infiltration by furrow irrigarion 
was 2 5 %  of the soil infiltrability when [he soil water potential was -0.5 bar. The loss ofirriga- 
tion water by runoff was 27-31% and 58-619 for sprinkler and rain hose, respectively. The 
application efficiency and storage efficiency of sprinkler irrigation vas 61-73% and 52-89?, 
and that of rain hose irrigation 73-'657 and 5 5 9 ,  respectively. The advantage with sprinkler 
and drip irrigation systems is that pesticides could be mixed with irrigation water to control dis- 
eases (Nashev, 1998) and insects (Cabello e t  al., 199'). In an e~xluation of low head drip irriga- 
tion, pitcher irrigation and subsurface irrigation using clay pipes, i t  was observed that in 
addition to being cheap, simple and easy to use, subs~~rface irrigation was effective in improving 
yield, crop clilality and water use efficiency (Batchelor et  al.. 199'). 

Adverse effect of water stagnation 

Chilli plants cannot withstand water stagnation and excessive moisture at any of the growth 
stages. If saturated conditions continue for more than 24 hours, the plants may be killed. 
Saturated conditions inhibit the ~lptake of nitrogen, and as a result crops receiving heavj- irriga- 
tion or incessant rains during the rainy season look pale yellow, leading to recl~iced g r o n ~ h  ancl 
yield. The application of higher rates of nitrogen was found to overcome the inhibitory effect of 
high soil moisture on nitrogen uptake (Thomas and Heilman. 1967). Dew and heavy rain at 
flowering are injurious to the crop, causing flower buds and young fruits to drop off. 

Adverse effect of water deficit and critical stages 

The principal limiting Factor for farmers in arid and semi-arid regions is water. Farmers grow 
crops that are able to adapt to drought conditions (Muchow, 1989). hfechanisms that permit 
plants to survive in these ~lnfavourable environments vary between species and include change in 
stomata1 response, osmotic adjustment anci a greater moyement of photosyntl~ates to the roots in 
order to increase root length for extracting water at a greater depth. The genus Cap~ii-tin? exhibits 
similar pl~ysiological responses when confronted with water deficit (Hulugalle and Willat, 
198'). 

The two most critical stages of moisture stress in cliillies are the initial establishment of trans- 
planted plants and the stage prior to blossoming. Chilli plants have two to three peaks of blos- 
soming, depending upon the availab~lity of moisture, nutrient and incidence of pests ancl 
diseases. Any moisture stress at blossoming leads to flower and fruit drop. Water stress during 
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the reproduct~ve stage results in a lower yield ( l 7 % )  compared with stress ~mposecl during the 
vegetative phase ( 3 3 2 )  (Prabhakar and Naik, 199'). 

Frequency of irrigation 

The frequency of irrigation will depend on the total supply of available nioisture reached by the 
roots and the rate of the water use. The former is affected by soil type, depth of wected soil and 
the depth and the dispersion of roots. The latter is influenced by weather conditions like tem- 
perature. relative humidity, wind ~eloci ty and the age of the crop. In summer, a weekly interval 
of irrigation is preferred, while in winter 10-12 days intervals may be sufficient in rropics. 
Generally, eight to nine irrigations may be required to raise the crop depending on rainfiall, soil 
type, humidity and prevailing temperature. Under tropical conditions in chilli planted in nion- 
soon. providing three to five supplementary irrigations n~lienever a dry spell exceeded seven days 
resulted in an 80-90% higher yield than in non-irrigated crops (Prabhakar and Hebbar, 1998). 
In southern peninsular Indian conditions, irrigating once in seven to eight day intervals signifi- 
cantly increased fruit size, seed yield and seedling root length compared with applications at  
longer inter\& of 10-1 1 or 13-14 days (Vanangam~~cli e t  al., 1990). 

Depth of irrigation 

The depth of irrigation depends upon the soil type and the stage of crop growth. In clay soil the 
depth of irrigation may be 6-8 cm and for sandy soil che depth may be 4-5 cm for each irriga- 
tion. At peak periocl of growth, namely, 90-120 days after transplanting, the crop's water 
requirement is more and so also is the irrigation requirement (Hosmani, 1993). 

Irrigation requirement 

A general rule is chat vegetables n~i l l  need about 2.5 cm of water per week from rain or supple- 
mental irrigation in order to grow vigorously. i n  arid regions about 5 cm of \vater is required per 
week. Irrigation recluirement depends on the season of cultivation. weather factors, soil type, types 
of irrigation, etc. Under the cropical conditions of southern India, the irrigation requirements of 
chilli have been found to be 110 cm (Si~anappan, 1979). In Cuba. the highest yield of 19.5 t:ha \ras 
obtained by irrigating at 85% of field capacity under the second irrigat~on after flowering, which 
delivered a total water of 1800nl':ha ( lhcm)  in nine irrigations (Leon er al., 1991). 

The maximum evapotranspiration of sweer pepper grown under an untreated green hoiise in 
Hungary, where the soil water potential was maintained at val~ies higher tlian -20 kPa, ranged 
from 0.5 to 4.00 m m  per day, \vith a ~irhole season's irrigation requirement was equivalent to 
34.8 cm (Cliartzoulakls and Drosos, 1998). 

L7arietal variations in water use 

Hot peppers have more water req~iirements than non-hot types. In a por experiment carried out 
to examine water utilisation b e t ~ e e n  hot and non-hot cypes in Hungary, it was revealed that hot 
type SZ-l03 proclucecl 1 g of dry matter from 31 5 m1 n7ater, while for non-hot type this value 
was 298 ml (Somogyi, 19-4). 

Studies made on three cultivars of C. ~/iii~nsii in Venezuela n71th the aim of selecting cultivars 
that were most resistant to water deficic yet had high yields, revealed that fruit proiiuction was 
affected to different degrees depending on the cultivar (24-40% recluction) when irrigation 
frequency was increasecl from three to six days. 



Irrigation scheduling 

The scheduling of irrigation can be made based on weather or soil moisture conclitions as 
follows: 

Irrigation scheduling based on evaporation d u e s  indicated that irrigation at 40 m m  cumulative 
pan e\~aporation (CPE) exhibited the highest dry matter production, fruit yield, IT uptake and 
water use efficiency (Prabhakar and Kaik, 1997). Pulekar et  a/ .  (1990) also reported the highest 
yield of green chilli when the crop was irrigated at 3 b m m  CPE. 

IT'ICPE ratio 

The irrigation water (IW) to CPE ratio (IW/CPE) has been found to be a usefill criteria for 
scheduling irrigation. The highest yield of chilli was recorded at 1W;CPE ratios ranging from 
0.75 to 0.90, depending on varieties and locations (hfary and Balakrishnan, 1990; Censur and 
Buzescu, 1998; Chartzoulakis and Drosos, 1998: Selvaraj e t  al., 1998: Subramanian e t  al., 1998). 
However, the highest water use efficiency was observed at 0.5 IWiCPE (Palled e t  al., 1988). 

Az'ailable soil nzoistu~-e depletion 

While irrigating, enough water is to be applied to bring the soil m o i s t ~ ~ r e  content of the effec- 
tive rooting zone up to the fielcl capacity. This is the quantity of water that the soil will hold 
against the p~rll  of gravity. Add water n~hen the moisture in the root zone has been clepleted. In 
a study on the influence of different irrigation regimes on the off-season C~~p~zi . / / i i l ,  Boicet et al. 
(1989) found that irrigation throughout the vegetative cycle when soil water level had decreased 
to 85% field capacity resulted in the highest total yield, highest yield of grade one fruits, the 
largest fruits, and the highest average number of flowers per plant. This treatment also produced 
the best returns. While for C~~Fiiiir./din cv. California Wonder irrigation at 40% and 60% of available 
soil moisture gave the highest fruit yield in India (Hegde, i989b). 

Soil wzoisture te?zsio~z 

Irrigating the field nhen  the soil moisture tension reaches a specified value is a useful method 
for schecluling irrigation. The soil moisture tension is measured by using tensiometers. 
Irrigation when soil moisture tension exceeded 1 atm increased the yield of chilli without affecting 
the number of fruits (Basaccu and Garibalcli, 1971). 

Smittle e t  d. (1994) studied the effect of water regimes on yield and water use of bell pepper. 
Irrigation regimes coilsisted of applying xirater when the soil water tension at 10 cm exceeded 25, 
50 or ' 5  kPa during crop growth. Yield and water use were greatest when irrigation was applied 
at 25 kPa. Using plastic tunnels with trickle irrigation, the highest yield was produced when 
irrigation was applied at 15 kPa (Dyko and Kaniszewski, 1989). 

Drip irrigation 

A large number of experiments have been conducted regarding the beneficial eifects of drip irri- 
gation over other methods, like sprinkler or surface irrigation. Advantages of drip irrigation 
include the saving of water, the efficient utilisation of applied nutrients, water having a higher 



salt content can be used for irrigation and less weed intensity as a result of less surface area 
wetted. 
Capsictim plants irrigared with water containing 95 mgiL and having electrical conductivity of 

0.6 mmhoslcm had a higher content of soluble and diffusible ions in the leaves when irrigated by 
sprinkler than when irrigatecl by drip, while there was no significant difference in yield between 
the two methods (Gornat rt a / .  , 197 3). 

Sprinkler and drip irrigation were compared on green pepper in an arid tract ofjerusalem in 
Israel. Yield, leaf growth and root development of pepper plants (CV. Califernia LVonder) were all 
greater with clrip than with sprinkler irrigation (Goldberg and Shmueli, 1970). 

Pepper planes of CV. California Wonder were drip irrigated ar a constant frequency of one to 
two days with differenr amounts of water based on evaporation from a class A pan. The amount 
of water applied was 0.82, 0.95, 1.33 and 1.75 of the pan evaporarion. Irrigarion at 1.33 of the 
pan evaporation resulted in the highest yield of pepper (Shmueli and Goldberg, 1972). 

An investigation was made in Tarnil Nadu, India, to find out rhe water requirement of chilli 
crop variery K - l  and its response to drip irrigation. There was a saving of 62%7 of warer by drip 
irrigation. Yield ofthe crop increased by 25% and reduced weed infestation by 50% (Sivanappan 
et nl.,  1978; Sivanappaa, 1979). 

In another study conducted in Israel, yields obtained under a drip system was 74t,/11a, while 
in a sprinkler system it was 59 tlha. The yield difference was attributed to lesser nitrate nitrogen 
in the root zone in drip (60-1 50 ppm) compared to 250-300 ppm in sprinkler system (Sagiv 
et 'L/ . ,  1978). 

Among [he various kinds of micro irrigation systems, namely, rotary, micro sprinkler, stationary 
micro sprinkler, canewail, drip irrigation, online drippers and drip irrigation microt~lbe tested 
on a clay soil, the cane\vall drip tape recorded the hlghest benefit : cost (B : C) ratio (2.84%) and 
net extra income. However, the net extra income was the lnaxi lnun~ with the stationary 
microsprinkler mirh B : C ratio of 2.74% (Shinde and Firake, 1998). 

P~abhalcar and Hebbar (1998) observed that the micro irrigation system produced 17-29% 
higher marketable yielcl and the microtube irrigation system resultecl in a significant reduction 
ill investment costs. 

In  a greenhouse experiment, Capsic1~~12 plants were grown using either the nutrienr film tech- 
nique (NFT) or rockn~ool, with drip irrigation. Plants grown using KFT gave a higher yield 
than those grown in rocka~ool and took up more water d ~ i e  to a higher leaf area index. However, 
the higher evaporation from the rockwool meant that total water consumption in the rockwool 
system was much higher than in the NFT system (Abou Hadid et al., 1993). 

Drip irrigation increases chilli yield by providing either favourable soil moisture conditions or 
unfavourable condirions for disease incidence. Jin Haixie e t  al .  (1999) observed that drip irriga- 
tion created a higher marketable green chilli yield than the alternate row furrow irrigation. 
Pbtopbtho~.a root rot disease incidence in the infested plots was significantly higher under alrer- 
nate row filrrow irrigation than drip irrigation. There was no disease de\relopment in the unin- 
fested plots regardless of the irrigation merhod. The disease decreased green chilli yield by 55% 
and the combined yield (green + red chilli) by 36% compared to that in uninfested plots in  
alrernate row furrow irrigation. A similar effect was also observed in the infection of Phytophtbo~,a 



I-upsir-I, causing mortality in green house grown C ' ~ / ~ ~ i i - z ~ n t  (Rista et L ! / . ,  1995) and in the open 
prod~icrjon of C L Z ] I S I C I / ~ / ~  (Biles e t  al. ,  1992). Cafefilho and Duniway (1996)  found that 
Phjto/~htbo~.u root rot of pepper could he reduced in a low ralnfall area by positioning the drip 
emitters away from plant stems with a subsurfiace location ( l 5  cm below soil). De Qiang and 
other workers (1996) also observed floocl irrigation to be one of the reasons for the incidence of 
sourhern Sclei.iitiuiir blight in chilli in China. 

Effect of qrnality of irrigation water 

Chilli irrigated with  high electrical conductivity (4.2 nnnihos'cm) water sho\ved retarded 
growth, delayed flowering, reduced fruit set and yield, while the plants irrigated \<rich water 
having electrical concl~~ctivity values ranging from 0.58 to 1.59mmhos,/cm exhibitecl increased 
flowering, fruit set and yield (Venkatachalan~, 1982). 

Saline water for irrigation 

Salinity and sodicity of the irrigation water affect the growth anci yield of crops. Even differenr 
mrieties of [he same crop may give differential responses under such conciitions. Hence, [he 
selection of salinity tolerant crops, cultivars and their specific strains are some of the important 
factors for the proper util~sation of saline irrigation water. Chillies need frequent and light ~ r r i -  
gation to meet their water requirements and under such circumstances high amount of salts will 
accumulate in the root zone. Therefore, i t  becomes imperative to  devise ways and methods for 
the better utilisation of such waters to  obtain optimum yield. 

In a pot study to determine the influence of saline warer (electrical conductivity ranging from 
1 to  6 .95 msKm) on the growth of chilli, i t  was observed that Relative G r o n ~ h  Rate (KGR) 
decreased with increasing salinity and was related to the rerardation of Net  Assimilation Rate 
(NAR). The leaf area ratio clid not decrease with increasing salinity. The leaf expansion rate was 
inhibited by salinity. Salinity did not influence the growth balance between leaves and other 
organs. The  retardation of N A R  \>,as related to the obstruction of stomata1 conductance and 
transpiration (Hirora e t  a/., 1999). 

Use of different rarios of fresh water, rreatecl urban waste water and saline ground water 
(mixecl to obtain six levels of electrical conductivity (EC) ranging from (1.3 to l 5  ds'rn) for irri- 
gation of pepper in a mediterranean environment iliclicated tliar pepper sho\vecl a high growth 
rate with a lower mortal~ty during establishment (Borin e t  a/., 199'). 

In a study on the use of bracl<ish water in raising chillies in red soil, the addition of 
gypsum ( l  tiha) to the irrigation water sl~owed the besr results wirh the highest pod !yield, in 
comparison to roil applied gypsum and the application of various liianures (Sundaravadivel e t  al., 
1996). 

At a higher osmotic concentration of saline water (300 mn1~20,000 ppm) the germination 
percentage was lower and the time tal<en to germinate was longer (liasliem c l  nl . ,  1991; Palma 
et NI., 1996). 

111 a field study on the use of non-saline water (0.25 ds lm)  and saline water (0.'6-1.0 dsim) tor 
the irrigation of chilli crops grown for dry chillies, i t  was observed that tv7o applications of non- 
saline water alternating \vith one of saline water was the most promising trearment for itsilig 
saline n7ater to supplelnent the limited supply of canal water (Srinivas et U / . ,  1991). 

Through dr ip  irrigation satisfiactory yields of Ccz/~.rici/ut (up to  2 . 1  l<g,'lll') were achieved 
with  saline (brackish) water, having an EC value upro 6 . 0  ds/m (Chattopadhyay aiid Nair i ,  

1990). 
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Pitcher irrigation 

In pitcher technology the supply of water to the plants was found to be optimum and losses were 
recorded as negligible beca~ise of the controlled and regulated flow of water within the root zone. 
In a study carrled out in arid regions of Rajasthan, India, it was observed that through pitcher 
irrigation more saline water can be utilised without affecting crop yield since the average yield 
of dry chillies recorded mith normal, saline (EC - 12 c1s:m) and high residual sodium concentra- 
tion (RSC) 13 hfe;L water were 5 81, 561 and 556 kg/ha, respectively. This may be due to the 
fact that most of the roots are present in the wetting zone (0-60 cm). Vegetable crops such as 
chillies which require frequent and light irrigation can be grown successfillly under arid and 
semi-arid areas \\,here water is scarce (Vikram e t  al.. 1999). 

Magnetised water 

The theory claiming that irrigation water passed througl-, a magnetic field (magnetic treated 
n7ater, MTW) can affect plants indirectly via the soil micro flora/fauna population was investi- 
gated using pepper plants. Responses to M T W  were observed, but not when the soil was ster- 
ilised, thus confirming the theory (Moran e t  ' / l . ,  1993). Increased growth of pepper by 8.5% was 
observed by irrigation with & l T W  as compared to ordinary irrigation water (Dunand et a l . ;  
1989). 

Antitranspirants 

In arid and semi-arid regions irrigation water is very scarce and the excessive use of water owing 
to the 11lgl-1 rate of transpiration can be reduced by spraying antitranspirancs on the foliage. 
Irrigation at 12 day intervals, along with spraying of 200ppn1 alachlor solution as an antitran- 
spirant, was found to be most economical for chilli CV. Pusa Jwala in Andhra Pradesh, India 
(Suryanarayan e t  al., 1983 ). 

Temperature of irrigation water 

The temperature of irrigation water influences the growth and development of chilli plants. In 
European countries where paprika is extensi~ely grown (Bulgaria, Hungary) and where stored 
irrigation water is ~ised,  the effect of the te17-iperature of irrigation water is profound. The results 
of field experiments showed that irrigation with water at 10-12'C interfered mith the normal 
flowering and fruit drop and reduced the yield by 7.6%. Irrigation water at 20-25°C allowed 
normal growth and development, and increased yield by 10-20% (Ugarcinski, 1964). 
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8 The cultivation and processing of 
Capxicam in India 

The cultivation practices of C ~ ~ J . ~ B L N I  vary in different countries and the practices followed 
in India are described here under the subheadings soil and climate, season, nursery prepara- 
tion and transplanting, fertilizer application, growth regulators, irrigation, interculriva- 
[ion, weed management, harvestiilg and yield. Drying the harvested fruits to a safe 
moisture level, cleaning and grading are the different steps in processing. Different modi- 
fications and equipment to speed up the processes h a ~ e  been described. 

Introduction 

Capsir-unz native to South and Central America, hlexico and the West Indies continue co be 
cultivated there and have been introducecl, and 1s now widely cultivated throughout cemperate, 
subtropical Europe, the Southern US, tropical Africa, India, East Africa and China. Indian chill- 
ies are medium to highly pungent, n711ile African chillies are the hottest ones. The cultivation 
practices of chilli in different countries vary greatly, and clle typical practices follom~ed in Inclia 
as reported by Govil~darajan (1985) are given below. 

Chilli is cultivated from sea level to 1,600 m and grows effectively with an annual rainfall of 
600-1,250mm. The important cliilli growing states in India are Andhra Pradesh, Maharashtra. 
Karnatalca, Orissa ancl Tamii Nadu. Andllra Pradesh leads in the production of this crop. 

Soil and climate 

The chilli crop is raised extensively in black cotton soils under rainfed conditions. I t  is also 
grown in red sandy soils ~lllder irrigation and to a limited extent in coastal alluvial soils. The 
chilli crop raised for ripe dry chilli is mainly concentrated in the blaclr cotton soils of Karnataka, 
hlaharashtra, Andhra Pradesh and Tamil Nadu (Hosmanii, 1993). The less pungent sweet 
pepper or C~/p.rj~./iii,s are grown in the hilly tracts of Urtar Prailesh, Himachal Pradesh and also in 
the cooler south Indian plains and hills. A well-drained loamy soil, rich in organic matter; is 
considered the most suitable for chilli cultivation. Clayey loams that can retain moisture are 
good for rain-fed crops. Acidic ancl allaline soils are not suitable for growing chilli. The germi- 
nation and early vigour of plants are affected by saline soils. Sandy loam soils wit11 organic 
[natter are ideal for C a ~ s i c ~ ~ i n s .  Sweet peppers are iilsensitive to acidic soils and can grow well 
under a pH of 5. 5-7.0 (Thaliur e t  nl., 1999). 

Chilli is a warm season crop but low humidity and a high temperature result in the shedding 
of buds, flo\vers and young fruits. Very low temperature also results in poor growth. 
Performance of sweet peppers is better under low temperature conditions. Soil temperature 
below 10°C retards growth and development of chilli, while 17°C is the optimum temperature. 
Atmospheric temperarure ranging from 20°C to 25°C is icleal for chilll. Cctpsicuii2s can be 
successfully cultivated in a mild temperature of 1;-23°C. Cnpsi~.~~inj cannot tolerate frost. 



Season 

The main crop for the southern plains of India is sown in May-June, transplanted in five to six 
weeks and harvested in October. In Punjab, the crop is planted in Atlarch-April to avoid clamage 
by frost. In the Gangetic plains, ch~l l i  is grown as a cold weather crop, sown in September ancl 
harvested in February. 

Nursery preparation and sowing 

Raised nursery beck are formed in an area of 120m' during May-June and December-January. 
Farm yard manure is incorporated in the nursery beds. Around 1,250 g of seeds would he 
required to raise seedlings for planting an area of one hectare. The seecls are treated w ~ t h  Bavistin 
(2.5 g)  to prevent incidence of seed-borne diseases. Lines are drawn across the beds at a spacing 
of 2.5 cm and seeds are sown sparsely along these lines and then covered with top soil. The beds 
are then mulched n ~ i t h  paddy straw and natered with a rose-can. On the 20th day after sowing 
Furadan, 3 g granules are applied in between the seedling lines across the bed, stirred with the 
soil and the beds are irrigated (Veeraragl~avatl~atl~am et d . ,  1998). 

In certain tracts of chilli cultivation, direct sowing i~ also done. The land is ploughed to a fine 
tilth. A seed rate of 3-3.5 kg,'ha is followed and the seeds are broadcast, either alone or mixed 
with sand and a shallow harrowing is done to cover the scecls. Seedlings are later thinned to one 
per hill and gap filling is completed 30 days after sowing. 

Transplanting 

It is better to harden seedlings before transplanting them by reducing irrigation. Seedlings are 
transplanted by about sixth week to either ridges or furrows. Farm yard manure is incorporated 
at 25 tonnes!ha. During summer, seedlings are given temporary shade for two to three clays. 
Transplanting is usually done either in the early morning or late in the evening. At the time of 
transplanting, seedling treatment with Arospirilili~li culture enhances the establishment and bet- 
ter gron~th of seedlings. Asospiiillz~i?~ culture at 2 kg110 L of water is used for dipping the root 
end of seedlings for about 30 minutes. 

Plant density depends on many functions, like variety, soil fertility and irrigated or dry land cul- 
tivation. In Karnataka and hIal~arashtra, spacing of 75 X 75 cm and 90 X 90cm are generally fol- 
lowed, whereas In Andhra Pradesh and Tamil Naclu narrow spacing of 45 X 45 cm or even closer is 
practised. Wider spaclng of 90 X 90 cm IS followed in tall varieties like Bydagi and Sankeshwar in 
Karnataka and hfaharashtra for concentrated dry red chillies; bush varieties are grown in a closer 
spacing of 60 X 30 cm. K o  single spacing is recommendeci. Under All India Co-ordinated chilli 
trials, the recommendation is 60 X 45 cm for var~eties and 50 X 45 cm for hybrids. 

Fertilizer application 

A wide array of fertilizer recomnlenclations have been reported in chillies. The choice \<rill be 
based on soil type, irrigated or rainfed cultivation and the variety to be grown. Chilli crops gen- 
erally respond well to nitrogen and potash application rather than phosphorus. Usually, phos- 
phorus and potash fertilizers are applied in one dose, while ni t rogeno~~s fertilizers are given in 
two or three split doses. The practice in Tarnil Nadu is basal dressing with 60 kg of phosphorus 
(375 kg of superphosphate) and 30 kg of potash (50 kg of hluriate of potash), along with 40 kg 
nitrogen (87 kg of urea) along one side of the ridge and mixed with the soil. Nitrogen at 40 kg 
each is used for top dressing on the 30x11, 60th and 70th days of transplanting. A fertilizer mix- 
ture having 120, 180, 90 kg/ha each of N ,  P and K, respectively, is recommended for Cdpipsirzti?~~ in 



Hirnachal Pradesh. One-third N along with P and K are given as the basal dose, \vlle~.eas 
second ancl third on top dressing, three to four and six to eight weeks after transplanting 
(Thakur e t  a / . ,  1999). 

G r o w t h  regulators 

Growth regulators are used in chilli to induce early flowering, for preventing flon-er and fruit 
drop, for uniform ripening of fruits and to increase or decrease seed contenr in fruits. To improve 
fruit set, as well as to reduce flower and fruit drop, naphthalene acetic acid (jOppn2) is sprayed 
before flowering (equal to 1 m1 of planofix rnixed with 3.5 L of water). 

In Tamil ihadu there 1s a practice of triacontanol application. Triacontanol (2.5 m1 of Vipul 
dissolved in 1 0 L  of water) is sprayed on the foliage of the plants using a hand sprayer. 
Triaconranol increases the pl~otos~nrhet ic  efficiency and thereby the yield. 

Irrigation 

The field is irrigated at the time of transplanting. On the third day, life irrigation is given and 
subsequent irrigation is given once a week or ten clays depending on the soil moisture conditions. 
C~lp.ric/~:i~ is grown under irrigated conditions, as the crop is very sensitive to soil moisture. By 
applqiing antitranspirauts like alachlor (20 ppm) in chilli the irrigation frequency can be reduced. 

Inter-cultivation, weed management  and inter-cropping 

The main objectives of inter-cultivation are (a) control ofweeds, (b) soil aeration and (c) soil mois- 
ture consem-ation. It is carried out mainly by hoeing. To prevent cracking and to consenre soil mois- 
ture repeated inter-cultivation is performed. By repeated inter-cultivation, the weed intensity in 
succeeding crops will be of the lower order. Though the cultural methods of weed management are 
widely used by the farmers, they are becoming laborious, time consunling and experlsive due to 
labour shorrage. Under this situation, the option left is the use of herbicides or a combination of 
both herbicides and cultural methods. Among the herbicides, trifluralin, a I a i  -1 1 1 or, etc. are exten- 
sively used for controlling weeds in chilli. AF a pre-emergent weedicide, 2 L of Basalin (Fluchloralin 
1 L a.i.Jha mixed in 500L of water) is sprayed on the soil surface just before transplanting. This is 
follonlecl by irrigation. As a phytosanitary measure of disease control, weeding is essential. 

Under rainfed cultivation in Talnil Nadu, onion, brinjal and coriander are grown as inter- 
crops. Castor and agathi gro\vn on b~lnds serve as barrier crops in pest management while the 
inter-crops give adclitional income to farmers. 

Harvesting and yield 

The field-sown crops are grown mainly for ripe fruits, but for the transplanted crop the first har- 
vest is usually picked green to stimulate further flush of flowering and fruitset. The stage of 
picking depends on market needs also. Flowering begins one to tn7o months after transplanting 
and it takes another month for the green fruits to emerge. Thereafter, ripe fruits are picked at an 
interval of one to two weeks and harvesting continues over a period of three months. The num- 
ber of picking varies from six to ten dependrng upon the season, cultivas and cultural practices 
(Muthukrishnan et d., 1986). The ripe and almost red fruits are heaped indoors for two to three 
days to attain a uniform red colour. They are then dried under the sun by spreading in a thin 
layer for about 15 days. A chilli crop normally yields 2-2.5 tonnes of dry chilli and 7.5-10 
tonnes of green chilli from a hectare. 



F~ill!- matured green fruits are harvested in the case of sweet pepIm-s. Usually they attain har- 
wstable maturity in 60-75 days after transplanting. About four to fire pickings are possible and 
the yield is around l i tonnes;l-ia. 

Primary processing 

Primary processing is for readying the llarvested fruits for market by drylng therm to a safe 
imoisture level for transport, storage and 5-lrther processing. 

On liarcesting, chillies and C ~ z ] ~ ~ i w l i i s  have a rnoist~ire content of 65-80?, and :his must be 
reiluced to iOr/i (Pruthi, 1993). Traditionall)-, this has been achieved bj- sun-drying fruits xvitli- 

an)- special treatmen?. This is the mosc widely ~rsed method tliroiighout Asia, Africa, Central 
aiid Soucl1 America and in tile ::SA. 

In India, ripe red or nearly ripe frilir-s are har.i-ested, along with rheir stalks, ancl heaped iilcioors 
for tliree to four days to develop a uiiiform colour. This curiiip is ail inlportant treatmeni, as sun- 
drying irnznediatel\- aEc,cr the Iiarres.; leads CO hi-eached and nail-~iiniforrr-, colour i!n the casi of 
frxits, which have iiot cornpietei! rurried red. Tile cured fruits are dried by spreadiilg them 011 
dry gro~~nci  under the sun for five to M t t e  days, depending on day te~mpmtLlre and l-iumidiry. 
Chillies havt to be dried in a manner so ti.;ai they retain their ciiaracter~stic red coiour and 
lustre. Usual!!;, rile ci~i!liei are spread in z single la!-er for drying. After tn7c> days of drying in t l~is  
manner nrhen rhe frilits are sti!i flaccid, (he!- are tran~plecl upon or are rolled over ro enable a 
greater quantity of the clried product to be packed into gunny bags for storage anci transport. 
T i h t  yield of ciry chillies is 25-307;; depending on the cuiticar (Sastllii, 1959). 

C _l-ie ternpc~ra.r!- storage of high rnoisrur-e chillies in bags could starr a deteriorative process 
affecting tl-ieir colour aiid niicrobiologica! quniit!;. Laul et  'I!. (1  9'1)) suggesrecj a Iiig!: loss of 
qna!it!- in areas, \vilere occasional sl;o\vi-rs c r a t e  uiihygienic conditions. Over-dr:;icig and exces- 
sive deiay in iirliing resitits in  lie grow,i.il: of microflora 2nd the subseq~ii-iit loss of quality or rotai 
spoilage. Thus, z propoi-rior, of chi!:ies prod~lced by sun-drying r e s ~ ~ i r  in a poor q ~ ~ a l i t y  prodiict 
t h a ~  lias a shiil-el~ed appearance and -with ~;ar!,ing tlumbers of broken pods. 

- - hiforts have been made to dei-elon - Brccesses and ec~uipmeiir io speed up che dryiiig process. 
Lease a:;ci Lease (1956) sho\-ved rhaz by deiaj-lng rile l~arvesr and a!lo-iiling the ripened :,ads to 

xitiier on the piail: and t l i e ~  d:.j.iilg them &er by s11ci:lg tile pods iil forced dlafr driers gave a 
s~rperiur q:ia!ic:,, :iroiluce. Lease and Lease (1.361) siiggescec! 65°C as tile oprinium drying rem- 

7 - iirrarure for good uua-iity proauce. Laul c t  '7:. (19'0) suggested chct tile rate of drying \.:as higher 
wir!~ blanching, reducing the d i> , i~ ig  rime by $0-60r/i. ?hey found tliat the drj-ing could be 
complered ii: three iloiirs by fluidized bed drying of priclred fruits a t  60°C. Luhai!i\;a and 
Kullcarni (i.378) iiei-eioped a ixethod foi pi-oduciiig dehydrated chilli: greet chillies, pricked, 
5 i .. .. - .  - 
'di,Lijciied anii dip treated i i i  socilurn hydroxide ( 2 F )  for IC-20 miiiu:es, it-aslled hee of ailmli and 
rapidly dried between 60°C a:id '9°C. CFTRS, hfyscre has developed a chemical tixu!sion 

. . 
iinown 3s Cilisoi co:itarn~ng potassiiiii? carbonatt, refined groundnur oil, giim acacia and biity- 
, . .  !ated hydro::) BIZ~SO~., wi3ici-i eiiSLlri'j a faster rate of drying. betier rerenrioe o[ coiour and pun- 
gei3cy and a higher yield of s~iperio: gua!ity produc:. Gllillies are often siiieareci ~ v i t h  oil of 
hlatua (;lib?Ni/3~~-a Iolzgij~Iin) to iillpart glossiness (Kaci?:.~i and Srivasrava, 1990). Soiar clriers have 
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been designed by Regional Research Laboratory ( jammu)  which effects complete drying of the 
commodity in four to five days with a marked improvement in colour and storage characteris- 
tics. I11 LJSA the freshly harvested fruits :Ire taken to factories for rapid drying. The harvesteil 
fruits are first n~ashecl in  n-ater, then immersed in dilute liyiirochioric acid to renlol-e the 
pesticicle and fungicicic resldues. Fruits are agaln washed in water ro remove acid, before the 
fruits are cut mechanically into small strips and loaded on to the trays of the counter-current 
hot-air driers. With the control of air-flow and humidit!;, the drying time and colour loss can be 
reduced (Covindarajan, 1785). 

Cleaning and grading 

After drying the lruits the!. are cleaned of extraneous matter. damaged and discolo~lred pocls, etc. 
before storage or packing. Dried chillies are ~isually scored in gunny bags. Storage ac the farmer's 
level is essentially a short duration, ranging from one ro three months. Storage at trader's it\-el is 
also done in bags, which are stacked in godowns, where f ~ ~ m i g a t i o n  is done to prevent insect 
infestation. 

For marketing, chillies are graded as first or seconcl sort, mixture, etc. Gracies such as special, 
medium and fair are also adopted. 
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9 The preservation and production of 
Capsicam BPP Hungary 

Cap.riciinz was introduced to E~lrope at the beginning of tine sixteenth century and became an 
important crop in  sevcral countries, Hungary included. Like other Ccipsii-iim prociucing 
countries, there are t\vo n m n  rypes grown in Hungary: one for fresh consumption, the sweet 
Cdpiiciiii?. and the paprika for use as a condin~ent.  The paprika characteristics differ in several 
ways from the sweet Cdl~.~iir/ii/. Sweet C~ ' I I 'C I I I I /  is mainly gromn under controlled environ- 
mental conditions and 1s also field-grown. The paprika is only field-grown. Spice is produced 
from paprika after clrylng and milling. The  procluction area of sweet Crtp~I'i./~iji was about 
8,000-10,000 ha durlng the last three to four decades. This area has decreased dramatically 
in the last txvo years; currently, it is about 3,000-d,500 ha. The production area of paprika 
has remained steady at around 3,000-7,000 ha for a long time. Since sweet Cap.rI'i~~in is gromn 
all over the country - except in the cold, rainy areas near the n-esrern border - paprika is only 
gromn in the tn70 traditional regions (Szeged and Kalocsa) of the southern counties. Hungary 
used to be one of the most outstanding exporters of the condiment paprika. Hungary's acrii- 
ity in the world market has been reduced bp the  emergence of the Southern Hemisphere 
coclntries as paprika producers and by the change of cons~inners' lnabits (using paprika-based 
sauces, paprika oleoresiins). The Hungarian growers and processors must go through signifi- 
cant changes to meet the requirements of the world market. 

T h e  Hungarian sweet Ca])~i i -~ i i i  was unique until  the  last decade. I t  differed both in 
colour and shape fronn the  sn-eer G N ~ S ~ C N I I I  types grown ~vorldm~ide. D L I ~  to  a \videned 
research cooperation and exchanges of genetic material, the typical colour anci shape forma- 
tion produced in the Charpathian Basin is lnow available fro111 the \vorld's breeding anci seed 
companies. Because of the nature of S\\-eet C'zprpsic~tni, although g ronn  in a large scale (5-6% 
of the total of the vegetable growing area in Hungary), export possibilities are linlired. The 
only sizeable amount of export is shipped to  Germany. Some small quantities are exported 
to neighbouririg countries, and the rest is sold nationally. 

Sz~seet Capsicum 

The first written records of the appearance of paprika in  Hungary are from the  mlddle of the 
sixteenth century. Paprilia was grown as a rarity in the garden of Alargit Szechy, the srep-mother 
of a most distinguished General. I t  can be assumed from the infornlation of the next two or three 
centuries that Cdp.iiii/iii was cultivated only for use as a condiment. The cultivation of the sweet 
Cap.iici/nz known today began at the end of the  nineteenth century. Bulgarians \were the  first- 
growers who cultivated Cdpiprici~nz in the sourhern part of the country (Szentes and surroundings). 



At tile beginlllng of the tn7entieth century production of sweet Cn~jicitiiz spread to other parts of 
Hungary. It is inrerestiilg to 11ote that the sweet C ~ P J Z T I ~ ~ I Z  growing regions are not [he same as 
the traditional paprika producing areas. Important sn7eet Crzp~pjiciinz areas were in the middle of 
the country (Boldog, Kagykbros, Cegl6d) and in the south-southeastern part (Gpula, Baja, 
Bogyiszlo). But today this typical vegetable crop is cultiuated all over the country. 

Sweet C~zp.rii.l~nr growing greatly depends on consumption and market demand. The \\,hole 
vegetable cropping land of Hungary was 45,000-60,000 ha, and out of this 2-3% was for sweet 
C~Q.iic?~~ii. Production significantly increased after the Second World War. It  occurred when the 
processing industry de\-eloped and began exporting to the East (mainly to the former USSR). 
Y 1he  biggest area sourn was towards the end of the seventies when C ~ ~ J ~ L - Z ~ I Z  \\,as gronTn on 
14-1557 of rhe torn1 vegerable cropping land. Due to the changes in technologq- and improved 
growing methodology the area soxwn by CLT]IJL~.IOI~ decreased (4,000-5,000 ha) significantly. 
Kevertheless, the average yield increased ancl therefore the production increased more than 
before as a consequence of tile improved facilities. Under the improved gron-ing facilities (glass 
houses, heated and unheated plastic houses), the average yield increased to 80-150 tondha. 
Sweet C ~ ~ . ~ ~ C N I I I  grown in the field. yields 25-60 tons,'ha, depending on the cultivar and the 
season. 

The production of condiment paprlka in Hungary is highly labour intensive. It  became a signlf- 
icanr crop at rhe end of the nineteenth cenri~rq-, although reports of its cul t i~at ion exist from the 
sixteenth century in Szeged, where [he crop was mentioned as one of the crops grown. It  \\,as 
introduced from Turkey by monks who excelled in healing, and was ~ ~ s e c l  as an  effective 
medicine against malaria. 

Looking at the history of H~lngarian paprika production we can disti~lguish several classical 
periods: 

a Until rhe middle of the nineteenth century feudalisric family self-sufficie1-i~~ and the 
beginning of the production for the marliet; 

a Until the start of the First World War paprika production is market oriented based on 
free-competirion: 

e From the end of the First VVorld War ~ l n t i l  the end of the Second \Vorld War a stace 
regulated production order was characteristic; 

c Paprika mllling was under state monopoly for the period of 1940-90; 
s In the last decade of the tmencieth century again free marker, production and processing are 

based on competition. 

Spice made of paprika is knonrn as "Hungaricum" worldwide, and is an essential element of the 
Hungarian cuisine. Until the turn of the r~ineteentll century it was linown nlalnly in public life 
as medicine. Shepherds of the Great Plain used it only as a spice. From that point, it has become 
more popular because of its spicy properties, and it became an inlportant export commodity. As 
a spice, the Hungarian paprika has a p~lrposefill role in the central European "hea\,l- cuisine". 
First of all because it helps in the digestion and preservation of food (Dunszt, 1939). However, 
during tlie last 100 years ir has become popular in numerous countries of the world, because of 
its excellent colouring properties and for its flavour (Figure 9.1). 

Paprika is classified according to its pigment contents, fiileness of milling and pungency. This 
classification was used in [he past and continues ro be used today. When the illilled product 



Fignrr 9.1 The fish soup of Szepecl that ic  made with Hungar~an style paprika is a typical Hungaria11 ciish. 

appeared on the market during the 1850s there was no official regulation regarding the cluality. 
There were only two to three known categories. With the introduction of the steam-mills from 
the mid-to-late 1800s, four more new quality categories were accepted. For the sake of unifor- 
mity it became inlminent that quality classification must be regulated by law. 

The first act to regulate the grading systeln of qualiry was the 1895 XLVI Act forbidding the 
aciulteration of agricultural crops, products and cornmoclities. The Act of 1907, 26 .859/Vi . j ,  
fi~rther refined it. This classified rhe milled product into f o ~ r  categories: I, I!, III and mercantile. 
i t  was only allowed ro deviate from that during the First World War, because of the economic 
situation (Ohermayer, 1934). According to the present Hungarian standard the applied quality 
rating system is: special, delicate, sweet-noble, goulash and rose. 

During recent years, paprika was produced on 1,000 ha in  both the ecological regions of 
Szeged ancl Kalocsa. Depending on the season and production technologies the average yield is 
highly variable. The ann~lal average of 50,000-60,000 tons of raw conciiment paprika prodclces 
6,000-10,000 tons of milled product. 

Literature review 

Paprika (Caj~~~ciini aiz?u/un2 L.) originated from South America and came to Europe - probably 
first to Spain - in 1493 after the ciiscovery of the American continent (Pickersgill, 1986, 1989). 
From there it came to Hungary across the Balkan through Turkish growers. The first paprika 
plants were planted at the end of the 1500s. At first it was considered as an ornamental plant 
and was grown for culinary usage at rhe beginning of the seventeenth century. The plant iater 
enjoyed t remendo~~s popularity around the time of Napoleon (Somos, 1981). The book conrain- 
ing the first detailed description was written by Csap6 (1775). Accordrng to this book paprika is 



gron7il in vegerablr gardens and the lollg red fruit is dried and crushed to a powder. Veszelszi<i 
(1798) said around that t ime the farmers of Fot, Palota and D~~nal teszi  grew paprilra. The first 
cultivation trials were conducted at clie botanical garden of the Cniversity of Pest in 1788. Since 
tl-iar tiine different Ca]~jil-z/t:z varieties were found in rile "lildex sernii~um" of the botanical gar- 
den (Augustin, 19C7). I n  ietrers timt Count H o f f ~ ~ ~ a i l s r g g  sent to his wife abour his journey in_ 
Hungary, lie mencioiled: "here 1 really lilced a Hungarian dish, meat with paprika. I t  must he 
very healelly . . . "  (Bitlint, 1962). August Elrlch. a Gerinan trmeller did qot talk so nicelj- about 
the Hungarian paprika iil bis book of "Die CJngarn wie sie sind" (1831). H e  called paprika 
"Diabiische Paprika Brdhe". Xe  r r o r e  that for pcop!e R-ho are lnor irsed i-o it ,  the efkct on :he 
paiate is like embers or e\:e11 worse (Augustiii, 190-). 

Nationai trade of tlle .milled production ofpaprika starred in  rht  seco~id parr oftlie nineteent!~ 
century and the export iracie began at tile end of the centurl-. TWO malil growing regions of 
~ a p r i k a  mere estab!islied, nameiy Szegtd and Kalocsa. T1:e official quality tesring of milied 
paprika for the prorecrion of coinnlerciallsed ~milleii groducts v a s  introdiiced ar the eild of che 

. . 
~iine-ieenth cent:ir>- in Szeged, whiie t1:e breeding work co~nnlenced in  Kalocsa in 19:' ~ii~ci in 

Szeged in the 1920s (Szanyi, 1937; Senedei;, 1960, 19-4). Only Hungarian bred paprilca calti- 
Tars are gran-!: in F~:i~gar!-. In  cc;!?rrast, the IHungaria!; bred sweer papri!ca occupies only 

- . .  8':-85% of the proaitc:!o.;, becair~t dcriing t i :~  iasi 15 3-ears .foreign br:-eding znd seed com;,;nies 
hzi,e graduaii!; produced more cu!rivars. 

Produc~lon regii~es, cultivars? growing and 
D ; . O C ~ S S ~ C ~  eechnaiogj. 

7 - 7 7 

:<ungary is iocated on the tlcrth latitude 16"-18". It means _iP~~npary i? on i l ~ e  nart!ieril borde: 
05 rile pap-ik-, gro~.>~,irig area. The vegetation perioci is reiativeiy short. Lace spiiilg frosr illa>i 
occur betweer-! i 5-20 April. In some cases the first auccmn kos: may c a n r  a: eiie e r ~ d  of 
Seprember, but defiiliteiy in tile middie of Ocrobe:. 

, f .- .,; -:k,, PL:T!?GS~ r11e ~ ~ h o i e  area of [he country is szitL.bl -01 b a ~ ~ i  gzov~ing give!? its :en;l>eratnre, 
precil7iiczrioin and s:~nsi?inc-h:~urs. i here are 1x0 z~rikiilg differences i1: climate f r o n  region to 
. - . .  . 
regio:?,, aitlioi~gi: rbe sunshine-hoilrs are tire high:-sr cn the so~iti?e:i~i parr, arid tile . p i - e c ~ u ~ r ~ t ~ o ~ ;  - 

is the leas: (a.l?ouc 1.000 hours and 500 mm per a i~num,  respecrirei:;), 7.whiie t h e  sunshine-hor,is 
,~ .~', . . . . 
aLL less aad rile ;>reiiplratioi? is more (about 1,83i? h::iirs and -00-900 mm per 3nnurr.) oi? tile 
-bx;estei-ii parr of the coirnrry. "lie biggest gro~:ing regions (Sour!? Hutlgary) i-netcorological 2at.r 
is siioivn iil Figclres 9.2-9.8 ( D a a  prcvided by Narionai Aicl-eoroiogica! Srarioii, Szeged Srarion). 

S-t~eer CnPs~ctil;z car he grov-! In any 1Gungarisr.i region excei3r along rhe sT,,estern border 0: the 
. . 

counrr? where the precipita~ion is !-iig!-;er and the t e i x p r a t u r  is io-ivei thai: the average. C!n!y 
. . 

8-10? of rile countrx: s soli ancl ciiiliatr condirons art  unsxitable for grox.vifig sweer C~jiisiw::~. 
N~-.',*.- ~ ~ ~ ~ 1 : e l i . s ~ .  as cradirionai growing regioils evoli-ed, i~llinigrant Bulgariiun ri2ari;ec ga rdexrs  

. . 
settle? er [lie southern pzrt of the counrry and scarred vegetable D ~ O ~ I - I C C ~ ~ Z .  O b s e r ~ ~ i ~ l g  E!?:- 
- .  . , .  ~ ~ ~ i g a r i a n s '  success o?proc~uct ian and c o m a . e r c r ~ i a r i o n  o:'sn7eer Cdjsiiz/;/:ir: rhe X L I D ~ Z ~ ~ L I I S  



Years 

F-~nre  9.2 Sunshine-hours in Szeged (Hungary) durrng the period 1966-2000. 

Months 

l2z,y~/iile 9.3 Average sunrhine-hours in Szeged (Hungas!-) during the period 1966-2000 

became involved as well. Production regions were established first i n  rhe country's southern 
warmer counties (Bacs-Kiskun, Bekes, Csongrad), which were notable for their easily warming 
rich sandy l-~umus soil and good water management (counry of Jaszsag, Pest). Production was 
also esrablished on flood plains in the middle of rhe country, where the soil was of good qualiry 
clay. N e w  growing regions developed i n  the  twent ie th  century (Nyirseg, Hajdusag).  Sweet 
Cap~ii-~~oz requires soils with 2-4% h ~ l m u s  contenr nrith 6.8-8.5 p H .  Rainfall sl-rould be around 
500-600mm per annum;  50% of thar is needed dur ing  the  vegetation period. Th i s  is a 



Years 

F i ~ l i l z  9.4 Annual precipitation and e~aporacion in Szegtd (Huilgar1-) during rile 1766-2000 

January 

July 
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very important aspect of sweet Cap.rir.zimi cultivation, that the water demand of sweet C~tpsicii;~~ is 
higher than that of conciiment paprika. 

Tivo important growing regions became established in Hutigary by the end of the nineteenth 
century, namely Szeged and Kalocsa. These regions produce the bulk of the H~lngarian paprika 
even today, in spite of the fact that in the last decades people started to grow this crop in the 
region of Afezohek, arid even in the region of Boldog, located in the north of Hungary. 

The soil types in the region of Szeged depend on the location: it is mainly medium-heavy, the 
sub-soil is salty on of the chernozem type  There are also flood-plains near where the rivers Tlsza 
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Figlire 9.' Average remperarures in Szrged (Hungary) cluring rlie perlod 1966-2000 

and Maros join. However, in  a significant part of the  region we can find lighter, sandy loam. 
These soils have inadequate water management with less humus, ho~vever, the cultivation is eas- 
ier and rhe soil warms up Faster. At  the same rime, the quality o f the  condiment paprika is lower 
than that obtained from the  heavier soils. These lighter soils are suitable for intensive sweet 
Cap.ric~/;iz production under controlled conditions. I n  tile region of Kalocsa the  so11 is mostly 
heavy, with relatively Ion7 humus content on the former flood plains of the Danube river. 
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Gultizct~. types 

The sweet C L @ J ~ C T I I ~  cultivars in Eungary changed a lot during the last centuries, especially dur- 
ing rhe last 50-60 years. In the previous centuries tlie seed \vas handecl down from father to son 
and the gro\vers passecl the seed on to each other. The seeds of the best and earliest fruirs were 
al\vays kept for further sowing. It can be assunled that on many occasions spontaneous pollina- 
tion or mutation createcl new types or ~a r ie t i e s .  Breeding techniques applying genetics goes 
back only to the last 50-60 years in Hungary. The first sweet C n p ~ j c ~ n i  cultivar ml~ich received 
State registration was "Cecei s\xreet 3" bred by Angeli (1958). He selected this from a pungenr 
white type and creared a non-pungent cultivar. \Vith his work, an active and efficient Cap,rjr~/iii 
improrernent started and, consequently, the Hungarian sweet Capricz/in t j ~ e s  and an assortment 
of cultivars were continuously increased ancl spread all over tile nrorld. The production of sweet 
Cd]~ti,siiun2 hybrid seed culrivars was initiated In Hungary in the nliddle of the  1960s (hIo6r, 
1969). Breeding work was conducted by [he state-o\vnecl Vegetable Crop Research Institute and 
~ t s  predecessors, ancl by the Horticulture Departments of Universities until the mid-80s. Since 
then, several private breeders' cultivars received Plant Variety Protection. All the cultivars 
grown belong to rhe species of Cap.rii-iinz i?n?zuiinz L. 

According to  the Kational Insriture for Agricultural Quality Control sweet Capsii-i~in 
cultivarsivarieties are categorised by the following groupings: 

Whire fruit, indeterminate 
pungent 
without pungency 

white fruit, determinate 
without pungency 



pale green fruit, Indeterminate 
xvithout pungency 

hornshaped, indeternlinate 
pungent 
n~itliout pungency 

pointed, hot, indeterminate 
pointed, hot. determinate 
tomato-shaped, indeterminate 

without pungency 
California Wonder type 

r~it110~1t pungency 
other 

pungent 
\s.lthout pungency 

Approximately 100 c~lltivars were registered in the National list of Varieties in 2000. The 
size of this book does not alio\v a description of all types, so only the most important ones are 
mentioned. 

One of the most important traits of sweet C~~prirain culti\,ation is the sensitivity to lack of light 
(Zatylcci, 1979). This characteristic is important for determining whether the cultivar can he 
force-grown or not. This rneans determining whether the cultivar may be grown only in the field 
or whether its production is economical ~lnder  green house conditions our-of-season, as n~ell.  

1 Ciklon F1 - indeterminate. white f r ~ ~ i t  ripening to red, sweet, conical, upright fruit, for all 
procl~~ction systems. Fruits are 12-15 cm long ancl 5-6cm in diameter. Yield is 8-15 kg/m2 
depending on the production technology. It  contains Tm2 resistance. Under local light condi- 
tions, sowing is done at the end of September, and the first 2 cm long fruits appears after a veg- 
etation period of 125-130 days. This can decrease by 50% ilnder more intense llght conditions. 

2 Taltos - white fruit turning to red, indeterminate, sweet, conical, blunt, pendulous fruits, 
grown in the field. Fruits are 10-15 cm long ancl 5-6 c ~ n  in diameter. Potential yield is 
30-35 tonsilia. 

3 "P~lngent  apple" - white fruit turning to red, incleterminate, pungent, apple-shaped 
upright fruit, grown in the field. It  is malnly used by the canning industry (to pickle). 
Fruits are 6-7 cm in diameter and 4-5 cm long. Potential yield is 18-25 tons/l~a. 

1 Feherozon - white fruit turning red, determinate, without pungency, upright fruits, grown 
in the field and also under green house conditions. Fruits are 12-15 cm long and 5-6 cm in 
diameter. Yield in the green house is 6-8 l<gim' and in the field is 25-35 tonslha. 

5 Rapires F1 - pale green turning red, indeterminate, pungent, long, conical, pendulous 
fruits. It can be grown in any type of controlled facilities. Fruits are 15-20 cm long and 
3-4 cm in diameter. It  contains Tm2 resistance. Yield depends on the technology 7-8 kgim'. 

6 Tomato shaped green - dark green ripening to red, indeterminate, sweet, flat, round, 
seamed, pendulous fruits. Fr~lits are 8-1 2 cm in diameter and -3-5 cm high. The potential 
yield of f~illy ripe fruits is 18-20 tons,'ha. 

The Hungarian condiment paprika's cultivation period is short, there are only 5-51 months 
available for the vegetation period. In spite of the short vegetation period, the cluality of the 
harvested crop is excellent in  most years. The high pigment content and the hlgh dry matter 



guaranrees a very good base material for milling. The Hungarian 1-arietles' yield can be up to 
50% more, l ~ i t h  improved arrribures, by cultivating them in areas -,here the vegetation period 
is longer. This is based on the Hnngarian-Spanish (Somogyi e t  n l . ,  1998), the Hungarian- 
Portuguese and the Hungarian-Australia11 (Derera, 2000) cooperative experiments. The f ~ ~ l l  
genetic potential of the Hungarian cultivars is limited by the clin~atic limitations. Between 
1993 and 2000 the condinlent paprika prod~~ction area was betnreen 1,000 and 6,500 ha and the 
ran. paprika production was between 26.000 and 65,000 tons. 711c size of the official growing 
land was 3,000-6,500 ha in 1991-2000 and the amount of the raw producrion \\,as between 
26.000 and 65,000 tonnes. Consequently, the quantity of the milled product varied between 
5,000 ancl 9,400 tonnes. 

All of tlie conclinlent paprika cultivars grown in Hungary were bred in Hungary. They belong 
to CCZJJJ~L-IIIIZ C Z I ? I ? N N I ~ I  L. covar. longr/;iii by botanical classification. There are two exceptions 
(CV. Kalocsai A cherry type, cv. Kalocsai M cherry rype). Regarding the growth habit, [hey are 
continuous, semi-determinate and determinate. There are tn.0 types of orientation of tlie fruits: 
erect and pendulous. The categories are indicated below and the pungency is confirnxd in brackets: 

1 Varieties of continuous growth habit, pendulous fruits: Szegedi 20, Szegedi 80, 
Szegedi 5'-13, Remkny, KBrmin, Szegedi 1'8 (pungent). Szegedi 179 (pungent), Szegedi F-03 
(pungent), Kalocsai 50, Kalocsai 90, ICalocsai V-2 (pungent), Kalocsai E-1 5, Csirdis, Folkl6r; 

2 Varieties of continuous growth l-rablt, erect fruits: Kalocsai 57-211; 

3 Varieties of semi-determinate growth habit, pendulous fruits: Kalocsai 801, Kalocsai 702, 
Zuhatag; 

4 Varieties of semi-determinate growth habit, erect fruits: Kalocsai M 622, Rubin; 
5 Varieties of cleternlinate gro\vrh habit,  erect fruits: Kalocsai D 601, Kalocsai D 621 

(pungent); 
6 The cherry type paprika is classified as paprika, but it differs botanically from the rest. They 

are Cr"p.ij~r/7/1/2 ai~~zliiilii covar. ~er~~s.ifi~iiii. and not ~ I I ~ z ~ M ? I ? .  They are pungent, their importance is 
found in gastronomy. If green fruit is harvested it can be pickled or made into salad. When the 
ripe fruits are harvested they can be used for hot sauce or dried spice (nor milled) flakes. The 
two cherrl- culti.r,ars that differ in fruit size and growth habit are Kalocsai M ancl I<alocsai A. 

A detailed description of the most typical cultivars of each category is given here 

1 Cultivar of cont inuo~~s growth habir and, p e n c l ~ ~ l o ~ ~ s  fruits: Szegedi 80 a sweet cultivar. The 
frults are 12-11 cm long, dark red when ripe, pigrnent content is 8.0-10.0gikg after post- 
ripening treatmenr. The solicis content at picking is 2 0 9 .  Its yield potential under lntetl- 
sive conditions is 20-25 tonsiha. It  has a reasonable tolerance to diseases and can be 
transplanted or directly seeded. Due to an early ripeness a reasonable j.ield can be relied 
upon before the first frosts (Figure 9.9). The Szegedi F-03 is the sanle type but  with 
pungency (Figure 9.10). 

2 Cultivar of continuous growth habit and erect fruits: Kalocsai 57-231, a sweet variety. 
The bush is 45-55 cm high, its fruits are scattered ancl 10-14 cm long, slightly bent. They 
are of fire red colour, or dark red after post-ripening treatment. Its main value lies in its 
good pigment (8-9 gllig) and solids content. It is a mid-early maturing variety. Its yield 
potential is 15-16 tonslha. It  can be both transplanted or directly seeded. Ir has a good 
tolerance to diseases. 

1 Culri\-ar of serni-determinate gron~th habit, with pend~ilous fruits: Kalocsai 801, a sweet 
variety. It has a loose spreading foliage. The plant is 10-45 cm high. The fruits are on short 
peduncles and can be easily picked by hand, they are 10-1 2 cm long weighing 22-28 g .  



154 So:ilog~z et al. 

l'igurc 9.9 The "Szegedi 80" non-hot paprika variety. 

They are straight, gradually tapering towards a pointed tip, and the colour is dark red when 
ripe. Their pigment content at picking is 6.0-7.0 g/kg,  going up to 8.0-9.0 gikg after 
post-harvest ripening. The dry matter content is 18% when ripe. I t  is an early, intensive 
variety bringing a 111g11 yield as an exchange for watering and good nutriment supply. Its 
potential harvest is 20-22 tonslha and has a high field tolerance to viral diseases. 

4 Cultivar of semi-determinate growth habit with erect fruits: Kalocsai M 622 ,  a sweet 
cultivar. The bush is 35-45 cm high with sparse foliage, and has a rigid stem with short intern- 
odes. Leaves are leathery and thick, so it has a good field resistance to fungal infections. The 
fruit is 10-15 cm long, gradually tapering towards a pointed tip, and is dark red when ripe. 
The pigment content at picking is 6.0-8.Ogikg, increasing to 9 .0-12.0gikg after 
post-harvest ripening. If transplanted, the entire crop can be harvested at the same time due 
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Figure Q. 10 The "Sztgedi F-03" hot paprika variety 

to its short growing season and early, uniform ripening. It  is primarily clirecrly seeded. It  is 
the most nidely spread cultivar in the Kalocsa region. It  requires intensive agronomic con- 
ditions, but the compensation is a high yield. Its yield potential is 20-25 tonslha. It also has 
a high tolerance ro diseases, which is the basis of secure production (Figure 9.11). 

5 Cultivar of determinate growth habit and erect fruits: Kalocsai D 601, a sweet variety with 
erect fruits appearing in bunches on the stem. The bush ir 30-35 cm high and the fruit 
bunches raise above the foliage and ripen uniformly. Fruits are 10-12 cm long, slightly bent, 
pointed and ripen to a deep red colour. Ir contains 6.0-7.0gikg pigment at picking and 
8.0-9.0glkg after ripening. The dry matter content is above average. It has a short growing 
season and early, ~ ~ n i f o r m  ripening. It  is primarily recommended for direct seeding. On a large 
scale it can be hanrested by machinery in one operation. The yield potential is 15-16 tons,/lia. 
It  can be grown successf~illy under irrigation on a brown sandy soil with high organic content. 

6 Cherry type paprika: Kalocsai M cherry type. It  is a culti\rar of pendulous fruits and loose 
foliage. The bush is 40-60 cm high and of continuous growth. The fruit is 3-3.5 cm in 
diameter, slightly flat and globe shaped with a closed style point. Its surface is smoorh ancl 
the cross-cut is oval. The colour of the fruits is dark red when ripe. The average weight is 
7-9lg. The clry marter content is 20-2257 when ripe and the capsaicin content at picking is 
120-140 mgI100 g. Ir has a good tolerance against viral diseases. It  has a mid-early, contin- 
uous ripening and a good yielcl. It is primarily recommended for transplanting ancl requires 
intensive growing conditions. I t  needs a soil rich in organic matter that can be easily 
warmed up (Figure 9.12). 



Figure 9.1 l Tile "Kalocaai 51 622" non-liot paprilca vdrietj 

S l i t e t  Capsicum 

Sweet C'zptpsii-unz is produced under cover in glass or plastic greenhouses (forcing system) 
and in the field, depending on the environmental conditions (similar to other European 
countries). 
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Fig"'.", l 2  The "Kalocsai M cseresztlye" cherry type p;iprika variety. 

Forcing q'stem 
Growing structures can be: glass coverecl or plastic covered. According to production periods 

\ve recornlnend the following forcing seasons: 

Earl) fo1.cii7g: Sowillg in September-October, transplanting in Kovember-January to  heated 
glass house. 

ilIicl--rarl~ J~icing: Sowing in No\.ember-December, transplanting in January-5larch to heated 
plastic house. 

Col~ffir~~12g: S o w i ~ ~ g  at the ellcl of February and transplanting at the end of April to unheated 
plastic houses. 

Aiit~/171?2JOri.ing: Sowing in July and transplanting in September to heated plastic houses. 
Giou L ? Z ~  i12 the open field: At first the seedlings are grown in hotbeds or in heated greenhouse 

usuallj- until the middle of March. Transplanting could colnlnence after the spring frosts 
approximately at the end of May. 

SO\iIK\;G AND GROWIXG SEEDLINGS 

Using any production technology seedlings are grown under controlled conditions in seedling 
media (trays, pots, etc.). 



Transplanting \.aria according to the production tecbnoiogj~ and cultivars used; 4-5 p1ant/m2 
are planted for early forcing, or 8-10 plant,/m2 are planted in the field. 

I he use of natural soil, both in forcing or open field production, is typical of the Xungarian 
sweet Cdpriciiin industry. Growing without soil has only been recently achie~ed in greenhouses, 
which represent only 1-257 of the total procluction area. Because of the above-mentioned tilling, 
weeding is one of the most important cultivation projects. It is done by small garden machines 
or by hand in greenhouses. Drip irrigation is used for the irrigation and fertilization in 8 0 2  of 
the growing systems. Micro-dispenser irrigation is used for the rest. Overheail dispenser irriga- 
tion system (linear) is typical, but  recently several farms switched to drip irrigation to 
save water. 

S~veet Capsic~dni has to contend 154th two serious diseases when grown in greenhouses; they are 
the tobacco mosaic virus (TMV) and powdery-mildew (Lczeilinla taurjca). Most of the cultivars 
intended for forced procluction have TMV resistance. Licensed pesticides are used against pow- 
dery-mildew. The cucumber mosaic virus (CMV) and Saiztbnii2oi1as could cause damage in the 
field. For protection against the last tn7o diseases, pesticides are used as well. Anlong the numer- 
ous insect pests Thrips, Aphids and Whitefly can cause significant damage. Biological and 
chemical nlethods are used for protection. 

HARVFS'I ING 

Harvesting by hand in greenhouses is done on an average every 7-10 days. Fruits are always 
harvested at market maturity (white, pale green). An exception is the tomato-shaped sweet 
Cap"c~/i/il? that is har~ested and sold at biological maturity (red). 

Harvesting begins at the end of July or beginning of August in the field. It  finishes with tlie 
first autumn frost (encl of Sept-ember-middle of October). 

For a long time paprika was only grown on a small area by a small circle of growers mainly in 
Szeged-Als6vkros during the 1880s. However, i t  was a completely new crop in the region of 
Kalocsa. Originally paprika was directly seeded in the gardens of the villages and towns. Since 
cultivation technology has improved (transplanting, etc.) it became a field crop. Because of the 
changes of cultivation technology, direct seeding became an important technology. 

Paprika is considered to be an intensive farming system, and a row crop. Paprika is generally 
known as a transplanted crop today, but it was origimnllj~ directly seeded. At the earlv stages the 
growers had no facilities for growing seedling. At the end of the nineteenth century the technol- 
ogy of growing cold-bed seedlings became popular. At the beginning of the twentieth century a 
lukenrarm-bed or molinos seedling production was introcluced, and later the warm-bed (Dutch) 
seedling production became accepted (Mktray, 1940; Erdei, 1970). As a result of improved tech- 
nology during the last decades seedling production in plastic houses was widely used, in most 
cases with colnplementary heating equipment to protect against sudden cooling. Direct seeding 
of paprika is practised as a large scale because of logistic and economic aspects of production. 
Additionally, the increasing cost of labour and energy are a ponlerful argument for direct seed- 
ing. Even though transplanting req~lires less seeds for sowing, the vegetation period of these 
plants is a bit shorter, so the production safety and the harvested crop's quality are better. Several 
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authors have studied rhis issue, namely Szepesy (1974, 1981-82); Kap~rBny (1978) and 
Kapitiny and Szepesy (1978). They agreed chat direcr seeding can have the same result as trans- 
plantation if early culri\-ars, perfect agronomy and a "good year" occurs. For these reasons this 
merhod should only be used on a portion of the property. 

O ~ l r  obser\~ation is that most of rhe Hungarian paprika cilltivars - excepr the semi-determinare 
and determinate ones - are able to compensate for the fewer number of plants per hectare by 
heavier growth and higher fruit production per plant. They could also manage rhe same produc- 
tion per hectare under suitable climare ancl producrion rechnology condirions. This observation 
s~ppor rs  the hyporhesis that rhere is justification of growing hybrid paprika if certain conditions 
are secured in the H~lngarian climate. 

Considering field proclucrion under Hungarian climatic conditions, two kinds of production 
technology are kno~vn and applied: growing seedling and direcr seeding. When seedlings are 
producecl the seeds are sown in unheated plastic green houses during the second half of March or 
in rhe first few days of April, at the rate of 20-15 g!mL. The seeds are then covered by a l cm 
layer of sand. It  is advisable to use pre- and posr-emergence herbicides before and after soiving. 
After the seedlings emerge they can be treated, if necessary, with bactericides and fungicides. 
Weeding has to be done n~anually. Planring of the hardened seedlings should start in the second 
half of May, or in the first days of June. Usually, it is carried out by a transplanter ranging from 
rn70- to fo~lr-row units. The seedlings should be planred in 60-75 cm rows with 18-25 cm 
between plants by using two to three seedlings in each spot. This process will result i n  
200,000-250,000 plants per hectare. 

To employ the method of direct seeding a suitably prepared land is needed. The sowing can 
start ar the end of April clepending on the n~eather. A pre-irrigation assisrs in seecl emergence. 
The optimal number of plants is 400,000-500,000 per hecrare. Afrer applying pre- and 
post-emergence herbicides the weeding is later done mechanically or manually. 

The growers must ensure the availability of an additional water suppl>- because paprika requires 
more water than is naturally available under the Hungarian climate. This probleln is solved with 
a water-gun. This is not the best for the crop because of the high pressure and the large size of 
drops. It  is better when the irrigation is done by the linear system. There is less mechanical 
da~nage and the dispersion is better. 

Fumigation of the soil protects against pesrs in the soil (most of the time nematodes). The 
clanlping of seedlings during the early growth needs to be considered. This disease can cause 
considerable damage and is caused by fungus, namely Rhizoctoi?ia solct?zi and occasionally PI?)tiz~i~z 
debnqa~zz~?n. Practical preventive protection includes fumigation or using fungicides for the ster- 
ilisation of the soil. After transplanting, and in case of direct sowing, protection is important 
against Xai2thoi7ioims taiiii.toria pv. r-a?izperlri.r, especially if it rains a lor aro~lnd rhe end of blay and 
in the beginning of June. If cooling follows the precipitation, Psez~do'onzo:~as .rji.i:~gae PT. sji.~ngea 
may induce infections. In paprika a symptom called "infectious wilting" is often observed. Most 
of the professionals agree that this symptom is caused by several pathogens (e.g. \~erticiiiz~ii~ sp., 
F N S ~ ~ Z N I I Z  sp., etc.). A significant loss in yield can also be caused by Stolbur disease. Various 
cicada species spread a mycoplaslna called Stolbm. n/~fc-oplntnta that causes this disease. During the 
second half of the vegetation period different sucker pesrs (aphids, cicada) may incluce heavy 



damage on crops. They are vectors for CkIV and Alfalfa hfosaic Virus. ChfV's typical symptom 
is the so called "new-fairli", with a large number but very sinall fruits. "Vetesi bagolylepke" ma!- 
cause notable damage. 

Yeilds vary widelj- in Hungary, but are generally between 8 and 20 tonnes. The harvested fruit's 
dry maccer content is betnreen 15-18?, The large frirnis use a modified bean-harvester in addi- 
tion to manual labour. The disadvantage of using mechanical harvesting is that the percentage of 
damaged fruits is higher, the possibility of second infection and loss cluring storage could he 
higher and consequently, the quality of the milled product will deceriorare. Hand harvesring is 
clone only on small parcels of land. Lsually ic is done in several steps. The ail\-antage is that picl<- 
ers harvest only the healthy, red fruits. The qilality of fruits picked by hanci is better when 
compared to the mecilanical harvesting, and the mechanical damage is less. Traditionally harvest 
starred in the last clays of ALI~LISE, but it is preferable to begin after September 8. Red and semi- 
ripe fruirs were only liar\lested in three to four steps before the first autumn frosr (Bblint, 1962). 
After two to three clays ofwilting, [he harvested crop is scringed and exposed to four to six weeks 
of after-ripening. During this tinle the fruics ~ ~ n d e r g o  a useful biochemical change. The rotal reil 
pigment content is increased, the sugar content is lowered and significant inoisture loss occurs. 

At tlie firsc plcking, 60-654 of [he crop could be harvested, depending on the cultivar. 
Ideally, 75-80% of tlie crop should be liarvesced at tile first picking. The general belief is chat 
afcer the first picking the remaining fruits will ripen faster. Due CO this belief some growers start 
the first picking earlier than necessary. This way the second harvest can be done earlier and the 
rotal yield mill be higher, conrrary to a delayed first picking and a milder, risky second picking. 
To have a good quality product the aim is to harvest as much fruit as possible at the first picking. 

Selected fruits go through a four to six week after-ripening period. Ripping, the removal of the 
calyx, drying and milling is to foliow. This is the base of the rradicional processing technology. 
The processing methods as kno\vn toclay developed in parallel \irith industrial development. In  
the eighteench century, rhe gerlrral procedure n-as [hat harvested crops \\.ere scringed (Figure 9.13). 
Follonring the after-ripening period they were dried, bagged and crusliecl in bags and sifted. A 
foot driven mortar and pestle later became the ~ ~ s u a l  practice employed for the crushing scage. In 
the second half of the ninereenrh cencury it became common practice to remo\-e the calyx before 
drying. The paprika was then crushed, milled by using wacer-, wind- or steam-mills before 
sifting. 

By the end of the nineteenth century ripping became an accepted scep because it satisfied all 
the requiremenrs of preserving the imporranr biological traits of [he fruit, and a really good 
milled product could be made without any external macerial (and of course wichout calyx, which 
has no spicy taste at all). Ripping ensured the possibility of producing tlie complecely sweet 
po\\.der before the appearance of sweet varieties. The job of processing developed in parallel with 
ripping in Szeged. Ripping became a trade and providecl a livelihood separate from growing. 

After removing the calyx, they ripped the shorcer side of the fruits, taking out the placenta 
(concaining septunl and seed). They stringed che pericarpium and kept them in a lieaced place 
until [hey became bone dry. The seeds were then separated from the placenca and clie septum 
and washed until they were free of capsaicin. The dried seeds were added to the dried, crushed 
pericarpium in the required amount and then millecl. 
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Figure 9.13 The traditional pre-drying and post-maturation method of paprika 

Traditionally, milling - by mortar grinding - took place in a couple of two stone water-mills, 
and later in wind-mills. These kind of mills were forced out rapidly by the use of steam-mills. 
Due to their specialisation of paprika milling they were used right up  until  the end of the 
nineteenth century. By that time newly b u ~ l t  steam-mills working with 10-14 couple of stones 
won the battle over them (BBlint, 1976, 1977). 

Unfortunately, the large processors cannot take into consideration the biochemical processes 
which affect the quality of the milled product. 

In Hungary, one can only find a good quality milled product using the traditional processing 
technology, such as home milling (Figure 9.13), and not with the large scale operators. The large 
processors buy raw fruits and after a temporary storage, without the necessary after-ripening 
and hand selection, dry it  immediarely. This practice can cause problems such as the half- 
product may not be suited to make a good quality milled product after six to eight months of 
storage. 

One of the deficiencies of modern harvesting and processing methods is that the problem of 
after-ripening is not solved which is the key to good quality. 
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10 Pose-harvest handling and 
processing of Gdpsicai?gs 

The genus CG(I).iicui~~ encompasses a number of species differing in size, shape, colour ancl 
pungency. Due to these differences some of them are used as vegetables, \i~liile most others 
are valued as condiments and culinary suppleinents. The post-harvest handling and 
processing technologies for C~ipsizriiir have developed consiclerabll; as a consecluence of the 
increased production and newer applications of this crop. Bell peppers and a sizable 
quantity of clilllies are consumed fresh and their harvesting indices and scientific handling 
protocols have been standardized. Chillies and paprika are initially dried and stored in 
preparation for processing. The accumulated scientific evidence shows the role of various 
processing factors on the quality of tlie processed products like chilli powder, oleoresin and 
colour extract. In keeping with this knonriedge, process parameters have been rnodified to 
develop new techiiologies for obtaining superior products. The emergence of the industrial 
food processing sector along with newer food applications requiring tailor-made ingredients 
have also introd~lced more stringent demands for Capsiczn~ products. R&D alnd tlie industry 
are poisccl to fiace the cliallenges. 

Tropical South America is believed to be the original home of Capsicum, where the differenr vari- 
eties were knoxvn by different nanies in regional dialects, one of them being "chilli". They were 
introduced into Spain in the fifteenth century by Columbus wlio named it red pepper. C~zp.iir-zil~~ 
is believed to 11a.r.e been introduced into India by the Portugese. The different species of Capsir-/in/ 
\ ~ h i c h  were established in India, China and South Asia are the long and thin varieties of moder- 
ate pungency which are locally called "chillies". The highly pungent varieties having small 
fruits also called chillies (bird chillies) are more comrnon in Africa. The highly coloured, mildly 
pungent to sweet varieties lcnown as "paprika" were developed in Europe. 

Chillies, red peppers, sweet peppers, cayenne, paprika and most other cultivated varieties of 
varying pungency belong to the species C'~p.iir-~nz a t / i l i / ~ i ~ .  A few chilli varieties, such as bird 
chillies (African chillies) and tabasco chillies, are classifiecl under C. j;-r~tocel2i. Honrever. five 
nlajor cultivated species of the genus Cap.rir-uin namely, C. ai2rziu.~li?i/, C. ~LICCL~~III~I, C, ,tk~tes~.e?z.r, C. chii2ell.ie 
and C. pziiieicrrzs, have been recognized the world over. Regardless of the term CupsI'c~~i/ used by 
taxonomists, tlie scientific literature in different countries have used different terms to describe 
the type of cliilliesiCapsic~~it~s. This practice has lead to considerable ambiguity. The term "chilli" 
is used in India, the UK, Africa and the countries in the East, but not generally in the US. The 
British Standard Specifications differentiate between chilli and Cap.rici~i;z baseci on the degree of 
pungency. The International Standard Organization, however, recognizes only two types namely, 



"chillies" and "paprika". These types cover the easily perceptible to stronglj- pungent types 
and the big fleshy vegetable, and the sweet or just recognizable pungency t!-pe of C~/j?il,riii/i72~, 
respectively. Commercially, chillies wit11 lnoderate pungency are grown in tropical countries lilie 
India, China, Pakistan; Nigeria, Malaysia, Turkey and Japan; high pungency varieties are gronrn 
in Africa and paprika with milder pungency is gro\x7n in European countries like Hungary, 
Spain, Bulgaria, Romania and Poland. 

Cdpsiii~nz ai?u/11/j12 is the most important among the species grown all over the \vorld. India 1s 
the largest producer of chillies (dry) in  the xvorld \vith an estimared annual production of 
1.066 million tonnes during 1996-97 (Annual report, Spices Board 1998-99). Chillies, both 
fresh and dried, are used as condiments and culinary supplements for their pungency and 
characteristic pleasant flavour. Bell pepper (C. d1212fl?/ji? var. gi.ii.i.r~/?/z) is used in stews, salads, 
pizza, meat loaf and also as a vegetable and culinary supplement. 9ell pepper is also known by 
different names, such as green pepper, sweet pepper and in India as Simla mirch. 

Over the years, ripe chillies anci paprika have become very important ran7 materials for pro- 
cessing into a variety of prod~icts like chilli po~r~der ,  curry pon~ier ,  chilli oleoresin and chilli 
colour. They are also used to a limitecl extent for canned, frozen, pickled and fermented 
(e.g. i<ochujang) products. Due to their importance in world trade, various developments have 
taken place in crop improvement, storage conditions, processing technologies as yel l  as the 
packaging and storage of Captici~nzs. The large ~ o l u m e s  of scientific information generated in the 
recent years on the beneficial pharmacological properties of capsaicinoids (Go\-indarajan and 
Sathyanarayana, 1991) have further boosted the comnlercial importance of C~~j~.ricz/iii~. 

This chapter looks into some of the post-harvest technological aspects of this important splce 
and attempts to shed light onto the future prospects of processing them for value addition. 

Handl ing  and storage of O e s h  produce  

Fresh chillies 

Chilli fruits are harvested for use as green vegetables when they are f~llly mature but before they 
change colour from green to red. The chilli crop rakes about 40 days to flower after transplanting 
and a further 10 days to develop fruit suitable for green harvest (Rajput and Parulekar, 1998). 
Fresh green chillies are usuall1- marketed as such and are only occasionally cold stored. Therefore, 
very little published information is available on this aspect. The available information as well as the 
s t ~ ~ d i e s  carried out at the Central Food Technological Research Institute (CFTRI), Myqore, India, 
show that the optimum cold storage temperature for chillies is 10 i 2'C. lJnder the storage condi- 
tions, the storage life of chillies is extended up to 10-12 clays. Prepackaging in polymeric film or 
paper bags inlproves the storage life a ~ l d  retains the freshness of chillies. It has been reported that 
the decay in stored fresh chillies caused by Ei.~~.ii~r'o ~ ~ i ~ o t o ~ ~ o ~ a  is hastened by high relative humidity 
(Rajput and Parulekar, 1998). Chillies meant for making dried red chillies are ready for harvest 
after about 45-50 days offlowering when they are fully mature and red or nearly ripe red. 

Bell pepper 

Some of the important varieties of bell pepper produced in India are: Bullnose, California 
W7oncler, Chinese giant, HC-201, HC-202 and HC-213. They differ in size. shape, flesh thick- 
ness ancl other clualitp factors. Bell peppers used as a vegetable are usually harvested when they 
are of market size and still green in colour. Those used for dehyclration ancl sauce are allowed to 



ripen on the plant before being harvested. Due to their brittle structure, bell peppers sl~oulcl be 
handled nrith care. Transpirational losses in bell peppers are 1-ery high, limiting their storage life. 
Kew hlexican type peppers become flaccid in three to five days (Lownds and Bosland, 1988; Atliller 
et al., 1956) at 20°C (7-107 weight loss). The post-han-est bio-chemical changes associated with 
the softening pl~enonlenon in C. aunu~ini fruits have been studied (Priyasethu a t  al. ,  1996). They 
showed char the fruit texture decreased n ~ i t h  an increase in polygalocturonase activity. 
Prepackaging of the fruits in perforated polyethylenr packages has been shown to reduce water loss 
rates by 20 times or more (Lownds e t  al., 1994). Prepackaging also reduces colour development 
(red colour) across nine cultivars on storage (Boswell, 1964). Based 011 a Instrumental Sphere data 
logging tool, potential damage causing operations on the bell pepper packaging line have been 
identified and remedial measures suggested (Marshall ancl Brook, 1999). 

Bell peppers are susceptible to chilling i ~ i j ~ l r y  at temperatures below 7OC. Chilling injury also 
predisposes them to Altcrnana rot (McColloch, 1962) and Bii2'q'ti.r rot (McColloch and Wright, 
1966). However, pre-harvest spray wirh growth regulators like paclobutrazol, uniconazole and 
mefluidide has been shown to alleviate chilling injury development in bell pepper on storage for 
28 days at 2°C (Laurie e t  al., 1995). Waxing of the fruits has also been found to be beneficial in 
extending their storage life (Hartman and Isenburg, 1956; Hardenburg e t  a l . ,  1986). Other edi- 
ble coatings (protein, cellulose and oil based) also have been investigated to increase the storage 
life of green bell peppers. Among them, oil based coating gave the best results in reduction of 
respiration rate and the preservation of good colour (Lerdhangangkul and Krochta, 1996). As 
ethylene accelerates senescence in bell pepper, it is not advisable ro store [hem along wirh other 
ethylene-producing fruits. Evaporarive Cool Storage (ECS) of bell peppers has been shown to 
extend their storage life to 12 days, compared to two days under ambient conditions. The ECS 
was maintained ar 20-24'C nrith 95% relative humidity (RH) (CFTRI, 2003). 

Pre-cooling of bell peppers before cold storage is essential to obtain good storage life. This is 
best achieved by forced air cooling. Dipping bell peppers in hot water for four minutes at 53OC 
and packaging in polyethylene bags was found to be most effective for mainraining bell pepper 
quality. They remained hydrated and green and had a lower rate of respiration and less chilling 
injury (Gonzalez e t  al . ,  1999). 

Low oxygen atmosphere retarded ripening and respiration during transit and srorage 
(Pantastico et a l . ,  1g75). The storage life of bell peppers has been found to be prolonged under 
controlled atmosphere srorage conditions of low oxygen and high carbon dioxide (Hughes et a l . ,  
1981: Luo and Mikitzel, 1996). 

Processing of Cupsicurns 

Statzdal-dizntiolz, gl-ndiag n?zd stor+uge o f d q  chillies 

The Bureau of Indian Standards has outlined specified standards for dried chillies based on phys- 
ical characteristics, as well as on other factors suc1-1 as total ash, acid insoluble ash, non-volatile 
ether extract and fibre conrent. Under the Prevention of Food Adulteration Act (1951), mini- 
mum p ~ ~ r j t y  standards are laid down for chillies. Agmark specifications for the grading of dry 
chillies for export takes into account various physical, chemical, sensory and microbiological 
paramerers (Agmark, 1962). 

Alicrobial and insect infesrations are serious problems during [he storage of dried Capsicuiiz. 
Ethylene oxide fumigation in bulk is recognized as the best rreatnlent to achieve practical 
commercial sterility (Govindarajan, 1985). Methyl bromide and phosphene are used as 



Table 10.1 Breeding objectives for major frruit quality trdits in  varioui nlarl<et cypcs of 
pepper (CL?/IJLCU:I/ spp.) 

.'iIni~ie/ t j p e  I I I I ~ I O I . ~ ‘ ~ I I ~  , f i . / t /~  q//~?11tj t i . ~ ~ i t ~  

Fresh market (green, red, n~uiri-colour: Colour. pungency', shape. size. !oh ilurnber. 
whole fruits flavour. exocarp chickncss. ei~docarp seed 

ratlo, vitamin X and C 
Freih procesiiilg (sauce, paste, c a i ~ n r ~ ~ g ,  Colour. pungency, iiavo~li,  pericarp 

freezing) th~ckness,  endocarp seed ratio 
?bed splces (whole fruits, Colour, pungency, fl,rvo~!r, dry iveight, Ion 

crude fibre. eiliiocarp heed ratio 
Oleoresin extraction Essc~liia! 011s ( c o l o ~ ~ r ,  pungenc~-)  
Ornameilia1 (plants or fruits) Colour, pungent!; shape. dr>- weighr 

. - . ? fi~rniganrs for instcr conrroi, ionizing :-niiiation r:i:il 2 dosage of l0 xGi- has been showi- i1o 
clestroy both rr,icroorganisrns and insects. A dosage of '.5 icGy has been shoric to be sirf.ficien: 
for eiiminating f ~ ~ n g a !  popiilations, and oieoresin ye ids  ha-,re increased from 21.35?4 to 3 1.6192 
by irradiation due to the eniianceci extractibiiity (0ilyenkn.t and Dghade, 1995). 

As nlentioned earlier, a large number of p r o d ~ c t s  are p r o d ~ ~ c e d  from cl~ili i  acid p p r i k a .  Tile 
raw maieriai quality requirements for different end uses vary. In order to  satisi:; rbe precise 
requirements, estecisiX,e work has bee:? carried o ~ l t  on cliilli breecliilg. Some of rbe breeding 
objectives are given in %ble IC".! (Peter, 1998). For the genetic upgracling of oleoresir? n,~ialit!7 
and deeper red coiour in Inciian chillies, P u ~ a J ~ ~ v a i c  i.,ias crossed v:i.ith IC 31  j39. The  !1exv sryains 
attained superiority over parenta! varieties by possess i~g 2 0 %  and 2-.5% more capsa?c!x and 
oieoresiil, respecri\~ely, and a higher colour \-alue (CV) of rhe order of 22,0()!i ancl 2-,20l) C';i, 
respectively (YVeaii-h of India. 2003). 

Dried chiliizs and paprlba are die rav: materich fez t i l t  cor~riiercieiiy imi30r:ai.t ;xodi.ccs of 
c!lii!i powder, oieoresin and coicur. Therefare, the imosr imi>ortan: primary ?;ocessing operatioi 
h r  cililiies and paprika. is drying. 

, . . . Lradirionaiiy, chillies are su s  erled to  r safe moist-,!re :ex;?! (abou; l()?) maiiri!. f:,r tmns- 

>orra:ion, storage, distribiltion and :ili.iher processing. O-rr \-ears, n-i;!l the  gror;i-i,o 
. . , . , demand for specialicy products \vir!: the required pungency, co!our ail& ;parcicie scze, along \ 7 a c ~ ;  

tile inforrnatiori generazed on tile significance of curiilg and i!ryi!?g conditions on the f~1ncri3i?a! 
propersies of Ca]~s~r-//iir, have !e:id ro rhe deve!opmen"cf irn!proved illethods for their d e i y a r a i i o ~ .  
v,  ir-ie major fixtor contribr;ting r:, rile producr fliiaiirc- is tile c~i l l t i~ar .  Tile chemicai quaiit,. cna;- 
acteristics (oieoresin, colour ai-id ascorbic acid coiltent) of some iiriportanr varieties of c;:i!iies 
gromrL in differerc regions of India arc g i x n  in Table !!!.2 (Papaika; et  a / . ,  1992; "~t i i i ,  1998). 

. . 
In  additiop to the i-itri!?iir factors. t~arieral c!laracrer?srics 1la~:e aiss bee11 feu::< tc  cl-l: 

,. . 
stability of ccioui in  cl?il!ics. leesc  and Le:ise 55) sllo~:etl rliar ~~n&.e; s i m i i a ~  conal::ons c? 
processit~g and srorage of red peosers L L a; fi3r six months, on,? \-ari-r-,- rerained 78c: of ;-he 
initial colour while in a~:orl~e:, there was d n m o  c3111plete loss. The role of l lervest~lg  rnatu;iq7 
to  coiour retention in red chiiii powi!er has been r-uorted (Isidcm e t  nl.,  1995). Scbaecuenr 
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T9Lk 10.2 Chrm~ca l  quality of some varieties of chillies 

X23i" 
L ~ ~ ~ ~ s u l w a d i "  selection 
NGP 12' 
h-GP 22" 
Loni Audruk" 
Parbani tall" 
BR ~ e d "  
Panr (11' 
Jwala" 
CO 2" 
s p  $7" 

curing of chillies has also been shown to ensure maximum colour formation in paprika (Vinkler, 
19'3). An impor~ant  finding on paprika was that there was a more rapid colour deterioration of 
the low moisture powder stored at high temperature when the harvested fruits were allowed to 
wither on the plant than nhen harvested fcilly mature and ripe and cured outside (Kanner e t  al., 
1977). This observation is in accord with the practice of harvest and curing practiced in 
Hungary and Spain and the continued increase of red pigment concentration during curing 
outside recordecl by many investigators there (Govindarajan, 1985). Storing bell pepper after 
pre-packaging in perforated (0.064-0.42%) polyethylene bags at j°C gave good colour devel- 
opment which retained the firmness. Under these conditions, the fruits did not develop chilling 
injury, even at the lo re r  temperature (hleir et al.. 1995) 

The other important factors are the drying conditions. Sun drying normally rakes about 15 to  
20 clays to reduce the moisture content to 10-157; and under ~lncontrolled conditions can lead 
to bleaching ancl d ~ l l l  colocrr formation in chillies. Improvements in the sun drying of chillies 
through pre-treatments, such as pricking, blanching, treating in allcaline solution (clipsol) and 
drying in preforatecl trays both in shade and directly in the sun, have been reported by Laul et nl. 
(19'0). B y  this method, the sun drying time is reduced from 15-21 clays to almost a week. 
Colour and pungency are betcer retained ancl a more hygienic quality product is produced. 
A further improvement on sun drying is the developnlent of the solar drier nrhich effects the 
conlplete drying of the conlmodity in four to five days v;ith much better colour and storage 
characteristics (Pruthi, 1998). 

Mechanical cleh!idration under controlled conditions of temperature, air velocity and humidity 
has further improved the quality of dried chillies. Different types of driers, sucll as the cabinet 
drier, tu~lnel  drier, multistage belt drier and fluidized bed drier, can be used for the purpose. 
Controlled rapid drying of plant-withered and sliced fruits at temperatures below 80°C, prefer- 
ably 60-70"C, has been shown to give the highest colour and colour retention (Lease and Lease, 
1962). In the US, popular chilli varieties are dried i n  belt driers by a forced draft of air at a tenl- 
perature of 80°C to a n~oisture content of '-8'1. (Feinberg, 1g73). A two stage dehydration, 
involving initial drying to 12-15% moisture and storage at O°C and reclrying when required for 



grinding ro --S% moisture, is also practised. This two stage process has the advantage of better 
colour and pungency retention. It  has been observed that there is a continuation of light i n d ~ ~ c e d  
carotenogenesis in Cap.ri[-uii~ after harvest, follon-ed by a light induced degradation of the pig- 
ments. By combining a first step of illumination and a second step of darkness during dehydra- 
tion, it was possible to obrain dry peppers having 20-40% more pigment concentration 
(hlosquera Silnguez et  nl . ,  1994). Ex-en under controlled conditions of deliydration certain clual- 
icy changes take place. Luning e t  a l .  (1995) have reported, after hor air drying of C~t]1siciin2 a 
decreased levels of ociour compounds (Z)-3-liexenal, 2-heptanone (Z)-2-hexenal. (E)2-hexenal 
and linalool which have green vegetable like, fruity and floral notes. Therefore, it is necessary to 
optimise tlie dehydration conditions to ininimize the loses. 

Dry chillies are usually packed in jute bags of up to 100 kg. In order to prevent breakage of 
dry ciiillies while compressing the packs, the lnoisture content is kept around 1 0 % .  Among the 
various Factors affecting dry chillies during storage, darkening due to teixlperature effect is the 
inost preciominant. The present conimerclal practice is to store dry chillies in cold storages. 

G ~ O L L I Z ~  chillies 

i n  recent years. tlie global demand for ground chillies has ~teeplj- increased, mainly due to their 
convenience in use. Ground chillies offer an additional advantage in that it is also possible to 
get the requirecl f~~nc t iona l  properties for specific end uses by blending different x-arieties of 
chillies. Even though spice grinding is essentially a size reduction unit operation, the require- 
ment of high quality products has prompted considerable engineering improvements. Different 
types of machines are used for spice grinding. They include atrrition mills, impact mills, roller 
mills, vibro energy mills, fluid energy mills ancl bo\vl mills (Ramesh, 1989). Xlodern spice 
mills, which handle large volumes, have optimized material flow, closed circuit pneumatic con- 
veying, dust collection aids and noise reduction fixtures (Russo, 1976). In order ro reduce 
volatile loss and other quality deterioration due to the heat generated during the grincling 
operation; cryogenic grinding has also been attempted (Wistreich and Scliaffer, 1962; Besek 
e t  nl . ,  1985). 

Hungarian p a p i ~ k a  is a specialty product valued for its coloi~r. Fresh paprika is also a rich 
source of ascorbic acid (vitamin C) which can be as high as 300-400mg/100g. Szent Gyorgi, 
the Hungarian scientist, was anrarcled the Nobel Prize in 191' for isolating ascorbic acid from 
paprika. Different grades of paprika powder are produced from carefully graded paprika n7hich 
are not stored for more than one year. The fruits are freed from the calyx and peduncle n,liich 
dilutes the colour and aclcls fibre. The placenta, \vhich carries pungencq- stimulants and seeds 
n-hich dilute colour and also contribute to the potentially oxidizable fat leading to the risk of 
colour deteriorations are also removed. The seecls whose addition is required to facilitate grind- 
ing are washed in cloth bags to free them from adhering tissues, which Illay be rich in capsaici- 
noids. For the pungency gracle, the fruits and other parrs removed or relectecl from other grades 
are used (Go~indarajan,  1986a). The CFTRI, Mysore, lias developecl a new techniq~le to 
fractionate chillies into three grades: (i) Capsaicin rich powder; (ii) Skin; and (iii) Seeds. In 
tlie process, the chillies are drled and ground in a suitable mill nrherein all three grades are 
separated. Data from a typical batch shon7 Cap.rir-uni rich powder, skin and seeds as 5-67;, 
15-40% and iO-d4%, respectively (CFTRI Process No.  CPS-3560). These fractions can 
be separately extracted to obtain capsaicin rich oleoresin, colour concentrate and fixed chilli 
seed oil. 

Chilli powder requires suitable packaging to retain its functional properties during storage. 
These properties are known ro be adversely affected bp the absorption of moisture, effect of light, 
oxidation by air and storage temperature. 
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The term "Oleoresin" is used to  describe desolventized total extraccs by a specified solvent. I t  
sometimes refers to a prociuct obtained by benefication of one or more functional components in  
[he total extracts by some amounc of fractionation. In  its use as a food add i t ix .  the besr oleoresin 
of C ~ ~ J ~ L - I U I I  is chat which contains the  colour ancl flavour components (pungency, aroma and 
relaced sensory factors) and that which truly recreates, when appropriately diluted in food for- 
mulations,  the  sensory qualities of fresh materials (Govindarajan, 1986a).  Being a solvent 
extracted product, the purity and residual amount of solvent are to conform to the specifications 
of international and national food laws. Different solvents h a ~ e  been used for extracting oleo- 
resins. Tile early systematic st~ldies reported by Tandon rl nl .  (1961) have generated che labora- 
tory clata for producing chilli oleoresin. They reporred the  clistribution of the  functional 
components like colour and capsaicinoids in  chillies. Among the  solvents used for oleoresin 
extraction, they found that alcohol gave the highest yield of oleoresin, but the lonrest extraction 
of colo~ir.  n-hile ether gave good yields of both .  Mathew c t  nl. (19'1) undertook studies co 
develop a process for producing chilli oleoresins. They f o ~ ~ r t d  ethylene dichloride to be a better 
solvent compared to  aicohoi or hexane. Their srudies also showed that 9 1 2  of che colour ~ n d  
9 0 2  of the capsaicinoids were obtained by extraction of the chilli pericarp that was freed from 
seecls and stalks. 

The CFTRI has pioneered the developmental work for the escablishnient of a spice oleoresin 
industry in India. The process for production of chilli oleoresin clevelopecl at CFTRI has been 
extensively used h!- the spice p r o c e s h g  industry in India. i n  the process chilli is ground to the 
required parricle size and extracted wi th  a suitable solvent sysrern. The  Regional Research 
Laboratorq-, Thiru-\.ananthapuram, India, has also developed a process for the production of chilii 
oleoresin, including separating fractions of highly pungent  oleoresin, colour and seed oil. 
Counter-current extraction reduces the solvent requirement co 2.5 rolumes from 4 volumes for 
straight runs. Curing the removal of the solvent frorn the miscella foaming can be controlled by 
using anti-foaming agents or air jet control which recliices material loss by enrrainment. The l a x  
traces of the solvent are r e m o ~ ~ e d  by steam injection. A vacuum is usecl in the final stages, as 
there are very little ~ ~ o l a t i l e s  in cbiilies. The  spent solvenc-free ancl dried solids contain a b o ~ ~ t  
1 8 %  protein, 36CF carbohydrate and 29% fibre, which coulci be used in animal feed composi- 
tion. i n  the earlier years, ethyle~le dichloride was a preferred solvent for oleoresin extraction. 
However, due co their suspected toxicity (Blum and Ames. 19") poly-halogenated hydrocar- 
bons are discouraged for use in foocl processing. Presently hexane. acecone and ethyl acetate are 
the preferred solvents. 

There are three types of comrnerclal C U ~ J I C N I I Z  oleoresins (Govinciarajan, 1986a). Oleoresin of 
Capsicui~, is mainly used as a food colouring in  meats, dairy products, soups, sauces and snacks. 
Recl pepper oleoresin is used for both colour and pungent!; lnainlp in canned meats, sausages, 
smoked pork, spreads and soups and in  a dispersed form in some drinks such as gingerale and in  
some snacks. Oleoresin from African Cczpsicuut is more pungent  and is used for its counter- 

irritant properries in plasters and some pharmaceutical preparations. 

In  view of che increasing evldence on the carcinogenic potential of syntliecic colours, there has 
been extensive research in to  the  isolation, characterization and Llse of natural colourants. 
C~@sicz~ii~ colour (red) is one which has been investigated extensively and produced commercially. 
Govinclarajan (1986b) has exlia~~stively reviewed the chemistry of Capsic~~iii colours, and Francis 
(1995) has described the use of carocenoids as colourants. More recently, Deli e t  al .  (1996) have 



made a detailecl HPLC analysis of the caroterloids from Cnp.ticnnr; o ~ i t  of the 5 6  peaks, 3 4  have 
been identified. Capsanthin and capsorubin are the  most important  colouring plglnents in  
C~?p! l~~/ i i i .  C~Z]IJZCNIIL colour has assumed great comn~ercial inlportance as a food colourant. In  the 
past, t he  application of Caprii-uw extract was restricted to  savoury products due  to  i ts spicy 
flavour. Purified paprika extracts in  nrhich the  flavoilr compounds have been significantly 
reduced, are no\\, available as colo~lrs ~lsecl in sweet preparations such as sugar confectionery. The 
exrract is available in both oil soluble and water iniscible forms (Henry, 1998). 

Due to  the commercial iinportance of natural colours, most of the process information on 
Captpsini~n colour is coverecl under patents.  However, some p~~bl i shec l  l i tera t~lre  glves useful 
information. T h e  early report of Todd (1957) gives derails of production of C L Z / I J L ~ / / ~ I ~  c o l o ~ ~ r  
concentrate from fresh red fruits. In  the process, red Cnpsi~xms are broken mechanically. the  peri- 
carp and seed portion are separated ancl the  pericarp is converted into a puree. The  puree 1s 
passed through a fine sic\-e to separate j ~ ~ i c e  and pulp. The pulp is reslurried and passed through 
the sieve to recover maximum colour. The  colour components are recovered as a precipitate by 
the denaturation of the proteins having the sugars, g ~ ~ n l s  and other undesirable components in 
the solution. The  precipitated colour is centrifilgecl to reduce the water content, druin dried and 
extracted into acetone. The acetone extract is vacuum distilled to recover the solvent. The  resul- 
tant rilby-red oil is mixed wirh permitted antioxiclant to  prevent colour loss cl~lring storage. 
Preparation of water dispersible Capsir-ZIIZ colour has been described by Elshikiny and 
Abd-El-Salain (1970). 

Specificatiofzs for Capsicum oleol-esim 

The Essential Oils Association (EOA, 1975) of USA has detailed specifications for three types of 
Cdp~.iC?4?12 oleoresins (Table 10.3).  The three types are oleoresin Cap.riciiin, oleoresin red pepper and 
oleoresin paprika. The pungency standards are cletermined by diluting an alcoholic solution of 
the oleoresins in  3-55? sugar solution. This solution is then tasted by panel inembers and the 
first perceptible stinging sensation constitutes standard prorocols. The strength of the dilcrtion 
agreed by three of the five panelists gives the Scoville Heat Units (6ovinclarajan et  nl., 1977). 
The  Scoville test run  shows a very high correlation to  total capsaicinoids content (1,50,000 
Scoville units = i% capsaicin). The  colour value in the  EOA specifications is determinecl by 
measuring the absorption of a 0 .01 % solution of the oleoresin in  acerone at 458  n m .  The absorp- 
tion is then multiplied by a &tor 61,000. 

Cdpsicunz belongs to that class mrhere certain varieties whose colour, flavour and properties are 
unique onring to their respective geographic origin. These unique traits may in future become 
trade mark issues. X7e need to address this issue very carefully and ensure that proper clocumen- 
tation, both ar field and laboratory level, ensures that intellectual crop properties are assigned ro 
the country in question. This issue needs the attention of policy makers, scientists. technologists 
and others alike. 

Future prospects for Capsicums 

Being the largest prod~lcer of C~/pipsi~~~n.zs in the world, India deserves to have a dominal-ir position 
in  i ts value addition and export. A t  present, t he  country's export of dry  chillies and other 



ZiLb 10.3 FOA spec~fications for C L ~ ~ T Z C ~ / I ~ Z  oleores~ns 

Nurllber 
Botan~cai source 

Appearance and colour 

Sco\,il!e Heat Units (for 
pungent!- by described 
method) 

Coloilr value (h>- 
c1escribi.d method: 

Solub~lir) 
Alcohol 

Benryl benzoate 
Fixed oils 
Glycerine 
h'lineral 011s 
Propylene p!ycol 

Xesiilua! solvent 
(EOA No. I-ID-?-! 
gas cihrornarogr~~pl~rc 
nierliod) 

EOA Ko. 211 EOA KO. 2% EOA No. 239 
C. , f? / l t~~e?i~  L. 0' C'. dlziz//il2 L. \as. /071g//iii C', nlzi?//iini L.  

C. a;z,?.u//~i/ L. Setidt. 
Solvenc extraction of Solvenr extraction of Sol\renr esri-acrion of 

dried ripe fruit, with dried ripe fruir, wicli dried ripe pods and 
subsequent removal of s ~ ~ b s r c ~ u e n r  removal of ~ u b s e ~ u e l l t  rernova! 
solvent solvenr of solreni 

h clear red, liglir amber A deep recl l iq~~ic l  \vlt11 ?I deep red somewhat 
or dark red, some\vl~at cliaracter~sric o d o ~ ~ r  and ciscid l iqu~tl  wirh 
viscid iiquiil with 111gIi bite c!~arairerisric odour 
characcerisitc odour 
and \er!- h ~ g l i  bite 

480,000 min. 2 10.000 min. - 

i ,000 max. 20.000 rna:;. A\ sratecl on labei 
(generally 40,000 
ro 100.000) 

Parrly aol~tble with Partly soluble with oily Parr!! soluble w1t11 
oily separation separation oily separation 

Soluble Soluble Soluble 
Soluble Soluble Soluble 
111soluble hnsolitble I i isol~~ble 
Iiisoluble Insoluble Very siiphtli- insoluble 
insoluble Insoluble Insoluble 
Meets wirll Federal, Food, Drug anci Cosmttrcs Act Regu1a:ioi;s: mctht.lene 

chloride, trichloroethyli.nt, inilrv~dual!): or colleit~i-el>- nor more ihan 
?Oppm: f iop~op) l  or metli>l alcollo! not morc than 50ppn1: !iexane iloc 
more than 25 ppnl 

products has not reached tile desired le.i~eis. Therefore, var i i i~~s  improveiz-encs in :lie wizoir chaia 
of crop production, post-harvest technc)!ogies, processing and marketing are required. 

F cven  thougii under the  Coordinated Vegetzble 2ev t lopment  ?rogramiile of ;he Indiac  
Council of Agricultura! Research (PCAR). New Delhi,  India, considerable ;?:ogress ha:, k e n  
made in  increasiirg productivirj- and resistance t:) diseases, there is s c o ~ . e  $or fu.ii!.thei improve- 
ments. Today, atlacoxin in  dry cbiilies is a. major export issue, which calls for i-lze ciel-eiopnlenr of 
aflaroxin free lines. 

Due to  ~ a r i o u s  reasons, natural p iact  colourants are accruair?til:g grea: comrrc.rcia! im:>or- 
tance. Among them GLI~.IZL-I/III red colour is the most promising. considering irs wide eppl~ciirion, 
111 India,  tlie promising C~?p.rii.~;i/ I-arieties having g304 colo~lr  value atid 107. pur-gezcv arc 

. . 
Nyciagi, Arka Kahir, the "\Xtarrangal chilli a i d  KT-PI-!?. They are, however. not cc%pzzrabie to 
- - 
ldiingarian paprilias of high colour ~:a!ues and ~ ~ e g l i g i b l e  ixmgency. Therefore. i c  n-i!' he 7,ery 
useful to  develop silc!~ varieties so thar the growing demand for chilli colour can be me.: e r t e r .  

. . 
The  iiemand foi tailor-made clzilli prod~lcts  to suit  divcrse pioduct applicasions and large 

sca!e food processing is increasing. These applications ca!l for the proi-ision ofprodccts v ~ l t h  rile 
required leveis of aroma, pungency and coioilr, in addition to good storage stabiiitj-. The  accii- 
muiated scientific information indicates rile importance of the harvesting srage and the prirnar>- 



processing conditions on product quality, especially the colour. This kno\vledge could be 
properly utilised to develop new technologies. 

i t  is rather difficult to develop chilli varieties suitable for different product applications. The 
blending of chilli powders and oleoresins wirh the help of modern sensory techniques could be 
standardized to obtain various formulations. 

Chilli extracts are presently produced mostly by solvent extraction. Even though the industry 
is now able to maintain the specified limits of solvent residue levels, there is scope for develop- 
ing cost effective alternative technologies, such as supercritical gas extraction, which have the 
additional advantage of selective extraction of components. 

Microbial and insect infesrations are serious problems in chillies. In addition to the develop- 
ment of pre- and post-harvest protocols, controls in various crirical processing steps have to he 
introduced. In addition to the fumigation and chemical sterilisation practised, irradiation could 
be fiirther investigated and popularized. 

It  is needless to state that packaging of the products is critically important for maintaining 
their storage quality, as well as to aid in markering. Continuous improvements are possible 
in this area, along with the development of newer packaging materials having fi~nctional 
properties. 

Conclusion 

Caps ic~~f i z r ,  mhicl~ were used as culinary supplements essentially for their colour, flavour and 
pungency, have acquired much more ilnporrance as a source of natural food colour and valuable 
pharn~acological compounds. In order to maximize the beneficial properties of Captpsic~~iiz, 
concerted RstD work is required to develop newer varieties chat have higher levels of these com- 
pounds. Additionally, technologies have to be continuously upgraded to produce end-product 
specific Capsic~!ni formulations. 

Along with the ever growing nutrition and health conscious consumer, the demand for 
Cap~icz/nis and their products are expected to grow steadily. 
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11 Advances in post-harvest processing 
technologies of Capsicam 

Crtp.ric?!nzs, like all other agricultural commodities, contain a high moisture content and vary 
considerably in shape, texture, size, colour and pungency. Hence, their pre-treatments - 
curing, cleaning and methods of processing - also vary to some extent. During their post- 
harvest processing, they are subjected to different types of unit operations such as washing, 
curing, drying, clearing, grading and packaging, until they are ready for the consumer or 
for the terminal market. Such post-harvest processing technology should ensure the proper 
conservation of the basic qualities of the chillies for which they are valued, namely aroma, 
flavour, pungency or bite factor and colour. All these aspects are briefly covered in this 
chapter. 

Introduction 

Cap.riwn2 or chilli belongs to the genus Casic-~!iz and the family Solanaceae. There is some conf~l- 
sion in the nomenclature of C L Z ~ S ~ C I I ~ Z  species. Although the following five species have been 
globally recognized, Capsiciiiiz auniiuin continues to be the most popular and commercially most 
important species of the genus C ~ ~ S ~ C I I I ~ ; ,  the next being C. ji"~itacelrs (Anu and Peter, 2000). 

Capjjc~/?n a?~nu~iii; Chillies, Ca]~sii-?~n/, Red pepper, Paprika, Cayenne 
C'zpsic~~iic fizit~ct'n r pepper, Bell pepper, Bird chillies or Tibasco pepper 
C ~ ~ p s i c i ~ n ~  l/acc'ztnnt var Pelzd11iiliii.12 
cap.ri~11112 cI3il~elzse 
Cap.riciinz p~ii?e.ri.ens 

This classification is exclusively based on chilli fruit characteristics like colour, shape, size, 
pungency and end uses. According to this classification, there are five major groups under 
C, nl~niiuiii, as tabulated above, and only one group in C.  ji.ii~wcei;s (Purseglove et 'L[., 1981). The 
paprika of commerce comes from the follo\\7ing important producing, processing and exporting 
countries: (1) Spain; (2) Hungary; (3) Morocco; (4) Bulgaria; ( 5 )  US; (6) Yugoslavia; (7) The 
Czech Republic; (8) Romania and (9) Portugal. 

Econo~nic importance 

India is one of the major chilli producing countries of the world, producing about 1,00,000 
tonnes annually. Chilli is also the second largest export earner for India, being next to black 



pepper. Thus, during the year 1999-2000, India exported about 64,776 tonnes of chillies 
(Anon., 2000, Spices Board, Govt. of India). However bird chilli is not grown commercially at 
present in India but it is in great demand in several other countries because of its high pungency 
(1.0% to 2.0%). Bird chilli is very small in size and has bright red colour. Looking to its great 
potential in world trade, it is now being cultivated in some rates in India (Anu and Peter, 2000). 

Pose-harvest technology 

It is the prime requisite that all Ccrp~icz~iii species are harvested at the correct stage of maturity 
nrithout much physical damage, after which they are processecl properly for the market. In most 
cases, they are sun dried at the farm and transported to an appropriate centre for further processing. 
Cdpsi~z~iizi or chillies, like all other agricultural commodities, invariably contain a h ~ g h  moisture 
content (60-857;) at the time of harvest, which must be brought down to S-12% n~oisture. 
Furthermore, chillies of different varieties vary considerably in shape, texture, size, colour and 
pungency. Hence, the pre-treatments, curing, cleaning and methods of processing also vary to 
some extent. D~lr ing their post-harvest processing, they are subjected to different types of unit 
operations such as washing, curing, drying, clearing, grading atid packaging, until they are 
ready for the consumer or for the terminal market. Such post-harvest processing technology 
should ensure proper conservation of the basic qualities of the chillies namely, aroma, flavour, 
pungency or bite factor and colour, for which they are valued. These post-harvest unit operations 
are collectively termed as post-harvest teciinology. These aspects are briefly covered: by Prutlii 
(1980. 1991, 1992). 

Ripe fruits are plucked together n ~ i t h  their stalks and cured at the farmers!growers level i t~elf .  
The harvested produce is heaped indoors for three to four clays so that partially ripe fruits, if any, 
ripen fully and the whole produce develops uniform red colour. Partially ripe fruits, if dried 
n7itllout this curing treatment, develop vh i te  patches and such fruits have less market value. 
Honrever, in some parts of the country, namely the Tarai region of Uttar Pradesh, the drying of 
green chillies is started on the same day wlien the crop is harvested. In case the drying operation 
does not start on the same day, the green chillies have to be spread under the shade (not heaped) 
overnight, as keeping chillies even for 2 1  hours causes considerable damage, leading to total 
spoilage within four days if left in the heap form. I11 s ~ ~ c h  parts of the country, it is observed that 
the m a x i m ~ ~ m  time lag between harvesting and the storage of chillies shoiild be 24 hours, even 
when the green chillies are spread. This places a restriction on the transport of green chillies to 
distant places for marketing or drying. Because of the poor storability of green chillies, farmers 
themselves dry the chillies. A s~llall fraction of the total produce of chillies in India is ciriecl by 
the middlemen who purchase the green chillies from the local markets, brought by the farmers 
on the very day of their harvesting. Baskets and bags are used for the material handling of (lie 
chillies (Pruthi, 199ja,b). 

The pungency, initial colour and colour-retention properties of chilli fruits are closely related 
to maturity. Pods left to ripen and to partially n~ither on plant, are superior in these three quali- 
ties to those picked when fully coloured but which are succulent. The use of partially withered 
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ripe pods is the single condition required for high quality, secondary only to the intrinsic prop- 
erties of the cultivar grown, and has a greater influence on the final product than drying or stor- 
age methods. However, it should be noted chat care must be taken over the extent of withering 
permittecl prior to harvesting, since, if prolongecl, it call sometimes result in a product with a 
grey colour (Pruthi, 1992). 

Pricking the skin of chillies longitudinally helps to reduce the total time of drying. It  also helps 
to rerain colour and overall qualiry. The same applies to the C~rp.ricz/i/li/s, red pepper or paprika 
(Laul et al. ,  1970). ARI has developed a portable pricking machine n~hich has been describecl in 
fair detail on p.  186 (Ilyas et nl. ,  1987a,b). 

The attractive red colour of c11illieslCnp~icuiiislpaprika can be stabilized to a grear extent by 
steeping them in 254 sodium carbonate s o l ~ ~ t i o n  for 10-12 minutes. Sucl-i alkali treatment has 
been found co be usef~11 in the drying of chillies, particularly in conjunction with olive oil (Laul 
e t  d., 1970). 

The attractive red colour of Capsic-z~iizs or chillies, which is mosrly due to carotenoids (notably 
capsanthin, capsorubin, etc.), is stabilized to a great extent by treatment with a suitable antioxi- 
dant (Van Blaricum and Martin, 1945; Lease and Lease, 1956b). Van Blaricum and Martin 
(1945) and Lease and Lease (1956a) have also studied the effects of other factors, such as initial 
composition, light, air, temperature, condition (whole or ground), harvesring practices and pre- 
drying treatments on the retention of colour in cayenne pepper during drying and storage. 

(a )  Iii@ort~i~zi-e,'A~1'zai~tngw: Standardization and grading is a prerequisite for de\~elopment of the 
modern marketing and trade of any conimodiry in the country and abroad. Grading senTes to clas- 
sify goods accorcling to the end use, and eliminates waste that would otherwise occur. In general, 
it simplifies the marketing system by making it possible for buyers to procure goods easily that 
meet their particular requirements. It  facilitates easy price comparison among the different mar- 
kets, thereby giving buyers and sellers better information on which they can base their decisions. 

i b )  O~~gar/izations ,for s tn~~da~di za t jo~r  and glzidilzg: The Indian Standards Institurion lias 
considered almost all spices, including chillies, for specifying standards based not only on their 
physical characteristics but also on other aclditional chemical factors, such as total ash, acid- 
insoluble ash, non-volatlle ether extract and fibre content. Under the Food Adulterarion Act, 
min imu~n p~lr i ty  standards are laid clown for chillies from the point of health. In addition, there 
are standards prescribed by the Directorate of Marketing and Inspection (DLII) under the 
Grading Acc 1937, for chillies as briefly discussed next. DMI is the most pioneering organiza- 
tion in grading. 

(c) Grading actiz~ities o f  DIIII: Grading activities of DhlI can be classified into three broad cat- 
egories, namely (i) compulsory grading under Agmark for export; (ii) grading under Agmark for 
internal trade or voluntary grading; and (iii) grading at producer's level or commercial grading. 
These aspects have been dealt with in fair detail by Pruthi (1993a,b) and hence shall not be 
covered here again. 



Sun-drying technique - traditional or conventional 

Drying of chillies is mostly done by spreading the fruits on clean, hard dry ground or on a con- 
crete floor under the sun. Mud floor, roof top or wooden cots are also used for this purpose. As 
mentioned earlier, chilli is a highly perishable material at the time of harvest d ~ ~ e  to its high 
moisture content, which is usually 70-8057 (wb), whereas the limit of moisture content suitable 
for the safe storage of chillies is about 10% (wb). Therefore, chillies must be dried in a manner 
that preserves their characteristic red colour and lusture. Excessive delay in drying results in the 
growth of micro-flora and subseq~~ent  loss of quality or total spoilage. Also, dirt and dust may 
deposit on the chillies during open-yard sun drying. Moreover, it involves excessi\~e handling, 
irrecoverable shatter and drying mass, rendering the chillies \?ulnerable to weather hazards. 
Usually, the chlllies are spread in a single-chilli-thick layer for drying. After two days of drying 
in this manner, when the fruits are still flaccid, they are tramplecl upon or are rolled over for flat- 
tering. This treatment enables a greater quantity of the dried product to be packed Into gunny 
bags for storage and transport. In many parts of the country, the drying operation takes 3-1 5 days 
for the reduction of the moisture content from 70-80% to 1 0 2 ,  depending upon climatic 
conclitions. If there is cloudy weather and there are intermittent rains during the drying period, 
damages as high as 50% are reported. Such unfavoclrable conditions also lead to the cliscolo~ira- 
tion of the dried chillies. On  an average, about 25-30% of the fresh weight of chillies are produced 
after successful drying by conventional methods. The manpower requirement for such drying 
techniques are two persons for every 10 bags. Except for a seed separation of about 10 kgltonne 
of drying chillies, no visible damage, colour loss or glossiness is generally reported during dry- 
ing in good, sunny weather. O n  the other hand, drying under unfavourable conditions results in 
loss of colour with white spots over the chilli surface, and glossiness and pungency is also influ- 
enced. Unripe chillies are, however, sometimes boiled or blanched anci dried for domestic 
consumption. Chillies are often smeared with oil of mahuwa (i\lac/hi/3lti-~t loiagzfolin) to impart 
glossiness. However, coconut oil and generally sesame seed oil are not used for this purposes, as 
they lead to mould growth and cliscolouration (Shivhare et al., 198'). 

Chillies or C~~p.riczit~zs, on harvesting, have a m o i s t ~ ~ r e  content of 65-80%' depending on 
whether they were partially dried on the plant or harvested while stlll succulent; this moisture 
content must be reduced to 10% in order to prepare the dried spice. Traditionally, this has been 
achieved by sun drying which remains the most widely used method t h r o ~ ~ g h o u t  Asia, Africa, 
Central and South America. Even in the United States, where artificial drying is practised by 
virtually all commercial processors, sun drying is still used by many growers of small areas. 

In n'agpur (Maharashtra), chillies or C~rpsic~iiis are dried on open spaces, mostly roadsides, with- 
out the benefit of mattings or concrete platforms, and remain exposed to weather for the whole of 
the drying period (14-21 days). Consequently, fruits become contaminated with dust and dirt, 
damaged by rainfall, animals, birds and insects. Laul et a/. (1970) have reported that under these 
conditions, losses can be as high as 70-80F of the total quantity of spice talcen for drying. 

In the southern United States, small growers sun-dry chillies or CL@S~CZ~~ :~S  by. spreading the 
fruits on drying racks, on roofs and even on the ground sometimes they may be tied together 
into bundler weighing 5-12 lcg and hung on the n7alls of houses, fences and even on clothes 
lines. This method of drying may take several weeks (Pruthi, 1993a,b, 1998). 

In Japan, the sun drying of chillies is followed by mechanical drying, dressing and then more 
sun drying before packing. The entire stem or plant with the fruits is cut and hung from bars 
and then exposecl to the sun for partial sun drying. After the removal of 80% moisture, the parts 
are further dried in a dryer to the critical moisture level. The dried parts are removed with the 
help of a dressing machine and finally dried in the sun again before packing. This efficient com- 
bination of sun drying and dehydration may work well in such cases. The main probleill 1s the 



heterogeneity in the product with reference to size, colour and quality. C r a d ~ n g  Inay help In 
getting better results. I m p r o ~ ~ e d  agronomic practices are also required to get a more uniform 
product at picking time (Prutl-ii, 1980). 

SUII drying of chillies has also been studieii in some detail in India. \Vllole chillies spread on 
perforated rectangular aluminium trays (5 kg.'m) took about 15 days to dry ar a room tempera- 
ture of 20-25OC and a relative humidity of 3 4 - 5 0 2 .  Pricking the chillies longitudinally 
reduced [he drying time to 12 days, and blanching reduced it to ' days. In rhe case of 'checl<ing'. 
the drying time was seven days after dipping in a 2.5% potassium carbonate solurion, anci it  
was f~lrrher reducecl to six days in the presence of deodorized olive oil (Laul et a[. ,  1970). 
Shlvhare c t  L?/. (198') have described the conventional processing methods of chillies and have 
also reviewed the researcli and developmental studies carried out in India and abroad to develop 
suitable post-harvest technologies for this important cash crop. 

The traditional methods of harvesting and sun drying chillies or C~~ps ic t~ ins ,  outlined above, l-iave 
many disadvantages, not least in regard to p r o d ~ ~ c t  qualiry. Poor handling of fruits prior to drying 
can result in bruising and splitting. Bruising s1-ion.s up as discoloured spots on the pods and splie- 
ring leads to an excessive amount of loose seeds in a consignment; there is a considerable loss in 
weight if dried fruits are sold without seeds. Neglect in provision of adequate drying platforms 
and protection from rain ancl pests can result in high losses and contaniinarion. If the fruits are 
not dried properly, they lose their colour, glossiness and puligency (Pruthi, 1992, 1998). 

Inzproved CFTRP method o f s z u z  diyiug 

Laul el al. (1970) have investigated 7vays of improving ~1111 drying nlethocls for Indian cllillies or 
C~,pipriciiins. Drying in a single- and multi-tier tray system, in sun and in shade, ancl also blanch- 
ing and priclcing pre-treatments vere studied. A four-tier system o i  wire-mesh trays and a sin- 
gle tray of perforated aluminium both took 14 dalis in the sun to clry fruits ha~ring a moisture 
content of 72-74C/r, r e d ~ c i n g  it to about 6V, the normal Indian commercial traditional sun dry- 
ing methods tales about three weeks to achieve a moisture level of 15-20%. Primary processing 
of chillies essentially consists of drying and despilcing. Better retention of colour and a higher 
yield of finished product, avoiding breakage of pods and loss of seeds are achieved by adopting 
CFTRI improved technology for sun drying of chillies over traditional methods. 

The improved method essentially consists of dipping fresh chillies in 'Dipsol' for five minutes 
and then drying on racks that have multi-tier wire net trays (Central Food Technological 
Research Institute, CFTRI, 1979). 

The nsl~vuztages ofthe inzproved CFTRI techzmlog~~ 

1 The rate of d rpng  is fast; the time needed for drying is only a week as compared to 15-2 1 days 
in the traditional method of sun drying. 

2 Requires less space. 

3 Helps in better retention of colour and pungency. 
4 Gives a more hygienic and superior quality product. 
5 Gives higher yield of finished product ( 2 2  more) due to minimum breakage and less loss 

of seed. 
6 The improved method adds extra material cost to finislied product i.e., leas costly. 



The field demonstrations, using the 'Bhivapur' variety of chillies, have shown that red chillies 
sun dried by the improved method brings an additional economic benefit. 

The inzproved techrzology k~~ou ' -hoz~ '  ( C F T R I J  

1 Dip fresh chillies in an emulsion (Dipsol) for a short time (approximately five minutes) 
2 Drain the excess emulsion. 
3 Spread the chillies on to racks having multi-tier wire net [rays at the rate of 5-10 kg/m2 of 

tray area depending on ambienr temperature. 

The treated materrals dry ro the commercial level nloisture content In about a week's tlme. 

'Dipsol' is a water-based emulsion containing potassium carbonate (2.5%), refined groundnut 
oil ( l % ) ,  gum acacia (0.1%) and burylated hydroxy anisole (BHA) (0.001). Thus, 100 kg of 
'Dipsol' convnins the follows ingredients: 

Potassium carbonate: 2.5 kg 
Refined groundnut oil: 1 .0 kg 
Gum acacia: 0 .1 kg 
BHA: 0.001 kg 

Dissolve the potassium carbonate and g u m  acacia separately in water. Dissolve the BHA 
in refined groundnut oil. Mix water-phase solutions and BHA dissolved in groundnut oil 
slowly while stirring. The mixture is passed through a honlogenizer twice at 200 kglcm' 
(Laul ri d., 1970). Fifteen litres of emulsion are required to treat 100  kg of fresh chillies. 
A scheme for sun drying chillies by this improved technique is available froin CFTRI, 
hlysore (CF'TRI, 19'9). 

The Palztnagnr d ~ y i n g  technique 

The Pantnagar Centre of All-India Co-ordinated Post-Harvest Technology Scheme of Indian 
Council for Agricultural Research (ICAR) has investigated drying characteristics of chilli 
(variety 'Pant C-l ' ) ,  both for sun drying and hot-air drying. Studies have been conducted for 
evaluating the performance of cement concrete floor, with black tar coatlng, a wire-mesh ele- 
vated to 0.3-1.0 m high scand, with the thickness of the chilli bed varying between 1.11 and 
1.19cm. Heated air drying studies were conducted with and without stalks at two hot air tem- 
peratures (32i°K and 328OK) and at three different air velocities (1.00, 1.25 and 1.50m:s) at 1Ocm 
bed thickness. Drying rates were computed using the numerical differentiation technique. 
Concrete floor wich tar coating was reported to be the best surface for sun drying as it  gave 
higher drying rates. The total average time to reduce the moisture of chillies to 5 %  (db) Tas 
about 20 11 of sun exposure for the concrete floor with tar coating and 37 h of sun exposure for 
elevated wire-mesh platforms. It  was observed that about 1% of seeds got separated during the 
sun drying process. In heared air drying, with the air at 328 OK and 1.5 mis velocity, chillies 
nrithout stalks achieved maximum drying rates with 12 h required to reduce the moisture from 
55.4-16.59: (bd). Chillies wirh stalks dried at a slower rate. In another similar study at two air 
temperatures of 50°C and 52.j°C and at air velocity of 1.5 m/s, it was observed that at 50°C air 
temperature, the moisture content of chillies wlth stalks was reduced from 76.4% to 50.36% in 
11 h. It  was concluded thar a drying temperature of 50°C and air velocity of 1.5 mis could be 
satisfactorily ~ ~ s e d  for the mechanical drying of chillies without influencing the pungency or 
quality of chillies. 
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Bhlipnl ill1.R) .rim-drying trinl~: The Bhopal Centre of All-India Co-orciinated P H T  Scheme has 
also conducted clrying studies for chillies on seven different surfaces, namely: m ~ l d  floor, concrete 
floor, jute cloth. white canvas, tarpaulin, black-and-white poly-ethylene sheets and black poly- 
ethylene.; A saving of 21% time was achieved with tarpaulin compared to the m ~ ~ d  floor (Slngh 
and Alam, 1982). 

Recently, attempts have been made to develop solar equipment to improve upon sun-drying 
techniques, which lead to the following advantages: 

(a) better use of available solar radiation; 

(b) reduction in drying time; and 
(c) cleaner and better quality product, free from dust, dirt and insect infestation 

This equipment is called 'Solar Drier'. The Regional Research Laboratory (RRL), Jammu, 
India has devised a solar drier for drying chillies in Jammu and Kashmir state (RRL, 1978). Red 
chillies of Kashmir are very popular throughout the country, as they impart an at t ract i~e bright 
red colo~lr to dishes. Chillies are produced in substantial quantity in Kashmir valley and it is a 
common scene to find chillies strung together in thread and hung on walls and doors or spread on 
roof tops. Commercially, plants with fruits still unplucked are harvested and spread out on the 
ground for about a week for partial drying. Thereafter, the fruits are plucked by hand and spread 
in the field for final drying. The entire operation takes about 15 days, during which, chillies are 
exposed to dirt, dust, fungils attack, all of which are in addition to the uneven drying of chillies. 

A solar drier has been installed near Pampore in Jammu and Kashmir, which effects complete 
drying of the commodity in four to five days, with a marked improvement in colour and storage 
characteristics. The gadget is very simple and is made of mud, stone, pebbles and glass panes and 
is specially suited for rural areas. Ir can be conveniently constructed by village artisans. A unit of 
2.5 X 2.5 m size can dry 80 kg chillies per batch. 

Encouraged with the results of sun drying studies, the following solar driers (Figures 11.1 and 
11.2) have been designed and developed in India for the sun drying of chilli (Kachru and 
Srivastava, 1990a,b). 

1 CAZRI solar drier: The Central Arid Zone Research Institute, Jodhpur Centre of the P H T  
Section Scheme in India is reported to have developed a solar drier using low-cost materials 
for construction. A PVC sheet is used as a transparent cover for the drier, providing a green- 
house effect. Bajra-husk is used as an insulator while other materials include bamboo ancl 
MS sheet. The drier is furnished with an alurnini~lm chimney which is painted black to 
serve as an exit for hot air. The performance evaluation of this drier during the winter sea- 
son (at Jodhpur) showed that the drier took nine days to reduce the moisture content of 
chillies from 83.6% to 3.5C3, in comparison to the 21 days req~lired to remove moisture 
from the same quantity of chillies using the open drying method. 

2 Bhopnl solar-cabiflet drier: The Central Institute of Agricultural Engineering, Bhopal, Inclia 
has developed a solar-cabinet drier (Figure 11 . l )  for the drying of perishable, semi-perishable 
and wet-processed food materials. 

The drier is simple in design and does not require any mechanical prime mover or elec- 
tricity. It  is free from fire hazard and can be fabricated from materials such as wood, glass, 



(1) Chimney with aspirator (6) Woodon frame 
( 2 )  Top glass sealing (7) Drier bottom built in solar reflector 
(3) Fastoning plate for frame (8) Air inlet 
(4) Sliding rack (9) T-type guide for rack 
(5) Vertical support for glass sealing (10) Rack bottom built in wire mesh 

Fzgli7a I I .  I Solar-cabmet drier (Central Itit. Apri. Eingng. Bhopal, hZ.P (Itlcli'~)). 

Sun 

Ambient air-intake 
To atmosphere 

Drying beds -, T 

Blower of the hot air - circulation system - - ....... 1 Air flow 
J 

Subsidiary heat source with heat exchanger 

F i g i m  11.2 A schemat~c draw~ng of [he improved solar drier for splces (Kachru and Srivastava, 1990a,b) 
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plywood, wire-mesh and a MS sheet. Specifications, test results of the drier and economics 
for chilli drying by this equipment are as follows: 

(a) Specification for the Bhopal solar drier 

Type: Tray type allo\i~ing natural convectio~l 
Overall dimensions (size): 2,260 X 1,440 X 2,410 mm 

(b) Test results 
Suitability for crops: Chillies, potato cl~ips/cubes, cauliflower and 

leafy vegetables 
Capacity for-solar drying: 30-50 kg per batch 
Labour requirements: 2-3 man-hours/day 
Total drying time: 4-7 days~batch 

With the extensive use of such solar driers, sizeable quantities of red chillies and other dried 
vegetables of improved quality can be produced in rural areas. 

Another improved partially mechanized solar drier is illustrated in Figure 11.2. 

3 Pm7 iikula zi*~~ste-fi~edso/a~ d~ier :  The Akola Centre Scheme has modified a waste-fired drier, 
developecl by the same centre for drying different agricultural commodities (e.g. sorghum 
cobs, grains and pods) for the artificial drying of chillies. 

The modified drier is reported to be suitable for drying 200 kg of fresh red chillies per 
batch \vitllin a total period of 1 6  h by reducing the moisture content of chillies to 16.5% 
(wb) from an initial moisture content of 73.40% (wb). The drier is connected to a blower 
operated by 1 hp electric motor. 

Artificial drying or mechanical drying or dehydration of Capsicums 

In order to avoid dependence on the vagaries of weather and also to reduce microbial contamina- 
tion, natural convection driers or forced-draft driers can advantageously be used to get a better 
quality product. An air temperature of 60°C gives a drying time of about 5-9 h, depending on 
the commodity, particle size, thickness of the layer and method of drying (Pruthl, 1980). 

Artificial drying has the advantage over traditional sun drying in producing a better and more 
consistent quality product, taking less time and minimizing crop losses. Artificial drylng has 
been used for many years in the United States for the pungent forms of C. L / I ~ U M Z ( I I ~  grown in 
North and South Carolina and Louisiana (finger peppers, which may be 10-30 cm in length), 
and for the very pungent tabasco chillies (from C. ji.~tr.rce?u), which are also grown in Louisiana. 
In South Carolina, tobacco-barns have often been used for this purpose. 

Commercial processors in the United States bring harvested fruits to drying centres in bulk, 
after which they are mashed, inspected and spread out on trays, either as whole pods or sliced 
into 2.5 cm lengths. The fruits are dried in heated buildings or, more usually, in runnel driers or 
stainless steel continuous-belt or belt-trough driers, exposing fruits to a forced current of air a t  
temperatures of 50-60°C, thereby reducing their moisture content to '-857. Some processors 
use a two-stage method, first drying fruits to a moisture content of 12-20% and then storing at 
O°C; when required for grinding the drying is continued until pods contain 7-857' moisture or 
less. A flow diagram for optimum dehydration of chillies is presented in Figure 11.3. 

Factors affeectiag the qz~nlitj~ ofthe dehydgwtedpl-odz~ct 

There are several factors affecting the quality of the dehydrated product, such as (i) quality and 
nature of the ran7 material (Lewis and Natarajan, 1980); (ii) method of preparation (n711ole, sliced or 
dried); (iii) pre-treatments like pricking, alkali treatment or antioxidant and treatment with other 



Chilli for processing (100.0 kg) 
I 
L 

Washing 

Inspecting 
I 

Blanching Waste: 3.0 kg 
l 
C 

Pricking 1 
J 

Drying (primary) Water evaporated: 72.8 kg 
I 

/ Drying peppers (20% moisture): 24.2 kg / 

Drying peppers (3% moisture): 20.0 kg 
l 

Drying (secondary) 

k m  Inspecting 

Water evaporated: 4.2 kg 

Chilli flakes: 20.0 kg 
l 

l 

C 
Packaging 

Container closing 
l 

4 
Closing 

1 Shipping 1 
Figure 11.3 Flow-sheer on optimum artificial drying.'dehydrat~on of cliillies (USA - Commercial Process). 

chemicals; (iv) density of lading; (v) the time, temperature and method of dehydration; and (vi) 
critical temperature of dehydration. Of these, the temperature of the air used during dehydration 
processes greatly affects both the total time taken for dehydration and the quality of the finished 
or dehydrated product (Pruthi and Lakshmi Shankar, 1968; Pruthi et al., 1967). 



Optivzum co~lditio?rs ,for artificial d~.yi~zg/deh3iclratiozz 

Artificial drying has advantages over traditional sun drying in that the product is more consis- 
tent and of a better quality, the time taken is less and crop losses are also minimized (on the basis 
of 100 kg fresh red pepperlchillies, the shrinkage ratio is 5 to 1). Lantz (1946) reported that 
slicing pods reduced the drying time by half and that there was no loss of initial colour on 
drying for 72 hours at 60-75°C. Lease and Lease (1962) carried out a more comprehensive study 
of the effects of forced air-drying on Carolina hot pepper (from C. at7n1/unz). The drying of sliced 
pods was found to have considerable advantages over whole pods; the drying time was much 
reduced (by 50%) and a superior initial colour was obtained. The optimum drying temperature 
for a good quality product was found to be 6j°C; single layers of succulent whole fruits dried to 
8% moisture content in 12 hours, and in 6 hours when in sliced form. Pods harvested when par- 
tially dried (withered) on the plant took even shorter time for curing and exhibited even better 
quality characteristics. Extended drying was considered permissible at 50°C and at 65"C, but at 
80nC, a lowering of pungency, of initial colour and colour-retention properties was encountered 
(Figure 1 1 .3). 

In 1961 the CFTRI suggested that chillies co~lld he dried in a forced draught of 2,500 cubic 
feet (71 m') per minute at 60-70 "C; tea-driers with appropriate modifications are suitable. 
However, freshly harvested chillies could be dried on the same day in thin layers at lower tem- 
peratures. hIisra (1972) reported that chillies dried at 60°C turned black and lost part of their 
pungency and glossiness; he recommended a range of temperature 45-50°C, as suitable. 

While studying the effect of canning and drying on the carotene and ascorbic acid content of chilli, 
Lantz (1946) fo~lnd that slicing or slltting the pods of chilli red~lced drying time by half and that 
there was no loss of initial colour on drying for 72 hours at 140°F to 168°F. Lease and Lease (1936a) 
reported that the colour retention in peppers is affected bp the stage of ripeness at harvest. By 
adding the antioxidant BHA to the ground pepper, the retention of colour is improved (Lease and 
Lease, 1956b). While studying the effect of drying conditions on initial colour, colour retention, 
and pungency of red peppers, Lease and Lease (1962) concluded the following: 

(1) Drying or curing the sliced pods of Carolina hot pepper at 150°F was optimum for quality. 
(2) The BHA antioxidant, when added, markedly improved the colour retention of cured pods 

and also of freshly harvested pods. 
(3) Drying at 70°C led to a lower initial colour, colour retention and pungency. 
(4) K O  correlation was found between the moisture content and the above quality factors. 
( 5 )  Aired peppers retained more colour when stored whole than when ground folloniing curing. 

However, the colour of whole, cured pods \vas lost on grinding. 
(6) Another variety, Louisiana Sports, lost colour faster than did the Carolina variety. 
(7) Autoclaving pepper before drying increased the rate of colour loss and suggested that colour 

breakdown could not be attributed directly to enzyme activities. 

Dao~ld and Luh (1967) reported that the colour of red bell peppers is preserved by freeze dry- 
ing without blanching. Temperat~lres of less than 20°C are best for quality retention. The loss in 
aroma and flavour at 30°C is due to deteriorative chen~ical changes and enzymatic reactions for 
example, the formation of brown water-soluble pigments, the formation of cysteic acid and 
taurine from cysteine and the loss of amino acids and carotenoids. 



Chen and Gujmania (1968) showed that the deterioration of extractable colour pigments of 
dehydrated ground chilli peppers during storage was due to an autoxidative process having the 
kinetics of a second-order reaction. Consequently. the reaction rate constant, K L ,  was used to 
evaluate the effect of a number of variables, such as moisture content, storage atmosphere and 
ethoxyquin treatment. It also provided a means for comparing the relative colour stability of 
different pepper varieties. 

De la Mar and Francis (1969) studied carotenoid degradation in bleached paprika. Nearly 
96% of the total extractable pigments expressed as p-carotene were lost during sunlight bleach- 
ing of paprika, of which 33 and 21, respectively, were definitely or tentatively identified. Sixteen 
known pigments were found in both samples. Pruthi (196')) also reported the bleaching or 
degradation of colour (capsanthin and capsorubin) in Hungarian paprika powder during storage. 

Phillip and Francis (1971a,b) reported on the isolation and chemical properties of capsanthin 
and derivatives, as well as on the nature of fatty acids and capsanthin esters in paprika. Rosebrook 
(1971) reported a method for determining the extractable colour in paprika and papril<a oleoresin. 

Chilli prickilzg 07- punching machim t o  hasten diyi~zg 

Drying operations of chillies can be made more econon~ical by reducing the drying time through 
punching the chillies. I t  is reported that in the manual method of punching with pins, the 
operators are unable to do the punching job contin~iously as they experience fatigue and pain 
in the hands and eyes. Besides. the output is also very low. Realizing the importance of 
this technique, a chilli-punching machine has been developed ar the Indian Agricultural 
Research Institute, IARI, n'ew Delhi, India (Figure 11.4), which is capable of punching 

(Top cover removed) 
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Fig~/ ia  11.3 IAKI chilli p r i ck~ng  or punching machine (courtesy: Ilyas e t  rrl., 138ia,b) 



7 b L I t  l l .  l Specifications of the puncii~ng machine 

Number of needles: 1,024 
Number of r o ~ s :  32 
hfachine size: 0.406 X 0.406 X 0.20 m 
Tray size: 0 .40  X 0:iO X 0.01 m 
Batch capacity: 0.25 kg 
Dlatnetev of needle: 1 rnm 
Length of needle, 56 m m  

Source: 11~-as c i  al. l 9S7n,b). 

chillies at the rate of 10 kg:h as compared to 1 kg/h by manual method (Ilyas et al., 1987a,b). 
The IARI machine is portable and easy to handle with a pro~ision for adjusting the gap between 
needles and tray. 

The specifications of the punching machine are given in Table 11 . l .  Four punching opera- 
tions made, on an average, 20 holes per chilli and the holes punched by the machine are reported 
to be uniformly spread over the entire surfiace area of the chilli. 

Chillies seed extt8artor 

The Tamil Nadu Agricultural Uni\rersity, Coimbatore, India, has developed an equipment for 
the extraction of seeds from dried chillies (Figure 11.5).  

The clried chilli fruits are cut into small pieces and the seeds are separated from the fruit. This 
seed extractor is a continuous type which can be easily operated by a farmer. Scorching and 
pungent smells endured by labourers in a conventional practice could be eliminated by using 
this machine. The specifications, test results and economics of this seed extractor are given in 
Table 11.2. 

Storage uf ihilli .rt.cds 

The storability of chilli seed has been studied in relation to packing material and storage period 
in three types of packages, namely clot11 bag, polyethylene bag (300 gauge) and moulded plastic 
jar at room temperature. The poly bags were heat-sealed and plastic jars were closed with tight 
fitting lids. The storability of seeds in various packages was studied by evaluating the nloisture 
content on a wet basis and the percentage of germination after one month, three months, six 
months, nine months and one year of storage. The changes in the moisture content of seeds 
packed in cloth bags were reported to be more abrupt after a storage period of three months. 
However, the deviation in germination values, because of packages, was not found to be statisti- 
cally significant. Seeds stored in polyethylene bags and moulded jars maintained a better quality 
than those stored in ordinary cloth bags. The safe moisture content for chilli seeds for yielding 
a minimum 60% germination has been reported to be 7 .5%.  

The GBPUAT (G. B. Pant Univ. Agri. and Tecl~nology), Pantnagar, India has 
however, reported cases of severe infestation of chilli seeds kept in polyethylene bags 
with Lnsiode,.?/~a spp., where 60% of the seeds were damaged, turning some of them into 
floury dust. 



Figure 1 l . i  Chilli seed extractor. 

Source. T'1rnl1 Nadu Agrl. Lnl \  . Coimbatort, Indm 

Zible 11.2 Specifications o f c h ~ l l i  seed extractor 

(a) Specifications 
Type: Power operated, continuous 
Overall dimensions: 1,090 X 380 X 910mm 

(b) Test Results 
Suitability for crops: Extraction of seed froin dried chillies 
Capacity: 1 quincal d r ~ e d  friiits1daY of eight hours 
Power requirement: 0.3 hp electric motor 
Labour requirement: One  

Source. T'anlil Naiiu Agri. Kill\ . Coimbntort. India 

C ba?zi?zg, sor.ti~zg, packaging a fzd storage 

After drying or curing of the fruits, they are cleaned of extraneous matter, and of damaged 
and discoloured pods, before their storage or packaging. Dried chillies are usually stored 
in gunny bags. Each hag contains 25 kg of ciried chillies. The storage at the farmer's level is 
essentially a short-duration storage ranging from one to three months. Storage at the trader's 
level is also in bags, which are stacked in godowns where they are fumigated to prevent insect 
infestation. 

Prepa?*atio>z of the dvied chillies for the nzarket 

Preparation of rhe produce for sale in the market is a11 important operation. The condition and 
the q ~ ~ a l i t y  of the produce in which it reaches the market greatly influences its price. It is, tliere- 
fore, of utmost importance that the different operations such as harvesring and drying are per- 
formed in a manner which will reduce losses to  the minimum and ensure the arrival of the 
produce to the marker in good condition. 



The trade usually classifies chillies into three or four grades depending upon the purity, colour 
and quality of the produce. In some markets, thickness of the skin, pungency and seed content 
are taken into consideration when classifying the produce. The main quality factors in chillies 
are (i) colour, (ii) size, (iii) shape, (iv) seed content, (v) pungency, (ui) presence of dirr and other 
foreign matter. (vii) extent of damage and (viii) moisture content. 

No grading is practised by the producers. They do, however, remove discoloured, 
damaged ancl rotten chillies during the drying process. Village merchants do not grade 
either. 011 the other hand, they adulterate the procluce. The wholesale merchants generally 
discard damaged and discoloured chillies before selling the produce or sending it out to the 
markets. 

Chillies are usuall>- packed in gunny bags. 'Toddy mats' are used in Andhra Pradesh and 
'Andkas' in Maharashtra, India. Green chillies are sometimes brought to market in baskets made 
of split-bamboos and wicker. 

Storage stt~dies on dried chillies 

The GBPUAT, Pantnagar, conducted some entomological studies on chillies stored for household 
consumption and also as seed for the next crop, with a view to investigate the possibilities of the 
development of Sitnphilid~ oij'zne (L.) and Rhizopr~thn do?iiiniia (F.) on dried chillies. It  was con- 
cluded that both of the pests are unable to develop on dried chillies due to their pungent odour 
and low moisture level. Studies conducted by this university on the biochemical properties of 
chilli affected by storage have revealed that the capsaicin content decreases bp 60-70F in the case 
of chillies dried at different conditions and temperature and stored in non-airtight packages for 
one pear in comparison to sealed samples which maintained 0.4% capsaicin content. Samples pro- 
cured from the local market had a capsaicin content which was 50% less than those in the sealed 
samples stored for one year, indicating that the effect of storage conditions and the packaging is 
more pronounced than the temperature at which the chillies are dried. This implies that chillies 
should be stored in airtight packages. 

Disi~zfestdtion qf zchole dried chillies with grfrnma irnzdiatio~z 

Whole and ground chillies infectecl with microbes, as well as four species of well-known 
storage insects, were exposed to cobalt-60 gamma irradiation at 10 kGy. Storage for 
three months at an ambient temperature (28-30°C) indicated that this radiation dose of 
1 0  i<Gy 1s effective for microbial decontanlination of chillies as well as to destroy insect 
pests (Desai e t  al., 1987). However, irradiation of food products is a highly skilled operation 
only to be performed by licensed organizations. I t  is necessary to check whether food 
products have been irradiated or not. Heicle and Bogal (1987) have measured the thermolumi- 
nescence and chen~iluminescence intensities of chilli samples to determine whether their tech- 
niques could be used to detect if the food product has been irradiated (10 kGy) and stored after 
extraction or not. 

Packagiug and stof-age of g?-ee~z chillies 

The shelf-life of fresh green chillies is reported to be only three days at room conditions and 
9-10 days in cold storage conditions. It can be increased to five to six days and 14 to 15 days, 
respectively, when the green chillies are packed in 200-gauge polyethylene bags. 



Composition and quality of dried chillies 

The comparative compositioii of Indian green and red chillies, paparika and American peppers 
are given in Table 11.3 (Pruthi, 2001). 

Qualitj~ attributes ofpaprika 

The varieties of C, a u ~ z ~ z i i i z  which are used to produce paprika pods in one growing area may 
differ in shape ancl appearance to those in other areas. Some have a fairly round shape with 
a pointed end; others are elongated. In general, they are m e d i ~ l m  to small, and quite fleshy. 
They grow on small and bushy plants. When  ripe, they are picked and spread out to  dry 
naturally, or dehydrated in specially constructed tunnels, depending on the area, where they 
are prod~iced. I t  is a unique fact in the spice industry that paprika is aln7ays developed into 
a ground product. I t  is processed into a powder wherever it  is grown, whether overseas or 
domestically. Conversely, most other spices are shipped fro111 the source in  their whole 
form. 

Paprika peppers are selectively bred for their colour and flavour. Their breeding can be further 
controlled to a certain extent by the n7ay in which harvested pods are processed. The seeds and 
veins have a negligible red colour, therefore, the more of these materials that the processor 
removes, the more intense the red colour of the ground product. Removal of vein material may 
also affect pungency, since the pungency present in paprika pods originates in its veins or 
placenta. 

ZrCle 1 1 . 7  Composition of chillies. paprika, red pepper and Indian green pepper 

Moisture (P) 
Prote~n (57) 
Fat (56) 
Fibre (q) 
Carbohydrates ($7) 
Total ash (P) 
Calcium (5%) 
Phospliorus (P) 
Iron (%) 
Sod~um (7;) 
Potassium (C/;) 
Thiamine (mg/ 100 g) 
R~boflavin (mg'l00 g) 
Niacin (mg;lOOg) 
Ascorbic acid (mg/lOO g) 
Viranl~n A (IU/100 g) 
Caloric value (ca1;l 00 g) 
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One of the paprika's most interesting quality attributes is its content of vitamin C (ascorbic 
acid). The Hungarian scientist, Dr Szent-Gyorgyi, who won a Nobel Prize in 19'3 for his work 
on vitamin C, fouild paprika pods to be one of the richest sources of ascorbic acid. 

Paprika is used for its colouring and flavouring properties. The end-use determines which of 
these factors is the most important and, therefore, which paprika is best for a particular buyer. In 
general, a high 'colour extraction rating' enhances the value of paprika, but in many cases, this 
can also be the most economic product to use, since only small quantities may be needed. The 
term colour extraction rating (the amount of colour extracted by an appropriate solvent) is used 
because surface colour is not always a reliable indication of paprika's colouring properties. 
Occasionally, a paprika, which looks richly red to the naked eye, mill deliver less colour than 
expected in a finished food product. This is because the surface colour can vary with the fineness 
of grind, amount of heat temperature developed during processing and inoisture content. Freeze 
grinding helps in the retention of flavour and red colour. Storage temperature and humidity of 
the raw material at the time of grinding may also affect this outward appearance. This is not to 
say, however, that the surface c o l o ~ ~ r  of paprika be disregarded; it should be considered, along 
with the fineness of grind and the colour extraction value of paprika. 

Quality attg-ibutes of  df-ied chillies 

The important quality factors of dried chillies are variety, colour, size, shape, seed content, 
pungency, flavour, freeclom from dirt,  dust, mould, insects, foreign matter (both organic and 
inorganic), damage and moisture content. The physical parameters and chemical quality 
attributes of 16 varieties of chillies grown in different regions of India are presented in Tables 
11.4 and 11.5. The physico-chemical parameters of chillies (whole and ground) have been specified 
under the National Standards (AginarklISIIPFA). The quality requirements depend upon their 

Tghie 11.4 Physical parameters of chilli cultivars (dry red pods) 

C/~!tiz ai  Size 7\/1~/~a1 Filter 770. Lev,qrth Brerzdth Bulk 1 00-pod Seed 
1011mr and i u i i z e  (mm) (mm) derziit? U ezght 11 eight 

(g,'ml) (g)  (S) 

'BR Red' Large Dark red 14 ruby 97 35 0.206 '5.3 34.50 
'G 4'  Large Briglit red 6 primary red 83  38 0.232 61.7 35.18 
'Pant Cl' Small Light red 34 golden amber 55 30 0.520 41.3 17.99 
'SP 1415' Laye  Light red 33 deep amber 86  43 0.262 97.7 31.97 
'Jwala' Large Bright red 6 primary red 100 33 0.202 64.0 23.79 
'blusalwadi' Medium Bright red 6 prlniary red 68 30 0.420 52.0 20.05 
'CO L' Small Bright red 6 primary red 42 61 0.498 9 . 3  55.85 
'CA960.'1--3' Medium Light red 33 deep amber 73 34 0:'iOS 56.0 24.40 
'S' 118-2' Small Dark red 18 magenta 42 40 0.560 56.7 21.58 
' sp  47' Large Light red 34 golden amber- 99 30 0.236 71.0 3'.92 
' K l '  Large Bright red 6 primary red 98 29 0.208 61.0 26.67 
'K2' Large Dark red 13 magenta 80 40 0.212 80.7 32.73 
'618-126' Large Dark red 14 ruby 86  38 0.342 82.4 29.98 
'CO 1' Medium Bright red 6 prrmary red 79 34 0.352 -6.4 34.74 
'CO 3' Small Bright red 6 prlmary reci 58 36 0.476 54.2 23.61 
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Table 11.5 Chemical quality parameters of chilli cultivars 

Cultiuar Moirture (%) Capsaicin Total extractable A rcorbic aCid 0leore.tin (%) 
(5%) (?vlFB*) colour (ASTA (?izgll OOg) 

units) ( M F B I  
( M F B )  

‘ER Red’ 
‘G 4’ 
‘Pant C1’ 
‘SP 1415’ 
‘Jwala’ 
‘Musalwadi’ 
‘CO 2’ 
‘CA 96011-3’ 
‘S1118-2’ 
‘SP 47’ 
‘K 1’ 
‘K 2‘ 
‘618-126’ 
‘Co l ’  
‘C03’ 
Mean 
SED 
CD at 5% 

8.8 
9.0 

10.2 
8.5 
8.5 
9.2 

10.0 
8.8 
9.2 

10.2 
8.6 

10.4 
10.0 
9.6 
9.8 
9.39 
0.04 
0.09 

0.62 
0.44 
0.42 
0.36 
0.68 
0.28 
0.28 
0.42 
0.40 
0.50 
0.27 
0.32 
0.42 
0.42 
0.30 
0.409 
0.062 
0.135 

1,248 
896 

1,144 
1,052 
2,542 
1,500 

256 
1 58 
3 94 
846 
278 
258 
245 
262 
158 
749  

0.188 
0.380 

58.2 
54.6 
62.8 
32.4 
86.4 
32.4 
60.8 
42.4 
52.6 
28.9 
28.1 
32.7 
61.6 
58.5 
51.7 
49.6 

0.096 
0.201 

8.6 
8.4 
9.8 

12.2 
10.6 
12.4 
11.6 
6.2 
6.2 
8.4 
8.6 
9.2 
9.8 

11.3 
10.5 
9.7 
0.045 
0.052 

Source: Pruthi (2001) 

Note 
“MFB = Moisture-free basis. 

end-use. For flavouring and colouring of foods, chillies should be rich in colour (both surface and 
extractable) and flavour bu t  mild in pungency. However, for oleoresin extraction, they must be 
highly pungent and be less in red colour. 

Overall, good quality is based on (i) a good pungency level, (ii) a bright red colour, (iii) a good 
flavour, (iv) medium-sized fruits with a moderately thin pericarp, (v) a smooth glossy surface, 
(vi) a few seeds in the fruit, (vii) a firm stalk and (viii) freedom from damage, dir t ,  foreign 
matter, mould and insects. 

The total colouring matter content of commercially important varieties and types of Indian 
chillies, as determined by the author and expressed as capsanthin content, follows: 

Variety Average colour capsanthin 
content (g fkg)  
(moisture-free basis) 

‘Madras Sannam’ 1.46 
‘Madras Sannam B’ 1.40 
‘Madras Mundu’ 1.08 
‘Guntur Sample’ 1.88 
‘ Warangal’ 1.92 
‘Dondaicha’ 1 .71 

~~ 

Source: Pruthi (1969, 1970) 
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Ground chillies or chilli powder 

Spice milling is an ancienr industry, akin to the cereal milling industry, with the difference that 
in spice grinding there are additional problems of the volatility of essential oils naturally present 
therein (Pr~ithi,  1980). 

There is a considerable amount of international trade in ground spices, in which black and 
white pepper powder are by far the most important. They are available in a variety of different 
grinds. The most common grinds are cracked, coarse ground, table grind and fine grind or pul- 
verized. Generally speaking, the finer the grind, the more inlmediately available the flavour, but 
the shorter its shelf-life (American Spice Trade Association, 1964). Other popular ground spices 
include chilli or Capsicz~iiz, turmeric, onion, garlic, cinnamon and coriander. 

The optimum size of the grind for each spice depends on its ultimate end-use. Standard 
ground spices are usually ground to allow thein to pass through US standard sieves ranging from 
No. 20 to No. 60 mesh. Spices are also ground to microscopic fineness with a particle diameter 
of 50 microns, which is one-twentieth of the size of 60-mesh particles. 

Proponents of this fine grind argue that extreme fineness contributes to the unlocking of nat- 
ural flavours, aiding quick and thorough dispersion, and permitting constant control of flavour 
intensity. When they are used in food products, the uniform distribution of microground spices 
avoids hot spots. Further, because of the minute particle size, no dark specks can be noticed in 
the finished product (Neal and Klis, 1964). Also, the colouring components are extracted into 
the carrier medium or the food product within a short period of cooking. Grinding improves the 
aesthetic appearance of the product and also enables users to effect greater economy in use, time 
and labour. 

The other advantages of ground spices, according to Heath (1972) are as fo1lon.s: (i) slow 
flavour release in high-temperature processing; (ii) ease of handling and accurate weaning; and 
(iii) no problems in labelling. However, ground spices are known to lose a measurable fraction of 
their volatile oil or flavouring components owing to the heat generated during grinding (hliller, 
1951; Pruthi and Misra, 1963). Pruthi and Misra (1963) reported total losses of 0-1.15% of 
volatile oil and 0.5-3.057 of moisture from different spices d ~ ~ r i n g  grinding. They also reported 
that the product temperature during milling ranged between 42°C and 9i°C in different spices, 
when ground individually. Water cooling of grinding machines (Parry, 1945), the use of liquid 
nitrogen (Miller, 1951), and the use of 'amulin' during grinding (Grimme, 19i ia .b)  are some of 
the means practised in some countries to reduce such losses of volatile oil. According to the 
Griffith Lab, Inc., conditioning or chilling of spices prior to their grinding curbs the loss of 
flavour \rolatiles during both milling and storage. In spice milling, controlled storage tempera- 
ture and humidity is a must. This system saves labour, time and space. Conditioning the spices 
for milling also increases throughput up to 20% and minimizes shrinkage during milling. The 
spices pass through the mill easily, without smearing, blinding or coating the mill. Refrigerated 
storage of spices also reduces loss in  weight. Black pepper when stored in a cooler for three 
months lost only 0.3% weight, whereas its counterpart stored in a conventional warehouse lost 
3.6% weight. 

Chilli mill if~g or grinding equipmeizt 

In order to reduce flavour loss in  ground spices due to  the excessive heat produced during 
grinding, cooling arrangements by means of air blown thro~igh the grinders or jacketed water- 
cooled units are necessary. Closed-circuit grinding with vibratory screens allows a variety of 
particle sizes. 



For size redilction or fine grinding, air-swept beaters, double rollers, cages and hammer 
mills are used. Harnnler mills are not very satisfactory for fine grinding. Plate mills are used for 
small-scale and domestic purposes, and pin mills are employed for very fine grinding and higher 
capacities (Pruthl, 1980). 

The fat content of spices is also a problem in milling. Particle size, product yield, product 
uniformity, freedom from contamination, economy and dust from the operation are other factors 
to be considered in the selection and operation of the grinders (Prnthi, 1980). 

Cryonzill process offieeze-gl-imdifzg of chillieslspices 

Wistreich and Schafer (1962) have described a novel 'Cryomill process' of freeze-grinding spices, 
which is accomplished by the controlled injection of liquid nitrogen (which acts as a direct- 
contact refrigerant) directly into the mill's grinding zone. A temperature controller, n~liich mon- 
itors the flow of liquid through a solenoid valve, maintains the desired product temperature. 
Part of the exhausted stream of cold nitrogen gas is recirc~llated to the spice hopper for the 
pre-cooking of spices (Figure 1 l .  h). 

The instantaneous evaporation of the liquid refrigerant quickly chills both the spice and the 
mill. It  also absorbs the frictional heat of grinding. Thus, the temperatures in the grinding zone 
generally are well below - 100°F (Pruthi, 1980). 

This novel process has several advantages over conventional grinding processes: (i) it cuts down 
the oxidation of spice oils because, as the l iq~l id nitrogen evaporates in the grinding zone, it 
tends to expel any air in the mill. The flavour is thus much better retained; (ii) it also permits 
extremely fine grinding because the spice oils solidify at low temperature, thereby making the 
spices very brittle; (iii) such finely ground spices disperse flavour uniformly throughout the final 
product; (iv) they virtually eliminate specking problems, as in sausages; (v) in liquid preynra- 
tions, the settling rate of freeze-ground spices is noticeably reduced; (vi) it  curbs the usual loss of 
spice aromatics and moisture. The ground products retain their original flavour strength and 
weight. On  an average, seven ounces of freeze-ground spices have the same flavouring power as 
ten ounces of their conventionally lllillecl counterparts; (vii) freeze-ground spices have proved to 
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F i g w e  11.6 Schematic drawing of a freeze-grlnd~ng (Cryomlll process) installation (Wistre~ch and 
Schafer, 1962). 



be considerably more srable than conventionally ground products. Possibly, [lie spices absorb or 
in some Fay retain some of the nitrogen. ( G )  low-temperature treatment lowers the microbial 
load on the spices; (is) grincling rates are increased because the mill's lo\~-temperature operation 
~ninimizes the 'gumming up' of grirrding surFaces and screws. In a 25-horsepower mill refriger- 
axed with liquid nitrogen, 1000 pounds of spices can be ground per hour; (X) the acrual cosrs of 
Cryomill spices are lower than those for conventional products when the increased flavour 
strength is taken into account. In addition, fine grind and greater stability are bonuses to food 
processors; and (xi) the process is applicable co a variety of other foods, such as cocoa, coffee, tea, 
coconut, vanilla ancl dehydrated meats (Pruthi, 1980). 

The chilli poz~~der 

The most important ground spice iteln exported from India is chilli powder increasing from 
7,100 to 15,900 r during the last five years (1994-95 to 1998-99), registering an average 
growth of 3 1 2  per annum. The value of exports ranged between Rs. 21 crores and Rs. 66  crores. 
The main marl<ets for Indian chilli powder (based on 1998-99 data) are given below. Countries 
which buy more than 1,000 t in a year are UAE: 3,070 t, USA: 2,825 t and UK:  1.109 t .  The 
other important markets n,liich buy 200-1,000 r ,  are Canada: 496  t ,  Saudi Arabia: 476 t ,  
South Africa: 310 t Pakistan: 386 r, Singapore: 302 t and Bangladesh: 232 t. 

Compared with spice oleoresins, ground spices, according to Heath (1972), have the following 
disadvantages: 

Variable flavo~lr quality: 
Variable flavour strength; 
Microbial contamination; 
Possible contamination by filth; 
Easy adulteration by less valuable materials; 
Presence of lipase enzymes in some spices; 
Flavour loss and degradation 011 storage; 
Undesirable appearance characteristics in end products; 
Poor clistribution of flavour, particularly in thin liquid products (sauces); 
Discolouration due to tannins; 
Usually a hay-like aroma in herbs; 
Dusty and unpleasant bulk handling; 

Packaging and  tor-age o f  dried zchole a12dgl"ound chillies 

D r i e d  chilliet izi,hole) 

According to [he CFTRI process (1961), chillies should be conditioned to 10% moist~rre and 
compressed at 2.5 kgicm' by using the Baling process. Wooden crate dunnage with a layer of 
matting is suggested for storage in suitable godowns or warehouses. 

For retail or consumer pacl<itlg of chilli powder, packing in Mylar-Saran-PF plastic laminate 
and aluminium combination (AFC) pouches under nitrogen gas is suggested. Such packages can 
be stored in a cool, dark and dry place for about a year. 



Particular care is required to ensure that stocks of chillies received for storage in warehouses or 
godomns are adequately dry. Detachment of stalks from pods results in the bleeding of seeds 
from wichin the pods, leading to a loss in pungency. It  is difficult to ensure the stabiliry of stocks 
due to the Ion7 density of the commociity. To obviate this, iron frames have been introciuced in 
some warehouses to hcilitate the building of stable stocks. As this commodity emits a strong 
odour, it should be stored in a separate compartment, as far as possible. Chillies can be attacked 
by spice beetles and cigarette beetles during storage (I-Iarels et al., 1977). 

Studies carried out ar the CFTRI, Mysore, for designing a suitable consumer package for ground 
and whole chillies, have revealed that (i) a moisture content higher than 15% is critical with 
respect to mould growth; (ii) the discolo~~rarion of the red pigment of chilli during storage is 
greatly influenced by moisture and temperature; (iii) 300-gauge low density polyethylene film 
pouches are suitable for l 0 0  g consumer unit packs for ground chilli powder to give a shelf-life 
of three and six months under accelerared and normal conditions of storage respecriuely; ancl 
(iv) under tropical conditions, 200-gauge Ion, and high density polyethylene films are suitable 
for packaging of whole chillies in units of 250g  each. 

Factors affecting C O ~ O Z L J *  rete?ztion dz~rirzg storage ofd?-ied zc~hole 
and grozrlzd chillies 

Storage has a marked influence on the colour of dried chillies although it has little effecr on their 
pungency. Since colour is one of the main dererminants of the price which a producer receives, 
and it may be months before the dried ground product reaches the consumer, the problem of loss 
of red colour during the necessary storage period is one chat needs to be considered. 

The grearest influence on colour retention is not their storage conditions but rather the 
variety of Cupsict/?~/ or chilli grown. Over a six-month storage period for ground marerial, one 
variety can retain 784 colour, whereas another can suffer complete colour loss. 

The conrrollable factors from harvesting onwards that are significant wirh regard to colour 
rerenrion of the dried spice are as follows: 

1 Delaying harvesting unril the pods are partially withered on the plant and then curing r11e 
sliced pods is considered ro provide a product wirh superior colour-retention properties. 
The initial colour of the dried product, however, does not appear ro have a marked influence 
on the subsequent rate of colour loss. 

2 The colour of ground chillies dereriorates faster than whole or sliced pods on storage but the 
latter quickly lose colour on eventual grinding. 

3 Exposure of dried chillies to air and light accelerates the rate of bleaching, and so storage in 
airright containers away from sunlight is desirable. Studies on storage in glass jars and rin 
containers, however, showed no significant difference in colour retention. Samples in glass 
bottles showed surface bleaching and those in tins faded more uniformly. 

4 When ground chillies were stored with 9-10%, moisture, the colour retention was better 
rhan in samples with moisture below 7%. Krishnamurthy and Natarajan (1973) st~ldied the 
storage of whole chillies in cans and found that samples with a moisture of 11.0-12.9g 
retained a higher colour, expressed as 0-carotene contenr, than in samples with moisrure 
belo\v 9 9 .  However, samples stored at 11-12% moisture turned black and those stored 
below 7% turned pale. 
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5 The storage temperature has a greater influence on colour retention than does light,  air, 
kind of container or whether the spice is stored in the n~llole or ground form. Storage 
at 37°C was found to accelerate colour loss but it paralleled that occurrillg at  2j°C.  
Refrigerated storage at j°C shows a rate of discolouration but it does not affect the inherent 
colour stability of a particular Capsii?in2 cultivar. O n  regaining an ambient temperature, the 
refrigerated material suffers a quicker colour loss than corresponding unchilled material. 
This rapid colour loss possibly corresponds with the shelf-life time of retailer. 

6 Rancidity of samples is believed to be correlated with colour loss, and the application of 
fat-soluble antioxidants has been found to improve colour retention. The addition of anti- 
oxidants is more effective after curing than before and in the ground spice rather than in 
whole pods. 

Finally, i t  sho~rld be mentioned that rats have a great liking for chillies in  spite of 
their pungency, and therefore care should be taken in storage to protect chillies from the 
depredations of this noxio~~s  animal. 

Packaging aizd stot-age of fresh hell peppen 

Using perforated polyethylene bags of 150-200 gauges can prolong the shelf-life of green pep- 
pers. Ventilation of packages should be adequate to avoid off-flavour development and nloisture 
condensation in packages. 

The lo\vest temperature range recommended for storing green bell peppers is 7-10°C for up 
to two to three weeks. At temperatures below 7"C, bell peppers are subjected to chilling injury. 
Peppers having a large surface to volume ratio are particularly susceptible to water loss. They 
must be held in high relative humidity of 90-9553 or else they will rapidly become wilted. They 
are well adapted, therefore, to selective film packaging (Pruthi, 1955, 1987a,b). 

For controlled atmospheric storage of bell peppers, the recommendations are 4-854 oxygen and 
2-42 CO2 at 13°C Oxygen concentrations belon7 2% comblned wlth 10% COL may cause injury 

Chilli processing technology 

Chillies are processed into a number of commercially viable products like chilli paste, chilli 
puree, chilli ponder, driedidehydrated chilli, chilli oleoresin and chilli seed oil (fixed) which are 
briefly discussed in this chapter. Additionally, green chillies are processed into pickles, paste or 
even dehydrated as explained later (Pruthi, 1991). 

Dehyd~zted  giz.e?z chillies 

There are reports on the standard conditions and pre-treatments required to produce the best 
quality dehydrated green chillies (Luhadia and Kulkarni, 1978). 

Dried chillies generally contain about 6% stalks, 40% pericarp and 54% seeds. The important 
constituents of colour and capsaicin are concentrated in the pericarp. About 9 0 9  of the capsaicin 
in chillies has been noticed in the placenta, connecting seeds with pericarp. Placenta which repre- 
sent only less than 4 2  of total weight of pod has a capsaicin content of about 7% (Table 11.6). 

Diyi~zg  yield of chillie~ 

Aiyer (19-$4) reported an average yield of dried chillies for a rainfed crop in India as 280 kg:ha 
although a good crop may amount to three times this quantity or more. The average yield 
from an irrigated crop is about 1,650 kg/ha, increasing in good crops to  2,800 kgiha. 



Table I l .6 Analysis of different pasta of chilli 

' b fund~i '  6.2 55.6 16.- 1.5 0.17 39.650 6 .6  5 .$l78 
Jwala' 5.1 9 42.1 ?.I 0.58 /II,iSO - . 7  6,100 

Source: Pt-utlii (1995). 

Tciijle l l .  7 Cornparat~ve data on the dryiilg >-irld of different type5 of cl~rllles 

Yield of dry fi-ults (kgl ia)  4,486 5,661 5,549 
Percentage con\.ersion wer-to-dry 25 3 2 7 -, 
Number of dry chillies per kg l , 6 l -  (3-18 21,183 
Plcking time for freih fruits (kg. h) 3.6 0.6 0.15 
Meail Itngrh of fruit (ctu) -.0 3.0 1.3 

Source. Solomon I\laild Reporr on  Dr!-rns of Chillies (19-3) 

In the Solomon Islands, yields and other useful data have been reportecl which are presented in 
Table 11.7. 

The dried forms of the fruits of Cnpsicnni species. \vhich are for trade, h11 into three groups: 
(i) highly pungent 'chillies'; (ii) moderate to inildly pungent 'Cctpsir~/~/nt.i'; and (iii) 'paprilta' 
which Inay be s\x7eer or milclly pungent. Paprika is alxvays traded as a ground proclilct, and chill- 
ies and Cq~sii-i4m.r in  hole or ground form. All of the three types are also extracted with solvents 
to prepare their oleoresins. Blends of ground chillies aild CL~p.rimt/nis are marketed as cayenne ancl 
recl pepper or lnixed with other spices for the preparation of 'chilli powder'. Related producrs 
include larger-fruited, sweet or mildly pungent varieties of C, anlziiuiir, ~ ~ s e d  in their fresh state as 
vegetables or in preserves. 

In Ctzpric~mi~ and chillies wbich are used in food preparations, cluality is of much importance, and 
is based on a good pungency Le\-el, bright-red colour, good flavour, medium-sized fruits with 
moderately thin pericarp, sn~ooth gloss)- surface, few seeds in fruit and a firm stall<. 

hledium-sized fruits are preferred, because in storage they renlaiil intact better than longer 
pods, which tend to break at clisral ends. h fairly tllin pericarp is necessary as drying is more eas- 
ily accon~plished. On drying, fruits nrith thick pericarps shonr a \vrinkled surface and dull 
appearance. Chillies and CLzp.ricz/;i~.r ~ i t h  a bright-red colour cornnlancl higher prices that1 those 
which are fully red or even orange or yello\x in colour, or deep-red fruits tend to retain their 
colour in storage longer than those n~hich are of a lighter shade (Darid, 1982). 

F rrzctio~zatioaz of  red chillies ( C F T R I )  

The CFTRI, Mysore, has developed a new technique to fractionate red chillies into three frac- 
tions or compounds: (i) capsaicin-rich powder, (ii) skin and (iii) seed. The capsaicin-rich fraction 
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Fjgiire l 11.7 Tile flow dlagram for the process of fiacrionation of chillie, developed at tile CFTRI, Mysore. 

can be ~lsecl as a substitute for whole chilli powder in oleoresin extraction the skin can be used for 
colour and low pungent oleoresin, and the seed will be raw material for fixed oil extraction. 

(a) The CFTRI Priicers: Chillies are clried to make them crisp and then ground in a suitable mill 
wherein all three fractions are separated. The material is first sifted to separate the inner 
sheath or pungent part and then air-classified to separate the seed and skin (Figure 11.7). 

(b) Prodzfct 1 ieM: 

Prodz~~ts 1 zeldpei c/nj ibnj~s 3 00 kg P ed chtllze~) Expected 1 zrM (kg) Rmzge (%) 

Capsaicin-rich powder 
Skin 
Seed 
Losses as moisture, etc. 

Total 

(c) Rnzi, itiaterial: The main raw material is red chillies with a goocl coloi~r and pungency, which 
is available indigenously. 

(d) Eq~ip71ze:zt: The main equipment required is a drier, a grinder. a sifter and an aspirator. All 
are ayailable indigenously. 

(e) C~tpiPitai ozitl~~js: The CFTRI has suggested that the capacity of the minimum econornic unit 
should be 300 kg of red chillies per day (one %hour shift). 

( f )  Lnnd reqxired: The land required is 500 m'; the area of the building is 180 m'. 
(g) Snfitj co:zsiderntiriizs: Fine chilli d ~ l s t  may be problematic for workers. Proper exhaust fans 

and closed processing can avoid this problem. 
(11) AIaterinl and energj requij.ed: Tl-ie following data are for per day of procluction (one shift): 

Red chillies 300 kg 
Electric po\q7er 250  k W  
Raw water 500 gallons 

F,-actio~zs f i o m  1zzdia;z ch i l l i  oleoresi-rz 

The oleoresins producecl from Indian chillies are not suitable for pharmaceurical purposes and 
export since their pungency is very low. In view of this, the Regional Research Laboratory, 
Trivandrum, developed a process which aims to separate the oleoresin of chillies into two 



fractions, a highly pungent fraction and a natural chilli colour fraction, free from pungency. 
The main product is highly pungent oleoresin having a value of over one million Scoville Heat 
Units and this can be used for pharmaceutical purposes. The chilli colour-free from pungency 
can be used for colouring food products. The by-product, chilli seed oil (fixed), can be used for 
edible purposes and can also be added in pickle-making, where a little pungency is also required, 
as seed oil has some pungency too. The solvent extracted residue from chilli seed (chilli seed- 
cake) has a protein content of 27-29% and can be ~ ~ s e d  as a fertilizer or as an animal feed too 
(Pruthi, 1989a). 

Many countries (including India) are applying more and more restrictions on the use of artificial 
colours and recommend the use of natural colours. The red colour fraction obtained in the 
process can be very well used as paprika oleoresin. The present world demand for highly pungenc 
chilli oleoresin is not known, but it is assumed to be 100-200 tonnes per annum. As chilli 
colour is a new product, its future demand is not yet known. But it is expected thac as coal-tar 
based artificial colours are banned and being replaced, the chilli colour may have a good demand 
as a substitute for synthetic colouring in the food industry. For example, it could be used in 
tomato saucei'kerchup, paste or pureed soup. 

The S R D C  Pioles~ 

Dry chillies with S-10% moisture are fed into a pin-mill, crushed and then fed into a sieve sep- 
arator where the chilli pericarp along with its stalks are separated from the seeds. The chilli seed 
which contains 3.5P of pericarp is separated by air classification (Figure 11 .S). 

The chilli pericarp is dried at a controlled temperature, ground to the recluired mesh in a 
disintegrator and then packed in a battery of percolators where oleoresin is extracted by a 
counter-current extraction mechod with solvent continuously fed from the top (see Figure 11 .g). 
A part of the excract coming down is pooled up for desolventization. The remaining extract is 
fed, crushed and then processed for solvent extraction. The oil obtained is free of all solvent by 
distillation. The recovery of the solvent from the exrraccor is accomplished by steam distillation 
(Figure 1 1.10). 

The product obtained after being subjected to control examination can be either packed in 
high-density polyetllylene carboys or in canned tins. 

Chilli 
fract~onat~on seed oil 

Chilli colour 
Liquid 

-a 
extraction 

oleoresin 

Figure 11.8 Flow-sheer for separating a highly pungelit oleoresin fraction and a natural recl colour fraction 
free from pungency (NRDC, Ind~a) .  
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l l .  9 Preparatron of oleoresrn in a solvent extraction plant (NRDC Process) 
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Fjgwre 11.10 Solvent recovery system of oleoresins (NRDC Process) 



(a) S c ~ ~ l t  of ,Jiizz;wtzg~tt~on: The laboratory has carried out mork on 20 kg of whole chillies. 

(b) Illput: The main raw materials req~~i red  are good quality dry red chillies, ethylene dichloride 
and hexane alcohol which are available indigenously. 

(c) Eq~ip;ize~zt: The main equipment required is pin-mills, percolators, a disintegrator, an air 
classifier, driers, condensers, sieve separators, expellers, centrifugal extractors, a vacuum 
pump, stirrer, boiler, chilled-water unit and pumps. All are available indigenously. 

(d) Rnw 117aterial nnd ntilitirr reqliired: The following materials are required per day: 

Whole dry red chilli: 
EDC: 
Hexane: 
Alcohol: 
Electric power: 
Steam: 
Fuel oil: 
Process water: 

1 

6 3  kg 
7 1 kg 

6 kg 
800 kW 
1.2 t 
70 L 
90 gals 

(e) Yieldper dny: 

Colour 70%: 25.9 kg 
Pullgent fraction: l l kg 
Oil: 8 6  kg 
Oil-cake: 420 kg 

(f)  Plmzt pn~.n;iletws: 

Procl~~ction capacity: One tonne of whole chilli; 
Number of shifts: Two per day of eight hours each 

Mu~zz~factul-e of o leo~sin  Capsicurn or pup~ika - a global ovewiezu 

As early as in 1949, Goldman described methods for the preparation of spice oleoresins, extracts 
of red pepper and paprika, by extraction with Me2C0 or EtOH, filtration and removal of the 
solvent by distillation. Soaking the cake before extraction improved the yield. A diagram of a 
commercial-size extraction apparatus based on a Soxhlet method is given in his report. Berry 
(1935) reported the examination of the extractives of C~tpsic/iiits. The oleoresins of CU~.T~L.ILII/ vary 
in appearance, solubility and degree of pungency according to the solvent used for extraction. 
E t 2 0  anci alcohol extract much of the non-pungent matter from chillies. 

Ferns (1961a,b) compared various methods of extraction of oleoresin from Cnpsiciilii. A 
laboratory-scale counter-current apparatus was found to be the best method. Acetone was 
selected as the best solvent for the extraction of oleoresins from Capsic~iin. 

Tandon et a l .  (1964) from CFTRI discussed the preparation of oleoresin of Cnpsic?tir/ (red 
chillies) as well as its technological and chemical properties. 

Szabo (1969, 1970) discussed the manufacture of paprika oleoresin and Mathen, et nl. (197 la) 
covered in detail the preparation and quality control of oleoresin CU)IJ~CM~II. There are other 
reports on oleoresin from Hungarian paprika and there is a Japanese patent on cayenne pepper 
extract. 

Blazovich and Spanyar (1967) clescribed a method for the cletermination of capsaicin in oleo- 
resin and some other preparations with a high capsaicin content, while the gas chromatographic 
detection of the acetone content of paprika oleoresin has also been reported. Govindarajan and 
Ananthakrishna (1970) clescribed the separation of capsaicin from Cupsii-zitn and its oleoresin, 
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and Mathew e t  LT/. (1971b) developed an improved TLC method for the estimation of capsaicin 
in Cq!~s~ci/nj oleoresin. 

They are more hygienic than xvhole or ground spices; they are free from bacteria 
They can be easily standardized for strength of flavour. 
They contain natural antioxidants. 
They are free from any enzymes. 
They ha~re a long shelf-life under ideal conditions of storage. 
They have less bulk in storage. 
They have less n~eight in shipping. 
There is no c o l o ~ ~ r  disturbance or speck formation. 
There is no danger of any mould attack as there are in spices (whole or ground). 

Factojlr njfidi?/g the ijlin/lt) nnd jze/d ofiiieiiresisjl~ 

The following factors significantly affect both the quality and recovery or j~ielcl of oleoresins 
from pulverized spices. 

1 Selection of proper variety of C~~psiriinc. 
2 Conditioning or drying of the spices properly before use. 

3 Preparation of material for pulverizing. 
4 Choice of a proper solvent. 

j Conditions of solvent extraction - time and temperature of extraction 
6 Proper solvent stripping from the miscella. 

The location of a solvent extraction plant a~nd the solvent recovery plant, n~hether at the source 
or near the market, affects the marketing and economic aspects of the oleoresins. The follonring 
are the major considerations to be taken into account at the time of locating a new plant: 

The a.i.ailability of the conteml~lated ram material. 
Reasonable cost and good cluaiity of raw material. 
Scope for the marketing of the oleoresin. 
Efficient plant design with minimum losses in recovery. 
Ayailability of suitable technical expertise and management. 
Reasonable facilities for labour transport utilities. 
Assurance of reasonable annual profits. 
Suitable government regulations regarding labour and transport 
Availability of sufficient financing. 
Facility for economic utilization/disposal of the spice-waste. 

The ultimate success of the plant lies in the entrepreneur's ability: (i) to interpret the 
facts correctly; (ii) to translate ideas into action; and (iii) to achieve the goals set for the 
enterprise. Systems and checklists should be ~ ~ s e d  in organizing routines, but in the final analy- 
sis, the key to success lies in the people behind the undertaking. This is true for every human 
endea\~our and so also for spice extraction, whether at the source or at the market (Pruthi, 1980) 
careful, regular and correct evaluation of each batch of product is absolutely necessary to achieve 



In some food applications, essential oils (tailor-macle) andlor oleoresins may be used 'as is'. 
However, beca~lse of their limited solubility and also the minute quantities required to produce 
a strength flavour equivalent to that of the parent spice, the manufacturers further process the 
extractives into forms that are more convenient to use from the standpoint of both limited 
solubility and flavour strengrh: 

1 Liquid oleoresin: (a) oil-soluble type, (b) water-soluble type; 
2 Dry oleoresin: (a) dry, soluble, (b) spray-driecl. 

Both these forms are soluble or clispersible in the media in which they are intended to be used 
(Pruthi, 1980). 

There are three types of oleoresins prepared from the dried fruits of Capsic~~m species 

(i) Oleoresin C"zpsic/ii~2 (Bircl chillies - C, j;,z~te~ct?/i): The bird chilli is also kno\vn as 'African 
Caplpsiczni'. Oleoresin is prepared from the most pungent, small-fruited bird chillies. This 
oleoresin has a very high pungency and is used exclusively for official pharmaceutical work; 
~t is also employed to impart pungency ro some foods and beverages. It is evaluated solely 
on its content of capsaicin as its colour value is low. Commercial C~p.rici/ni oleoresills are 
usually supplied in pungency ratings berween 500,000 and 1,500,000 Scoville units 
(approximately 3.9-14% capsaicin w/w) n ~ i t h  colour values expressed on the ASTA 
(American Spice Trade Association) scale, of 3,500 iinits maximum and 400  units maxi- 
mum in decolourized types. Manufacturers have claimed replacement strengths of 1 kg of 
500,000 Scoville  nits oleoresin for 20 lig of good quality cayenne. 

(ii) Oleoresin red pepper (C. a?7niiiifiz): Oleoresin is obrained from the longer, moderately pun- 
gent C ~ ~ J ~ C N I I Z J .  used in the production of red pepper. Commercial red pepper oleoresins are 
usually supplied in pungency ratings ranging between 80,000 and 500,000 Scoville unlts 
(approximately 0.6-3.9% capsaicin w/w) and in a wide colour range of up to a maximum of 
20,000 colour units. Manuhcturers have made claims that 1 kg of 200,000 Sco\rille units 
oleoresin replaces 10 kg of good q~lality red pepper. 

(iii) Oleoresin paprika (C, aunziunz): Oleoresin is prepared from varieties of C. anituuiiz from 
which paprika is produced. I t  has a high colour value, but little or no pungency. 
Commercial paprika oleoresins are available in colour strengths ranging from 12,000 to 
100,000 units, rhe 40,000-80,000 range being the most popular. Manufacturers have 
claimed that 1 kg of paprika oleoresin replaces 12-1 5 kg of paprika powder. 

All of the three types of oleoresin are supplied by manufiacturers in the free-flowing form or 
delivered on suitable carriers as required. 

Crztcial factors ojictii~g the qi/ulit~ of oleore~in 

As can be seen above, the colour value and pungency as well as the yield of non-~olatile extract 
are the most important properties of these oleoresins. Provided that the fruits have been har- 
vested at an optimum maturity and well dried, the crucial factors in extraction of the oleoresins 
are the state of subdivision (grinding) of dried fruits and the nature of solvent usecl. Mathew 



Gble 11.8 Effeit of nature of solvent on yield and quality of oleores~ns 

Siilz.ei!t Oleiii.e~~i! (';/C) Coloz~r ai Crzp~.ai~-in ni SL-ovzlk 
~.nrriteiii. (%) heat znliie 

Hexane 8.6 0.1 14 99,000 
Ethanol 8.2  0.052 360,000 
Dichloroethane 7.5 0.106 360.000 

Source: hfarhrw r t  N I .  (19-la) 

Table 11.9 Analysis of important cornrnerclal chilli varieties grown in Important chilli- 
growing countries of the world for oleoresin recovery 

l j~z~~zet~  Coitntr.) i!f YieM 14 Cup.iazr.in Scoviile he(7t Total coliinr as 
iii.igil2 o/eoiwiiz conte~t zalide icali-iila- cirroteize (n1g:g) 

(5;) (c / . )  ted,fiom that 
ofoleiii.eiiii) 

'Sannam' 
'l\lundu' 
'Oosimulagu' 

(Bird chilli) 
'Mornbassa' 
'Bahamian' 
'Santaka' 
'Hontaka'" 

'I\lornbassa';k 
'Uganda'": 
'Abyssinian'* 

India 
India 
India 

Africa 
Bahamas 
Japan 
Japan 
Africa 
Afrrca 
Africa 

Note 
'k Mathen, et a/. (19-la,b) 

et a l .  (1971a) demonstrated the comparative efficiency of three solvents in the extraction of ole- 
oresin of the 'Sannam' variety of C. a7277uui77, \vhich is grown In Madras and Bihar (Table 11 .g). 

Hexane appears to be a poor solvent for capsaicin, and ethanol does not extract c o l o ~ ~ r  effi- 
ciently. Ethanol, especially when hot, gives a product which is a semi-solid instead of a free- 
flowing oil. Dichloroethane is a good solvent for 'Sannam' oleoresin, and yields reach 13-14% 
when finer powders are used. Oleoresin chillies contain both pungency and colour. Oleoresin is 
prepared by solvent extraction of the powdered spice. Besides food industries, the pharmaceuti- 
cal and cosmetic industries also use oleoresin of a high pungency and low colour (Table 11 .g). 
This oleoresin known as oleoresin Capsiritii~ is used in pain balms, vaporubs and linaments. 

Oleoresin obtainable from Indian chillies confornling only to oleoresin red pepper with a low 
pungency and high colour has only limited demand in food industries. Since the capsaicin is 
concentrated in pericarp, high pungent oleoresin can be obtained by extraction of the pericarp 
alone. Know-how of a process has been developed to separate pericarp oleoresin into a high pun- 
gent, low-coloured fraction and a colour fraction free from pungency. The high pungent fraction 
obtained in the process is about four times more pungent than pericarp oleoresin. The separated 
seeds give 20% fixed oil, \vhich constitutes a by-product of the process. 

Many countries (including India) are applying more and more restrictions on the use of artifi- 
cial colours. The colour fraction obtained in the process, which is a natural colour, can very well 
be used for colouring food products. The main product, highly pungent oleoresin, can be used 
for pharmaceutical purposes utilizing the medicinal properties of capsaicin. The by-product 



T~rblt 11.10 F~xed-011 content ( in  percrntagc) of cliillies, CdFsii-liiiii and 
paprika 

Paprika and tinlilar large 9-16 4.6-6.8 19-2' l-2.3 
forms of C, nilnriii71i 

CI//~J lII/IIIJ. 11-22 P 

- -- 

Chillies 15-22 P - 

Source: Wlnton and W ~ n r o n  (1939) 

'chilli seed oil' can be used for edible purposes such as pickle-making. The solvent-extracted 
residue from chilli seed (seed-cake), having a protein content of 27-29%, can be used as a fertil- 
izer or as an animal feed. Seeds are also required for culti\ration. 

The present world demand for highly pungent chilli oleoresin is not known. As chilli 
colour is a new producr, its future demand is also unknon~n. It  is expected chat as the coal-tar 
based artificial colours are being banned and replaced, chilli colour may have a good demand as 
a substitute in the foocl inclustry. This fraction can also be sold as an alternative to paprika 
extract. 

Fixed chilli seed o i l  

The distribution of rhe fixed (fatty) oil in the fruit is uneven, being rnainly found in seed 
(Table 11.10). As with some other constituents of the fruit, the fixecl-oil content gradually 
increases during maturarion from green to the ripe red stage. Relatively fear analyses of the fixed- 
oil composition have been reported in literature ancl these have been concerned exclusively with 
paprika and similar large forms of C.  niliii4un2. Tile fixed oil has been found to comprise trigly- 
cerides (about 6057) in which linoleic and other unsaturated fatty acids predominate. Although 
only a small number of samples have been analysed and some differences between culrivars are 
apparent, it seems that the seed-fiat and pericarp fat of paprika types are distinguishable, the for- 
mer possessing a somewhar higher unsaturated acid content. The fix conrent and composition of 
paprika powder and its propensity to autoxidation and perhaps also to discolouration, are, there- 
fore, dependent upon whether seeds are removed from the pods before grinding (Portale and 
Nozinibia, 1967). 

Salzer (1975) reported an analysis of fatty acids from the fat of a sample of chillies and sug- 
gested that chillies may be distinguished from paprika according to their relative abundance of 
certain fatty acids in the seed oil. However, greater sampling ir necessary to test the validity of 
this hypothesis. 

W l ~ ~ t i l e  oil of Capsicum 

The fruits of the Capjicw~iz species have a relatively low volatile-oil content, which has been 
reported to range from about 0.1% to 2.6% in paprika and similar large forms of C. niz?ziLuiiz 

(Winton and Winton, 1939). The initial volatile-oil content of freshly picked fruits is dependent 
largely upon the species the cultivar and the stage of maturity at harvest. The event~lal 
volatile-oil content of the dried product, lio\-vever, may be lower and is dependent upon the 
drying procedure, the duration and the condition (whole or ground) of its storage. Paprika 
powder, for example, usually contains less than 0.5%' of volatile oil. 
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Chilli pzr~ee and chilli paste 

Pljomadays, many people have difficulty in finding time to purchase, wash and grind fresh chill- 
ies for domestic consumption. Additionally, hotels ancl restaurants also need a continuous supply 
of chilli puree. Consumers are Inore concerned about the quality standards of their foods. They 
wish to be able to purchase qualitp-guaranteed chilli powder or chilli paste puree. 

The major quality factors such as pungency, colour and fineness of the paste are important. 
The diversifying food industry also requires chilli for a number of purposes. Considering all 
these facts, the demand for fresh and red chillies is high and is expected to grow. The consump- 
tion of processed and semi-processed forms of chilli (ground chilli, chilli paste and sauces) is 
expected to increase as houstholds and institutional users are on the rise. To exploit these oppor- 
tunities effectively, research focus was given at the Food Technology Centre, MARDI, Malaysia, 
for standardizing the product, developing suitable packaging materials and prornotion to 
expand the existing markets. 

Puree packed in OPPIALiPE retained the colour, p H ,  TSS and vitamin C content up to  
21 days when compared to PP packaging. Chilli puree stored at 10°C in OPP/AL/PE packaging 
showed reduced enzyme inactivation and increased nutrient retention for up to four weeks. 

Processiilg of chilli p w e e  

The process flow chart of chilli pureelpaste is shown in Figure 11.11 

Fresh red chilli 

i 
Sorting 

l 
J- 

Removing the stalks 

+ 
Weighing 

I 

i 
Washing 

l 
Blanching ten minutes in boiling water 

1 
Straining 

i 
Wet grinding 

Chilli puree 

1 
Acidifying with acetic acid 

(to maintain pH < 4.50) 

1 
Adding soidum benzoate (1,000 ppm) 

packaging and storage 

Fignr, 11. l l The process flow diagram for chilli pureelpasre (Parvathi and Aminuddiil, 2000). 



The developed puree can be used as a convenient product for cooking curriecl dishes. 
Processing of chilll puree and manufacturing of chilli-based processed products also gives access 
to distant markets and thus helps in their export promotion. 

Canned or bottled pimiento or Capsicuuz 

There is a demand for canned or bottled pimiento or C~p.iicz/lii (C. nwm~uiiz). Pimientos (Cupsrczinzs 
or chilli peppers) are processecl in brine, in plain tin cans, or glass jars. The factors influencing 
the processing of canned pimientos, the rates of heat penetration, and suggested thermal 
processes have been reported ancl reviewed by Hight (1954) and by Powers (1961). But, in the 
commercial pimiento canning industry, some spoilage is still occasionally reported. Hight  
(1954) conducted studies to determine the thermal-death time characteristics of the micro- 
organisms causing spoilage and to establish processing times on the basis of these studies. The 
212°F and 'Z' values were found to be 36.0 and 31.0, respectively, at p H  5.0. At p H  4.7, the 
corresponding values were only 7 . 0  and 4.2,  respectively (Sane, 1950). 

Acidification and calcium firming of canned pimientos were recorded. Acidification increased 
the clrained weight of the product significantly. The use of both an acidulant and calcium chlo- 
ride resulted in a highly significant increase in drained weight and in greater firmness of the 
product. Sane (1950) established the range of variation in p H  and total titratable acidity in 
cannecl pimientos (pH 4.6-5.3, average p H  4.95, average acidity in recl pimientos 0.28%, in 
green pimientos 0.6%). Unless the pods are fully coloured red, the p H  Inay be as high as 5.5. As 
the colour becomes a deeper red, the p H  decreases to 4.7. Pin~ientos of a good canning colour 
have a p H  between 4.' and 5.3. Sidclappa and Bhatia (1955) reported on the satisfactory canning 
of green chillies. 

Pon~ers (1961) studied the effect of acid level, added calcium salts and monosoclium glilta- 
mate to acid-treated pimientos and found that the organoleptic acceptability was increased. The 
addition of sugar improvecl the palatability of the product. The above conclusions are based on 
the exhaustive studies conducted by these authors during five packing seasons. 

Chilli pickles and sauces 

A number of chilli pickle are made, traded and exported from India due to their popularity. 
Pruthi (2001) gives fill1 details of the different kincls of pickles such as those In oil, brine or cit- 
rus juice. Their method of manufacture, packaging, storage, storage problems and their solu- 
tions as well as a number of recipes of different pickles procl~iced in different regions of India are 
also discussecl. 

Commercial utilizatio~~ of Capsic~j~? waste 

Tandon c t  'cl. (1964) found that spent chilli meal left after oleoresin extraction contains about 
28% protein, 36% carbohydrate and 29% fibre. It  could go into animal feed con~positions. 
According to Portales and Nozinibia i1967), red pepper (chilli) may be extracted with little 
degradation in an installation characterized by continuous rotary extractors that operate at room 
temperature and are fitted with indirect heating so that they can be used for drying the meal. 
Degumming is accomplished with H,PO,, citric acid and sodium tripolyphosphate. The 
miscella are evaporated uncler a vacuum, leaving an oil with 3 ppm of solvent. 

Bough (1973) studied the characterization of waste effluents from a commercial pimiento 
(Cupsicun~) canning operation. The first stage of processing, in \vhich the roasted peel was 
removed by washing, accounted for the most concentrated effluent. More concentrated effluent 



res~rlted from the citric acid dip just before the packing and closing area. TWO effluents from the 
grading area were also obtained. The total waste produced from the canning plant contained 
3.2 pounds of suspended solid, 60.2 po~lnds of chemical oxygen demand. and 35.1 po~inds of 
biological oxygen demand per tonne of raw pimientos. Bough and Badenhos (1974) made a 
comparison of roasting ancl lye peeling of pimientos for the generation of waste ancl the quality 
of canned products. In general, lye peeling gives better results than flame peeling. 

Economic utilization of Capsicums 

Dry chilli is used extensively as a spice in all types of c~lrried dishes in India and abroad. 
Grinding roasted dry chilli with orher condiments such as coriander, cumin, turmeric and fari- 
naceous matter makes curry powder. It  is also used in seasoning egg, fish and meat preparations, 
sauces, chutneys, pickles, f rankf~~rters  and sausages. Bird chilli is used in making hot sauces, 
such as pepper sauce and tabasco sauce. 'Mandram' is a West Inclies stornachic preparation made 
by adding cucunlber, shallot, lime juice and Madeira wine to the mashed fruits of bird chilli. 

Paprika and red pepper, which are mild in pungency, are used to colour, flavour and garnish 
dishes. The use of attractive red paprika in romato ketchup and sauces are also encouraged for 
improving colour. It is expected that as coal-tar based artificial or synthetic food colours are 
banned, the chilli~C~~psicz/t~i, 'paprika colour may have a good demand as a 'natural plant 
colourant', as a substitute for synthetic colours in the food industry. hTRDC/'RRL, Trivandruin 
(1979) has developed a process for the fractionarion of chilli-pericarp oleoresin into a highly 
pungent low-colour fraction for the pharmace~~tical industry and a colour-rich fraction free from 
pungency for the colouring of foods. This colour fraction can also serve as an alternative to 
paprika colour extract used in food inclustries. 

Cap.ri[i/7ii preparations are used as counter-irritants in lumbago, neuralgia and rheumatic clisor- 
clers. Taken internally. Cap.riciiiiz has a tonic and carminative action and is especially usef~ll in 
atonic dyspepsia. It  is, however, contra-indicated In gastric catarrh. Taken inordinately, it  may 
cause gastro-enteritis. It  is sometimes added to rose gargles for pharyngitis and ir relaxes a sore 
throat. It  can be administered in the form of povder, tincrure, linament, plaster, oinrment or 
medicated wool. In some of the preparations, 'Oleoresins Capsici B.P.C.' spn. 'Capsaicin', the 
alcohol-soluble fraction or ether extract of Crzpsicunz is the acrlve ingredient. Pharmacopoeia1 
recl~~irements are chiefly met by the highly pungent varieties of Crzp.ri~-~/~i (C. fi~ite.i~ti~zr) grown in 
Sierra Leone, Nyasaland and Zanzibar. Indian C a p ~ i ~ ~ i i ~ i ,  known in trade as 'Bombay Cap~iciiio' is 
used as a substit~lte (Wealth of India, 1985). 

Besides the use in food processing industries, pharmaceutical and cosmetic industries use chilli 
oleoresin of high pungency and low colour. This oleoresin known as oleoresin Captpsjcidni is used in 
pain-balms, vaporubs and linaments since the pungenr principle 'capsaicin' serves as an 
effective 'counter-irritant' (Wealth of India, 1985). 



Seed oil  ( f i x e d  o~ ~zorz-volatile) 

Seed oil is a byproducr and can be used for edible purposes. 

Seed cake 

The solve~lt-extracted r e s i d ~ ~ e  from chilli seed, having a protein conrent of 27-29% wirh negli- 
gible pul~gency, can be used as a fertilizer or as an animal feed. 

Seed.$ 

Seeds of good viabiliry are also required for growing in nurseries or for cultivarion purposes 

D e h j ~ d f ~ a t e d  green chillies 

Dehydrated green pepper is a good source of vitamin C. The pre-trearmenrs and standard condi- 
tions for producing besr qualiry dehydrared green chillies have been determined (Luhadia and 
Kulkarni, 1978). Dehydrared green chillies can find use in food industries as well. 
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12 The storage of Capsicum 

H. S. Yogeesbn u~zd Ranze Gown'n 

C~@.rir-u?i? fruits. whether they are used as green or red ripe fruit, fleshy or dried, as medicine 
or dye, or for seed purposes, are to be stored for varying periods before being used. Therefore, 
an attempt lias been made in this chapter to  review the research work done on storage aspects 
of green and red ripe fruits in processed or whole fruit form. h'foreover, special emphasis has 
been g i ~ e n  to the storage of seeds, as CCL~SZ~./~III IS a seed propagated crop and its productivity 
and quality are very much influenced by the quality of seeds used for prociuction. 

Introduction 

Crlpsiwni fruits, both red ripe and green, are used for imparting pungency and flavour to  food. 
Sweet peppers are mainly used at the green stage as salad and for cooking. In  addition to provici- 
ing pungency and flavour to the food, C~7psic1~ni is also a good source of vltamins A and B, and 
has several medicinal and insecticidal properties (Zibokere, 1994). Recently, the  paprika types 
have been used extensively as a source of natural dye because of their deep red fruits. Caplpsiculiz 
fruits, whether they are used as green or red ripe fruit, fleshy or dried, as medicine or dye or for 
seed purposes, are to be stored for varying periods of t ime before they are used. Therefore, i t  is 
very important that the fruits retain their original characteristics and suffer very little deter~ora- 
tion during storage. Thus, the storage of Crlpsicziin needs special attention. 

Storage of green fruits 

There is much demand for fresh, green, pungent and sweet peppers as they are a major ingredient 
of spicy foods, especially of Indian food items. Demand for fresh pungent peppers lias greatly 
increased in the United States as south-western foods have become the most popular ethnic food 
(Lomnds e t  al., 1994).  Freshly harvested bell peppers have a shelf-life of only a fev7 clays since 
they lose water rapidly after being harvested (Ananclaswamy c t  al., 1959;  Ryall and Lipton, 
1972 ;  Showalter, 1973;  Watada r t  a/ . ,  1987).  Extending post-harvest longevity to meet the 
demand for fresh peppers, therefore, requires special attention. 

Research on extending the shelf-life of fresh peppers is rather sparse. Loss of water content, 
flaccidity, changes in  colour and development of diseases are some of the physical changes 
that occur during storage and which have a direct impact on the loss of fruit quality. T h e  rate 
of water loss, flaccidity and colour development increase with an increased temperature (Lownds 
e t  al., 1994). Placing pepper fruits in perforated polythene pouches at 14-20°C reduced water 
loss rates 2 0  times or even more, eliminated flaccidity and reduced colour development.  
The  developnlent of diseases in  packed fruits, h o ~ e v e r ,  results in a reduction of post-harvest 
quality (Lownds et al.,  1991;  Miller r t  al.,  1984;  Maiero and Waddell ,  1991).  In  contrast, 
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Ben Yehoshua et al. (1998) reported that bell peppers packaged in perforated film lost less 
weight during storage and maintained a higher quality than fruits stored in open boxes. They 
also demotlstrated that lower decay levels occurred in the fruits stored in perforated films 
compared to [he non-perforated packing. 

Post-harvest water loss of fruits is the major facror influencing the quality of the fresh fruits of 
peppers. Water loss was found to be positively correlated with the initial water content, ratio of 
surface area and volume and the cuticular thickness of the fruits and negatively correlated with 
surface area and epicuticular wax content and hence, is cultivar dependent (Lo~vnds e t  al. ,  1993). 

Shelf-life of fruits mirh thick exocarp is more con~parecl to fruirs with thin exocarp. However, 
the fruits with thick exocarp are tough, difficult to digest and, if processed, the exocarp peels off 
from flesh, and not preferred. O n  the other hand, frults with very thin exocarp which are pre- 
ferred by consumers and processing industry, are tender and readily bruised, cracked and crushed 
during post-harvest operations (Fischer, 1992, 1993). These mechanical injuries affect pepper 
quality and subsequent shelf-life \vhich ultimately reduce the market grade. To reduce the dam- 
age during post-harvest operations all locations should be cushioned where peppers impact a 
hard surface and drop height should be limited to 8 cm on hard surface and 20 cm on a cush- 
ioned surface (Marshall and Brook, 1999). 

Storage of fruits under controlled conditions was found to enhance their longevity (Yuen and 
Hoffman, 1993; Lownds rl al., 1994; Ahmed et al. ,  1996; Mencinicopschi and Popa, 1999). 
Fruits can be stored for longer periods (14-28 days) ar 8'C ancl more rhan 75% R H  (relative 
humidity) with minimum change in chemical composition and market acceptability (Lownds 
et '?l., 1994; Ahmed et nl., 1'196). Further, storage can be extended for another six to eighr months 
at freezing temperature with or without blanching (Lisiewska et al., 1994; blencinicopschi and 
Popa, 1999). However, Sundstrom (1992) reports that bell peppers are subject to chilling injury, 
characterized by pitting of rhe fruits, if stored in temperatures less than ;'C. At storage temper- 
atures above 10°C, however, further fruit ripening and the development of anthocyanin and red 
carotenoid pigments will occur. At these warmer temperatures, bacterial soft rot also becomes a 
major problem. Hence, the temperature range of '-10°C at 90-954 RH is ideal for the storage 
of bell peppers for up to three weeks. 

Fro111 these studies it is observed that water loss is no longer a limiting factor of fresh fruit 
longevity if the fruits are stored in a modified atmosphere or in perforated polythene film. 
However, the limiting factor under these conditions is the incidence of cliseases. Bell peppers, 
after harvest, are graded and frequently run through a hot (53°C) nrater bath containing 
500ppm chlorine to control bacterial rots. Following this process, most bell pepper fruits are 
splayed with a wax emulsion to reduce moisture loss prior to being packed in cardboard cartons 
(Sundstronl, 1992). In another study, Fallilc et al. (1996) found that dipping naturally infected 
fruits in water at 50'C for three minutes completely inhibited or significantly reduced the fruit 
decay caused by Bolgyti.r ci17ei.a and Alteri7arin nltei.natn without any adverse effect on fruit quality. 

Since these studies are independent of storage conditions and specific to only a fen, pathogens, 
further studies are required to develop suitable storage practices in order to protect fruits from 
storage decay. 

Storage of red ripe fruits 

The quality of red chllli is based on colour, pungency and their retention cluring storage. The 
development of red colour is attributed to the presence of about 20 carotenoids, of which cap- 
santhin is the major one. Pungency is due to the mixture of seven homologous branched chains 
of alkyl vanillyl amldes, namely, capsaicinoids (Hoffman et d/., 1983) and these are produced in 
the glands of the fruit's placenta. 



Factors affecti~zg the qziality of red chilli duvi~zg storage 

Colour loss during storage makes red chilli unacceptable to consumers, even t h o ~ ~ g h  no change 
occurs in flavo~lr and aroma. It  has been fo~lnd that colour impairment in red chilli starts when 
the fruits have lost about one-third of their water content and become over-ripe (Biacs e t  nl . ,  
1989; Daood e? nl., 1989). This colour impairment is accelerated several-fold as a result of the 
grinding and storage of paprika (Czinkotai e t  al., 1989) and is probably due to the development 
of heat at the time grinding. Positive correlations with high regression coefficient values have 
been obtained between colour retention by paprika powders and the initial concentrations of 
tocopherol and ascorbic acid (Biacs e t  a[., 1992). Further, cultivars have showed substantial vari- 
ability with respect to carotenoid composition and endogenous antioxidant content (Usha Rani, 
1996; Gomez e t  al., 1998) and those with higher levels of ascorbic acid and tocopherol have 
shown greater colour stability during storage in powder form. Although there is an inverse rela- 
tionship between the degree of pungency and the amount of deterioration during storage, no 
such correlation between capsanthin content and red~~ct ion  in quality could be established (Usha 
 ran^, 1996). 

Fruit drying is the most important step that determines the final quality of the product. In 
India, chilli growers of small holdings dry the fruits using traditional methods. The methods 
involve sun drying by spreading fruits on either a cement floor, a mud floor, a floor smeared with 
cow dung, a zinc sheet, a polythene sheet, a granite floor or on the roof of red tiles. In a study 
involving these traditional methods, including oven drying at 65'C, it has been observed that 
drying the fruits on the plant itself and in a hot air oven was found to be better as these metliods 
have resulted in a lower percentage of whitened fruits compared to the other methods (Nagaraja 
e t  al. ,  1998a). However, drying fruits on the plants may not always be possible because of bad 
weather conditions. Among the traditional methods, drying under house shade or 011 open 
ground and even on cement floors were found to be better and practically feasible, especially for 
large scale drying of fruits, particularly in the tropical countries mhere sunlight is not a limiting 
factor. Moreover, this type of drying \vould red~lce the percentage of whitened fruits. 

The industrial drying of pepper fruits for paprika production involves mainly two methods 
(Minguez et al.,  1994) namely, oven drying and smoke drying. Each of the drying processes 
has its own merits and demerits that effect the stability of the final product. One such dlsadvan- 
rage of rapid oven drying at high temperature is the loss of colour stability during storage 
(Ramakrislinan and Francis, 1973). O n  the other hand, slonr drying using wood smoke 
could result in degradative processes wl~ ich  are associated with the post-harvest physiology, 
as well as rotting arising from breakage, infection, etc. The possible colour stability produced 
by drying at low temperatures can be diminished by the presence of highly reactive 
chemicals formed during the smoking process, but these can provide an efficient protection 
against any infection (Minguez e t  al., 1994). However, the same authors in another study com- 
paring the two industrial drying processes noticed a greater loss of carotenoid content in oven 
drying than in smoke drying. In fact, they have also observed an increase in concentration of 
some of the pigments during smoke drying, although the final carotenoid content of the dried 
fruits is less than that of fresh fruits. The loss of carotenoid content during drying and storage is 
attributed to a drastic reduction in the concentration of antioxidants, such as tocopherol and 
ascorbic acid, as a result of the antioxidation process (Daood et nl., 1996). Further, the rate of 
pigment degradation is greater at a higher storage temperature and lower relative l~umidi ty 
(Gomez e t  al., 1998). 

These studies suggest that the loss of fruit quality in terms of vitamins and their precursors 
during drying is very much dependent on the temperature and the rate of drying. Further, 
drying processes also determine the subsequent storability of chillies. 
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Drled chlllles, when stored, are often attacked by [he drugstore beetle StegnLzu7i2 pa?ziieillic L 
and the cigarrette beetle I,ariiidei.i~~~~ ser.i.icoi.?ze (Fabricius). The A~thrridei.r species feed on clried 
chillies, rhough the loss caused by them is negligible. If the quantity of chillies infested by these 
storage pests is small, spreading the fruits in chin layers and exposing rhenl ro sunlight will 
eliminate the infection. If large quantities are infested with these pests, fumigation is the only 
remedy. Any good fumigant like ethyl dibromide or methyl bromide at one gram per 30 cubic 
metre space may be used. Fumigation should be done in airtight containers for the effective 
control of these stored pests (Dhamo et a/ . ,  1984). 

Capsicu?7z storage for seed purpose 

In India, seeds are traditionally extracted from dry fruits only at the time of sowing. The reason 
is that rhe seeds maintain viability for a longer period when they are in fruits than the seeds 
extracted and stored (Murthy and Murthp, 1961; Radhe Sham rt a / . ,  1996). Seeds maintain a 
higher germination val~le (up to six months) when retained in fruits and stored under amblent 
conditions (Nagaraja et NI. ,  1998b). However, the srorage of frults for seed purposes is not 
commercially feasible for large-scale production, as the storage process needs large areas or 
stor,age structures and orher ~nfrastrucrural facilities for the maintenance of the seeds. Chilli seed 
is a relatively poor storer and its storability is influenced by many intrinsic and exrrinsic factors. 

Fnctol-s i ~ z f l z ~ e n c i n g  t h e  s tornhi l i t j '  o f  ch i l l i  seeds 

Several pre- and post-harvest factors influence the longevity of chilli seeds during storage. Some 
of these are discussed here. 

hfucli variability is found among chilli genotypes for their seed storability (Thakur et al., 1988; 
Ili, 1995; Radlie Sham et al. ,  1996; Sharma et al., 1998; Nagaraja et al. ,  1998b; Patil and 
n'agaraja, 1999). Ir has been obser~ecl that few varieties could maintain viability even up to 
18 months and some could only last for a fen7 montl~s when stored under ambient conditions 
(Kagaraja et '{l., 199813). This sort of culrivar difference could be made use of by the breeders 
while selecting thr  parents for the breecling programme. 

Stage ojlfi~zt liz~~tt~i.itj 

A seed attains maximum quality when it reaches physiological maturity. Harvesting seeds before 
or after pliysiological maturity mould affect the seed qualiry in storage. The extent of seed dete- 
rioration is much lower if the seeds are harvested after physiological maturity rather than before. 
In Capsi~i~ii2, fruits are harvested at the red ripe stage and seeds are extracted either immediately 
from the fleshy fruits or after the fruits have been dried. Usually red chillies are extracted after 
drying and wet exrraction is followed in bell peppers as the fleshy pericarp of bell peppers takes 
a longer time to dry and is hence susceptible to fruit rotting. It  is suggested that bell pepper 
frults should not be harvested before the red ripe stage and seeds sl~ould remain in the fruit for a 
short period of post-harvest ripening to achieve maximum seed germination potential (Sanchez 
et al., 1993). Ill- sit^ priming may occur during post-harvest maturation. According to 
Dhanelappagol et a/. (1994), full red colo~lr fruits in red chilli produce higher quality seeds com- 
pared to half red fruits and thus suggest that for seed purposes, fruits be picked when they have 



f i~l ly  ripened on rhe plant.  Demir and Ellis (1992) have observed highest seed quality, in 
terms of viability and seedling growth, in the seeds extracted from the fruits 10-12 days after 
pl~ysiological maturicy and stored under ambient conditions. In anocher study, Oladiran and 
Agunbiade (2000) observed an improvement in seed germination and seedling developn~ent 
from Cnpsicutiz seeds aged for six weeks. These scudies suggest char CU~SZCI I? IL  seeds require a short 
ripening period before and afcer the extraction of seeds. 

Seed moisrure plays an important role in mainraining seed viability during storage. The mois- 
cure content in seeds and fruits at the red ripe stage, i.e. the stage of harvesting, is coo high and 
they cannot be stored unless [hey are dried down to safe moisture levels. In red chilli, the fruics 
are dried using traditional methods or by using forced air. Traditional merllods of drying result 
in better quality seeds (Nagaraja et a l . ,  1998a). Further, the fruits should not be dried on recl 
tiles, asbestos sheets or in shade, all of which result in the reduction of seed quality due to the 
development of high temperature. However, under shade drying, the seeds can become infected 
with mycoflora due to the slow drying process. 

Sted I I ? O I J ~ N ~ ~  nnd storage ttinperatu~'e 

cap sic^^:^^ seed can withstand desiccation tolerance. Some of the earliest work on storage of 
vegetable seeds was done by Barton (1935) \vho found that pepper seed gernlination began to 
decline significantly at 10.5% moisture after two years of storage at room temperature. F~lrther, 
the reduction of seed moist~lre to 5.2% did not change this decline but increased relative seed 
germination percentages for a given storage time. However, when the same seeds were held at 
- j°C germination was not appreciably affected by srorage time regardless of nloisture content 
(Barton and Garman, 1946). 

CUPJ~CIIIII '  seeds can be stored for 18-30 nlonths uncier ambient conditions ifthey are dried to 
6-8% moisture levels (Thiagarajan, 1994; Sharma et a l . ,  1998). This suggests that Ca]~sic~~ii i  
seeds can be safely scored ~ ~ n d e r  ambient coridirions provided the initial seed moisture is less 
than 8%. Storage of seeds in moisture vapour proof containers requires seeds with a lower mois- 
ture content. The seed nloisture content of 6% is the upper lilnit for sweet pepper to be stored 
in airtight conrainers (Song et nl.. 1999), while red chilli seeds could be stored for more than two 
years in 700 gauge polythene bags if the seed moisture was around 6% (Sharma et a / . ,  1998). 

Seecl moisture, or the RH of the storage atmosphere, and telnperature are the two important 
factors thar have profound influences on seed viability, both independenrly or in combination. 
The higher the storage temperature and RH, the higher the rate of seed deterioration in srorage 
and zice-velsn. The effect of one factor can substantially be altered by the other factor. This has 
been observed by Barton and Garman (1946) in bell peppers where the seeds at 1 0 . 5 9  and 5.2% 
moisture levels behaved differently during storage under ambient conditions but there was noc 
lnuch difference when stored at - 5°C. Similarly, it has also been shown that the freeze-drying of 
pepper (C. niznuz1i12) seeds to a moisture content of 2.5% is superior ro 7.3% during storage at 
21-2j°C or 40°C. 

The method of ultra drying is gaining importance as seed longevity can be increased 
significantly during storage. However, not all kinds of seeds are tolerant to ultra drying. Nutile 
(1964) working with vegetable seeds observed severe desiccarioll injury in the case of C.  Jl.~tesct'?2.~ L. 
when seed n ~ o i s t ~ ~ r e  was reduced from 457 to 1 Q .  In che case of C.nnn~~iriz L., seeds co~lld revain higher 
viability in long-term storage for 15 years at 6.1% than at 2.6% moisture (Nakamura, 1975). 
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Shen and Qi (1998), morklng on shorr- and long-term effects of ultra drying on the germination 
and gro\~rrh of vegetable seeds, reported the detrimen~al effects of drylng seeds to less than 2% 
moisture level and concluded rhac there was an optimum water content of seeds for safe storage. 
However, WLI et al.  (1999) have reported that the ultra drying of pepper seeds greatly improves 
their longe\-itg. Based on viability and dormancy studies of tabasco pepper seecls, S~lndstrom 
(1990) has conclucled chat the optimum moisture level for low remperature storage is approxi- 
mately 10%. 

In view of these conflicring reports on the ultra drying effecrs on reed longeviry, an in-clepth 
study is yery much required to determine the level of drying and its parameters to prolong the 
storage life of chilli seeds. 

Zhang and Kong (1996) have reporced that sweet pepper seeds can be scored successf~~ll!r at 
higher temperatures and medium moisture levels. For long-term storage of seeds, as In the case 
of germplasm preservation, the usual pracrice is to store the seeds at a low or ~ ~ l t r a  lonr tempera- 
ture ( l i~~uif ied nitrogen, - 19G°C). Sn~eet pepper seeds can be stored for very long periods at 
lower temperatures if they are held in airtight containers (Thakur e t  al . ,  1988; Simay and 
Horvath, 1992; Fischer, 1994; Ili, 1995). In conrrasr, Belletri et al. (1990) noticed an apprecia- 
ble reduction in the germination percentage of pepper seeds (C. a?iiiz//nr L.) at a lo\-ier moisture 
level stored in liquid nitrogen. However, storing seeds at low or ultra Ion. temperature is more 
cumbersonie and expensive and there is every possibility of incurring a change in genetic 
consritution. 

At a given storage moisture and remperature, seed longevity map clepend on the storage con- 
miners. Packaging materials used for storing seeds include aluminium foil, poll-thene bags of 
less than 700 gauge, cloth and jute bags with or without polythene lining, paper covers, friccion 
top cans and rigid plastic containers withour a gasket. Cap.riciifii seeds stored in m o i s t ~ ~ r e  proof 
containers are found ro maintain viability for longer periods than those stored in moisture pervi- 
ous containers (Oladirn and Agunbiade, 2000), provided the seecls are dried to a moisture level 
thar is safe for such storage. 

Storage pests aizd di-iiseasrs 

In storage, chilli seeds are attacked by several storage fungi, such as A.rpelgill~/r spp., Pt'12jcillil~iiz 
spp., Rhisop~is spp. These storage f ~ ~ n g i  cause seed discolouration and loss of viability during 
storage. Storage fungi are active only when the seed moisture is above 1 4 V .  This is possible only 
when the seeds are stored under ambienr conditions. Seeds stored under airtight containers are 
safe from storage fungi because the in~tial seed moisture is not more than 6-72 .  Seed treatmenr 
mirh thiram has no effect on the viability of chilli seeds when stored in moisture impervious 
polythene bags (Sharma et al. ,  1998), whereas the seeds treated with captan maintain germina- 
tion ac a higher level than untreated seeds (Thiagarajan, 1994). Colletiitrichiiiii dtn2atiuiii, an 
important field fungi which causes anthracnose or die-back disease, is known to be seedborne in 
nature and seed treatment is the only effective measure for controlling this parhogen. Seed treat- 
ment with deltan controls this pathogen very effectively. The seed treatment can be done before 
storage, as it does not adversely affect the viability of seeds under storage conditions. These 
results suggest that the chilli seed must be dried to a safe moisture level and treated with 
suitable fungicides to prolong their storage life under ambient conditions. 



Conclusion 

The storage life of green chillies harvested for vegetable purposes can be extended up to four to 
six weeks under low temperature and high RH conditions. However, there are contradictory 
reports on the ideal low temperature range for storage as chilling injury to fruits has been 
reported at temperatures below 6°C. This aspect of storage requires further study, with a greater 
number of genotypes, to know if there is any genetic variabiliry for temperature sensiriuicy. 
Under ambient conditions, the storage life of fruits can be extended by packing them in 
perforated polythene film. 

Loss of colour during storage is the major concern in dried red chilli. It  has been found char 
the rerention of colour during srorage is directly correlated with the amount of tocopherol and 
ascorbic acid present in the fruits and rhus varies with the cultivars. Drying temperature is 
another factor that affects the colour rerention during storage; high temperature is harmful as i t  
results in the degradation of antioxidants. Higher storage temperature increases the rate of pig- 
menr degradation bur an increase in IiH level reduces the degradarion (6omez et al., 1998). 

The storage of seeds in fr~rits is found to maintain viability for longer periods but ir is nor 
practically feasible for large-scale seed production. The fruits harvested at [he red ripe stage yield 
good qualiry seeds, a l t h o ~ ~ g h  some studies sho.rvec1 the need for a post-ripening period before and 
after seed extraction. There is a lot of variation among cultivars for seed longevity during 
storage. The work on seed drying is negligible. Seeds with a moisture content of 6-8% and 
stored in airtight conrainers could mainrain seed viability for two years. For long-term storage, 
seeds can be stored for many years if stored at lo-wer temperatures in airtight containers. There 
are conflicting reports on ultra drying effects on seed longevity and this aspect of drying requires 
further study. 
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13 Current requirements on paprika 
powder for food industry 

Paprika powder is one of the most important spices surpassed by only the original pepper. 
Seventy per cent of the spice is used for industrial purposes, and in meat products, soups, 
sauces and snacks. The traditional quality attributes are taste, pungency, colour intensity 
and stability. Due to increasing safety requirements in food processing techniques, addi- 
tional attributes like microbial status and the possible occurrence of mycotoxins are gaining 
importance. The modern strategies in agric~lltural and food technological production are 
guided by the "field to fork", idea. Therefore, considerations about paprika quality have to 
be extended to incl~lde horticultural aspects. 

Introduction 

The genus C~zpsiczini belongs to the Solanaceae and comprises five domesticated species: 
C .  ~ / Z ~ I I / M ~ I J .  C .  fi//tes~.e~z.r. C .  chijzei2se. C.  bae[-at~inr and C.  pubescelzs. However, only members of the 
first three species are of industrial significance. The main distinctive features of the genus are the 
size of the fruits, the thickness of the fruit flesh, shape, colour and the pungency. 

Cajj.iii-~~p/? fruits are known bp a coilsiderable number of names, such as Capsic-nw~s, peppers, 
Spanish pepper, Cayenne pepper, chile, chillies and paprika. All names, including the term 
"pepper", are misleading since Capsiuini is not related to the true pepper, which belongs to the 
Piperaceae family. The common name "red pepper" is especially erroneous since it stands for the 
fruits of Stbiizzis ~iiolle and Si./?inus te~ebiizthiJulius, which belong to the Ailacardiaceae family. 

Depending on its primary uses, peppers can be subdivicled into vegetable and spice 
Capr~iunis. However, both types hold more or less pungent members. Pungency is caused by 
capsaicinoids, which constitute a class of plant alkaloids, which are all fatty acid amides of vanil- 
lylamine. The major components are capsaicin, dihydrocapsaicin and llordihydrocapsaicin, 
accompanied by several minor capsaicinoids which are present at very low levels and which are 
not thought to contribute greatly to overall pungency. Vegetable Cap.ric~/nzs range from the sweet, 
mostly large sized and thick fleshed, green, yellow, red or black coloured varieties, like garden or 
bell peppers, to the large, thin walled and hot green fruits. Spice Cupsicz~ixi range from the sweet 
non-pungent or slightly pungent varieties, designated as paprika, to the hot species, usually 
designated as chillies or cayenne pepper. All varieties mentioned belong to the genus 
C.  aizlzutini and they all evolve naturally or through cultivation and hybridization froin the bird 
pepper C. aiznliidn? var. nviiz~lare. 

The fiery hot chillies, however, belong for the most part to the species C. Ji.utaceju and they 
contain almost twice as much capsaicin as the hottest fruits of the C.  aimziftnz species. The best 
known member of this species is C.  fi~ttesian~ var. tahnsco, which is used for the production of the 
famous Tabasco sauce'rx In Louisiana. Chile habanero, \vhich belongs to C .  chine?zse, is said to be 
the hottest Capsicili?a variety known in the world. 



Table l j .  I Industrial uses of C~piiczoiz fruits and obtained products 

T~entiiieizt C~t~~i'1l/ii!i ~ised Prodim ~ X C U I I ~ ~ C J  

Fresh selling 
Canned (normallv aciddied 

with citric or fumaric acid) 
Frozen 
Britled or pickled (with salt 

and vinegar) 

Lact~c acid fermented 
Fermented for sauces 

Dehydrated 

Extracted 

all kinds 
C .  0j7i7!/!/1ii  Peelecl pimientos 

Components of convenience food 
Pepperoni~iii 
Tomato shaped pepper 
Cherry peppers 
Stuffed pepper? 
Tomato shaped pepper 
Samba1 oelek 
x ~ b a s c n l ~ ~  
Papr~ka  powder 
Chilli powder 

Paprika and cliilli oleoresins 

C ~ ~ S Z C M I I I  fruits are widely iised by the food industry in order to produce an extensive range of 
food. It  will be clear from Table 13.1 that ram7 materials used for different purposes have to 
fulfil different requirements defined by the processing industry. It  is the aim of this chapter to 
discuss the special requirements for Capsic-14na used for the production of paprika powder. 

Paprika and chilli 

Dehydrated ancl ground Capsicul12 fruits represent one of the most outstanding spice commodi- 
ties in the world. In fact, paprika powder is the most important spice but one, surpassed only by 
the original pepper, Piper 1zigr141;i. The world supply is estinlated at approximately 60,000 tons 
per annum, with an additional 1,400 tons of paprika oleoresin. Seventy per cent of paprika 
powder is used for industrial purposes, wl~ereas the rest is used domestically. 

The designation of dehydrated ground Capsicilni products is not quite clear, neither in scien- 
tific literature nor in cookbooks. In the US, as well as in international trade, any dehydrated, 
non-pungent, red pepper powder is termed "paprilca" (Bosland and Votaua, 1999). In Europe, 
however, paprika represents a more or less red spice with a typical f r ~ ~ i t y  taste and a degree of 
pungency which ranges between "free from pungency" or "scarcely pungent" and "pungent" 
according to the I S 0  7540 standard (Table 1 3 . 2 ) .  The most comprehensive paprika range is 
offered by Hungary, where the spice is classified into right classes starting with "very mild" and 
ending with "very hot" (Buckenhiiskes, 1999). 

From Table 13.3 it  can be seen that in some European countries the distinction between 
paprika ancl chillies is defined by the CC@S~CM~IZ  species used. Whereas paprika is normally pro- 
duced from C. alzizz/unl varieties, chilli is at first manufactured from C.  j,iites~sn~s varieties. 

Since there is no botanical reason for making a distinction between paprika and chilli, it is 
good practice to differentiate according to consumer expectation. From this view, hon~ever, the 
essential parameter is the degree of pungency: while paprika is a fruity tasting, more or less 
intensive red coloured, sweet, slightly pungent or very pungent spice powder, chillies are known 
to be extremely hot. The aroma of chilli powder is also characteristic, however, it is normally not 
considered important by the consumers in the western world. So it  is proposed to modifj. the 
different regulations in a way that paprika, as well as chilli powder, may contain all kinds of 



Et61e 13.2 Grading. phys~cal and c h e n ~ ~ c a l  requirements on ground (powdereci) paprika by the I S 0  7540 
srandard 

Ct!~ai.at.terii tic Reqitirei12~17ti on 

Degree of pungency Free from Sweet to Pungent 
pungency or s i~ghtly 
scarcely pungent pungent 

Degree of fineness of grinding, mm 0.50 0.60 0 .60  I S 0  3588 
hfoisture cotlrent, 5; ((mm)), max 11.0 1 1 .O 11.0 I S 0  939 
Total ash, "% (ndm) on dry basis, max 6.5 '.5 10.0 I S 0  928 
Acld-~nsol~~ble  ash, % (m,'m) on dry 0.5 0.8 1.6 I S 0  930 

basis, mas 
Non-volatile ether extract, % (m/m) on 17.0 

dry bas~s,  max 
Crude fibre content. % (mlrn) on dry 25.0 

basis, mas 
Capaaicin content, mgl l 0 0  g otl dry 0-10" 20" 30" - 

basis, max 
Natural colouring matter, g'lcg on dry -. 7 jd 2.0" 1.5- - > 

basis, rnin 

Source: Taken from I S 0  '510. 1984, reproduced \%,it11 [lie permission of the In terna t~onal  Organisation b ~ r  
S tandard~~at ion .  ISO. Thi5 standard can be obtdintd from any member body or directly horn rile Central Secretdr~~it ,  
ISO, C'ise posr~ile 5 6 ,  121 l Geneva 30, Swlrrerland. Copyright remains with ISO. 

Notes 
a Tentative values. 
b A metllod m-ill form the subject of a f~uture International Standard 

Table 1 j . j  Specifications of paprika and cl11111 within some European national regulat~ons 

Sj~ecific~.tioii P a p ~ ~ k n  Chilli  

I S 0  7540 and I S 0  '543-2 CaJi~iii~iii  L L T Z T I I M I ~ ~  Normally C L ~ ~ J I L . I / ? ; ~  i;./itez~-ei)~ 
Codex Alirnentar~us Austriaciis (Austria) C ~ p i i ~ - i / ! ~ ?  ~ ? Z ? I M M I I I  Capitc~/nz J i~i i te~rzn~~.  

C ,  zhi?~cizse. C ,  hnmbtziii2. 
C .  UIZTZNMiii 

Schwe~rerisches Lebensn~ittelbuch (Switzerlancl) Capszii~?i7 ~ Z ? I M N I I I  Caij.rii.i/nz fi.iitejr t . 7 ) ~  

Leicsat~e des Deutschen Lebe~~smitcelbuches C'J]JJ~L.ZL!I~ unnzii/?n and Capiii-1iii2 J1.~1tes~~e?lj and 
(Germany) other Cap~tciinz species other CLZ~J .~CI I I IZ  species 

Source: Buckenhiiskei, 1999. Reproduced with permission 

Capsic-id712 fruits ancl that the distinction between these products is only a question of their degree 
of pungency. According to Bosland and Votava (1999), in the US dried red pepper powders are 
classified into five groups based on pungency level: 

Xon-pungent or paprika: 0-700 Scoville Heat Units 
hlildly pungent: 700-3,000 Scoville Heat Units 
Moderately pungent: 3,000-25 ,000 Scoville Heat Units 
Highly pungent: 25,000-70,000 Scoville Heat Units 
Very llighly pungent: > 80,000 Scoville Heat Units 



Scoville Heat Units are estimated by sensorial tests; 15 million Scoville Heat Cnits are set as 
100% capsaicin. 

General quality criteria for paprika powder 

Despite a long and comprehensive tradition in paprika production, many countries lack the 
necessary consistency in the application of quality-oriented cultiuation and adequate processing 
to satisfy the quality demands, especially of, the US and Germany, the two major paprilca 
importing countries in the world. 

From a general point of view the quality attributes demanded of a foodstuff are, among other 
things, deduced from its intended purpose. Paprika powder is a spice, which is ~ i sed  for its 
flavouring and appetizing, as well as for its colouring and colour-stabilizing properties. Among 
its most important applications are sausages and other meat products, soups and sauces, broiled 
chicken and snacks. 

The most important analj7tical parameters of paprika, as well as its official analytical methods, 
are listed in Table 13.2. The required sensory properties of paprika powder may be articulated as 
follows: 

c Fresh, fruity pleasantly aromatic sn~el l .  
e Pleasantly fruity-sweetish, aromatic flavour. 
e According to the European view and the desired purpose it should be free from pungency, 

slightly pungent or very pungent. 
e Whereas a light bitterness is a typical characteristic even for sweet paprika varieties, 

paprika powder should not comprise a dominantly bitter taste. The origin of the bitter taste 
is not quite clear and further research is needed. 

e Free from off-flavours and off-odours which may be caused by the use of unsuitable raw mate- 
rial, by technological mistakes during processing, especially during drying, by unsuitable 
storage conditions, or by oxidative reactions during storage leading to a more or less 
pronounced rancidity. 

e Intensely typical red colour, which remains stable over the shelf life. 

Colour of paprika powder 

The paprika powder available on the market ranges in colour from a bright rich red to a brick- 
red or orange-red, depending upon variety and quality. For industrial purposes rich red paprika 
powders that retain their colour as a ground product, are required. 

The colour of paprika is composed of more than 30 different yellow, orange and red 
carocenoids. Antheraxanthin, p-carotene, p-crppcoxanthin, lutein, violaxanthin and zeaxanthin 
are the most cornmon yellow to orange pigments, whereas capsanthin, capsorubin and crypto- 
capsin represent the most important red pigments. 

During storage the carotenoids can be destroyed by autoxidative and oxidative attack. 
According to the present knowledge, the degree of pigment losses depends upon paprika variety, 
climatic conditions during ripening, provenance, timing of harvesting, post-liarvest treatment, 
processing and storage conditions. The most significant factors influencing the colour stability 
are moisture content, temperature, light and oxygen. 

From practical experience it  is known that the amount of pigmencs in the freshly harvested 
fruits is not a good indication of the storage stability and the retention of the red colour. 
Therefore, i t  is necessary to breed and evaluate for both initial colour and colour retention 
properties (Bosland and Votava, 1799) In order to minimize the risk of a c o l o ~ ~ r  shift during 
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storage from red to orange, the share of red pignlents in the total colourant content should be as 
high as possible, whereas the share of yellow pigments should be as low as possible. 

Biacs et ill. (19ti7, 1993) described that the colour stability of paprika is influenced by the 
amount of esterifiecl pignlents and by the capsanthinicapsorubin ratio. The authors stated that 
varieties with a high amount of fatty acid di- and rnonoesters of capsanthin ancl capsorubin 
exhibit a better storage stability than varieties with a high amount of free pigments. In addition, 
the storability should be improvecl by a high capsantl~in/capsorubin ratio. Since capsanthill 
contains fever polar groups on its structure than capsorubin, it should be more stable against 
oxidative degradation. 

Several in~estigations have shown that the oxidation ofcarotenoids in paprika is influenced by 
the water activity to such an extent that the available water s1on.s down the oxidation process 
(Lee e t  al., 1992). According to Osuna-Garcia ancl Wall (1978), for arid regions, 3 1576 pre- 
storage moisture content level may reduce the colour loss of stored ground products by at least 
50%.  However, from a nlicrobiological point of viem,, such high moisture contents cannot be 
accepted as the risk of bacteria and mo~lld n~i l l  increase under these conditions. 

Carvajal et al. (1998) reported that an important colour stabilizing effect can be observed from 
naturally available or added antioxidants like ascorbic acid and/or a-tocopherol. Another useful 
substance is ethoxyquin (G-ethoxy-1 ,2-dil~ydro-2,2,4-trin~etl~ylc~~1i~~oline), ~ r h i c h  is permitted 
in the US for stabilizing the colour. In  addition to its antioxidative power, ethoxyquin can be 
used as a f~ingicide. For that reason in some countries the s~~bstance is classified and permitted as 
a plant protecting agent which is not alloa~ed to be used as an antioxidant in food. In Germany 
the residues of ethoxyquin are limited by law to a maximum value of 0.01 mg!kg fresh paprika 
or 0 .1 mg/kg paprika powder. 

In order to optimize the colour retention, along the processing line, special attention has to be 
paid to the drying process. Tevini (1997) reported that the drying conditions within belt-dryers 
often are not optimizecl. As a result, the paprika fruits are overheated, creating the conditions 
for subsequent non-enzymatic browning or the h~Iaillarcl reaction which leads to brownish 
cliscolo~irations of the ground product. 

In this respect two further requirements on paprika varieties for industrial use should be 
mentionecl: the fruits should be thin-fleshed and should have the highest possible dry matter 
content in order to facilitate drying and to reduce thermal strain. hloreover, as the availability 
of free reclucing sugars is one of the preconditions for the A'faillard reaction, the content of 
reducing sugars in the fresh paprika fruits should be as ion, as possible. 

Hygienic safety 

In general, food safety is of increasing importance all over the world and therefore it is necessary 
to summarize the hygienic demands on paprika powder in detail: 

e Paprika powder has to be free from toxic or hazardous substances. 
o Paprika powder has to be free from living insects or larvae. 
e Paprika powder has to be practically free from dead insects and insect fragments. 
e Paprika powder has to be practically free from rodent contaminations. 
e Paprika powder has to be free from extraneous matter, which includes all vegetable matter 

other than fruits of Cdp.ii~.1/111, as n7ell as colouring agents, oils or other products added to 
improve the quality or to mask defects. 
Paprika ponrder should meet the microbial values summarized in Table 13.4 (concerning 
Sabi?o~zella see "Bacteriological problems"). 



Tahk 13.4 Microbial approx~marive and warning values for spices which 
should be given ro the consumer or which should be used in foods 
wirhout any furrher germ reduction rrearment 

Salii~iirieli~/ - tloc detectable it1 25 g 
Stciph~ / O L O ~ ~ ~ I ~ J  a i i~ez~[  1.0 X 102 1.0 X 10; 
Bac.il11tr cere//~ 1.0 X lo4 1.0 X 10' 
Eii-heiu-h Li ioli 1 . 0  X 10'  - 

Sulphite reducing Clii~ti.idia 1.0 X 104 1.0 X 10j 
~ I O L I ~ ~ S  1.0 X 105 1.0 X 106 

Source. DGHhl. 1938. Reproduced wi rh  ptrmlssion 

Paprika powder should be free from mycotoxins (for cletails see "hfycotoxins"). 
e Paprika powder should nor exceed the maximum values set up for residues of plant protecr- 

ing substances prescribecl in the legal regulations of different countries. 

It  should be mentioned that in Germany the amount of ethylene oxide and 2-chloro-ethanol 
in paprika powder is limited to 0.1 m g ~ k g .  Formerly, funligation with ethylene oxide was used 
as a method for the degermination of spices. However, the application has been prohibited due 
to the formation of toxic ethylene chlorohydrin (2-chloro-ethanol). However, sometimes small 
amounts of 2-chloro-ethanol is found in paprika powder chat has not been f~imigated, raising the 
question whether ethylene oxide is produced as a n a t ~ ~ r a l  metabolite of the paprika fruits. 

Bacteriological problems 

There are two particular concerns of hygenic safety: the microbial contamination of spices, in 
particular the occmrrence of salmonella, and the frequently observed interior mouldiness that 
poses an inherent risk of mycotoxin formation. Paprika, as well as other spices, are natural prod- 
~lcts ,  which contain microbial flora. Since a significant volulne of spice is sold without any germ 
reduction, the microbial status of the product is of outstanding importance. 

Among the pathogenous microorganisms which might be available in paprika ponrder, special 
attention has to be paid to the Enterobacteriaceae. Due to a salmonella outbreak in Germany in 
1993 caused by paprika-seasoned potato chips (B~~ckenhiiskes, 1998), and the perception that 
salmonella strains exist that are capable of changing their virulence due to the occurrence of 
plasmlds or prophages, it must be assumed that under certain conditions one single salmonella 
may be infective and that any detection of salmonella must be rated as a serious health risk. 
Based on this knowledge it was decided by the authorities chat salmonella should not be 
detectable in 25 g of paprika or chilli powder. 

From a qualitative point of view, irradiation with ionizing beams constitutes the only really 
acceptable means for the degermination of paprika. Since 1999 the irradiation of spices and aro- 
matic herbs has been permitted within the European Community, however, consumers in several 
countries still do not accept this procedure. What  consequences these facts may have on the 
paprika market need not be discussed here in greater derail. 

The data, which can be used as a guideline for the microbiological assessment of spices, are 
summarized in Table 1.3.4. Again, it can be seen that salmonella should nor be detectable in 
2 5 g of the spice. 
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Another important problem with paprika and chilli powder is the subject of interior mould 
growth. The topic is doubly problematic as, in many countries mouldy foodstuffs are considered 
~~npalatable ,  regardless of the sanitary risk they present, and second, the presence of moulds 
always implies the risk of mycotoxin formation, El-Dessouki (1992) analysed 15 samples of 
paprika and 24 samples of chilli powder for aflatoxins. Seven of the paprika samples contained 
aflatoxin B, and B2 and up to 15.3 p g  total aflatoxins per kg sample. Thirteen of the chilli sam- 
ples contained aflatoxin B1, B2 and G ,  contained up to 218.4 p g  total aflatoxins per kg sample. 
According to the German legislation, the so-called Aflatoxin-Verordnung, the aflatoxin content 
is restricted to 2 p g  aflatoxin B, per kg and 4 p g  total aflaroxin per kg foodstuff. These values 
have currently been raised by the European Community for several spices including paprika and 
chilli to 5 p g  aflatoxin B1 and 10 p g  total aflatoxin per kg foodstuff (EC Regulations 
No 47212002). Bassen and Brunn (1999) analysed ten random samples of paprika for ochratoxin 
A residues. Only one sample was negative, the others possessed ochratoxin A in quantities 
between 0.5 and 8.6 pgikg. 

Against this background it is more and more important to install GAP- and HACCP-systems 
in the cultivation and processing lines in order to control the microbial risks for all kinds of 
Capsjc-iini products. One of the requirements for paprika fruits is that the mechanical handling 
should be sufficient to ensure that the fruits are not damaged during harvesting or storage so as 
to prevent infection, e.g. with moulds 

Cultivation properties 

hfodern strategies in agricultural and food production technologies ensure a complete line from 
the production of the paprika fr~lits to the dried and ground paprika powder on the table of the 
consumers. In order to exploit the modern technological possibilities in an optimal way it is nec- 
essary to find a common level of communication between breeders, farmers and food technolo- 
gists. For this reason the discussion of actual requirements on paprika powder for food 
processing s l io~~ld  be completed with a summary of properties, which should be fulfilled by an 
optimal paprika variety. 

e The growth period of the variety should be as short as possible so as to ensure that the fruits 
will thoroughly ripen on the plant before the cold season starts (e.g. in Hungary). 

e In order to ensure an even maturation, the individual fruits should develop as uniformly as 
possible. The decision mrhetlier a fruit may be picked is to be made by the harvester in accor- 
dance with the degree of colouration. From a hygienic point of view mechanical harvesting 
is preferred. 

e The fruits should not be prone to interior mould growth so as to prevent the occurrence 
of mycotoxins. I t  will be an interesting field of research to look at whether the 
comprehensive gene pool of C~zpsii-z~riz comprises natural activities against internal mould 
growing or not. 

e Plants should be robust and have a solid stem to prevent fruits from coming into 
contact with the ground. The direct or indirect contact (splash water during rainfall or irri- 
gation) of the fruits with the ground or n ~ i t h  soil particles is one of the routes of microbial 
contamination. 

o Maximization of hectare yields with regard to ASTA (colour) values. 
o Resistance to insects and plant diseases. 
s Resistance to plant-protective agents. 



e Growing wich equally good results in geographically differing regions. Recently it was dis- 
cussed whether organizing paprika cultivation in climatically differing regions ivas possible 
so as to provide the  market w i th  new paprika every four to  six monchs. Presupposing a 
defined and constal-ir quality standard, this provision could be the  basis on  which to  
nlinimize the necessary storage periods between harvesting and processing. 

Closing remarks 

Ic should be clear that [he partnership betvieen breeders, Farmers, food technologists, salesmen 
and customers has to be established on a higher level than i t  has been in  the past. The require- 
ments call only be mec by operations and procedures which are accepted by the consumers in dif- 
ferent countries. However, concerning the discussed context, irradiation anci genetic engineering 
are two important methods which are not currently accepted by consumers in  many countries. 
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14 Adulterants, contaminants and 
pollutants in Capsicam products 

$. G h a k ~ d u ~ t i  and B. R. Roll 

Chilli clsed as a spice has agricultural and marketing specifications and also food standards 
in national regulations since chilli is a food, a food supplement or a food adjunct. Concerns 
on quality and safety emerge on account of occasional aberrations of adulteration, contami- 
nation and pollution. Relatively stable pollutants of air, water and soil get to this plant 
product engendered by all these three, Needless to say, adulteration is intentional and con- 
tamination incidental. The latter exceeding the limits of good agricultural and manufactur- 
ing practices changes to adulteration even if not intentional. This chapter deals with 
adulteration in the whole, in the form of powder and paste of chilli. The details include 
microscopic detection of adulterants, estimation of carotenoids and non-volatile ether 
extract of extracted chilli and that influenced by addition of edible oils. Contaminants 
specially in respect to irradiation and added colours are included. Pollutants include trace 
metals, pesticides, mycotoxins and microbes. Insect-infested and insect-damaged chilli may 
not be rare in tropical regions. 

Introduction 

Chilli is not an esoteric spice and is not very costly either. Even then, it  attracts its own 
moderate share of adulteration, which by all means requires to be taken into consideration. Both 
for cheapness and a very pronounced sensory bite it is utilised extensively by common and poor 
people specially in the developing countries. High incidence of pungency, as revealed by high 
Scoville units (factor of manifold dilution, ~ h i c h  still retains pungency), is responsible for tick- 
ling the taste buds of pungency making even a bland or insipid food gastronomically acceptable. 
This is the first choice from the spices among poor people who consume mostly chilli in absence 
of multiple dishes or varieties and hence its turnover is considerable. It is the spice of the people. 

Even though adulteration, contamination or pollution in chilli is not extensive, it  is duly 
surveilled for quality control cluring harvesting and post-harvest processing, commercial trans- 
action and trade, and activities towards food and flavour regulations. The powder or the paste of 
chilli is more 1-ulnerable to adulteration as foreign substances can go into it visually undetected. 

Adulteration in chilli 

Chilli zc*hole 

The follom~ing points of adulteration may be considered: 

1 Extraneous matter including calyx pieces, loose tops, dirt, lumps of earth, stones and rnould 
growth, etc. If the mould or the sprouted spores are identified as those producing toxins, 
e.g. Aspeyilli or Peizicillia, the apprehendecl mycotoxins sho~ild be looked for. 
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2 Extraneous colouring matter (Mitra et  al. ,  1961; Banerjee e t  a l . ,  1974), coating of mineral 
oils (Sen et al., 1973) or other facing and coating liq~iids or powders. 

3 Insect-damaged foods and related matters. 
4 Harmful substances. 

The items are awalysed as usual. While in whole chilli insect damage is estirnared by refraction, 
that in powder or paste is estimated by colorimetry of uric acid (Martin, 1979) and by 
chromatography techniques (Sengupra et al . ,  1972). 

Poz~~der-ed (or  paste) chilli 

1 Excessive moisture, dirt, dust, rnoulcl growth, insect ~nfestation, fermentation, extraneous 
matter, and added colouring and flavouring agents are the main adulterants. 

2 It is claimed that a small amount of edible oil is used for post-harvest processing of whole 
chilli and powdering or pasting chilli. Hence, Indian srandard specification allom~s a maxi- 
mum of 2% of such oils in chilli powder with the follom~ing labelling declaration "Chillies 
in this package contain an adnlixture of not more than 2% o f . .  . (name of the edible oil)" 
(Food Regularions, 1955). 

3 Microscopic detection of adulterants: Microscopic structure of chilli powder or paste has 
been nrorked out (Winton and Winton, 1947; Parry, 1969). Thus, aleurone, chloroplasts, 
cuticle, cuticle grooves, endocarp, endosperm, exocarp, giant cells, hairs, hypoclermis, 
mesocarp, oil drops, phloem, fibre, seed coat, spiral vessels, stone cells, ~ascu la r  bundles, 
xylem fibres, etc. have been recognised and documented. It  is possible for any foreign 
matter to be recognisecl by the presence of uncharacteristic structures or by detection of 
well-known foreign microscopic structures like different starches. Chilli powder is not 
I t n o ~ n  to 11a~-e starch granules, though acid hydrolysed and diastase (hfitra et al. ,  19'0) 
treated cell contents can provide reducing eqilivalents not of glucose but of pentoses from 
pentosans and hemi-celluloses. Powclered calyces and pedicels if present in excess in chilli 
powder or paste \vill constirute adulterarion. 

i Chilli is cheap and even though at present [here is no major market for capsaicin. the pun- 
gent principle of chilli, or irs derivatives, it will soon be in great demand due to its preser- 
vative, antioxidant and medicinal properties. There is a possibiliry that chilli (whole or 
ponldered) can be partially extracted of capsaicin. Such samples can be deemed aclulreratecl 
as anything abstracteci or added without labelling constitutes adulteration. This deficiency 
can be detected by estimating the pungency in Scoville units (International Standards 
Organisation, 1977) and its deficiency from usual and undisputed concenrration of 
capsaicin or from the lowest concentration as permitted in the standard specification. It  is 
possible that capsaicin is taken as a parameter along with others for grading chilli. The defi- 
ciency will decrease the non-volatile ether extract of chilli, which is an in~portanr analytical 
parameter of authenticity of a sample of chilli. 

Detection and estimation of carotenoids can also be carried out in normal and extracted 
chilli (Banerjee e t  a/ . ,  1973). If the normal value is established by analysing a large number 
of any particular variety, then the deficiency in the extracted samples can be detected. 

5 It  is possible that the non-volatile ether extract of chilli can be fraudu1entall~- boosted 
by oils. This can be ascertained by derecting if mineral oil is added (Sen et a l . ,  1973) or 
by estimating iodine value of lipids extracted from chilli powder. Chilli seed oil lias 
an iodine val~ie of 126, which will be increased or decreased according to the extraneous 
oil added. 
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Contamination 

The possible contaminants are agricultural and biological residues, fungi, rodent hair and 
excreta, radioactive and radiolytic products (as chilli powder specially the old specimens can be 
irradiared by ionising radiarions if national legislation permits), insect ova and pupa, etc. 

All these contaminants will call for specific analytical exercises. While refraction will answer 
for visible contaminants physically present- and microscopy for ova and pupa, the invisible 
rodent excreta of urea is detected by TLC (Roy and Bose, 1972). 

If chilli samples are to be preserved or protected by exposure to ionising radiation, it  has to be 
clone in conformity with the statutory provision in force (Food Regulations, 1955). The dosage 
for chilli is 6, 1 1  and 10 kGy as minimum, maximurn and overall average, respectively. 

Colours are not added or allo\ved to be added in n~hole chilli or its powder and pasre. If colours 
are added, the samples can be condemned as misbrancled or as adulterated. The relevant analyses 
(Mitra e t  al . ,  1961) rely on colour change in ether and alcoholic extracts with -3 : 1 or 4 : 1 WC1 
and on reversed-phase chromatography of alcohol (90%) extract of chilli wherein the natural and 
synthetic colours are resolved. While the natura! colours vanish in a day or tnTo in the chro- 
marogram, rhe added synrhetics are stable. Banerjee r t  nl. (1974) isolated fat-soluble colours by 
extraction with hexane, partition by dimethyl forrnamide and water and chromatography on 
activated alumina. The isolated colours were separated and idenrified by thin layer chron~ato- 
graphy and differentiated from natural colours. 

Pollutants 

Trace ruetals 

The main environmental poll~ltants in whole chilli are toxic trace metals from agronomic 
sources particularly agricultural, chemical and processing operations. As per regularion (Food 
Regulations, 1955) the maximum allowable concentration in ppm of some metal pollutanrs in 
chilli is given below: 

Lead 
Copper 
Arsenic 
Tin 
Zinc 
Cadmium 
5ferc~iry 
Methyl mercury 
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Pesticides 

Pesticide residue can also be a class of pollutants as in other agricultural commodities, and at 
times it could be ~ lnder  surveillance as provided in regulations. When the history of use and 
names of pesticides in a sample of chilli are not known, the generalised methods for the particu- 
lar class of pesticides can be ~ l sed  followed by specific tests for the individual pesticides 
(Chal<rabarti and Roy, 1976 and by multiresidue methods, AOAC, 1990). However, the pres- 
ence or q~lalitative detection to be determined within a short time if standardised well will be 
welcome; if positive it can be follo\ved for pinpointing and quantitation of the pesticide present. 
Suitable insects can be utilised for the screening for only the presence of pesticides in general 
(Mandal and Mandal, 1999). These authors showed a possibility of laboratory rearing of an 
insect for preliminary detection of the presence of any pesticide. 

Mycotoxins particularly aflatoxins are sometimes looked for. Our laboratory had continuous 
monitoring of market samples of food for ailatoxin pollution. As no positive cases on chillies 
came to light, no firm conclusions could be made in this regard. The usual limit of aflatoxins in 
chilli is 0.03 ppm. 

i%ficvobiological status 

This laboratory looked for microbial spores in chilli powder among others but no significant case 
with potential of microbial spoilage or toxicosis was however reported (Guha and Roy, 2001). 
Antimicrobial effect of chilli, though mild, c o ~ ~ l d  help inhibit some microflora of the foods, but, 
on the other hancl, spices are known to (it is possible that chilli too) stimulate the growth of lac- 
tic acid bacteria. This is reportedly a result of their manganese content. 

If the microbial content is even moderate and if the chilli is not sterilised the food may be 
contaminated and to the extent spoilage n7ill occur. Needless to say the number of thermophilic 
flat sour spores and thermophilic types not producing hydrogen sulphide should be low if the 
spice is to be used in canned products like canned curry and meat. Such type of organisms do not 
have the same importance in non-canned products. 

Chillies showing very high nlicrobial counts are likely to be of low sanitary quality and 
indicative of none-too-well hygienic practices in the production and handling. These counts can 
be used as a guide for judging contamination and designing uses. 
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15 Colour differences in peppers 
and paprikas 

Ricardo Gbvzez- Ladrbn de Gztevava. Jose' E. Pardo-Gonzd'lez, 
Andre's Alvar~~zziz-Bernzejn, iMunuel Gonzdez-Ranzos and 
Ra~?zOjZ 'VdvOiZ-Castellunos 

The influence of the growing conditions of pepper (Capsicuit~ ~ ~ ~ M M I I I  L.) - open air and 
greenhouse -on the evolution of the fruit chlorophyll content, its final colour and the qual- 
ity of the obtained paprika, is discussed in this chapter. Furthermore, the chromatic co- 
ordinates a* and h'3, measured on the ripe fruits, allow a simple, fast and reliable way to 
estimate the quality of peppers, expressed in ASTA units. Finally, the influence of the storage 
conditions - temperature and humidity - on paprika colo~lr loss are analysed and the exper- 
imental data are fitted to a first-order kinetic model. The rate constants for the Ocal variety 
are calculated for different growing conditions. 

Introduction 

The external appearance of fruits, particularly their colour, is of prime importance when consid- 
ering the different attributes which define quality and, in the case of fruits destined for fresh 
consumption, a visual inlpression that does not coincide with the established standard easily 
leads to refusal. 

In the case of pepper varieties (C. anizz/ldnj L.) destined for the processing of paprikas and oleo- 
resins, which are two of the most widely used natural colourants in the food industry (Fisher and 
Kocis, 1987), the acquirement of lines rich in carotenoids, basically red ones, is of great impor- 
tance: since their quality is closely related to their colouring power (Costa, 1979, 1980; Soriano 
e t  a l . ,  1990). Thus, the ripening of pepper fruit has been ~ h e  object of interest of many 
researchers, not only because of the spectacular change they undergo but also because of the conl- 
plexity of the mechanisms which take part in the process of biosynthesis of capsanthin, a typical 
colourant of this fruit (Lbpez, 1972; Alem6n and Navarro, 1973; De la Torre and Farre, 1975; 
Candela et al., 1984; Fisher and Kocis, 1987; Alcaraz, 1990; Almela e t  al.,  1990, 1991; Ort-iz 
e t  al. ,  1990; hfinguez and Hornero, 1993, 1994; Biacs and Daood, 1994). 

Normally, the change in colour of the pepper surface takes places as a result of both chloro- 
phyll degradation and a considerable increase in its carotenoid content. These factors are influ- 
enced by the temperature and illumination to which the fruit is exposecl. Only in the varieties 
containing chlorophyll retaining genes, the total chlorophyll content suddenly increases at the 
onset of ripening, principally due to the sharp increase of cl~lorophyll 6. From this moment 
onwards, the content of chlorophyll (particularly of chlorophyll a )  decreases, but not to  the 
extent that they completely disappear in the ripe fruit (Ferrer and Costa, 1991). 

As mentioned above, paprika, prod~lced by dehydration and s~lbsequent grinding of the whole 
fruits of certain pepper varieties, is one of the most widely used spices in the food sector, espe- 
cially in the meat processiilg industry. Paprika colour and pepper colour, is the most important 
quality characteristic and depends on its caroteiloid content (Davies e t  al.,  1970; Nakayama and 
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Mata, 1973). The content and relative proportion of this type of plant pigment varies greatly 
according to the variety, ripeness, climatic conditions and cultivation techniques used (Davies 
e t  al. ,  1970; Nagle et al., 1979; Reeves, 1987; Costa et al. ,  1989; Alrnela e t  al., 1991; Costa, 
1991). Among the methods used for measuring paprika colour nre can cite absorption (Soriano 
et al. ,  1990; Alrnela et a/., 1991; hfinguez and Hornero, 1993; Navarro and Costa, 1993; 
Minguez and Hornero, 1994) and reflection (Conrad et al., 1987; Pardo et a/., 1996), although 
the most widely used method is ASTA 20.1 (ASTA, 1986). Another way to express the colour is 
the tint, which estimates the relative proportion of the red carotenoid pigments lvith regard to 
the content of the yellow ones in the products. 

On the other hand, the use of tristirnulus colorimetry is widely used. This method is quick 
and easy and, moreover, it allows a better classification of the samples by their external colour 
than the ASTA methoci (Conrad eta/.,  1987). The development of methods have been attempted 
by Nagle et al. (1979) and Reeves (1987) which allow the deduction or evaluation of the real 
pigment content of a fruit bp its tristimulus values, obtaining unlike results. It  seems as if only 
the ratio of the chromatic co-ordinates a*/h* of the paprikas is related to their total pigment 
content (Drdak et nl., 1982). In other cases, the use of more complex chromatic indices (2000 
a * i ~ : g p  ) can satisfactorily illustrate the external visual colour of the different fruits (Carrefio 

rt n/.,  1995). Finally, the chlorophyll evolution in the pepper paprika varieties throughout their 
ripening is a subject which has also been studied by several authors because of the importance of 
their gradual transformation into carotenoids (Camara and Brangeon, 1981; Ziegler et al., 1983; 
Carde e t  al., 1988; Ferrer and Costa, 1991). 

Until recently, all studies examining the final quality of different varieties of paprikas and 
paprika peppers have used, either colorimetric absorption methods (Soriano et al., 1990; Almela 
et al., 1991; Minguez and Hornero, 1993; Navarro and Costa, 1993; bfinguez and Hornero, 
1994) or colorimetric reflection methods (Conrad et al., 1987; G6mez et al., 1996; Pardo et al., 
1996; Navarro et '?l., unpublished). As far as we know, both methods haw not been used in the 
same study ancl there is no study n~hich compares the colour obtained in greenhouse varieties 
with the same X-arieties cultivated in the open air. 

A number of pepper varieties grown in two different conditions (open air and greenhouse) 
have been evaluated by reflection colorimetric methods, and paprika obtained from these fruits 
has been evaluated by absorption colorimetric methods (G6mez et al., 1998a). It  was shown tlhar 
the different tech~liques o i  cultivation lead to differences in the colorimetric co-ordinates of the 
fruits. The chloropl~yll evolution throughout the ripening process of the fruit - in the two dif- 
ferent techniques - has been e\~aluated, due to the importance of the presence of this pigment in  
the final colour. 

After analysing the relationship between the pepper f r ~ ~ i t  colour and their corresponding 
paprika, the influence of the storage conditions of paprika on its quality has also been studied. 
Paprika, like most foods, loses colour during storage. This colour loss begins with the destruc- 
tion of vitamins C and E and continues with the degradation of the yellow ancl red carotenoids 
due to their oxidation by free oxygen. At the same time, this oxygen is influenced by external 
factors which may be of a physical (temperature, humidity, light, etc.) or chemical nature (pres- 
ence of metallic ions, enzymes, peroxides, etc.) (Alemjn and Navarro, 197.3; Salmerbn, 1973). 

Colour is not usually extracted from the skin of the pepper fruit immediately after harvesting 
a ~ l d  drying, but several months later. For this reason, it is very important to establish suitable 
storage conditions, so that colour loss might be minimized. In turn, this means that the influ- 
ence of different factors (light, temperature, humidit!: etc.) must be established. 

The literature contains several references to the influence of temperature on the loss of colour 
in paprikas (Alemjn and Navarro, 1973; Soriano et al., 1990). Traditional pepper varieties are 



being s~lbst i tu ted progressively by other varieties, obtained by breeding techniques, 1~1 th  
greater yields and colouring potential .  A selection was carried our in  the  Escuela Tecnica 
Superior de Ingenieros Agr6nomos de Albacete (Spain) with the Ocal variety. Since this cultivar 
galre good results during the latter seasons i t  was decided: ( l )  ro analyse how different tempera- 
cure and humidity conditions affected paprika obtained from the menrionecl 1:ariety grown in 
the open air or greenhouse, using the ASTA 20.1 method to determine colour; and, (2) to  fit the 
experimental data for colour ro first-order kinetics and obtain paprilca colour loss rate constants 
for each of the storage conditions studied (66mez e t  al . ,  1998b). 

Colour differences between fruits grown in 
greenhouse and open air 

Table 15.1  shom~s the mean extractable value (ASTA units) and tint of paprilca obtained from SIX 

pepper varietier grown in greenhouse and open air (G6mez e t  al., 199Xa). Note that the green- 
house varieties show higher ASTA unirs and higher t int  values in  all cases. 

Table 15.2 gives the values corresponding to the CIELAB colour space co-ordinates (L:::, u:k, 
h:':), chromatic q ~ ~ o t i e n t s  and chroma for the colour by reflection of the fruits for both growing 
systems. i n  the  reci fruits the greenhouse values for brightness (L':'), red (a2+) and pellon~ (h:') 
components and chroma (C::') are lower, clue to  the  fiacr that  the  plant receives less sunl ight  
(G6mez e t  al . ,  1998a). These lower values reflect darker and duller fruit colours, as expected 
when taking the physical significance of these parameters into accounr. 

Figure 15.1  shows the representative points of the red greenhouse and open air fruit varieties 
in the  colour space CIELAB, making evident the colouring difference. I t  is observed that  the 
open air varieties, with better visual c o l o ~ ~ r s  (highest C:'; value), are separated from the green- 
house varieties which are on the top right-hand side of rhe diagram. 

T h e  chlorophyll n (C:,) and il (C,,) content of the  fruits during the  growing and ripening 
process is shown in  Table 15.3  for greenhouse and open air varieties. I t  may be observed how the 
total chlorophyll content (C, + C;) decreases progressively. While  the fruit colouring is only 
green (up to 35 days in greenhouse and 1 5  days in the  open air), the  chlorophyll n content is 

Tnhle 15.1 Average valuer of extractable colour (AS'I'A) 
ancl t in t  of the paprrkas of !he varieries 
culrih-ated i n  greenhouse (GH) and in rhe 
open alr (OA), obrained rn each case from 
five different lneasurements 

T'ut.isties ASTA iili~t~ T1:zt 

Darler (GH) 360 i 5 1.009 1 0.002 
Ocal (CH) 316 -t 5 1.00' i 0.002 
Dncoca (GIH) 354 i 5 0.998 i 0.002 
Largurllo (GH) 31' i 4 1.007 i 0.002 
Numex (GH) 1 9 1 i  3 0.996 i 0.003 
Belrubi (GH) 359 2 5 0.993 i 0.002 
Datler (OA) 248 i 4 0.9'3 i 0.002 
Ocal (OA) 268 i 4 0.979 2 0.002 
Datoca (OA) 3-33 2 3 0.968 i 0.002 
Larguillo (OA) 295 i 4  0.979 i 0.002 
Numex (OA) 181 + j 0.955 i 0.003 
Belrubi (OA) - 7s; = 4 0.965 i 0.002 



Tohie l j . 2  Values of the chromatic co-ordinates CIELAB (L:" ,a::. h':), chromatic quotieilts (n: ' :~i/ ' : : ,  

2000o':'L':'i/'?) ancl cliroma (C:?) of the red fruit varieties culti\rated in GH and in O A  

Datler 32.21 3 . 4 1  2 9 . 0  6 9.97 14.99 2.91 2.4.3 5S.74 49.44 30.76 39.40 
Ocal 34.68 35.69 3 2 . 3  35.93 11.02 13.36 2.93 2.69 54.58 52.51 34.20 38.34 
Datoca 33.11 3 3  30.9' 35.'0 10.64 13.62 2.91 2.62 i 7 . 1 3  54.43 32.74 38.21 
Larg~iillo 35.46 35.56 33.58 36.50 1l.'6 14.18 2.85 2.5- 53.23 52.42 35.58 39.16 
N u m e s  34.31 38 . j7  34.86 38.'4 13.04 19.59 2.67 1.9' 54.59 46  27 37.22 43.41 
Aelrubi 33.39 Y . 6 8  30.25 41.41 10.23 18.21 2.95 2.2' 56.74 48.58 31.93 't5.21 

CIELAB 
I I 

I 11~1.~65 

Numex (OA) 

Belrubi (OA) 

Datler (OA) 
" Larguillo (OA) 

Numex (GH) -- Datoca (OA) 
Ocal (OA) 

Datoca (GH) " Larguillo (GH) 
Belrubi (GH) , - " 

Datler (GH) " Ocal (GH) 

Flg2ii.e 15.1 Pointa in tile CIELAB colour space correspoilding to the red fruits of the  differetlt assayecl 
varieties in GI-I and in OA.  

higher chan the chlorophyll b. The appearance of the first red tones coincides with the moment 
in which the cl~lorophyll i? content surpasses the chlorophyll a (45 days in  greenhouse and 
55 days in the open air). During the chromatic evolution of the fruit to unifornl red colour, the 
total chlorophyll quantity decreases, but in all cases the content of chlorophyll b is higher than 
that of chlorophyll n.  The final chlorophyll content in red fruits is higher in the greenhouse 
varieties, which leads to lower values of the a'!: component and, therefore, to their being placecl 
more to the left in the CIELAB colour space (Figure 15.1). 

Table l 5  .4 illustrates the data above, showing the quotient between chlorophyll n!chlorophyll b 
(C,ICb) during the growing and ripening process. I t  may be noted that while the fruit presents 
only green tones (up to 35 days in greenhouse and 45 days in the open air), the quotient varies 
from 2.48 to 1.05, whereas as soon as the red tones appear (15 days in greenhouse ancl 55 days in 
the open air), these \,alues vary between 0.66 and 0.43 due to the strong decrease of chlorophyll a. 
The completely red fruits, both greenhouse and open air fruits, shonr values lower chan 0.55. 



Table 15.3 Evolution of the chlorophyll a (C,) and b (C,) contents, expressed in mgil00g weight, during the growing and ripening process of 
the pepper paprika fruits in G H  and in OA 

Vurictm I 5  <lays 

c N 

Datler (GH) 152.91 
Ocal (GH) 125.07 
Datoca (GH) 68.97 
Larguillo (GH) 99.84 
Numex (GH) 13 1.43 
Belrubi (GH) 138.64 
Datler (OA) 91.05 
Ocal (OA) 176.20 
Datoca (OA) 57.55 
Larguillo (OA) 92.68 
Numex (OA) 93.21 
Belrubi (OA) 228.12 

87.21 
66.17 
41.30 
63.15 
78.05 
80.80 
67.57 
86.53 
27.45 
56.71 
57.15 
96.56 

25 duys 35 duys 45 duyr 

C', Cb c, cl, C', c, 

100.58 60.26 71.04 28.55 8.15 14.59 
81.96 46.66 59.42 38.90 5.23 10.38 
54.48 31.41 32.26 17.00 4.38 9.75 

101.07 79.97 35.40 19.75 4.78 10.93 
139.46 82.45 113.52 77.63 5.68 9.52 
136.01 80.62 14.92 14.17 11.70 22.83 

62.68 45.73 49.80 40.68 16.62 10.77 
124.30 64.66 93.46 47.05 81.31 59.02 

50.58 25.00 52.56 36.47 28.13 14.57 
71.03 52.2.3 42.15 33.43 18.12 13.73 
78.51 43.42 66.22 38.38 45.47 27.20 

210.19 104.79 85.87 44.56 9 5 . 1 5  45.62 

5 5  duyr 

C', c, 

4.50 9.86 
2.81 6.39 
3.73 7.36 
4.00 9.91 
5.32 11.06 
6.01 12.53 
4.67 7.18 
5.92 11.84 
4.25 7.84 
3.59 6.28 
2.24 3.32 
6.88 12.98 

2.86 5.20 
1.56 3.28 
2.36 4.83 
1.74 3.47 
1.25 2.39 
2.25 4.58 



Tribit I i.4 Values of tile chloropiiyll n 'chlorophyll b quotiellt (C,,lCb) during the 
growing and ripening process of rhe pepper paprlka fruics in GH 
ancl in OA 

Datler (GH) 
Ocal (GH) 
Datoca (GH) 
Larguillo (GH) 
Numex (CH) 
Belrubi (OA) 
Datler (OA) 
Ocal (OA) 
Datoca (OA) 
Larg~~illo (OA) 
Kumex (OA) 
Belrubi (OA) 

Gble li. j Coeificiencs of correlation between the extractable colour (ASTA) of the GH and OA 
pepper paprikas wich che chromac~c co-ordinates (L::', a'i:, L:"), quotients (a'Vb*, 
2000n*lL:::h*) and chroma (C*) of the red fruits 

ASTA L" :i: :,: ri*,/:;: 
I / 

?()0(jn>i: 'L'"* C:" 

Greenhouse -0.1202 0 . ' 8 0 5  -0.946 0 . 9 5 0  0.5213 -0.8601 
Open air -0.8434 -0.2-64 -0.6726 0.7672 0.8472 -0.4306 

Relationship between the visual colour of fruit 
and its pigment content 

Table 15.5 gives the coefficients of the correlation between the total content of paprika pigments 
(ASTA units) and the chromatic co-ordinates, chroma and the quotients (n'kli?":, 2000a'!'lL*i/*) of 
the fruits. I t  may be observed that in the greenhouse crop the correlation between ASTA and 
~ l + / h *  is good enough, due to the better correlations of both co-ordinates considered separately 
with extractable colour, but the correlation is not good in the open air cultivated plants. In  addi- 
tion the ASTA values of the greenhouse paprikas show good correlation with chroma (C:$) since 
this attribute is directly related with coordinates n'? and h'*. The open air paprikas show a good 
correlation with brightness (L::') and with the chromatic quotient (2000a'VL"b*) where this co- 
ordinate intervenes, probably due to the fidvourable lighting conditions. I n  Figure 15.2 the 
points corresponding to the pairs (ASTA units, a*/b") in both c~~ltivations are plotted, as well as 
the corresponcling regression lines. The equations of these lines are: 

Greenhouse ASTA  nits = - 1390.24 + 594.78 a':'/h" 
Open air ASTA units = - 95.54 + 150.15 n:g/b:K 

being the corresponding coefficients of correlation for equations (1) and (2) those indicated in  
Table 15.5, i.e. 0.9750 and 0.7672, respectively. 



Flg2izii.e 15.2 Plot of the  points correspondi~ig to the pairs (ASTA units, ~ * : b ' " )  in  hot-11 culr~vat-ion 
conditions. OA ( 2 )  and GH (a), as well as the corrrspond~ng regression lines. 

Finally, the experimental values of the ASTA units and the chromatic co-ordinates a'" and h*, 
using the least square method, have been fitted for both cultivation conditions to the following 
equation: 

ASTA units = c. + ~ ~ c l ' ~ + c ~ h "  ( 3 )  

The equations obtained are: 

Greenhouse ASTA units = 518.5.3 + 3 4 . 1 6 ~ "  - 115.81b':' 

Open air ASTA ~lnits = 1 2 2 . 2 3  + 22.8')a:* - 29.77bS: 

being the coefficients of the multiple correlation between ASTA ~ l n i t s  and a;:: and h;% for 
equations (4) and ( 5 )  0.9875 and 0.8579,  respectively. 

The experimental ASTA unit values are compared in Table 15.6 with the ones obtained using 
equations ( l ) ,  ( 2 ) ,  (4) and ( 5 ) .  It may be noted that both cultivation conditions shon~ a good con- 
cordance with the estimates made from the linear multiple correlation, the greenhouse one 
being much better for cultivation. The obtained correlations allow a very quick and easy esti- 
mate for the ASTA ~ln i t s  from the values of the chromatic co-ordinates a'* and h*, which are easy 
to obtain experimentally. These results could be applicable e.g. to decide the most appropriate 
moment for harvesting pepper paprika. 

Influence of storage conditions on paprika colour loss 

In this section a comparative study has been made of the colour and its kinetic loss in paprika 
made from a pepper variety, grown in the open air and greenhouse, during storage in darkness In 
different humidity and temperature conclitions. The experimental data were fitted to a first- 
order kinetic. For each of the storage conditions the constant rates of colour loss and the 
half-lives were obtained. 



Table l j , 6  Comparison berween the experimental value in ASTA unlrs of the 
p'qx~kas and the values estrmated bl- linear ("'j and lrnear multiple 
correlarion from equations ( l )  and (4). in GH, and eq~~a t ions  (2) anil (i) ,  
rn OA. The \.aliies of [he correlation coefficients corresponding to each 
correlarlon are indicated in the test 

Datler (GH) 
Ocal (GH) 
Datoca (GH) 
Lairguillo (GH) 
Nunies  (GH) 
Aelrubi (GH) 
Darler (OA) 
Ocal (OA) 
1)atoca (OA) 
Larpuillo (OA) 
Numex (OA) 
Belrubi (OA) 

7 ~ 1 . 1 ~  15.' Tempeuarure and humic1ir~- 
conditions rn tile dryers used 
in the experinlent 

L he pepper variety Ocal n7as used for this experiment and paprika was obtained from fruits 
gro\iTn in thermal polyethylene and in open air. 

The initial colour of the paprika n.as meas~rred in ASTA units and then foilr 5 g samples of each 
type \\.ere placed in open petri dishes of 86 m m  diameter. The samples were placed in dryers of the 
temperacure and relative humidity (RH) conditions shown in Table 15.7 (henceforth designated 
1-4). The RH of 75% was obtained by a saturated solution of sodiuln chloride placed in the dry- 
ers, while the RH of 0% (,al~proximately) was obtained by introducing dry silica gel, which was 
replaced when it began to lose its bright blue colour. The temperatures of 25"C, 5OC and -25°C 
were obtained by placing the dryers in the appropriate stove or freezer in the absence of light. 
Subsamples of the paprikas were extracted at 1-arious times for colour analysis (Figure 15.3). 

R a t e  c o ~ z s t n n t s  o f  t h e  colou,- loss process, s z~pposed  f i r s t  o d e , -  

The experimental data referring to storage time and corresponding ASTA units were fitted b>- 
non-linear regression to equation (G), corresponding to first-order kinetics (Var6n et al., 2000): 



244 Ghtei e t  al. 
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F i p r e  l j . 3  Evolution of colour In paprika obtained fro111 the Ocal variety grown in both culr~\~atiotl 
conditions and stored in the four conditions considered. The symbols (C) and ( c )  refer to OA 
and GH conditions, respectively. 

350 

where A is the instantaneous colour of the paprika expressed in ASTA units,  A,, is the colour 
at  t ime t = 0 and h is the colour loss constant of the first order. The  values of the  parameters 
A ,  and A were obtained by non-linear regression of the experimental data of A and t to equation (6). 
The initial estimates of A, and h ,  which are necessary for the fi t t ing by non-linear regression to 
equation (61, were obtained f rom the  slope and ordinate 011 the  origin of the s t ra ight  
line resulting from the fit by linear regression of the experimental data of A and t to equation 
1nA = InA,, - A t .  

300 

This  parameter gives the  t ime  i t  takes to  reduce colour by half and is obtained using 
equation (7): 

- o m 
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50 

0 0 
0 50 100 150 200 0 50 100 150 200 
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Ambiental relative humidity: 0 
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Ambiental relative humidity: 0 



The experimental half-life time, t, 3,cxp, is the time taken for A to be half of the initial exper- 
imental value of A (which generally does not coincide with the value of A. obtained by the fit), 
which we shall denominate AO,enp This was determined by linear interpolation between the 
times corresponding to the experimental values of the absorbance before and after A(i,ex,/2. 

C o l o z ~ r  loss kitzetics 

Experimental data of Figure 15.3 were fitted to equation (6) by non-linear regression and the 
values of A. and the rate constant (A) were obtained, as well as the half-life obtained from 
the corresponding equation (7) and, when obtainable from the available experimental values, the 
experimental half-life (tl,,,,p). For given storage conditions, the A. and A values accurately char- 
acterized the process of colour loss in paprika, since they allowed us to determine the colour from 
equation (6), at any instant. The value of A. obtained from the fit was generally not equal to the 
val~le of the experimentally obtained initial colour (Ao,exp), although the difference was slight. 
For this reason, A(, represents the initial colour of the paprika in the storage conditions consid- 
ered. The half-life of a paprika's colour (tl;2), will be given by equation (7). Since, according to 
these equations, t l ,?  decreases as h increases, this parameter can be considered as a measurement 
of the speed of colo~lr loss, the greater the value of h the less stable the colour of the correspond- 
ing paprika. We shall now analyse the results obtained from fitting the experimental data to 
equation (6). 

It  can be seen from Table 15.8 that the colour stability of the paprika increases as follows: 
condition 1 < condition 3 < condition 2 < condition 4. 

For conditions 1 and 2, m~hich only differ in  relative humidity, i t  can be observed that: 
(i) colour stability and, therefore, half-life is much greater in condition 2; and, (ii) A,) value 
is greater in condition 1 .  

For conditions 1, 3 and 4, which correspond to the same relative humidity but different 
temperatures, the following can be observed: (i) as was expected, colour stability and, therefore, 
half-life (both tl  and t l  !L,exp, when this last value was determined), decreased as temperature 
rose; (ii) the value of A. decreased with decreasing temperatures; and, (iii) the experimental 
values tl  2,exp were higher than the corresponding theoretical ones, t l  ,. 

Fitting to equation (6) showed that in every condition assayed with a higher A value was 
matched by a lower t ,  ,, as was seen from equation (7). Thus, in given conditions, the order of 
paprikas from lower to higher values of A is the opposite of that of paprikas from lower to higher 
values oft,,,. 

Tohb 13.8 Results of fitting, by non-linear regression, the experimental data retlected in Figure 15.3 
with equation (6). The values of t ,  Z,eip tlot obtainable experimentally are 
indicated by - and in all cases are in excess of 214 days 

1 Greenhouse 
1 Open air 
2 Greenhouse 
2 Open air 
3 Greenhouse 
i Open air 
4 Greenhouse 
4 Open air 



A simple model of paprika carotenoid oxidation by oxygen in the air (Var6n e t  a l . ,  1997, 2000) 
has been proposed for the theoretical interpretation of equation (6). This model also confirms that 
the first-order kinetic of colour loss is really a pseudo-first-order kinetic since, at a given temper- 
ature, (A) is only constant if the concentration of the oxygen in contact with the paprika can be 
considered constant, which is reasonable ro suppose in ordinary storage conditions. 

The results obtained in this study show that the paprika obtained from the Ocal variety plants 
cultivated in greenhouse have greater initial colour (A,). It  can be seen that in conditions 1 anci 3 
(Table 15.7), the curves of the graphs obtained from the experimental data both from the field 
and greenhouse cross, while in conditions 2 and 4 (Table 15.7) they do not, since the time 
needed for this to happen is longer than the experimental period (214 days). This means that 
while the greenhouse-cultivated plants p r o d ~ ~ c e  a paprika of greater initial colour, its colour loss 
is also greater. In addition, although the greenhouse paprika suffers a greater loss of colour, in 
conditions 2 and 4 it continues to have more colour than that obtained from field cultivated 
peppers throughout the experimental period. Thus, the paprikas obtained from greenhouse- 
grown peppers and kept for less than 200 days in conditions 2 and 4 maintain higher levels of 
extractable colour during storage (Figure 15.3). In conditions 1 and 3, extractable colour in one 
or other of the paprikas is greater according to the number of days of storage. For example, after 
storage for about 25 days in condition l and 70 days in condition 3, the extractable colour of 
paprikas obtained from fruit cultivated in the open air is greater than that for greenhouse- 
cultivated peppers, regardless of the initial value of the former. 
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16 Future perspectives of capsaicin 
research 

Capsaicin, the pungent principle in chilli peppers has become a promising molecule for the 
development of a new generation of analgesic-anti-inflammatory agents with a target mol- 
ecule on nociceptive primary afferent neurons. The present state of knowledge in this field 
is summarized in this chapter after a short historical introduction. Furthermore, the hori- 
zons of new trends in the peptidergic neuroregulatory functions of these capsaicin-sensitive 
afferents are outlined. 

Recently the rat and human capsaicin (vanilloid) VR1 receptors have been cloned and 
identified in one group of sensory neurons. These nociceptive membrane proteins of the 
TRP superfamily are cation channels gated by noxious heat, protons, capsaicin, resinifera- 
toxin and endogenous ligands as anandamide and lipoxygenase products. TRPV channel 
subtypes with similar structure were cloned from neurons (VRL-l, VRS'sv, VR-OAc) and 
from non-neural tissues, but none of them were activated by the vanilloid agonists capsaicin 
or resiniferatoxin. The response characteristics of cell lines transfected with point mucant 
VR1 derivatives as well as nociceptive behaviour and sensory neuron features of V R l  knock 
out mice are summarized. The role of T R P V l I V R l  receptors in  inflammatory pain is 
emphasized. VR1 agonists after prolonged opening of the cation channel induce sensory 
desensitization of nociceptors to all types of stimuli by inducing secondary intracellular 
changes (dephosphorylation of VR1 receptors, inhibition of voltage-gated Ca-- and Na- 
channels, mitochondrial impairment). Sensory desensitization to the pain producing effect 
of bradykinin in the human skin and at the level of C-polymodal nociceptors is explained by 
intracellular biochemical changes in V R l  expressing nerve terminals. Evidence that cap- 
saicin scimulates then desensitizes the .warmth sensors of the hypothalamus is listed. It is 
suggested that the signal-inducing sensory function and peptidergic efferent filnctions are 
coupled at the level of the same capsaicin-sensitive sensory nerve terminals. The excitation- 
induced release of tachpkinins and CGRP elicit local efferent responses as neurogenic 
inflammation, ~asodilacation and various smooth muscle responses. The release of somato- 
statin from these nerve endings induces systenlic anti-inflammatory and analgesic effects 
("the sensocrine" function of capsaicin-sensitive nociceptors). The pathophysiological rele- 
vance of these "unorthodox" regulatory mechanisms form promising perspectives for drug 
development. The possible physiological role of sensory neuropeptides are indicated by the 
vasodilatory response of CGRP and the anti-inflammatory effects of somatostatin released 
from these capsaicin-sensitive afferents at the subnociceptive level of stimulation. 

Introduction 

In recent years remarkable breakthroughs have opened up for drug research by the identification 
of new cellular target molecules with validated pathobiological significance. hfosr of these target 



identifications were made with the aid of wonderful exogenous lead molec~~les  often made by 
nature in different plants or animal poisons. Capsaicin is certainly one of these promising lead 
molecules. Its powerful, selective pain producing and desensitizing effects were first described 
by Andreas Hiigyes (1878) and Nicholas Jancs6 (1960), respectively. Subsequently, postulation 
of a new receptor molecl-11e the "capsaicin receptor" in cell membrane of a subgroup of primary 
afferent neurons was proposed (Szolcsinyi and Jancs6 GBbor, 1975, 1976). This hypothesis was 
put forward on the basis of f o ~ ~ r  sets of observations made by our group in the late sixties and 
early seventies (Szolcsinyi, 1982, 1984a; Buck and Burks, 1986; Holzer, 1991; Maggi, 1995). 

1 The potent pungent effect of capsaicin turned out to  be absent in several species. 
Kociceptive protective reflexes were not evoked in non-mammalian species such as frog, 
chicken or pigeon. 

2 The loss of sensation evoked by high concentration of capsaicin is highly selective, as 
revealed by quantitative psychophysical assessments on the human tongue after topical cap- 
saicin application. Hot  or irritant pain sensation induced by capsaicin, piperine, zingerone 
or mustard oil was not detectable. Noxious heat threshold was enhanced and -warmth 
discrimination was impaired after capsaicin treatment. On the other hand, taste stimuli, 
difference limen in the cold range, threshold concentration of menthol and tactile sensation 
remained unchanged. 

3 Structure-activity relationship showed that small changes in the capsaicin srructure have 
profound effect on its agonist activity. Furthermore, pharmacophores required for the exci- 
tatory and sensory blocking effects of the capsaicin congeners were partially different. 

4 The capsaicin-sensitive subgroup of primary afferent neurons was identified by the ultra- 
structural changes ind~lced by systemic treatment of rats with high doses of capsaicin. 
Capsaicin-responsive cells were the small, dark, B-type neurons of the trigeminal, nodosal 
and dorsal roor ganglia, as well as a subgro~lp of small neurons in the hypothalamic medial 
preoptic area, where the central warmth sensors are situated in high density. Light, A-type 
primary afferenc neurons and satellite cells in these ganglia, or cellular elements of the 
symparhetic ganglia were not altered. 

Subsequently, the neuroselective site of action of capsaicin was supporred in our further elec- 
trophysiological and in vitm pharmacological studies. Close arterial injections of capsaicin in  
rabbit, rat and cat selectively activated cutaneous C- and A-delta polymodal nociceptors which 
comprise about 50% of the pop~llation of the primary afferent neurons. On the other hand, all 
types of mechanoreceptors, including the A-delta mechanonociceptors or C-mechanoreceprors, 
mere not activated by capsaicin (Szolcsinyi, 1993, 1996). Furthermore, neuroeffectors which 
mediate cholinergic, adrenergic, purinergic, peptidergic autonomic and intrinsic enteric neuro- 
rransmissions in the guinea-pig gut were not influenced by capsaicin (Maggi, 1995). 

With the advent of the neuropeptide era, capsaicin gained considerable interest outside 
Hungary when in 1978 Tom Jessell, Leslie Iversen and Cuomo Cuello, and soon after Fred 
Lembeck's group in Graz and hlasanori Otsuka's group in Japan, clearly showed that capsaicin 
releases and subsequently depletes substance P from the primary afferenc neurons and their ter- 
minals b ~ l t  not from other parts of the nervous system (Holzer, 1991; Maggi, 1995). Capsaicin 
in this way turned out to be the first drug which selectively depleted a neuropeptide from a 
population of neurons. 

Afterwards, various ways of systemic or local pretreatments with capsaicin were utilized in  
a broad scale to reveal the presence and role of substance P, somatostatin and the newly identi- 
fied neuropeptides e.g. CGRP, VIP, bombesin, etc. in sensory neurons and in their peripheral or 



central axonal arborizations. Most of these data were obtained in rats pretreated with capsaicin in 
the neonatal age since it had been suggested that this treatment induce an acute selective cell 
death of the chemosensory afferent population (Jancs6 e t  al., 1977). Re-evaluation of these early data 
was needed, however, subsequent studies revealed a lack of selectivity in the loss of C-polymodal 
nociceptors in these animals (Welk e t  al., 1984; Szolcshnyi, 1990; Nagy et al., 1983) which 
might be related to long-term phenotype changes and reorganization of the pathways. 
Furthermore, it  was recently reported that the loss of C-afferents observed in the adult age 
develop after a week and not within 30 minutes as it  was initally emphasized (Szolcshnyi et al., 
199Sb). The data obtained in animals pretreated in the adult age indicated a selective inactiva- 
tion and loss of noxious heat responsive afferents, the major group of which is the C-polymodal 
nociceptors (Szolcs6npi, 1990, 1993). Subsequently the capsaicin receptor was cloned (Caterina 
et  al. ,  1997) and the molec~~lar  biological repertoire for high throughput screening has opened 
the means for the discovery of the first putative analgesic acting at the level of nociceptors. The 
aim of the present overview is to focus on the perspectives of this drug research from a stand- 
point of describing the present state of knowledge in this field. Furthermore, new trends in pep- 
tidergic neuroregulatory mechanisms, which suggest that this capsaicin-sensitive substantial 
portion of the sensory neurons subserve local efferent and systemic "sensocrine" functions 
(Szolcslinyi, 1996; Th6n et al., 2000) are discussed briefly in this chapter. 

Identification of TRPVlJVR1 capsaicin receptors 

During the last decade the following direct approaches supplied new information which paved 
way to the identification of the capsaicin receptor. 

1 Resiniferatoxin (RTX) the irritant principle from the latex of a cactus-like plant Eaphorbia 
resiizzfirir (Figure 16.1) was identified as an "ultrapotent" capsaicin analogue. This 
homovanillic ester compound shares a common "vanilloid" structure wit11 the vanillylamide 
capsaicin and is suitable for studying high-affinity specific RTX binding sites, as its Kd 
v a l ~ ~ e  is as low as 18-46pM at D R G  membranes (Sz6118si and Blumberg, 1990, 1999). 

2 Single-channel currents evoked bp resiniferatoxin and capsaicin in isolated membrane 
patches from dorsal root ganglion neurons revealed that capsaicin directly opens a new type 
of cation channel without any second messenger. An influx of calcium and sodium are 
responsible for the neuropeptide release and for the major component of clepolarization, 
respectively (Bevan and Szolcslinyi, 1990; Bevan and Docherty, 1993; Vlacliova and 
Vyklicky, 1993; Oh et al., 1996). 

3 Capsazepine, a synthetic analog of capsaicin (Bevan and Docherty, 1993) and ruthenium red 
a polycationic dye (Amann and Maggi, 1991) antagonize the effect of capsaicin and 
resiniferatoxin on the capsaicin receptor. Capsazepine is a competitive capsaicin antagonist 
with moderate potency and a limited range of selectivity (ICjo 100-700 nM in D R G  neu- 
rons). Ruthenium red antagonizes the effect of capsaicin and resiniferatoxin by blocking the 
cationic channel part of the receptor in a concentration range of 50 nM-10 phf and in an 
iiz vivo dose range of 0.5-4mglkg in rat (Szolcshnyi et al., 1991, 1993). 

The capsaicin receptor-encoding cDNA was identified by functional screening of the capsaicin- 
induced calcium influx in transfected human embryonic kidney-derived HEK 293 cells. The 
cDNA library was constructed from dorsal root ganglion-derived messenger R N A  and its pools 
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Figr~rc 16. l Cliemical structure of capsaicin and resiniferatoxin 

Fjgiiia 16.2 Domain structure of the rapsaic~n VR1 recepcor. Posicions of acidic residues in the outer loops 
and pore region and the W and C t e r n ~ ~ n a l s  are indicaced. Open circles: glutamate, closed 
circles: aspartate. Open boxes nrith "A" delineate ankyrin repeat dornains. Predicted trans- 
membrane domains are numbered in open boxes. 

of approxin~atelp 16,000 clones were transfected. Capsaicin receptor-encoding $kilobase newly 
cloned cDNA was named as VR1, for vanilloid receptor subtype 1 (Caterina et al. ,  1997). 

The term vanilloid was introduced by SzillBsi and Blumberg (1990) to denote two subtypes 
of receptors, the capsaicin (C) vanilloid receptor and the resiniferatoxin (R) vanilloid receptor. 
Recently, however, the inventors of the vanilloid label consicler this name as "somewhat of a mis- 
nomer" since several non-uanilloid agonists were described for these receptors (Szillisi and 
Blumberg, 1999). It has also been claimed that it is misleading to refer in the name of a cloned 
receptor to a chemical moiety of some exogenous lead molecules .ivhich is missing in the 
proposecl endogenous ligand (SzolcsBnyi, 2000a,b). Since the capsaicin VR1 receptor belongs to 



the T R P  superfamily (Harteneck et n l . ,  2000) the T R P  Nomenclature Committee renamed 
it TRPVl .  

The capsaicin VR receptor of rat (rVR1) is a protein of 838 amino acids with a relative mass 
of 95,000. It is predicted to have six transmembrane domains (P sheets) topology with an addi- 
tional short hydrophobic stretch (predicted pore region) between transnlembrane regions 5 and 6 
(Figure 16.2). The capsaicin VR1 receptor is a cation channel with a remarkable feature of being 
opened by noxious heat besides capsaicin or resiniferatoxin (Table 16.1). It  serves in this way as 
a "nociceptive molecule", a hot transducer forming the molecular basis for the selective site of 
action of capsaicin on noxious heat responsive nociceptors (polymodal nociceptors). Selective 
action on C-polymodal nociceptors has already been revealed in multi-fibre preparations 
(Szolcs2nyi, 1977) and in single unit recordings from afferent fibers (Szolcsinyi, 1990, 1993, 
1996). Activation of single-channel currents of VRI -expressing oocvtes and that of cultured 
dorsal root ganglion neurons by capsaicin, resiniferatoxin and a membrane impermeable 

T'tdle 16.1 Nociceptive and non-nociceptive TRPV!VR receptor subtypes in neurons 

Xa711e Agnuzjt Heat 11-1 A~~tagonist Sti.~dcti*re Lumtior~ Re& 
tl~lasholn' l-elutiou 
("C) 

rVR1 Caps: yes 
RTX: yes 
12-HPETE: 
yes 

Ana: yes 
Protons: yes 
PPAHV: yes 

hVR1 Caps: yes 
Protons: yes 
PPAHV. no 

VRL-1 Capsaicin: no 
RTX: no 
Protons: no 

VR. 5 'sv Caps: no 
RTX: no 
Protons: no 

\'R-OAC RTX: no 
Ana: no 
Hypotonic 

solution: yes 

Outward Capsaze- 
2 rectificat~on pine: yes 

Ruthenium. 
red yes 

42-44 Outward Capsaze- 
rectification pine: yes 

Ruthenium, 
red: yes 

Dual, m a ~ n l y  Capsaze- 
52 outward pine: no 

rectification Ruthenium, 
red: yes 

None 

Dual 
Notie rectification 

6Thl DRG,  
+ pore, small cell, 
S38 aa Brain 

6TM D R G  
+ pore, 
819 aa 

6TlM D R G ,  
+ pore, medium, 
r 761 aa, large cell, 131 
h 764 aa non-neural 
6TM DRG,  
+ pore B r a ~ n  141 

6TM Kidney, 
+pore, Lung. D1 
r:87 l aa, Spleen, 
m:S73 aa, Trigeminal, 
h:871 aa, large cell, 
ch:852 aa Brain 

Notes 
Abbrevations:- Caps: caplaicin; RTX: resiniferatoxin; Ana. anandarnide; PPAHV, phorbol 12-phenylacrare 13-acetate 
20-homovan~liare; 12-HPETE: 12-(S)-hydroxyeicosatetraenoic acid; r: rat; h: human; m: mouse; ch: chicken; aa: amino 
acid; TM: transmembrane domain: DRG: dorsal root ganglion. 
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capsaicin analogue (DA-5018) revealed that these vanilloids activate VRI  cation channel from 
the intracellular domain. On the other hand, acidic solution applied to the inner surface of the 
patch membrane had no effect indicating that protons open the channel from outside the cell 
(Jung e t  al., 1999). 

More recently, the human orthologue of rat vanilloid receptorl (hVR1) was also cloned. 
(Hayes e t  al . ,  2000; McIntyre e t  al . ,  2001). The human VR1 has a chromosomal location of 
17 p 13 and is expressed in human dorsal root ganglia and to a lesser extent in some parrs of the cen- 
tral nervous system. It  has 92% homology to the rVRl and it is also responsive to both capsaicin 
ancl noxious heat. Nevertheless, some differences in responses and pharmacology between rVRl 
and hVRl have been recently shown. Capsazepine was more effective at inhibiting the noxious 
heat response of hVR1 than rVR1, and it blocked only in the former case the effect of low pH.  
F~lrther differences are indicated in Table 16.1. Recently, the responsiveness of native cultured 
dorsal root ganglion neurons and a cell line expressing VR1 receptor were compared. The native 
and recombinant capsaicin receptors were similar with respect to the characteristics of intracell- 
ular calcium signals and susceptibility to antagonists as ruthenium red or capsazepine. In other 
words, the accurate reproduction of the response characteristics of native channels with the 
cloned receptor support the concl~lsion that the VR1 gene product is responsible for the gating 
effects of noxious heat and capsaicin in native sensory neurons (Savidge r t  al., 2001). 

Thermal responsiveness of native trigeminal neurons, however, was more variable (Liu and 
Simon, 2000) and single-channel recordings from dorsal root ganglion neurons indicated that 
most channels respond to either heat or capsaicin, but infrequently to both. Furthermore, in con- 
trast to the similarities observed, the cation permeability of the channel was greater for capsaicin 
than for heat and at the whole-cell level there was a weak correlation of amplitudes of responses 
to capsaicin and heat (Nagy and Rang, 1999a). For an explanation of these unexpected mis- 
matches the following tentative list of possibilities was raised: "VR1 gene product may assume 
different functional states depending on other factors, including splice variants, aggregation 
with other membrane proteins, the presence of different multimeric species or the degree of 
poshophorylation or glycosylation of the channel protein" (Nagy and Rang, 1999a). These alter- 
natives might also be the source for the varying responsiveness of the capsaicin receptorl 
ion channel to different chemical agonists, particularly those which have capsaicin-like or 
resiniferatoxin-like chemical structures (SzBllBsi and Blumberg, 1999; Shin e t  al., 2001). 
Recently another possibilitj7 has also been raised. Considering the apolar nature of VR1 agonists 
including anandamide and the marked differences in binding and channel-gating characteristics 
of these compounds, the role of structural differences in the lipid bilayer around the VR1 protein 
was included in the context of a theory suggesting different sites in VR1 protein for binding 
resiniferatoxin or capsaicin (SzolcsGnyi 2000a, 2002). 

These findings indicate that the polymodal nature of the VR1 capsaicin receptor with several 
allosteric ways of opening to polar and apolar agonists and noxious heat is a promising and chal- 
lenging molecular target for analyses for the function and pharn~acology of the major subset of 
sensory neurons of polymodal nociceptors on the one hand and on the other hand, multifunctional 
cell membrane receptors in general. 

Vafzilloid-receptor-like pvotein 1 (VRL-I ITRPV2) 

This orthologue of VR1, the cDNA of which was identified from rat brain (rVRL-l) and in a 
m ~ l c h  lower level from the CCRF-CEM human mpeloid cell line (hVRL-l) share 78.4% identity 
with one another. It  is also 49% identical to rVR1 (Caterina e t  al., 1999). Nevertheless, the over- 
all structure of six transmembrane domains, the putative-loop region and the cytoplasmic 



N-terminal with three ankyrin-repeats are similar in both VR1 and VRL-l .  In transfected 
Xenopus oocytes or HEK 293 cells, no response to capsaicin (100 FM), resiniferatoxin (10 p,h'f) 
or to proton (pH4) was observed and the heat threshold was around 52°C. Channel opening was 
inhibited by ruthenium red (10 FM) but not by capsazepine (Table 16.1). VRL-1 immunoreac- 
tive sensory neurons are medi~im to large cells, one-third of which also contain CGRP but very 
few are labelled with substance P antibody or lectine IB4. It  is ass~~mecl that these sensory neu- 
rons correspond to the type I A-delta mechano-heat-sensitive nociceptors (Caterina e t  al . ,  1999). 
It  is worth noting t l~n t  the high-threshold, capsaicin-insensitive, mainly large-diameter dorsal 
root ganglion neurons were already described before the VRL-1 channel has been cloned (Nagy 
and Rang, 1999b). 

K-termi~zal splice 2:aria~zt of the capsaicin receptol- (VR.S1s2:) 

This splice variant of VR1 was identified (Sch~imacher et al . ,  2000) from the sensory neuron 
cDNA library. It  contains a truncated intracellular N-terminal chain with a single ankyrin 
domain but it  maintains the six transmembrane structure of T R P V l  with the putative pore 
region (Table 16.1). 

Conditions such as, n o x i o ~ ~ s  heat (53"C), capsaicin (10 PM), resiniferatoxin (0.1 FM) and 
p H  6.2 did not elicit inward currents in VR.5'sv transfected cell lines. The functional role of 
this protein is therefore not known, but it was identified in dorsal root ganglion, different brain 
regions and at a substantially lower level in the peripheral blood mononuclear cells. 

Vanilloid receptor-velated osirzotically activated 
cha~znel (VR-OACITRPV4) 

This recently cloned ion channel also belongs to the T R P  superhmily of ion channels 
(Harteneck et al., 2000) like the VR1 and represents a new member of the OSM-9 family of 
C. ektgans (Liedtke et al., 2000). VR-QAC is a cation channel with a six transmembrane struc- 
ture, a putative pore-forming region and three W-terminal ankyrin repeat domains isolated from 
rat, mouse, human and chicken. It  is abundantly expressed in the kidney, lung, spleen, testis and 
fat and also at a lower level in large A-type sensory neurons of the trigeminal ganglion, in cuta- 
neous Merkel cells and in the organ of Corti. In the brain it is mainly expressed in neurons of the 
circ~~m\~entricular organ and in the median preoptic area of the lamina terminalis. The VR-OAC 
ion channel is opened by hypotonic solutions and in fact it  is the first osmotically activated 
channel identified in vertebrates. Resiniferatoxin and anandamide, two VR1 agonists clo not, 
however, activate this channel (Table 16.1). 

Further cloned proteins with similar structure are sometimes listed among the "vanilloid 
receptors". They have not been shown to be expressed in sensory neurons and neither are they 
activated by vanilloids. Therefore, their cDNA structural resemblance to V R l  does not justify, 
from a functional point of view, for grouping them together with the above proteins. "Stretch- 
inactivated channel" (SIC) cloned from rat kidney, "epithelia1 calcium channel" and "growth 
factor-related" calcium channel (Schumacher e t  a l . ,  2000: Sz2ll2si and DiMarzo, 2000) belong to 
this group of ion channels 

Point mutations of glutamate and aspartate f+esidues at the 
ext++acellz~lar loops of YVRI 

The responsiveness of transfected cells with VR1 point mutants were studied in order to deter- 
mine protein domains important for the activation of V R l  by different stimuli as capsaicin, heat 
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and protons. Owing to the activating and modulating effects of H+, the first putative targets for 
point mutations were the extracellular negatively charged amino acids in this nociceptor-specific 
cation channel. In the extracellular loops of VR1 most of the charged glutamate and aspartate 
amino acids are in the putative pore-forming region between the fifth and sixth transmembrane 
domains (see Figure 16.2). In two recent papers (Jordt et al.,  2000; Welch et al., 2000) point 
mutations of these 1 1  amino acids with the C O O H  side-chain were replaced by COWH 
containing glutamine or asparagine (E + Q and D + N), or in two cases (E648 and E600) by 
positively charged histidine (H) or lysine (K), and in one case (E648) by alanine (A). 

Replacement in the first loop (E458Q, E478Q, D471N) or in the second extracellular loop 
(Ej36Q) was almost ineffective but after point mutations in the pore region various combinations 
of changes in the responsiveness to different stimuli occurred. Five of the mutant channels were 
significantly more sensitive to capsaicin than the wild type VR1. The highest sensitivity to cap- 
saicin was at E600K, and in this case 50 n N  capsaicin already caused saturation; the EC50 values 
at E600Q was 40 nM (mild type EC,,: 520 nM) (Jordt et al., 2000). At E636Q, D646N and 
E648Q mutants the EC,, value was 300 nM (wild type ECjo: 900 nM) (Welch et al., 2000). In the 
latter three cases, the enhanced sensitivity to capsaicin was selective and surprisingly none of these 
mutants differed in their activation by acidic p H  or temperature. It  is interesting to note that 
the cooperativity of capsaicin binding to VR1 (Hill coefficient -2) was abolished only when 
the mutation was made near the intracellular part of the loop (E636Q Hill coefficient -1). 
Furthermore, the ion selectivity of the E636Q mutant channel became seven-fold higher for 
c a f  + as compared with VR1, being the p ~ a ' + / ~ ~  ratios 17.6 and 2.6, respectively. On the other 
hand, the extracellular glutamate residue at E600 seems to serve as a "key regulatory site of the 
receptor by setting sensitivity to other noxious stimuli in response to changes in extracellular 
proton concentration" (Jordt et al., 2000). Furthermore, proton-independent temperature sensi- 
tivity was also markedly enhanced in E60OQ and particularly in EGOOK, where the temperature 
threshold dropped to 30-32OC i.e. to a similar value which occurs when wild-type channels are 
heated at p H  6.3. The p H  dependence of temperature gating in the E600H mutant was spanning 
over a p H  of 9-5 while in E60OD it was observed only in a limited range from 7.4 to 6.5. 

The E648A mutant showed a marked and selective decrease in proton-activated currents, 
whereas no alterations were observed when compared to the wild-type VR1 in response to capsaicin 
or heat stimuli. The responses of this mutant channel also support the conclusion that 13'-induced 
VR1 activation and its potentiating effect on thermal responses are triggered by different confor- 
mational changes. In the case of the E648A mutant the diminished proton sensitivity was associated 
with normal proton potentiation. The double mutant (E600Q-E64SA) combined tile increased 
sensitivity to capsaicin and heat with a loss of proton-mediated porentiation (Jordt et NI., 2000). 

All these very recent interesting data are the first attempts to clarify the key molecular 
residues in the capsaicin VR1 receptor for operation as a nociceptor-specific cation channel. The 
differences in the structure and gating mechanisms among natural, point mutant or chimeric 
variants of TRPV receptors mill be of great help in combinatorial chemistry for synthesizing 
promising analgesic drugs with a site of action on those nociceptors which initiate pain sensa- 
tion in inflammation and in several other painful conditions. Rational molecular approaches for 
high throughput screening have already started. Thus, capsaicin has opened the avenue for drug 
research in the field of sensory pharmacology. 

Immunocytochernical localization of capsaicin 
VRlITRPV1 receptors 

Immunoreactiuity to the rVRl receptor (Caterina et al., 1997; Tominaga et al., 1998; Guo et al., 
1999; Mezey e t  al., 2000) and its mRNA (Helliwell et al., 1998; Michael and Priestley, 1999; 



Mezey et al., 2000) were in accord with the data of binding studies with ['H~RTX (Winter et al., 
1993; Sz611isi and Blumberg, 1999), and revealed important new localizations as well. 

Immunoreactivity of rVRl or the in sztu hybridization of its mRNA was detected in the B-type 
small or medium sized neurons in colocalization with TrkA or IB4 lectin markers in dorsal root 
ganglia and also in trigeminal, nodosal and jugular ganglia. N o  hybridization signal was 
observed in sympathetic ganglia (Helliwell et al., 1998). A high proportion of colocalization of 
V R l  immunoreactivity was observed with substance P, CGRP, P2X3 purinoceptor (Guo e t  al., 
1999) and in IBi positive population with somatostatin (Michael and Priestley, 1999). 

In peripheral nerves and neural plexuses, as well as in the central terminals of primary afferent 
neurons in the superficial dorsal horn, VR1 positive fibers were also described (Tominaga e t  al., 
1998; Guo et al. ,  1999). V R l  imrnunoreactivity was associated with the plasma membrane of 
unmyelinated fibers having clear vesicles, as well with axonal microtubules and Golgi complex 
(Tominaga e t  al., 1998; G ~ l o  et al., 1999). 

Localization i ~ z  the brai~z 

Although {'HIRTX autoradiography failed to detect high affinity specific binding in different 
brain regions (SzillLsi et al., 1995) and in  s i t u  hybridization of mRNA encoding VR1 did not 
indicate positivity in the brain, a recent elegant and more sensitive approach with reverse 
transcription-PCR was successful in this line (Mezey e t  al., 2000). Whether these differences 
indicate a much lower level of VR1 expression in the brain than in the sensory neurons needs 
filrther research. 

VR1-immunoreactivity and mRNA for VR1 positive neurons in rat and human brain were 
scattered in different regions, including the preoptic area of the l~~potha lamus .  The strongest 
VR1 mRNA signals were detected in the following areas: all cortical areas, septum, hippocam- 
pus dentate gyrus, substantia nigra (zona compacta), cerebellum, locus coer~~leus and inferior 
olive. In rat hypothalamus VR1 mRNA-expressing neurons and capsaicin-induced glutamate 
release have been reported (Sasamura et al., 1998). It  was striking that in rats treated with cap- 
saicin in the neonatal age, a l t h o ~ ~ g h  VR1 mRNA in DRG and nucleus of the spinal trigeminal 
nerve was diminished, its expression in other areas of the brain did not differ from that of the 
controls (Mezey e t  nl., 2000). 

The functional significance of the VR1-encoding neurons in the central nervous system is a 
challenging new field for further research. Capsaicin-sensitive neurons in the medial preoptic 
area serve as warmth sensors in thermoregulatory heat loss responses, as postulated a long time 
ago (Jancs6-Gibor e t  al., 1970; Szolcs&nyi e t  al., 1971) and repeatedly confirmed by other 
groups (Szolcsinyi, 1982, 1983; Hori, 1984; Pierau et al., 1986). In rats after adult pretreatment 
with capsaicin or resiniferatoxin a similar long-lasting mitochondrial swelling was observed in 
the preoptic area as that in  the small neurons of the dorsal root ganglia (Jo6 e t  al. ,  1969; 
Szolcsinyi et al., I97 1, 197 5 ,  1990; Sz611isi et al. ,  1989). Therefore a lower level of VR1 mRNA 
expression after adult pretreated rats, combined with an ultrastr~~ctural search for the character- 
istic cellular changes induced by capsaicin and resiniferatoxin in sensory neurons might be a pos- 
sible good starting point for a morphological approach. Regarding their functional role, i t  
should be remembered that noxious heat is not an adequate s t im~llus  for V R l  except for the 
exteroceptors, while the chemical excitability feature of these neural elements might  serve 
chemosensor functions in regulations of the internal environment. 
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It is worth noting that a few examples of V R l  expression have been shown also in non-neural 
tissues and the first data for H'RTX binding, Ca-A uptake and desensitization to the effects of 
capsaicin and resiniferatoxin described in C6 rat glioma cells and mast cells were in a remarkably 
similar concentration range as that of the D R G  cells (Bir6 et al., 1998). 

Endogenous ligands for the capsaicin VR1 receptor 

Hydrogen ions activate the VRI  channel (Tominaga et al., 1998) and markedly potentiate the 
response of both noxious heating (Tominaga et al., 1998) and capsaicin (Caterina e t  al. ,  1997). 
These two effects ofproto~ls seem to be due to different conformatiollal changes of the VR1 mol- 
ecule (McLatchie and Bevan, 2001), since point mutation of E648A markedly decreases the 
direct channel opening effect of low p H  without affecting its potentiation on the response of 
capsaicin or noxious heat, as discussed earlier. Another extracellular glutamate residue (E600) 
has also been identified as an important modulatory site for protons (McLarchie and Bevan, 
2001). It  is interesting to note that p H  modulates the response of VR1 to capsaicin but not to 
anandamide (Smart et al., 2000). On cultured neurons of dorsal root ganglia the probability of 
capsaicin-gated channels being in an open state is greatly increased in a moderately acidic 
(pH 6.6) environment (Baumann et al., 2000). 

The endocannabinoid anandamide i n d ~ ~ c e s  inward current (pECjo 5 .3  l )  in VR1 expressing 
Xenopus oocytes and HEK293 cells (Zygmunt et al., 1999) and produces an increase in in  
rat cultured trigeminal neurons (SzGke et al., 2000) and in cell lines (HEK293, CHO) trans- 
fected with rVRl  or hVR1 (Smart e t  d., 2000) with a pECjo of 5.94 for the hVR1.  The 
responses were antagonized by capsazepine but not by cannabinoid antagonist, thus the VR1 
agonist effect of anandamide was clearly shown. Nevertheless, owing to its low potency, which 
lags behind its anti-nociceptive effect mediated by cannabinoid receptors it is questionable that 
anandamide might serve as an endogenous ligand for VR1 under physiological or pathophpsio- 
logical conditions (Szolcs&nyi, 2000a,b). Certainly in this emerging field further experiments are 
needed. It is particularly important to obtain evidence for an effect of anandamide released from 
the tissues or within the sensory neurons and their terminals. I\ievertheless, an endogenous 
ananda~nide-like lipid (Szolcsdnyi, 2000%) or synthetic structural analogues of anandamide 
(Szdlldsi and DiMarzo, 2000) have already opened new perspectives in this field. 

Recently, an interesting scope of the intracellular activation machinery of VR1 ion channel was 
shown by Uhtaek 011 and colleagues (Hwang et al., 2000). Single channel currents were 
recorded from inside-out membrane patches of HEK293 cells transfected with rVRl capsaicin 
receptor and also from patches of cultured D R G  neurons. It  turned out that identical outward 
rectifying currents were evoked in these preparations by 100nM capsaicin and 10 FM 12-(S)- 
hydroxyperoxyeicosatetraenoic acid (12-(S)-HPETE). It  was striking that although the chemical 
structure of these molecules differs considerably, minimum-energy conformations as determined 
by molecular modelling indicated a remarkable overlap of the polar key regions of the two molecules 



(Hwang e t  al.,  2000; Szolcsinyi, 2002). Other lipoxygenase products investigated were less 
effective and no response was obtained to LTC4, arachidic acid, PGI,, PGH,, PGE, and PGD2. 
On the other hand, evidence was described that endogenous release of lipoxygenase products do 
activate VR1. Arachidonic acid applied to inside-out patches of cultured dorsal root ganglion 
neurons induced single channel activity in 50% of capsaicin-responsive patches. This response 
was markedly inhibited by blocking agents of 12-lipoxygenase (baicalein), 5-lipoxygenase (REV 
5901) or by the non-selective lipoxygenase inhibitor of nordihydroguaiaretic acid. These results 
suggest that arachidonic acid rnetabolites activate capsaicin receptors preferentially through the 
lipoxygenase pathway. 

Bradykinin is one of the most potent endogenous pain producing substance which elicits pain 
when applied to the blister base of the human forearm (Figure 16.3). At low concentration (10-$11, 
it selectively excites practically all cutaneous C-polymodal nociceptors (Szolcsinyi, 1987a) when 
injected into the main artery of the rabbit ear (Figure 16.4) and causes discharges at a threshold 
concentration of 10-'M when applied topically to the canine testicular polymodai receptors 
(Mizumura and Kumazawa, 1996). Further, a recently described capsaicin-sensitive nociceptor 
group for this action is the population of mechano-insensitive afferents in  the human 
skin (Schmelz e t  al., 2000). The sensitizing effect of prostaglandin E? on the bradykinin-induced 
discharges, as well as the dominant role of B? bradykinin receptors in its nociceptive effect, have 
been described (Bevan, 1996; Kress and Reeh, 1996; Mizumura and Kumazawa, 1996). 
Recently, however, evidence was obtained that bradykinin also activates the capsaicin receptors 
through intracellular second messengers (Figure 16.5). Bradykinin at the B? receptors via 
G-proteins activates phospholipase C (PLC), resulting in the production of inositol 1,4,5- 
trisphosphate (IP;) and diacylglycerol (DAG) second messengers (Figure 16.5). DAG translo- 
cates one isoform of protein kinase C (PKC,) to the surface membrane within 5-30 s (Cesare 
et  al., 1999). Phosphorylation of VR1 receptors by PKC, induces sensitization of the nociceptors 
to painful heat or inflammatory chemical stimuli (Cesare e t  al.,  1999; Khasar e t  al . ,  1999; 
Premkumar and Ahern, 2000). RTX, but not capsaicin, could produce a lasting opening of the 
VR1 cation channel, which also induces translocation of PKC to the surface membrane (Harvey 
e t  al . ,  1995). The other pathway through which bradykinin could open the VR1 receptor-cation 

CAP KC1 CAP Br 
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KC1 CAP Br CAP 
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Frgurr 16.3 Pain responses to the application of different solutiotls to the bl~ster  base of the forearm before 
(a) and 40 min after (b) the area was bathed in a solution of capsaicin (10 mglml) for 5 mm. 
Ordinate arbitrary scale w h ~ c h  represents threshold (l), slight (2-1) or moderate (4-5) pain 
intensities. CAP: capsaicin; Br: bradykinin concentrations (pg/ml); and contact time (horizon- 
pal bars) are indicated. Between every two records in 3-6min period w ~ t h  thorough rinse was 
taken (mod~fied figure from Szolcsinyi, 1977). 
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Bradykinin after capsaicin 

Fzgure 16.4 Responses of a C-polymodal nociceptor of the rabbit ear to repeated close arterial injectioils of 
bradykinin (arrows) before (a) and after (b) 5 X 200 pg capsaicin was injected into the main 
arterl- of the ear. Ordinate: number of action potenti;ils per second, abscissa time in seconds. 
The doses of bradykinin are indicated at each record (unpublished details from Szolcsinyi, 
10S7a). 

channel is by the release of lipoxygenase products (12-HPETE) from arachidonic acid through 
activation of the phospholipase A> (Hwang et al. ,  2000; Piomelli, 2001). Evidence for a release 
of ananclamide inside the nociceptor in suitable concentration for VR1 activation has not yet 
been demonstrated, therefore its role as an endogenous ligand for VR1 has not been substanti- 
ated (Szolcsinyi, 2000a,b). Intracellular calcium transients evoked by VR1 activation, by the 
second messenger of IP3 or by opening the voltage-gated calcium channels, could also activate 
PKC, forming in this way a positive feedback loop for nociceptor sensitization (Figure 16.5). 
After capsaicin (Szolcsinyi, 1977) or bradykinin application (Liang et al., 2001), sustained sensi- 
tization of nociceptors to heat stimuli might be attributed to this VR1-mediated mechanism 
(Vyklicky et al. ,  1999). The figure also shows that CaL'-dependent release of sensory neuropep- 
tides as substance P, CGRP and somatostatin takes place without axon reflexes (Szolcsinyi, 
1996). Mainly ~ a :  is responsible for depolarization, spike generation and the transmissioll of 
nociceptive signals to the central nervous system. 

Pain induced by capsaicin or bradykinin were both markedly inhibited by topical pretreac- 
ment of the blister base of the human forearm with a high concentration of capsaicin. Pain 



Figlire 16.j Schen~ar~c represenration of inrracellular parhways activated by bradykinin and capsaicin in  a 
capsaicin-sensitive sensory neuron, B2, B! brady-kinin receptors: VR1: capsaicin receptor; AA: 
arachidonic acid; 12-HPETE: 12-(S)-hydroxyeicosarerraenoic acid; RTX: resiniferatoxin; LO: 
12-lipoxygenase; PLA2: phospholipase A:; PLC: phospholipase C; PKC,: Proteinkinase C,; 
DAG: diacylglycerol; IP?: inosirol rrisphosphate. 

induced by KC1, however, remained practically unchanged, indicating that the capsaicin pre- 
treatment did not induce a blockade of axonal conduction (Figure 16.3). Figure 16.4 shows a 
similarly strong inhibition induced by acute capsaicin pretreatment on the action potentials 
evoked by bradykinin in a single C-polymodal nociceptor afferent fiber of the rabbit ear 
(SzolcsBnyi, 1987a). It  is worth noting that in both cases the sensory desensitization was not 
restricted to capsaicin and bradykinin. Other nociceptive chemical stimuli, and in the case of 
C-polymodal nociceptors, responses to heat and mechanical stimuli were inhibited. The fact that 
the desensitized units were still responsive with an elevated threshold (Figure 16.4) to one or 
more types of stimulation suggests an impaired f i~nct ion without neurotoxic degeneration 
(Szolcs&nyi, 1987a, 1993). O n  the other hand, further experiments are needed to decide what 
part is played by VRI  activation in the nociceptive effect induced by bradykinin. 

Desensitizing of VR1 expressing sensory neurons and 
elimination of VR1 receptors 

Capsaicin was introduced for the first time (before the nociceptors were discovered) as an agent 
which desensitizes "pain terminals" to all kinds of chemical stimuli, while their responsiveness 
to mechanical, thermal or electrical stimuli remained unchanged (Jancs6 and Jancs6-GBbor, 
1959; Jancs6, 1960;JancsS, et al., 1961). Subsequently, it turned out that this selective loss of 
nociception was due to the sensory desensitization of C-polymodal nociceptors to all kinds of 
stimuli (noxious heat, chemical, mechanical) (Szolcsfinyi, 1987a). Quantitative behavioural 
measurements also revealed a threshold elevation in nocifensive reaction to noxious heat 
(SzolcsBnyi, 1987b, 1993). Furthermore, the desensitization of peripheral and hypothalamic 
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warmth sensors was also shown (Szolcsinyi, 1982; Hori, 1984; Pierau et al., 1986). The sensory 
neuron blocking efFect of capsaicin has been exploited in a large number of experimental conditions. 
The following versatile ways of capsaicin applications made this substance particularly suitable for 
the inactivation of the capsaicin-sensitive neural elements: 

1 Topical application of capsaicin to the eye or other mucosal areas of animals and to the 
human tongue, blister base or intact skin; 

2 Close arterial injection to different organs; 

j Systemic application (usually s.c.) to rats, mice and guinea pigs; 
4 Systemic injection to neonatal rats or mice; 

j Perineural application around the nerve trunk or nervous plexuses; 
6 Intrathecal, epidural or intracerebroventricular injections; 
7 Microinjection into the brain; and 
8 Im citru exposure to isolated organs and tissues, to cultured cells or membrane patches. 

With all these methods, a long-term blocking action of capsaicin and other stimuli were 
achieved, the details of which have been summarized in earlier reviews (Buck and Burks, 1986; 
Szolcsinyi, 1990, 1993, 1996, 2002; Holzer, 1991; Maggi, 1995; SzPllisi and Blumberg, 1999). 

The VR1 knockout mice has opened a new horizon in the field of pharmacology of capsaicin- 
sensitive neurons as target cells for drug research (Caterina et al., 2000; Davis et al., 2000). The 
encoding gene of VRI  seems to express all variants of the capsaicin (vanilloid) receptor which 
could be activated by this compound. In other words, all types of effects evoked by capsaicin or 
resiniferatoxin tested so far were absent in these VR1 knockout mice. Therefore, VR1 is the only 
subtype hitherto characterized which is responsive to vanilloid compounds (Szolcsinyi, 2002). I t  
was, however, surprising that in VR1-null mutant mice reflex latency to noxious heat tempera- 
ture in the lower range of 46-4SCC did not differ from that of the wild type controls, and only 
in the 50-58OC range exhibited an enhanced reflex latency. Considering that the lower gating 
temperatures for VR1 receptors are lower than that for the capsaicin-insensitive VRL-l  (see 
Table 16.1) this finding is intriguing and is an interesting field for f ~ ~ r t h e r  experimental 
approaches. 

The mechanism of sensory desensitization induced by capsaicin 

Although ultrastr~rctural alterations in sensory neurons could accompany the functional desensi- 
tization induced by capsaicin, i t  has been suggested that at low desensitizing doses the impaired 
function is due to a dynamic, time dependent decrement of sensory responsiveness (SzolcsBnyi 
et nl. ,  1975; Szolcsinyi, 1990, 1993) and not due to  the acute cell death as induced by a 
neurotoxin (Jancs6 and Kiraly, 1981; Jancs6 et al., 1985, 1987). The mechanism of long-lasting 
mitochondrial alterations evoked by systemic capsaicin pretreatment, both in neonatal and adult 
rats, is an interesting issue for further research, as is the finding that in the neonatal rat the cell 
death develops after a meek owing to the inhibited NGF uptake through the impaired nerve 
terminals (Szolcsinyi et al., 1998b). 

Iiz viz~o single ~ r n i t  recordings from C-polymodal nociceptors revealed that the number of 
action potentials evoked by noxious heat, capsaicin, bradykinin or mechanical stimuli were 
decreased or abolished after the close arterial injection of capsaicin to the rabbit ear over a nine- 
fold dose range, although each sensor still responded to at least one type of stimulation 
(Szolcsinyi, 1987a). The threshold elevation to capsaicin or mechanical stimuli was also 
observed in the rat a few days after systemic capsaicin treatment (Szolcsinyi et al., 1988). 



Details about the mechanisnl of acute capsaicin desensitization were discovered in studies of 
membrane currents of cultured dorsal root ganglion neurons (Bevan and Szolcsinyi, 1990; Bevan 
and Docherty, 1993; Vlachova and Vyklicky, 1993; Piper e t  al. ,  1999; Szillisi and Blumberg, 
1 9 9 9 )  It  seems that phosphorylation of the capsaicin receptorlion channel is necessary for a 
maintained capsaicin sensitivity (Koplas et  al., 1997; Piper e t  al., 1999). Calcium entry through 
the activated ion channel, but not from internal stores, may promote dephospl~orylation of the 
VR1 receptor and in this state the channel shows outward rectification which is linked to desen- 
sitization (Piper e t  al. ,  1999). The calcium-induced dephosphorylation of the capsaicin VR1 
receptor is probably mediated by the activation of calcineurin (Docherty e t  al., 1996). As Fig~lre 
16.5 shows that the desensitized state of the VR1 receptor might result in a pronounced inhibi- 
tion of the activation of the sensory nerve endings by bradykinin or lipoxygenase products. 

Beyond the desensitization of the capsaicin VR1 receptor, the other scope is the functional 
clesensitization of the sensory nerve terminal to stimuli which c10 not activate the VR1 receptors. 
One of these mechanisms is the lasting inhibition of voltage-gated calcium channels due to 
the markedly enhanced intracellular calcium ion concentration which takes place after V R l  
activation by capsaicin or resiniferatoxin (Bevan and Szolcsinyi, 1990; Bevan and Docherty, 
1993). The second indirect mechanism is the inhibition of voltage-gated Na- channels by cap- 
saicin. Capsaicin in a low concentration range = 0.45 PM) inhibits the action potential 
generation only in the capsaicin-sensitive subpopulation of neurons (Liu e t  al., 2001, unpub- 
lished observations). The third putative mechanism for sensory desensitization is related to the 
mitochondrial impairment which is unusually long-lasting after systemic treatment similar to 
the functional desensitization (Szolcsinyi e t  ul., 1975; Szolcsinyi, 1993). Recently, it has been 
shown that after acute exposure of capsaicin to cultured dorsal root ganglion neurons, mitochon- 
drial depolarization develops (EC50: 6.9 FM) which might induce the mitocl~ondrial swelling 
iiz vivo (Dedov e t  U / . ,  2001). The role of these putative mechanisms in the capsaicin-induced 
sensory desensitization neecls further research. In this context it is worth noting that most of 
these results were obtained from dorsal root ganglion neurons whlch were cultured in a NGF 
supplemented medium. Acute NGF application enhances the inward current induced by cap- 
saicin and counteracts the development of desensitization (Shu and Mendel, 1999). Therefore, 
for technical reasons, the role of ion channels and mitochondria in capsaicin-induced sensory 
desensitization has not been tested on sensory nerve terminals under natural environmental 
conditions. 

From the point of view of drug development, a slow channel opener VR1 agonist, which 
could produce desensitization without spike generation at the nociceptors might be a rational 
approach. Several new compounds were synthesized 25 years ago (Szolcsinyi and Jancs6 Gibor, 
1975) to achieve this goal and recently a novel non-pungent capsaicin analogue with a clear 
therapeutic window has been introduced (Urban e t  al., 2000). 

The role of VRl receptors in the brain 

The presence of the noxious heat-gated VR1 cation channel seems to have a well-defined func- 
tional relevance in nociceptors in contrast to VR1 positive neurons in different areas of the brain 
(Mezey e t  al., 2000). A high incidence of warm sensors in the preoptic area and the scattered 
high Qlo "nits in the midbrain and brain stem have a lower temperature threshold than the 
cloned VR1 receptors. Threshold temperature of warm-sensitive neurons in rat hypothalamic 
slices at single patches was 37.2 i 1.8OC (Hori e t  al., 1999). The following list of evidence sug- 
gests that capsaicin stimulates and then desensitizes the medial preoptic warm sensors in the 
hypothalamus (Szolcsinyi, 1982, 1983; Hori, 1981; Pierau e t  al., 1986). 



1 Microinjection of capsaicin into the preoptic area of rat and rabbit (a) elicits an immediate, 
coordinated heat loss response with vasodilatation and inhibition of shivering; and 
(b) excites the majority of warm units and decreases the firing rate of the cold ones. 

2 After microinjection of capsaicin into the preoptic area (a) the impairment of regulatory 
responses to heat load (rat, cat) ensues, while the behavioural heat loss response is slightly 
affected; and (b) fall in body temperature to s.c. injection of capsaicin is reduced. 

3 Systemic application of capsaicin excites the warm units and inhibits the responsiveness of 
cold units in the preoptic area. 

4 After sensory desensitization induced by systemically applied capsaicin 

(a) heat loss response with inhibition of shivering evoked by local heating the preoptic 
area is reduced; 

(b) heat loss response to microinjection of capsaicin into the preoptic area is abolished; 
(C) the proportion of warm and cold units in the preoptic area is reduced by about 50%; 
(d) long-lasting similar ultrastructural changes are present in small cell types of neurons in 

the preoptic area and dorsal root ganglia. 

5 After preoptic lesions, the fall in body temperature elicited by subcutaneous capsaicin injec- 
tion is diminished but not abolished. 

6 Birds are highly resistant to the effects of capsaicin, both on nociception and temperature 
regulation. 

With the aid of immunohistochemical detection of VR1 receptor, m R N A  of VR1,  or by 
using VR1-null mutant mice, further novel approaches have been discovered to reveal the role of 
VR1 in the effect of capsaicin on warm sensors. The above series of experimental approaches 
might also serve as a guideline for versatile approaches which can be utilized in fi~rther research 
to form a thorough f~inctional basis for the putative roles of VR1 positive neurons in the brain. 

Local sensory-efferent and systemic sensocrine functions of 
capsaicin-sensitive nerve endings 

Capsaicin is the lead molecule which - owing to its selective site of action - opened up new 
dimensions for the role of a substantial part of sensors characterized by their capsaicin sensitivity 
(Szolcsinyi, 1984b, 1996, 2002; Maggi, 1995). Calcium entry induced by the opening of the 
capsaicin-gated cation channels releases sensory neuropeptides from them. The release of sub- 
stance P and neurokinin A induce neurogenic inflammation, while CGRP evokes vasodilatation 
and enhances microcirculation (antidromic vasodilatation). These local effects take place around 
the activated nerve terminals and in an area which is innervated by axonal arborizations of the 
same nerve fibre. It  has been suggested that this axon reflex arrangement terminates at endings 
which subserve dual signal-inducing sensory and mediator-releasing efferent functions 
(Szolcsinyi, 1984a,b, 1996; Maggi, 1995). 

Tachykinins and CGRP released from capsaicin-sensitive nerve endings are responsible for 
several neural effects described in a variety of smooth muscle preparations and non-vascular tis- 
sues (Holzer, 1991; Maggi, 1995; Szolcsinyi, 1996). This field is still a hot topic and the role of 
capsaicin-sensitive afferents in diseases as in various forms of inflammation, asthma, gastroduo- 
denal ulcer, irritable bowel, bladder hypersensitivity, and psoriasis is currently being investi- 
gated (Szillisi and Blumberg, 1999). 

Somatostatin, another sensory neuropeptide released from the activated capsaicin-sensitive 
sensors, reaches into the circulation and elicits systemic anti-inflammatory and analgesic effects 



(Szolcsinyi e t  al., 1998a; Helyes e t  al., 2000; ThBn rt nl., 2000). This "unorthodox" (Szolcsinyi, 
1996) endocrine-like or "sensocrine" (Thin e t  al., 2000) fi~nction might also have relevance to 
pathological conditions and might be the target for drug development of the capsaicin-sensitive 
sensors (Helyes e t  al., 2000). 

A major representative of capsaicin-sensitive afferents are the C-polymodal nociceptors. This 
neural population comprises about 50% of the primary afferent neurons (Szolcsinyi, 1993, 
1996). The question arises why nociceptive afferent neural population of that size is needed, 
comparable to that of the entire peripheral adrenergic sympathetic nervous system, to signal 
only noxious events and pain towards the central nervous system. In intact skin, the minimum 
freq~iency of firing of C-polymodal nociceptors which elicits pain or leads to conscio~is percep- 
tion is around 0 .5  Hz  (Szolcsinyi, 1996). O n  the other hand, the optimum stimulation fre- 
quency of capsaicin-sensitive fihers which elicits antidromic vasodilatation in the skin or induce 
somatostatin-mediated sensocrine anti-inflammatory effect is below 0.1 Hz (SzolcsBnyi, 1996; 
Szolcsinyi e t  al., 1998a). Thus it  has been suggested, that C-polymodal nociceptors at near 
threshold stimulation operate as effector nerve endings or endocrine cells without inducing pain 
sensations or evoking nociceptive reflexes. This d~ia l  role of capsaicin-sensitive nerve endings in 
the regulation of homeostasis is certainly a challenging issue for further research, particularly if 
involvement of novel sensory ne~~ropeptides such as endothelin (Szolcs6nyi et al. ,  2001), and 
endomorphin-:! (Martin-Schild e t  al., 1998) as well as their role in pathological conditions such 
as diabetic neuropathy (Nimeth et al., 1999) are concerned. 
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lipoxygenase 247, 25 7-62 
locus coeruleus 256 
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neurons 82, 248-64 
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nitrogen 43, 130, 133, 140, 193-5, 219 
nitrogen dioxide 100 
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nordihydrocapsaicin 28, 73-4, 77, 87-8, 
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nursery preparation 140 
nutmeg 18 
nutraceutical 96, 120-1 
nutrision 107. 172 
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192, 195, 197-209, 224 
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paprika 1, 3 ,  9, 17, 18, 26-49, 66, 72, 80, 
96, 98, 100, 105-6, 108-9, 117, 120, 135, 
144-61, 163-4, 166-71, 175-6, 185-6, 
190, 200, 202, 204, 206, 209, 214, 216, 
223-30, 236-46 
colour 209, 236-8, 242 

powder 26, 35, 105-6, 168, 186, 204, 206, 
223-9 

varieties 17, 31, 33, 36 ,40,  108, 152, 
226-7, 237 

paste 18. 166, 197, 200, 207, 231-3 
PCR 119, 256 
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192, 197-8, 200, 205-6, 209, 217 
pesrlcides 18, '4, 130, 158, 231, 234 
pharmaceutical 28, 31-2, 66, SO, 96, 98, 101, 

109, 120, 169, 199-200, 204-5, 209 
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phosphorus 26, 140, 190 
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placenta 9, 28, 74-6, 160, 167, 190, 197, 215 
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posassium 26, 31, 41 ,47,  142, 179, 180, 190 
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chilli 9, 11, 38, 49-50, 58, 99, 163-4, 

166, 168, 172, 193, 197-9, 207, 224, 
228-9, 232-4 

powdery-mildew 158 
processing 73, 96, 108, 139, 142, 145, 147, 

160-1, 163-71, 179-81, 184, 191, 193, 
197-9, 207-9, 223-33, 236 

prostaglandin 258 
protein 26, 71, 105, 119, 165, 169-70, 190, 

200, 206, 208, 210, 248, 252-1 
protein k~nace 258 
procons 248, 252-7 
psoriasis 263 
punching machine 186-7 
pungency 1, 2, 4, 6,  8-9, 26-31, 37, 39, 45 ,16,  

51-8, 64, 65, 71, 73-5, 77, 79, 82-3, 87-91. 
94, 96, 98-102, 104-10, 119 120, 139, 150-3, 
163. 166-72. 175-210, 214-16, 223-6, 231-2, 
248-9, 262 

pungent principles 26-9, 37, 16 ,  110, 209, 248 
purinergic 249 

rancidity 59, 64, 197, 226 
rapires 152 
relative growth rate 134 
resiniferasoxin 248, 250-7, 260-2 
respiratory tract 100 
retina1 100 
rheumatoid disorders 100, 209 
riboflav~n 26, 190 
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ruthenium red 250, 253-4 

saffron 18 
saline water i t e  salinity 
saliniry 134 
Scoville units 28-31, 44-6, 49, 62, 6'i-5, 84,  

87, 98-9, 170-1, 200, 204-5, 225-6, 231-2 
secondar>- ~netabolites 96, 109 
seed cake 200, 206, 210 
seed extractor 187-8 
seed molsture 2 18-19 
seed oil 168-9, 178, 197, 200, 206, 210, 232 
seed spices 18 
sensory neurons 248-50, 254-7, 260-1 
septum 43-4, 92-3, 160, 2 56 
smoke 5 , 9 9 ,  100, 169, 216 
sodium 26, 38, 42, 46-7, 89,  116, 135, 142, 

177, 190, 208, 243, 250 
soil moisture cension 129-32, 141 
Solanaceae 1 ,  7-10, 96, 119, 175, 223 
solar dryers 142, 167. 181-3 

types 181 
somatosratin 248-9. 256, 259, 263-4 
standarciization 25, 48, 66, 165, 177, 225 
starch 32, 37, 71-2, 100. 232 
st~mulanr 11, 71, 74, 100, I 68  
Stolbur disease 159 
storage 33, 108, 130, 142-3, 160-1, 161-72, 

176-8, 181, 186-97, 202, 206-8, 214-20, 
226-30, 246 

chilli seeds 18' 
dry chillies 165 
fresh bell pepper 197 
fresh chillies 161  
green fruits 214 
pescs and diseases 2 19 
red ripe fruits 215 
temperature 2 18 

substance P 101, 249, 254, 256, 259, 261 
substantia nigra (zona compacra) 256 
sugar 46, 65, 71, 74, 160, 170, 208, 227 
sweet C'?pji~-1/7/?iz 1,  9,  16-17, 29, 71, 98, 119, 131, 

139, 142, 144-56, 158, 163-4, 1'1, 198, 214, 
218-19, 223-6 

tabasco-chillies 1, 6,  82, 96, 99, 163, 175, 198. 
209, 219, 223-4 

tachykinins 248, 263 
trademarks 170 
talros 152 
taxonomy 1, 5 

rhermoregulatory 256 
thiamine 26, 190 
thin layer chromatography 28, 29, 31-3, 37, 79, 

141, 185, 217, 233 
Thrips 158 
rhyme 18 
tissue culture 1 18-19 
tobacco 1, 107, 119 
tobacco mosaic virus 120 
tocoferol 108 

srr viramin E 
toothache 5, 8 ,  100-1 
toxicity 71. 82. 169 
toxins .rre aflaroxin; mycotoxln 
trace metals 233 
transgenic 107, 11 9 
transpiration 13 1, 134-5, 166 
rransplanting 96, 1-31, 140-1, 155, 157-9. 163 
triglycericles 2: 
curmerlc 38, 39, 193, 209 

unmpelinated fibers 256 

vacuoles 104 
vanilla 18, 81,  113-16, 195 
vanilloid receptor 248, 250-4, 261 
vanillplamine 75, 87-8, 90-4, 102-4, 110-13 
violoxanthin 106 
viramin A iee betacarotene 
vitamin C see ascorbic acid 
v i tam~n E 237 
volarile oil 26-7, 41. 49, 193, 206 

water 130-5 
deficir 130-1, 110-3, 149-54, 159-62, 165, 

170, 180, 184, 193, 197. 199, 201-4: 207, 
214-15, 219, 2Z7, 229, Lj1, 233 

magnetized 135 
stagnation 130 

weed management 133, 141, 159 
Whitefly 158 

xanthophylls 36, 71 

yield 5, 9,  13, 27, 66, 7-, 96-8, 103, 11  1, 
116-17, 120, 130-5, 141-2, 145-6, 152-5, 
166, 169, 179, 187. 194, 197-9, 202-5, 210, 
220, 229, 238 

zeaxanthin 36, 71-2, 106-8, 226 
zinc 216, 233 
zingerone 249 




