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Ayurveda, Unani, Siddba medicine and allied streams
were kept vibrant over the centuries by the efforts
of their practitioners. The prestigious status enjoyed
by these systems in contemporary India is a fruit of
their service. To those ordinary and extraordinary
Ppbysicians, I dedicate this bumble work!
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Nutraceuticals: Basic Research/Clinical Applications

The nutraceuticals and functional food industries have grown signifi-
cantly in the last two decades. The acceptance of these products by
larger populations, especially in the West, is ever increasing. The scope
of the CRC series on Nutraceuticals: Basic Research/Clinical Applications
aims at bringing out a range of books edited by distinguished scientists
and researchers from both academia and industry who have significant
knowledge and experience in scientific pursuit and critical analysis.

This series will address various aspects of nutraceutical products,
including the historical perspective, traditional knowledge base, analyti-
cal evaluations, green food to processing, and clinical applications. The
series will not only be very useful to researchers and academicians, but
it will also provide valuable reference books for personnel in the nutra-
ceuticals and food industries.

Several books have already been published in this series, including
Nutraceuticals and Health: Review of Human Evidence, Handbook of
Metallonutraceuticals, Marine Nutraceuticals, and so on. This series has
been well received by the academia as well as the scientific and indus-
trial community in the field of nutraceuticals.

The newest addition to the series is the present book Herbal Bioactives
and Food Fortification: Extraction and Formulation, which is edited
by Dr. Suresh Kumar. The book explains the fundamental steps for for-
mulating food supplements and fortified food using extracts of herbs.
The book addresses the way to choose potential herbs, optimize the
extraction process, scale-up the process, analyze the extract, and use the
extract for fortifying food and beverages. The common man nowadays
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consumes fortified beverages, fortified spreads, and tablets or capsules
containing herbal extracts. Many aspects of this technology are scat-
tered throughout the literature, but we felt there was a need to bring the
information together in an authentic manner for the consumer as well
as the layperson. The book presents different aspects of herbal drugs
together so that it benefits those interested in this area of food technol-
ogy. This book will be very useful to pharmaceutists, food technolo-
gists, cosmetologists, nutritionists, researchers of Ayurveda, Unani, and
Siddha medicine, ethnopharmacologists, phytotherapists, and biologists.

Dr. Suresh Kumar received his PhD from Banaras Hindu University, one
of the oldest universities in India. Subsequently, he worked as a post-
doc at the University of Aston in the United Kingdom. Later, a chance
encounter with some religious persons introduced him to the study of
Ayurveda, the traditional medical system of India. He undertook a sur-
vey of the state of Ayurveda in the province and published his find-
ings in provincial and national weeklies. Since 2003, he has worked in
industry.

I think this book will be a great addition to the series and it will be a
very useful resource for readers and scientists. We encourage scientists
to communicate with us if they are interested in sharing their knowledge
and contributing to the series.

Yashwant Pathak, MPharm, EMBA,

MS (Conflict Management), PhD

Series Editor

College of Pharmacy, University of South Florida Health
Tampa, Florida

xvi  Series Preface



The association between humans and medicinal plants dates back to
prehistoric times. Paleodietary studies demonstrate that prehistoric
populations that lived 10,000 years ago in the northern Chihuahuan
desert of Mexico consumed many plants rich in inulin-type fructans.
Archaeological oncology research has demonstrated that remnants of
alcoholic beverages from ancient Egypt and China contained many plant-
derived compounds with lung and colon cancer-fighting activity. Using
sophisticated analytical tools, the residue from an ancient Egyptian wine
obtained from an urn dating to 3150 BC that was found in the tomb of
Pharaoh Scorpion I of Dynasty 0 was identified as fortified grape wine.
Medical traditions prevalent in many parts of the world continue to cater
to the health needs of the people of those countries.

The World Health Organization estimates that 80% of the population
of Asian and African countries use herbal medicine for some aspect
of primary health care. Synthetic medicines are prohibitively expensive
for most of the world’s population, half of which lives on less than $2
per day. In comparison, herbal medicines can be prepared from herbs
grown inexpensively or gathered from nature at no cost.

In recent times, a major shift in global health care management policy has
been instrumental in renewing interest in herbal medicine. To encour-
age national and international action to develop and implement primary
health care throughout the world, the World Health Organization con-
vened the International Conference on Primary Health Care (September
6-12, 1978) at Alma Ata, in the former Soviet Republic of Kazakhstan.
The conference adopted the famous Alma Ata Declaration, which called
on member nations to formulate national policies, strategies, and plans
to launch and sustain primary health care. Members were especially
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encouraged to mobilize their own national resources. The Alma Ata
Declaration ignited worldwide interest in traditional medicine.

Consequently, by 1980, the therapeutic use of natural products was
widespread in Europe and the United States. This necessitated the recog-
nition of these products as a separate segment. At a biomedical manage-
ment course held in Villa Olmo, Como, Italy, Stephen DeFelice gave the
name nutraceutical to a nutritional product that has clinically proven
medical benefits but which its manufacturer cannot claim to the public
or the medical practitioner on account of existing regulations. The term
nutraceutical includes isolated nutrients, dietary supplements, specific
diets, genetically engineered designer foods, plant products, and pro-
cessed foods such as soups, cereals, and beverages. The development
and manufacture of nutraceuticals is a vibrant industry all over the world.

The technical aspects of the development of products from herbs
are scattered in the literature. Several scholarly works are available.
However, they deal with isolated areas. There is a clear need for a
book that provides information on all aspects of the extraction of
biological actives from plants and the development of dietary supple-
ments and fortified food. This book is intended to meet that need. It is
organized into six chapters.

Chapter 1 presents a brief survey of the use of herbs in different civiliza-
tions and traces the evolution of herbal medicine. It portrays how the
discipline of ethnopharmacology and the Alma Ata Declaration of 1978
caused the emergence of nutraceuticals. It provides some examples of
nutraceuticals described in Ayurveda, Siddha, and Unani medicine. It
concludes with a future outlook.

Plants are amazing chemical laboratories. This aspect is highlighted
in Chapter 2. The functions of secondary metabolites, the factors that
cause their variation, the extraction of essential oils, the various meth-
ods for the solvent extraction of bioactives, and the equipment used are
described.

Chapter 3 addresses the topic of the extraction of bioactives from plants.
It describes various aspects including the selection of the plant species,
the quality control of raw materials, the comminution of herbs, the selec-
tion of solvents, and so on. The optimization of the extraction of herbs
with reference to response surface methodology is described in detail.
This is followed by large-scale extraction, an analysis of the extract, sta-
bility studies, and the toxicology of the products. The control of critical
points in industrial extraction is illustrated with four examples.

There is growing concern all over the world regarding the quality, safety,
and toxicity of foods and medicines accompanied by a greater prefer-
ence for “natural” substances. Supercritical fluid extraction technology is
a major technology that has emerged for the production of solvent-free
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substances. Chapter 4 discusses the supercritical fluid extraction pro-
cess, its applications, and its advantages and disadvantages.

Herbal extracts can be used in the manufacture of food supplements,
according to the principles of modern pharmaceutics, and using various
dosage forms to deliver the medicinal substances. Chapter 5 provides
an overview of the formulation of tablets, effervescent tablets, rapidly
dissolving tablets, capsules, and syrups. Special attention is paid to the
masking of tastes and the stability of food supplements.

Nowadays, elderly people worldwide are more concerned about the
quality of the food and beverages that they consume. Many of them
periodically monitor their biomarkers in an effort to reduce the risk
of diseases. Functional foods have therefore emerged as an effective
means for the prevention of diseases. Various beverages and foods such
as soups, yogurt, sauces, mayonnaise, pickles, chutneys, cheese, sau-
sage, bread, and biscuits can be fortified using herbal extracts. Chapter 6
describes the benefits of these fortified foods and reviews the scientific
studies on fortified food and beverages. The various methods of their
analysis are also suggested.
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Drug Research Institute (CDRI), Lucknow, and Dr. Mohammad Mansoor
Ansari, of Sami Labs Ltd., Bangalore, constantly encouraged me dur-
ing the writing of this book. Dr. Mrs. M. Angela A. Meireles, profes-
sor of food engineering, University of Campinas, Brazil, graciously read
Chapter 4 critically and offered constructive suggestions. I am grateful
to her for this kind gesture. The preparation of the final manuscript
files and graphics was an important part of this work, for which I am
beholden to Alex Thomas, toxicologist, and C.M. Muhamed Ibnas, clini-
cal research associate with CARe Keralam Ltd. Finally, I am grateful to
Stephen Zollo and Amber Donley of Taylor & Francis Group for patiently
guiding me to make this project a success.

This book explains the fundamental steps for formulating food supple-
ments and fortified food using extracts of herbs. It shows the reader the
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way to choose potential herbs, optimize the extraction process, scale-
up the process, analyze the extract, and use the extract for fortifying
food and beverages. This book is presented before pharmaceutists, food
technologists, nutritionists, researchers of Ayurveda, Unani, and Siddha
medicine, ethnopharmacologists, phytotherapists, and biologists with
the hope that it will advance the progress of food fortification.

D. Suresh Kumar
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Medical Herbalism
through the Ages

Vis medicatrix naturae curavit!
(The healing power of nature cures!)
Roman proverb

1.1 Introduction

historic times. Ancient people eagerly collected herbs because plants

were the main source of their medicines. According to the Book of
Jubilees, well before the great deluge, the angel Raphael communicated to
Noah the remedies obtainable from trees, plants, and roots and their use.
Noah recorded them in a book, which he later passed on to his son Shem.
This was the beginning of the medical knowledge of the Israelites (Charles,
1917).

The association between humans and medicinal plants dates back to pre-

1.2 The “lceman” used natural laxatives

Study of the pollen grains of several plants found in a middle Paleolithic cave in
Iraq revealed that the prehistoric inhabitants were familiar with the medicinal
use of herbs including Centaurea solstitialis and Epbedra altissima (Lietava,
1992). Long ago, archaeologists unearthed some human bones in China, dat-
ing back to 2000 BC. These “oracle bones” had the names of medicinal plants
etched on them (Weiss and Weiss, 1992). Samples of a medicinal mushroom
Piptoporus betulinus were found with the Austrian/Italian “iceman” of the
Alps of Oetztal (3000 BC). Capasso (1998) suggests that the “iceman” might
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have employed this mushroom to treat gastrointestinal problems caused by
the whipworm, Trichuris trichuria.

Paleodietary studies reveal that prehistoric populations who lived 10,000
years ago in the semi-arid northern Chihuahua desert in Mexico, consumed
a variety of plants including agave (Agave lechuguilla), sotol (Dasylirian
sp.), and onion (Allium drummondii), which are rich in inulin-type fruc-
tans (Sobolik, 1994; Leach and Sobolik, 2010). An analysis of 359 desiccated
human feces (coprolites) from archaeological sites confirm the consumption
of these prebiotic-rich herbs, as the coprolites contain undigested fragments
and DNA remnants of these plant materials (Sobolik, 1996). Isotopic analysis
of human skeletons and the coprolites and macrobotanical remnants indicate
that the prehistoric Chihuahuans consumed about 135 g of prebiotic inulin-
like fructans per day. This was far higher than the present-day average dietary
intake of <20 g in the United States (Leach and Sobolik, 2010).

1.3 Herbs in different civilizations

Like the medical traditions of China and India, the Greek and Egyptian
systems also considered nature as the greatest healer. All these systems
believed that the human body is a replica of the universe. This belief is
reflected in the Eastern mystic’s view of “as above so below.” Egyptian medi-
cine benefited from trade that by 1500 BC linked Egypt to many other lands.
Coptic travelers to Africa brought home many plant medicines such as myrrh
gum, olibanum, and sandalwood. Traders from the southwestern tip of the
Arabian desert introduced Egypt to their own native frankincense and many
herbs of India. Cinnamon, ginger, the pomegranate tree, and calamus thus
entered Egyptian medicine. Through contacts with the Minoan culture of
Crete, Egyptian medicine was enriched with saffron, sage, and henna (Nunn,
2002).

1.3.1 Archaeological evidence

A study combining archaeology with analytical chemistry was recently
reported by Salih et al. (2009). A cache of black cumin seeds (Nigella sativa),
obtained from a pilgrim flask of the Old Hittite Period excavated at Boyali
Hoyik in the north-central region of Anatolia in Turkey, was extracted with
ethanol and subjected to a gas chromatography-mass spectrometry (GC-MS)
study. A sample of an ethanol extract of recently collected black cumin seeds
was studied for comparison. Both the chromatograms were surprisingly simi-
lar, indicating that even though the seeds had been partially burnt in a fire
in the temple about 3600 years ago, they had retained enough natural com-
pounds to facilitate their identification by GC-MS analysis (Figure 1.1). The
Hittites had obviously used black cumin seeds in combination with bee prop-
olis to treat their ailments.
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Figure 1.1 A part of a GC-MS chromatogram of ancient Nigella sativa extract in etha-
nol. (Reproduced from Journal of Ethnopharmacology, 124, Salib, B., Sipahi, T,
Dénmez, E. O. Ancient nigella seeds from Boyali Hoyiik in north-central Turkey,
416-420, Copyright (2009), with permission from Elsevier.)

Archaeological and chemical evidence is available for the use of cocoa
fruits or beans in ancient Mesoamerica (the region extending south and
east from central Mexico to include parts of Guatemala, Belize, Honduras,
and Nicaragua). Using liquid chromatography-mass spectrometry (LC-MS)
and GC-MS, Henderson et al. (2007) demonstrated the presence of theobro-
mine, the alkaloid that is predominant in cocoa beans, in small and elegant
serving vessels from excavation sites in Puerto Escondido of present-day
Honduras. This suggests that cocoa beverages were being made in South
America before 1000 BC. Hurst et al. (2002) have also reported similar find-
ings. Using high-performance liquid chromatography (HPLC) coupled with
atmospheric-pressure chemical-ionization mass spectrometry, they demon-
strated the presence of theobromine in spouted ceramic vessels from 600 BC,
excavated from northern Belize in Central America. Frothed chocolate drinks
made from cocoa seeds were central to the social and ritual life throughout
South America. Interestingly, the word chocolate is derived from the Aztec
chocolatl (Henderson et al., 2007).

1.3.2 Greek medicine

The origins of Western medicine can be traced back to the teachings of
the Greek physician Hippocrates (460-377 BC), who believed that diseases
resulted from an imbalance in the four body humors and that they could be
corrected by the judicious use of medicinal plants. Hippocrates’ medical sys-
tem was based on rational principles and he advocated the use of around 300
plants to heal his patients (Sumner, 2000).

Theophrastus (371-287 BC) was a student of Plato and Aristole. He wrote
extensively on the medicinal uses of plants and he is considered to be the first
botanist. Theophrastus’ book Historia Plantarum covered the collection and
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preparation of herbs, medicines, spices, and fragrances. This work was used
as a reliable reference for 2000 years (Levey, 1973a).

The Greek tradition was carried forward by Pedanius Dioscorides (40-90 AD).
He composed De Materia Medica, which is a comprehensive treatise on the
cultivation and qualities of nearly 600 herbs (Osbaldeston and Wood, 2000).
Dioscorides observed that the time of day and the flowering time could influ-
ence the potency of medicines. An example he provided was the common
opium poppy, whose alkaloid content has been demonstrated by modern
methods to follow a chronobiological rhythm. Dioscorides recommended the
decoction of willow bark for painful gout. Centuries later, it was discovered
that salicylic acid is the active ingredient in willow bark and, in 1899, Friedrich
Bayer & Co. of Germany synthesized acetylsalicylic acid (aspirin), thus usher-
ing in a new era in therapeutics (Sneader, 2000; Rainsford, 2004). De Materia
Medica was used as a resource work for the next 15 centuries.

Galen (129-199 AD) employed about 304 medicinal plants and complex mix-
tures, which were specially designed for each kind of therapy that he advo-
cated. Thus, he became the founder of “galenics” (Wink, 1998).

1.3.3 Greco-Arabic medicine

From the decline of the Roman Empire to the European Renaissance in
the fifteenth century, the Islamic world was an important center of medi-
cal knowledge. Arabian medicine was significantly influenced by pre-Islamic
traditional Arabian medicine, Greek medicine, Ayurveda, and the medical
system of ancient Iran. Many of the works of Greek and Roman physicians
such as Hippocrates, Dioscorides, Soranus, Celsus, and Galen were translated
into Arabic and these had a lasting influence on Arabic medicine (Prioreschi,
2001).

In Al-Quanoon (The Canon), Abu-ibn-Sina (Avicenna to Europeans), the doyen
of Arabian medicine, recommended the leaves of the European yew (Taxus
baccata) for treating cardiac ailments. This was many centuries before the
calcium channel blocking property of T. baccata was reported (Tekol, 2007).

Although all Arab scholar-physicians included medicinal plants in their for-
mulations, special mention must be made of the Andalusian—Arab physician
Abu al-Abbas al-Nabati. He introduced scientific techniques in the descrip-
tion, testing, and identification of numerous medicinal herbs. His student
Ibn-Baitar (1197-1248 AD) published Kitab-al-Jami-fi-al-Adwiya-al-Mufrada,
which is considered one of the greatest botanical compilations. Among many
other subjects, it contains medical information on more than 500 herbs. This
work was translated into Latin in 1758 (Afnan, 1958).

It is generally believed that Arab knowledge of single herb remedies came
from Greek sources. Nevertheless, using the novel method of botanonymy, or
combining botanical and philological knowledge, Levey (1973b) inferred that
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early Arabic knowledge of simples came mostly from Mesopotamia and Asia.
In Al-Kindi’s book on medical formulary, 31% of the Arabic names for herbs
are of Mesopotamian origin. This flow of knowledge was facilitated through
Syriac, Aramaic, Hebrew, Persian, and in some cases, Greek.

1.3.4 Chinese medicine

Traditional Chinese medicine originated as a mystical medical system and
later evolved into a system of herbal medicine. The Chinese materia medica
was periodically enriched in different dynasties by the reevaluation and addi-
tion of uses for existing herbs. Xin Xiu Ben Cao (695 AD) and Ben Cao Gang
Mu (1596 AD) are two such prominent works. This tradition is still followed in
modern times. An example is the publication of the monumental work Zbhang
Yao Da Ci Dian (1977) (Huang, 1999). The number of herbs mentioned in the
Chinese materia medica varies considerably. For example, Shen Nang Ben Cao
Jing (220 AD) describes 365 herbs, whereas Xin Xiu Ben Cao (695 AD) men-
tions 659 herbs. Currently, about 400-600 herbs are used, 150 of which are
high priority (Zhou, 1998).

1.3.5 Ayurveda

Ayurveda is based on the basic axiom that diseases spring from a disturbance
of vata, pitta, and kapha, collectively known as tridosa. Medicinal preparations
derived from herbs are generally employed to correct the destabilized tridosa.
More than 500 herbs are mentioned in Sanskrit medical texts. Nevertheless,
contemporary Ayurveda makes use of nearly 127 herbs (Sharma, 2000).

Various ayurvedic lexicons such as Abbidanamarijari, Bbavaprakasa Nighantu,
Dbanvantari Nighantu, and Rdaja Nighantu provide information on the
botanical characteristics and medicinal properties of herbs. This information is
usually given in a string of Sanskrit synonyms, composed in a metrical style,
much akin to that of a religious hymn. These synonyms denote the morpho-
logical peculiarities, ayurvedic properties, and therapeutic value of the herb in
question. For example, Abbidanamaiijari calls turmeric Gauri (of white com-
plexion), Haridra (the yellow one), Rajani (night), Pita (yellow), Pinda (lump),
Kanicani (gold), Strivallabba (liked by ladies), and Varnavati (improver of
complexion). Because of their linguistic and metrical characteristics, it is easy
to memorize these quatrains. In ancient times, when there were no printed
books, students of Ayurveda were encouraged to memorize entire texts. The
essential ayurvedic information on all herbs used in the system is now available
in a five-volume work (Warrier et al., 1994, 1996a, 1996b, 1997a, 1997b).

1.3.6 Tamil medicine

Another important system of Indian medicine is the Tamil tradition, popularly
known as Siddha medicine. Although in its basics it is indistinguishable from
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Ayurveda, through the ages the Tamil tradition has incorporated many ele-
ments of the alchemical practices of the Jains, Buddhists, and Saivites (Pillai,
193D).

According to Venkatraman (1990), alchemy and esoteric practices (tantrism),
which are hallmarks of the Tamil Siddha system, owe their influences to
northern India. Around 1200 AD, the Buddhist monasteries of Udantapura
and Vikramasila (in present-day Bihar) were destroyed by invaders and the
monks fled southward, carrying the esoteric knowledge. Nathism or the cult
of Nathasiddhas, which was already in existence in the north, rose to promi-
nence following the downfall of the Buddhist institutions. These Nathasiddhas
are held to be directly responsible for the development of the Tamil Siddha
system (Majeed and Kumar, 2008). Exponents of Siddha medicine consider the
system to have developed independently from Ayurveda. However, Majeed
and Kumar (2008) recently surveyed the medieval text Vaittiyacintamani-800
of Yukimuni and provided evidence for the first time that Siddha medicine is
nothing but Ayurveda in a different form.

The Tamil physicians made attempts to study the therapeutic value of
many plants predominant in the South and not utilized by Ayurveda.
Examples are Acalypha indica, Alangium salvifolium, Azima tetracan-
tha, Borassus flabellifer, Cassia auriculata, Delonix alata, Dichrostachys
cineria, Ervatamia coronaria, Lippia nodiflora, Marsilea quadrifolia, Mukia
maderasapatana, Solanum trilobatum, and Wedelia calendulacea (Kumar,
1995; Tirunanam, 1997). History teaches us that many Hindu kingdoms flour-
ished in Cambodia, Laos, Malaya, Siam, and Vietnam (Lamb, 1975). Most of
them were ruled by Tamil kings or their successors. It is possible that the
Tamil physicians who visited these Southeast Asian countries made them-
selves familiar with many oriental medical practices, which finally made their
way into Tamil Siddha medicine texts.

1.3.7 Unani

Although the Muslim presence in India is said to have begun with the mili-
tary campaign of Mahmud of Ghazna (1014 AD), there is evidence to suggest
that the interaction between Hindus and Muslims began much earlier. During
the caliphate of Umar (636 AD), the governor of Bahrain attacked Thana
(Bombay) and later Bharuch and Daybu on the Gujarat coast (Ahmad, 1988).
Greco-Arabic medicine reached India with these visitors. It is said that the
new system of medicine was not easily accepted because of the temperament
of the people and the relatively superior nature of Ayurveda. Therefore, a
hybrid of Greco-Arabic medicine and Ayurveda was slowly produced. This
new medical system later became known as Unani Tibb or Tibbi medicine
(Verma and Kewsani, 1974).

Under the patronage of Muslim rulers, scholars translated many Sanskrit texts
into Arabic or composed Unani treatises, borrowing profusely from Ayurveda.
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Zia Muhammed Mubarak, a courtier of Muhammed Tughlaq (1325-1351 AD),
composed the recently discovered Majma-e-Ziayi (Collections of Zia), which
had a separate chapter on medicine as prescribed by Nagarjuna and other
sages of India (Verma and Keswani, 1974).

Aurangazeb’s reign (1658-1707 AD) created an atmosphere that was conducive
to the popularization of Unani (Rizvi, 1975). A famous physician of his court,
Muhammed Akbar Arzani produced about eight Persian medical compilations.
One of them, Tibb-e-Hindi (Medicine of the Hindus), deals with drugs of the
ayurvedic formulary (Verma and Keswani, 1974). The Moghul period was
marked by the translation into Persian of most of the medical texts written in
Arabic, as Persian was the court language of the time. By the time Aurangazeb
ascended the throne, all Arabic texts used in the Unani system were avail-
able in Persian. During the nineteenth century, many of these works were
translated into Urdu, the popular language of the Muslims of northern India
(Verma and Keswani, 1974).

As a result of the interaction between Ayurveda and Greco-Arabic medicine,
two new dosage forms were incorporated into Unani. Khamiras or fermented
products were developed on the lines of asava and arista of Ayurveda. The
Moghul nobility had an aversion to drinking bitter decoctions of drugs and
the Persian physicians circumvented this problem by developing khamiras,
which are more palatable (Said, 1978; Kumar, 1992).

Ma’jun are electuaries developed by Unani physicians. They are very similar to
the lehyams of Ayurveda. Examples are Ma’jun Jograj, Gujul Ma’jun, Ma’jun-
e-Hamal Alawi Kbani, and Ma’jun Rah-al-Muminin. Hakim Azad Khan, who
composed the text Mubit-i-Azam, is credited with designing many electuaries.
Although the Unani physicians had taken their cue from Ayurveda, they inge-
niously formulated many novel ma’jun, which have few parallels in ayurvedic
pharmacy. An example is Majun Murawwahb-al-Arwah, which has more than
100 ingredients including exotic items such as camel milk cheese (mayashutr
A’rabi), dried turtle eggs (baiza sang pusht kbushk kia hua), mongoose flesh
(ibn irs), and sparrow brain (maghz sar kunjashk). A cursory look at the list of
ingredients reveals the acceptance into Unani of drugs from several countries
(Said, 1978; Kumar, 1992).

The Unani formulary was enriched by the inclusion of many of the plants
used in Ayurveda. Ali (1990) has identified 210 such plants. In the majority of
cases, the Unani names are persianized Sanskrit words. Examples are Bish
(Aconitum ferox), Wuz (Acorus calamus), and Mothoo (Cyperus rotundus).

The industrial manufacture of Unani medicines was first started by Hakim
Hafiz Abdul Majeed (1883-1922) from Pilbhit in present-day Uttar Pradesh.
He started his career as an apprentice to Hakim Ajmal Khan. In 1906, in one
of the alleys of old Delhi, he started a clinic and a pharmacy, which he called
Hamdard Dawakhana. The Urdu word hamdard means “we shoulder thy
pain” and it symbolizes his vision. This humble business concern, founded
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by Hakim Abdul Majeed, later grew to be the largest manufacturer of Unani
medicines in the country. After his passing, the business was carried forward
by his elder son Hakim Abdul Hameed who was instrumental in establishing
Jamia Hamdard or Hamdard University in Delhi. After the partition of India in
1947, Hakim Hameed’s younger brother, Hakim Mohammed Said, migrated to
Pakistan and established Hamdard Laboratories Pakistan. Madinat-al-Hikmat
University and Hamdard Foundation Pakistan, established in 1964, have been
active in the promotion of the medical system. The prestigious research quar-
terly Hamdard Medicus is published in Pakistan.

1.4 Herbal medicine in medieval Europe

The tradition of herbal medicine was kept alive in the monasteries of medi-
eval Europe. A common feature of all monasteries was a herb garden, where
herbs were grown to treat patients and to teach the novices about medicinal
plants. Charles the Great (Charlemagne, 747-814 AD) enacted the royal decree
Capitulare de Villis, which ordered that medicinal plants should be grown in
the king’s garden and monasteries. It listed 24 species that were to be grown
in such gardens. Walahfried Strabo (809-849 AD) is remembered for his Liber
de Cultura Hortum (Book on the growing of plants), which is considered the
first textbook of medical botany (Heinrich et al., 2004).

The Arabian influence on Spain and Italy had a beneficial effect on herbalism
as well. Arabs are believed to have contributed to the founding of the great
medical school at Salerno, Italy. The illustrious physicians of the school com-
posed Antidotarium Nicolai (1130 AD), an early European work on medici-
nal herbs. Antidotarium Nicolai was one of the most influential books of
the school of Salerno and by 1270 AD it was part of the curriculum at the
University of Paris. The success of this book is indicated by the fact that it was
translated into Arabic at a time when medical books were being translated
from Arabic to Latin. The Antidotarium is a collection of pre-Constantinian
herbal recipes from ancient to medieval authors. It describes many medici-
nal formulas, including a curious one called Spongia somnifera (soporific
sponge), whose application to the patient’s nostrils was alleged to induce
anesthesia quickly (Prioreschi, 2003).

Up to the beginning of the sixteenth century, the botanical literature in gen-
eral depended solely on the work of Dioscorides. The tradition of publishing
herbals or illustrated guides to medicinal plants began with that of Apuleius
Platonicus. It was followed by the Latin Herbarius (1484), the German Herbarius
(Gart de Gesundheit) (1485), and the Hortus Sanitatis (1491). Although these
herbals revolutionized the dissemination of knowledge of medicinal plants,
very often their illustrations were inaccurate and their descriptions were imag-
inary. The credit for publishing the first authentic, illustrated herbal goes to
the German physician Leonhart Fuchs (1501-1566). He published De Historia
Stirpium (The history of plants) in 1542. He employed three engravers to
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prepare woodcuts of the 497 medici-
nal plants that illustrated his Latin text

(Swan, 2006) (Figures 1.2 and 1.3). s ﬁﬁ?ﬂﬁ%.aﬂ’ﬁ
De Historia Stirpium was followed by s
several illustrated herbals, prominent
among which are the three-volume
Herbarium Vivae Eicones of Otto
Brunfeld and Das Neue Kraeuterbuch
of Hieronymous Bock (Sumner, 2000).

A fillip to the publication of herbals was \
provided by the invention of the printing >
press by Johannes Gutenberg. Prominent
among them are The Dispensatorium
(1546) by Valerius Cordus, Herbal (1525)
by Richard Banke, The Grete Herball

(1526) by Peter Treveris, New Herball ; el
(1551’ 1562’ 1568) by William Turner’ \ Basite N“'“’"::':"“"' runlnuuu,
Theatrum Botanicum (1640) by John | AlHe CHALITI B B EET

Parkinson, and The English Physitian
(1652) by Nicolas Culpeper.

. . . . Figure 1.2 Frontispiece of De Historia
Carolus Linnaeus, who is credited with Stirpium. (Reproduced with permis-

the system of binomial nomenclature sion from Antiquariaat Sanderus,
of plants published Materia Medica Belgium; www.sanderusmaps.com.)
(1749), a reference work for physicians.

This invaluable work included descrip-

tions of illnesses and specific medicines, medicinal effects, dosages, and the
country of origin of these medicinal plants (Sumner, 2000).

1.5 Herbal medicine in America
1.5.1 Thomson'’s botanic medicine

Early America’s foremost herbalist was Samuel Thomson (1760-1843). Born
in New Hampshire, he studied with a midwife and some Red Indian healers.
In 1800, he happened to cure his daughter’s illness, whose condition was
pronounced to be incurable by the local physician. Thereafter, he developed
a healing system based on herbs and hot baths inspired by European and Red
Indian herbalism.

Samuel Thomson was an ingenious medical marketing strategist. In 1813, he
was granted an American patent for “Thomson’s Inspired System of Botanic
Practice of Medicine.” This allowed him to sell his new medical system across
the United States. He sold “family rights” to about 3 million women who hap-
pily helped to spread the new system. Initially, he made his medicines from 65
herbs bought from the Shakers. Later, he packaged his own herbal formulas,
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which were part of his patented system.
His formulas were called patented medi-
cines. After Thomson’s death in 1843,
his medical system became less fashion-
able. However, it was revived and pre-
served by his follower Dr. John Kellogg
of Michigan, who is also famous as the
inventor of America’s first health food,
the Kellogg cornflakes (Castleman, 2001).

1.5.2 Eclectic medicine

The mainstream medicine of America in
the nineteenth century was called heroic
medicine on account of the “heroism”
shown by patients to tolerate several ther-
apeutic measures such as bloodletting
and cathartics and toxic substances such
as mercurials. Despite the predominance
of heroic medicine, herbal medicine was
very much in vogue. In 1830, a group
of anti-heroic practitioners, including
Thomsonians, Red Indian herbalists, and
disillusioned practitioners, met in New
York and founded the Reformed Medical
School. The new system was called
eclectic medicine and it was an admix-
De Historia Stirpium. (Reproduced ture of European, Asian, Red Indian, and
with permission from Pangloss African (slave) herbalism. Their school
Books, London; www.pangloss- in Cincinnati was called The Eclectic
books.com.) Medical Institute (Castleman, 2001).

Figure 1.3 Engraving of ved chilli from

The Eclectics were scientific herbalists who experimented with herbs, extract-
ing and analyzing their active constituents. Their findings were published in
the research journals of the day. Two of the most important Eclectics were
John King (1813-1893) and John Uri Lloyd (1849-1936). John King is the
author of King’s American Dispensatory, modern America’s most comprehen-
sive herbal (Felter and Lloyd, 1984). John Lloyd was a pharmacist who special-
ized in the chemistry of herbs. He was an avid reader and together with his
brothers, he established the Lloyd Library. For many years, the Lloyd Library
published the journal Lloydia, now known as the Journal of Natural Products
(Castleman, 2001).

Eclectic medicine remained popular up to 1900, when it was overshadowed
by synthetic drugs. The institute’s last batch of students graduated in 1939
and eclectic medicine’s scientific herbalism breathed its last (Castleman,
200D).
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1.5.3 Contribution of the Shakers

Founded in the early 1770s by an English Quaker, Ann Lee, the Shakers sect
arrived in New York and set up their first community near Albany in 1774.
The Shakers practiced strict pacifism, gender equality, and segregation. They
launched the American medicinal herb industry in 1799, initially collecting
herbs from the wild and later growing them. The herb business was profit-
able and, in 1824, the Sabbathday Lake community built a large building for
drying and processing the herbs. The building is a standing testimony to the
philosophy of the Shakers.

The Shakers sold their herbs through a widely distributed catalogue. They
offered 142 herbs, roots, barks, and seeds. The Shakers soon developed a repu-
tation for the honesty and purity of their herbs. During the American Civil War,
they sold medicinal herbs to the Union army. After the war, they sold medicinal
herbs directly to hospitals and America’s nascent pharmaceutical industry.

The Shakers also invented the modern pill. They drilled holes in wooden
frames, put measured amounts of herb powder in them, and then hammered
pegs into the holes to compress the pills. The Shakers’ herb business waned
after World War II. However, the Sabbathday Lake community revived it in the
1960s (Castleman, 2001).

1.6 Decline of herbal medicine

In 1828, the German organic chemist Friedrich Woehler accidentally made
urea in his laboratory and this opened up a new path to therapeutics through
synthetic chemistry. By 1850, more organic compounds were being synthe-
sized in chemical laboratories.

After the civil war, Americans were more interested in medical training
in Germany, as the teaching there was more rigorous, it took longer, and
the clinical training was intensive. Soon there was an influx of German-
trained American physicians. A German-style medical school and hospital
were established in Baltimore—Johns Hopkins Medical School. Thereafter,
Harvard University devised a graduate program in medical training. Other
medical schools started emulating the Harvard-John Hopkins model and
invested heavily in well-equipped laboratories and teaching hospitals
(Harvey, 2000).

The herbal medicine schools could not compete with the medical schools in
infrastructure and with the federal licensing policy of favoring the Harvard—
Johns Hopkins model, the other medical schools started closing down. The
influential Carnegie Foundation’s Flexner Report praised the Harvard-Johns
Hopkins model and condemned all others (Flexner, 1910). The Carnegie
Foundation and other wealthy foundations favored the Harvard-Johns
Hopkins-type of medical schools. By 1940, American medical schools offered
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training in the Harvard-Johns Hopkins graduate program model. No medical
school offered training in herbal medicine (Castleman, 2001).

Despite these setbacks, herbal medicine continued to be practiced by a few
diehards. Dr. Bernard Lust (1869-1945), founder of modern naturopathy,
opened the first health-food store in America and his nephew John Lust
wrote The Herb Book. In England, C.F. Hilda Leyel single-handedly revived
British herbalism by opening her Culpeper shops in 1927 (Castleman,
200D).

The first edition of the United States Pharmacopoeia of 1820 listed 650 drugs,
of which 70% (455) were from plants. The 11th edition of the United States
Pharmacopoeia of 1936 listed 570 drugs; however, the percentage of plant-
derived medicines had dropped to only 40% of the total (260). Between 1920
and 1936, many plant-derived compounds were no longer recognized as effec-
tive medicines by the American government. On the contrary, they were being
replaced by synthetic organic compounds (Sumner, 2000).

1.7 Renewed interest in herbal medicine

The trend toward synthetic medicines was partially reversed in the years
before World War II, when Western medicine discovered antibiotics such as
penicillin. With renewed interest in medicines from natural products, more
plant-derived drugs have appeared on the scene.

1.71 Emergence of standardized extracts

The use of standardized extracts for improving human health and nutrition
started with the pioneering work of the French chemist Jack Masquelier. In
1948, he published his doctoral thesis on the successful isolation and chemi-
cal description of the phytonutrients known today as oligomeric proantho-
cyanidins (OPCs). Masquelier’s research demonstrated that these compounds
strengthen the blood vessels, thereby improving vascular function. In 1951, he
was granted a French patent to manufacture a standardized OPC fraction and
employ it in therapeutics under the trade name Flavay® (French Patent 1965,
1966). Masquelier was granted an American patent in 1969 and this heralded
the widespread use of OPCs (Masquelier, 1969). Following in the footsteps of
Masquelier, a series of natural products having specific applications in thera-
peutics and nutrition were introduced to the market.

The veracity of Masquelier’s claim has now been established. An international
group of genomic scientists recently reported that daily supplements of OPC
from grape seeds may change the gene expression associated with cardiovas-
cular disease pathways. OPCs decrease the adhesion of immune cells to the
vascular endothelium and potentially lower the infiltration of these immune
cells into the vascular wall, which is the primary step in the development of
atherosclerosis (Milenkovic et al., 2014).
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1.72 The discipline of ethnopharmacology

With the increasing interest in herbs from indigenous medical systems, a new
discipline known as ethnopharmacology also made its appearance. The term
ethnopbharmacology was introduced at an international symposium held in
San Francisco in 1967 (Efron et al., 1967). This symposium was related to tra-
ditional psychoactive drugs such as kava and coca. Nevertheless, the area has
now expanded. When introduced initially, ethnopharmacology meant a multi-
disciplinary area of research concerned with the observation, description, and
experimental investigation of indigenous drugs and their biological activities
(Rivier and Bruhn, 1979). Ethnopharmacology was redefined in 1981 as “the
interdisciplinary scientific exploration of biologically active agents tradition-
ally employed or observed by man” (Bruhn and Holmstedt, 1981).

1.7.3 Alma Ata Declaration

A major shift in global health care management policy was also instrumental
in renewing interest in herbal medicine in general and herbs in particular. To
encourage national and international action to develop and implement pri-
mary health care throughout the world, the World Health Organization (WHO)
convened the International Conference on Primary Health Care (September
6-12, 1978) at Alma Ata, in the former Soviet Republic of Kazakhstan (Hall
and Taylor, 2003). The conference adopted the famous Alma Ata Declaration,
which called on member nations to formulate national policies, strategies,
and plans to launch and sustain primary health care. The members were
especially encouraged to mobilize their own national resources (Anonymous,
1978). The Western world was thus encouraged to study in depth the various
traditional medical systems of the world.

In June 1974, Dr. N.R. Farnsworth led a 12-member herbal pharmacology
study group to China. The aim of the delegation was to learn something
about Chinese approaches to the use of herbal medicines (Anonymous, 1975).
The Journal of Ethnopharmacology, founded shortly thereafter, continues to
contribute greatly to the dissemination of validated knowledge on medicinal
herbs and their formulations from diverse cultures.

Over the years, mainstream medicine has become very expensive in the
West. To avoid becoming too dependent on physicians and to save money,
many Westerners have started looking toward alternative systems including
herbal medicine. This enthusiasm is also partly generated by several spiritual
organizations such as the International Society for Krishna Consciousness
(ISKCON), Osho Foundation, Maharishi Foundation, International Sivananda
Yoga Vedanta Center, and The Art of Living International Center. These orga-
nizations have helped to popularize Ayurveda in the West.

Another major reason for the revival of interest in medicinal herbs is the
growing concern about the undesirable side effects associated with synthetic

Medical Herbalism through the Ages 13



medicines. Aspirin, nonsteroidal anti-inflammatory drugs, statins, cholesterol-
lowering drugs, antidepressants, and antihypertensives cause serious side
effects (Anonymous, 2015). One study has found that 2,216,000 Americans suf-
fer a serious condition and are permanently disabled from a prescribed drug
every year (Lazarou et al., 1998). However, these figures are only a fraction of
the reality. Prominent medical researchers state that only 1 in 20 adverse reac-
tions are reported for fear of a lawsuit (Bates, 1998). A French study observed
that only 1 out of 24,433 adverse drug reactions is reported (Moride et al., 1997).

1.8 Emergence of nutraceuticals
1.8.1 Emergence of new terminology

By 1980, the therapeutic use of natural products was widespread in Europe
and the United States. This necessitated the recognition of these products
as a separate segment. Stephen DeFelice was the first person to coin the
term nutraceutical to denote these substances. At a biomedical management
course held in Villa Olmo, Como, Italy, DeFelice gave the name nutraceutical
to a nutritional product (a single entity or a combination that includes special
diets) that has clinically proven medical benefits but which its manufacturer
cannot claim to the public or the medical practitioner on account of existing
regulations (DeFelice, 1992). In the contemporary food and nutrition industry,
such products may range from isolated nutrients, dietary supplements, and
specific diets to genetically engineered designer foods, plant products, and
processed foods such as soups, cereals, and beverages. Some examples are
flavonoid antioxidants, a-linolenic acid from flax seeds, curcumin from tur-
meric, B-carotene from marigold petals, anthocyanins from berries, and carot-
enoids from chillies. Such specific constituents of herbal, animal, or microbial
origin are also called cosmeceuticals, dermaceuticals, phytochemicals, phyto-
nutrients, phytofoods, designer foods, f(ph)armafoods, medifoods, vitafoods,
Jortified foods, and functional foods (Roberfroid, 2000).

Nutraceuticals come under the purview of the Dietary Supplement Health and
Education Act of 1994 of the United States of America. According to this act,
a dietary supplement is “a product that is intended to supplement the diet
and contains any one of the following ingredients like a vitamin, a mineral,
an amino acid, a dietary substance for use by people to supplement the diet
by increasing the total dietary intake, or a concentrate, metabolite, constitu-
ent, extract, or combination of any of the above.” However, the manufacturer
cannot make any label claim to diagnose, mitigate, treat, cure, or prevent a
specific disease or class of diseases (Anonymous, 1994).

1.8.2 Associations and periodicals

The emergence of nutraceuticals has necessitated the formation of profes-
sional bodies and periodicals. The American Nutraceutical Association (ANA)
and the National Nutritional Foods Association (NNfA) cater to the needs
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of the nutraceutical industry. ANA was formed in 1997 with the mission of
“providing quality education to health care professionals, consumers and
manufacturers involved in the emerging nutraceutical industry” (Anonymous,
20092). It also publishes the free online journal, The Journal of the American
Nutraceutical Association.

The NNfA, founded in 1936, is America’s largest and oldest nonprofit organi-
zation dedicated to the natural products industry. The NNfA represents more
than 8000 retailers, manufacturers, wholesalers, and distributors of natu-
ral products, including foods, dietary supplements, and health/beauty aids
(Anonymous, 2009b).

The nutraceutical revolution has also given birth to several journals devoted
to the theme: Nutraceuticals World, Nutrients, The Journal of the American
Nutraceutical Association, Food Product Design, Functional Ingredients,
Journal of Medicinal Food, Journal of Nutraceuticals, Functional & Medical
Foods, Journal of Dietary Supplements, and Journal of Functional Foods
(Shahidi, 2009).

1.8.3 European Scientific Cooperation on Phytotherapy

The European Scientific Cooperation on Phytotherapy (ESCOP) was founded
in 1989 by six national scientific associations; many more joined in later years.
ESCOP provides scientifically based assistance for the harmonized assess-
ment of herbal products. Currently, national associations of Austria, Belgium,
Denmark, France, Germany, Ireland, Italy, the Netherlands, Norway, Portugal,
Sweden, Switzerland, and Great Britain are members of ESCOP. According
to the definition offered by ESCOP (2000), phytomedicines or herbal medici-
nal products are “medicinal products containing as active ingredients, only
plants, parts of plants or plant materials, or combinations thereof, whether in
the crude or processed state.”

Members of ESCOP meet formally at annual general meetings. The scien-
tific committee of ESCOP, consisting of delegates from each member country,
undertakes the arduous task of compiling European monographs summariz-
ing the medicinal uses of herbal medicines and their safety. The first ESCOP
monographs were released at a symposium in 1990. The first six fascicules,
each containing 10 ESCOP monographs, have been published (Vincieri and
Riva, 2003). These monographs are now gaining statutory value.

1.9 Nutraceuticals in Indian medicine
191 Ayurveda and Siddha medicine

It may be recalled at this point that the concept of nutraceutical was already
embodied in Ayurveda, Unani, and Siddha medicine and allied streams.
These systems do not find much difference between food and medicine.
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Therefore, it is not surprising to find references to medicinal food. For exam-
ple, Astangabrdayam recommends the daily consumption of buttermilk to
cure many diseases of the digestive tract (Vaidyan, 1990). There are numerous
references to herbs boiled in milk and the decoctions indicated in specific
diseases. The Sanskrit text Vaidyamanorama contains many recipes of medi-
cated milk, yogurt, buttermilk, and porridges (Table 1.1).

1.9.2 Unani medicine

Unani went a step further and devised four separate dosage forms (halwa,
rubub, sharbat, and murabba) that are true nutraceuticals by modern
definition. Halwa are prepared by bringing a mixture of flour, milk, clarified
butter, sugar, and herbs to a thick consistency. Examples are Halwa-i-Badam,
Halwa-i-Murgh, and Halwa-i-Ghaikwar (Said, 1997a). A sharbat is a sweet
beverage containing sugar, citric acid, and extracts of herbs. Common exam-
ples are Sharbat Alu Balu, Sharbat Afsantin, and Sharbat Sandal (Said,
1997b). As both halwa and sharbat are sweet or less bitter in taste, they are
easily accepted by patients.

1.9.2.1 Halwa

The word halwa is derived from the Arabic root hulw, which means “sweet.” In
seventh-century Arabia, the word meant a paste of dates kneaded with milk.
Perhaps inspired by the ancient Iranian sweetmeat afroshag, the Arabians
designed halwa in the ninth century. It is generally prepared from semolina
or flour, sugar, and clarified butter, worked into a stiff paste, which is then cut
into bars or molded into fanciful shapes such as fish (Davidson, 1999). This
sweet delicacy came to India along with Arabian culture. Unani medicine has
a rich collection of recipes for this delectable confection. The following is a
brief description of the recipe for Halwa-i-Baiza-i- Murgh (Said, 19970).

The seeds of Elettaria cardamomum (2.5 g), aril, and the seed of Myristica
Jragrans (5 g each) are finely powdered and set aside. Wheat flour (400 g)
and condensed milk (800 g) are mixed together and kneaded well with clari-
fied butter (100 g) and powdered gum resin of Boswellia serrata (6 g). This
mixture is also set aside. The yolks of 40 hen’s eggs are beaten well and
mixed with sugar (400 g) and the essence of keora (essence of the flowers of
Pandanus tectorius). Clarified butter (300 g) is poured into a cauldron and
heated. The egg yolk-sugar—keora mixture is added to the hot clarified butter
and stirred continuously with a strong ladle, till the mixture separates freely
from the ladle. The wheat flour-condensed milk mixture is added and stirring
is continued. The cauldron is removed from the fire when the mass becomes
semisolid. The powdered seeds of Elettaria cardamomum and Myristica fra-
grans are added and mixed well. The mass of halwa is then put into a tray,
the inside of which has been smeared with clarified butter. The bhalwa is
spread evenly in the tray. Fried bits of kernels of badam (Prunus amygdalus)
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Table 1.1 Some lllustrative Nutraceutical Formulas from Vaidyamanérama

Sl No.

1
2

Description of Formula

Consumption of milk boiled with roots of Asparagus racemosus cures urinary diseases.

Fruits of Vitis vinifera are ground into a paste and mixed with yogurt. Consumption of
this preparation along with candied sugar cures dysuria.

Consumption of 15 g of the seeds of Strychnos potatorum and a small quantity of
honey suspended in buttermilk cures all chronic polyuric diseases.

Consumption of a paste of the roots or leaves of Salacia reticulata mixed with
buttermilk cures all kinds of polyuric diseases.

A paste of the seeds of Ficus religiosa and deer horn is suspended in buttermilk.
Consumption of this cures polyuric diseases quickly.

Consumption of the powdered seeds of Embelia ribes mixed with buttermilk cures
urinary stones.

Leaves of Tabernaemontana divaricata and rice are ground together, rolled into small
balls, and fried in sesame oil. Consumption of these cakes will cure 20 types of
polyuric diseases.

Loranthus elasticus growing on Ficus racemosa is ground into a paste and mixed with
buttermilk. Consumption of this cures diabetic carbuncles and diabetes mellitus.

The powder of the Asparagus racemosus roots (60 g) is suspended in milk and
consumed. Regular use of this formula for a month rejuvenates the body.

Consumption of ginger powder in milk cures advanced jaundice.

Dry ginger, pericarp of Terminalia chebula, heartwood of Cedrus deodara, and the
roots of Boerhaavia diffusa are ground into a paste and suspended in buttermilk.
Consumption of this drink cures edema all over the body.

Drinking buttermilk mixed with a paste of Cedrus deodara (heartwood) cures edema
completely.

Consumption of the paste of Tamarindus indicus roots mixed with milk cures
amenorrhea.

The powder of Piper nigrum fruits administered in yogurt cures fever.

Mix buttermilk with the ground leaves of Murraya koenigii, Allim sativum (bulbs),
Zingiber officinale (rhizome), Piper longum (fruit), Piper nigrum (fruit), and a
decoction of Dolichos biflorus seeds. Consumption of this drink cures fever.

Consumption of the paste of the tender leaves of Ficus religiosa suspended in milk
cures nocturnal fever.

Loranthus elasticus growing on the Aegle marmelos tree is powdered and drunk in
buttermilk, early in the morning. This cures irregular fever.

The powder of Terminalia chebula (pericarp), Tinospora cordifolia (stem), rock-salt,
Zingiber officinale (rhizome), and Trachyspermum ammi (seeds) mixed with
buttermilk improves stamina and digestive efficiency.

A paste of Sauvarcala salt (sodium sulfate mixed with sodium chloride), Cuminum
cyminum (seeds), Glycyrrhiza glabra (root), and Kaempferia rotunda (tuber) is
mixed with yogurt and a small quantity of honey. Consumption of this cures
dysfunctional bleeding.

Reference

Moos (1978: 3)
Moos (1978: 6)

Moos (1978: 15)
Moos (1978: 15)
Moos (1978: 15)
Moos (1978: 16)

Moos (1978: 17)

Moos (1978:19)
Moos (1978: 25)
Moos (1978: 67)
Moos (1978:75)
Moos (1978: 76)
Moos (1978: 146)
Moos (1979: 31)
Moos (1979: 32)
Moos (1979: 38)
Moos (1979: 39)

Moos (1979: 43)

Moos (1979: 63-64)

(Continued)
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Table 1.1 (Continued) Some lllustrative Nutraceutical Formulas from Vaidyamanérama

SI No. Description of Formula Reference

20 Consumption of powdered Zingiber officinale (thizome) mixed with sugar and yogurt ~ Moos (1979: 72-73)
cures respiratory distress.

21 Consumption of powdered Piper longum (fruits) mixed with sugar and yogurt cures ~ Moos (1979: 72-73)
respiratory distress.

22 Drinking buttermilk mixed with a paste of Eclipfa alba (whole herb) cures hoarseness ~ Moos (1979: 112)
of the voice.

23 Consumption of milk boiled with the roots of Desmodium gangeticum cures heart Moos (1979: 134)
disease.

24 The roots of Plumbago zeylanica are detoxified, ground info a paste, and mixed with ~ Moos (1979: 148)
milk. The consumption of yogurt prepared from this milk cures hemorrhoids.

25 Consumption of powdered Terminalia chebula (pericarp), Holarrhena antidysenterica ~ Moos (1979:
(seeds), Embelia ribes (seeds), and Plumbago zeylanica (root) suspended in 148-149)
buttermilk cures hemorrhoids.

26 Consumption of milk boiled with 20 tubers of Cyperus roundus cures painful Moos(1979: 165)
dysentery.

27 200 tubers of Cyperus rotundus are boiled in 1 L of milk. The strained milk is Moos (1979: 169)

fermented. Consumption of the yogurt prepared from this milk cures dysentery.

Source: Adapted from Moos, N.S., Vaidyamanarama, Kottayam: Vaidya Sarathi Press, 1978; Moos, N.S., Vaidyamanarama,
Kottayam: Vaidya Sarathi Press, 1979. With permission.

are stuck on the halwa and while still hot, the halwa is cut into small pieces
of convenient size. Each morning, 25 g of this halwa is to be eaten, followed
by a glass (150 mL) of milk. When used regularly, it improves stamina, vigor,
and vitality (Said, 19970).

1.9.2.2 Rubub

The Arabic word rub means extract (rubub = plural). The juice expressed
from fresh fruits and vegetables is concentrated with or without the addition
of sugar. This concentrated extract is known as rub. In this way, the medicinal
principles of fruits and vegetables are made available to patients even in off-
seasons (Said, 1997d). The mode of preparation of Rub-e-Angur is described
next.

Fresh grapes are washed in water and their juice is extracted. Grape juice
(10 D) is mixed with cane sugar (3 kg) and stirred well. The mixture is heated
over a slow fire to prevent charring. Heating is stopped when the volume is
reduced by half. Nitrun bunjawi (sodium benzoate) (35 g) and aqua Onosma
bracteatum (100 mL) are added, mixed well, cooled, and stored in glass con-
tainers. A dose of 25 mL of this preparation dissolved in a glass (150 mL) of
water is to be consumed twice a day. Rub-e-Angur is a cardiac tonic, an appe-
tizer, and a refrigerant (Said, 1997d).
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1.9.2.3 Sharbat

Sharbat owes its origin to Arabia, Turkey, and Persia, where sweetened and
diluted fruit juices were popular. The word sharbat is derived from the Arabic
root sarba, which means “drink.” This pleasant drink reached Europe through
the Ottoman Empire of Turkey. Medicated sharbats are popular in Unani
medicine and around 60 are in use today (Said, 1997b).

Sharbat Gazar is prepared in the following way. Cane sugar (4 kg) is added
to fresh carrot juice (12 L). The mixture is heated over a slow fire and on
attaining a thick consistency, 8 g of sat limun (citric acid) and 6 g of nitrun
bunjawi are added. The sharbat is filtered through a cloth and on cooling, it
is stored in containers. A dose of 50 mL of the sharbat diluted in cold water is
administered to correct disorders of the heart (Said, 1997b).

1.9.2.4 Murabba

The fruit pickle murabba is believed to have originated in Gurjistan, the pres-
ent-day Republic of Georgia. The Gurjaris, who were inhabitants of this area,
fled their homeland to escape from invaders and settled in present-day Gujarat
and adjoining areas. Thereafter, Murabba became a popular confection and
was adopted as a functional food in Unani. Murabbas are usually made from
the rhizomes of Zingiber officinale and the fresh fruits of Emblica officinalis,
Ananas sativus, Aegle marmelos, Benincasa cerifera, and Terminalia chebula
(Said, 1997e). Murabba-i-Amla is prepared in the following way.

Fresh amla fruits are washed. Using a knife, three or four incisions are made
on each fruit. The fruits are then put in a vessel with water and cooked till
tender. The water is drained and the cooked fruits are allowed to cool. A
syrup of cane sugar is prepared and poured into a stainless steel container.
The cooked amla fruits are dropped into the syrup and are allowed to remain
submerged in it for a week, by which time they are ready for use. The con-
sumption of one amla fruit every morning will enliven the heart and the liver.
It is also believed to cure bleeding piles (Said, 1997e).

1.10 Proven benefits of nutraceuticals
1.10.1 Phytosterols

Numerous research reports and clinical studies indicate the beneficial effects
of nutraceuticals. For example, a 30-day trial showed that 1.7 g of phytoster-
ols containing 20% sitostanol and 80% other phytosterols (primarily sitosterol
and campesterol) reduced low-density lipoprotein (LDL) cholesterol by 24.4%
in hypercholesterolemic men compared with 8.9% on the control diet (Jones
et al., 1999).

Interestingly, Sierksma et al. (1999) designed a 9-week, double-blind, cross-
over study to assess the cholesterol-lowering effect of two spreads fortified
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with free soybean oil sterols or with sheanut oil sterols. Plasma total choles-
terol and LDL cholesterol concentrations were significantly reduced by 3.8%
and 6%, respectively, for the spread enriched with free soybean oil sterols
compared with the control spread.

Phytosterols play an important role in the regulation of cardiovascular dis-
ease and also exhibit anticancer properties (Day, 1998; Jones and AbuMweis,
2009). These and several other aspects of phytosterols in nutrition have been
reviewed by Chadwick et al. (2003).

1.10.2 Curcumin

Similarly, clinical studies have shown that curcumin can be effective in the
treatment of several diseases (Goel et al., 2008). Deodhar et al. (1980) compared
its antirheumatic potential with that of phenylbutazone in a short-term, double-
blind, crossover study involving 18 young subjects. A daily dose of 1200 mg
curcumin exerted an antirheumatic
o —— effect comparable with that of phenyl-
butazone. A later study by Satoskar et
al. (1986) confirmed the anti-inflamma-

- el R, =,
A — A tory action of the molecule in 46 men
& ‘4 who had undergone surgical repair of

an inguinal hernia or a hydrocele.

Curcumin has also been found to be
useful in palliative therapy for cancer-
ous skin lesions (Kuttan et al., 1987),
in lowering cholesterol (Soni and
Kuttan, 1992; Ramirez Bosca et al.,
2000), in irritable bowel syndrome
(Bundy et al., 2004), and in improving
early renal graft function (Shoskes et
al.,, 2005). A recent population-based
study of 1010 elderly Asians with no
dementia suggests that curcumin may
improve cognitive function in the
elderly, emphasizing its usefulness in
\' THERAVALUES the prevention of Alzheimer’s disease
(Ng et al., 2006) (Figure 1.4).

Figure 1.4 A successful nutraceutical, 1103 L)’COPene
Theracurmin 30, bighly bioavailable

Lycopene is a carotenoid that is pres-
curcumin indicated in byperten- ycop p

sion, fatigue, cancer, and arthritis. ent in tomatoes, pink grapefruit, pink

(Reproduced with permission from 8Yava, and watermelon. It is one of the
Theravalues — Corporation, Tokyo, rare carotenoids absorbed through the

Japan.) intestine. It is also the most predominant
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carotenoid present in plasma. As humans cannot synthesize this nutrient, they
must acquire it through their diet (Bramley, 2000). Lycopene is now reported
to have a beneficial effect on coronary heart disease; this effect is related to
its antioxidant property (Bramley, 2000, Stahl and Sies, 1999). Epidemiological
evidence suggests that it can prevent cancer of the prostate, digestive tract, pan-
creas, bladder, cervix, skin, lung, and breast (Hasler, 2000; Larsson et al., 2010).

In a mouse model of allergic asthma, Hazlewood et al. (2010) assessed the
effect of lycopene supplementation on inflammatory cell influx into the bron-
choalveolar lavage fluid, lung tissue and blood, mucus-secreting cell numbers
in the airways, lymph node drainage, ovalbumin-specific cytokine release,
serum immunoglobulin G1 (IgG1) levels, and lung function. Lycopene sup-
plementation significantly reversed all the pathological changes. Lycopene
supplementation can offer protection from asthma.

In addition to coloring and stabilizing food products, lycopene is now known
to have definite therapeutic properties. Clinical trials have shown that lyco-
pene is useful in the management of carcinoma of the prostate gland (Kucuk
et al., 2002; Ansari and Gupta, 2003). The results of a recent clinical study
involving 50 patients suggest that lycopene has a potential therapeutic benefit
in the adjunct management of high-grade gliomas (Puri et al., 2010).

1.10.4 Resveratrol

Chronic drinking of alcohol is known to cause oxidative damage to many
organs of the body. This is due to the ability of alcohol to generate free
radicals and enhance lipid peroxidation. Oxidative stress taking place at the
subcellular level is the basis of many health problems such as cardiovascular
diseases, aging, and neurodegenerative diseases. Despite its high-fat diet, the
incidence of coronary heart disease in France is strikingly low. Interest in
understanding this “French paradox” has identified resveratrol and other anti-
oxidant polyphenols in grape skin as the agents responsible for causing this
phenomenon (Sun et al., 2002). Though grapes are considered to be the major
source of resveratrol, it is also present in many other fruits such as mulberry,
bilberry, and jackfruit, several flowers, and nuts such as peanut (Appendino
and Taglialatela-Scafeti, 2003; Lekli et al., 2010).

Recent studies have shown that resveratrol has estrogenic, antiplatelet, and
anti-inflammatory properties (Lekli et al., 2010). It inhibits apoptotic cell
death and thus offers protection from diseases such as myocardial ischemia,
atherosclerosis, ventricular arrhythmias, and cerebral ischemia (Wang et al.,
2002; Dudley et al., 2008; Kennedy et al., 2010).

1.11 Outlook for the future

The search for new bioactive molecules has a long history in the pharmaceuti-
cal industry of Europe and America. In their erudite and profusely illustrated
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work, Nicoloaou and Montagnon (2008) detail the adventures of chemists
and biologists who discovered new molecules for therapy. Nevertheless, such
efforts are infrequent in the world of nutraceuticals. The global herbs and
nutraceuticals market is yet to realize its full potential. New herbal extracts
and new benefits from already known extracts are being reported (Gruenwald,
2008). With the vast legacy of Ayurveda at its command, the herbal industry
of India can become a phenomenal success in the nutraceutical world, if it
subjects the traditional knowledge to dispassionate research. Three problems,
however, need to be seriously addressed.

1.11.1 Strengthening of research

Many herbal companies are aware of the need for more research in this area,
while others are totally oblivious to this aspect. Research and development
efforts in many Ayurveda companies are limited to some rudimentary analy-
sis of their finished products. Certificates of analysis are unheard of in such
places! A few others borrow research information from other companies or
institutes and try to promote their products in the market. Herbal medicine
manufacturers should join forces with experts from the food and pharmaceu-
tical industries.

1.11.2 Development of analytical methods

The nutraceutical industry is still in need of robust analytical methods.
The official methods of analysis of the Association of Official Agricultural
Chemists (AOAC) International, Gaithersburg, Maryland, are a reliable source
(Horowitz, 2000). However, effective methods need to be developed to detect
the intentional adulteration of products. The current tests for saw palmetto
quality are based on total fatty acid content. However, this does not give an
accurate assessment of the quality of the extract. Owing to its similarity to the
fatty acid content of saw palmetto extract, palm oil can easily pass as genuine
saw palmetto. Thus, unscrupulous manufacturers mix the extract with palm
oil and escape prosecution. Other areas of attention include the adulteration
of ginkgo, rutin, powders of berries, and natural dyes.

1.11.3 Clinical validation of claims

Currently, most nutraceuticals are sold on the strength of advertising cam-
paigns. Many products that were launched with great enthusiasm soon turned
out to be damp squibs. The only solution for this is controlled clinical trials.
Although the extract of Bacopa monnieri has been in the Western market
since 1980, proof of its memory-enhancing property has only recently become
available (Stough et al., 2001; Roodenrys et al., 2002; Stough et al., 2008;
Calabrese et al., 2008). The clinical efficacy of many ayurvedic herbs can be
proved with similar studies.
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1.12 Concluding remarks

Nutraceuticals represent the fastest-growing segment in the contemporary
food industry. Its estimated market size is $30 billion, growing at 5% per
annum. Thus, over the course of time, the interface between food and drugs
will narrow. As Andlauer and Fuerst (2002) have opined, future consumers
will be presented with a variety of products such as nutraceutical soups,
nutraceutical processed meat, and fortified bread and sausages. As herbs
remain the major source of nutraceuticals, there is greater scope to isolate
their chemical constituents and study their biological effects for possible
use in the prevention and treatment of diseases and the enhancement of
beauty.
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Bioactives from Plants

Except during the nine months before he draws his first breath, no man
manages his affairs as well as a tree does.

George Bernard Shaw (1856-1950)
Maxims for Revolutionists

2.1 Amazing chemical laboratories

with the simplest and least expensive starting materials, such as carbon

dioxide, sunlight, water, and minerals, they synthesize thousands of
chemical compounds of differing molecular structures. A group of synthetic
chemists provided with the same raw materials can never dream of achieving
the same results in their lifetimes.

Plants are amazing laboratories of chemical synthesis. When supplied

Some of the chemical compounds produced by plants for their basic metabolic
needs are the same chemical compounds found in the animal and microbial
worlds—amino acids, sugars, nucleic acids, lipids, and so on. They are prod-
ucts of the primary metabolism or chemical transformations fundamental to
the existence of the plant. Nevertheless, plants differ from other life-forms in
the great diversity of the additional chemical products that they produce. So
far, about 50,000 distinct chemical compounds have been identified in the
plant kingdom. These are products of the secondary metabolism (Ohlrogge
and Chrispeels, 2002).

These secondary metabolites are only produced in specific types of cells and
at specific times. They are broadly classified into various classes such as lip-
ids, phenols, tannins, proteins, alkaloids, glycosides, volatile oils, resins, resin
combinations, balsams, and mucilage (D’Amelio, 1999). Brielman (1999) pro-
vides a detailed classification of these phytochemicals.
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2.2 Biogenesis of secondary metabolites

Plants utilize very specific enzymes to synthesize a multitude of compounds.
These enzymes catalyze reactions in a well-defined sequence of steps. The
biochemical sequence of the reactions involved in the synthesis of one com-
pound is called a metabolic pathway. A few enzymes may be the components
of a metabolic pathway, an example being the synthesis of starch from ade-
nosine diphosphate. The three enzymes that take part in this bioconversion
are adenosine diphosphate glucose pyrophosphorylase, starch synthase, and
starch-branching enzyme (Martin and Smith, 1995). On the other hand, sev-
eral enzymes can be present in a metabolic pathway, as exemplified by the
synthesis of gibberellins from mevalonic acid (Yamaguchi, 2008). Enzymes
are also found to catalyze reactions underlying the degradation and storage
of the compound in question. The content of a given compound in a plant is
regulated by the enzymes involved in the various metabolic pathways pertain-
ing to that compound.

Plants, microorganisms, and animals have many unique metabolic pathways.
However, the pathways common to these three forms of living organisms are
the pentose phosphate pathway, glycolysis, and Krebs cycle. Plants synthe-
size all of the secondary metabolites using sugars, acetyl coenzyme A (CoA),
and amino acids, which are the basic components of the primary metabo-
lism. It is amazing that plants can convert carbon dioxide into such an array
of complex compounds just by utilizing the energy of the sun, minerals, and
water.

The biosynthetic pathway of monoterpene olefins and abietic acid explains
how plants synthesize complex molecules from simple precursors. The start-
ing material in this case is acetyl CoA, which is converted to geranyl pyro-
phosphate via mevalonic acid, isopentyl pyrophosphate, and dimethylallyl
pyrophosphate. The monoterpene olefins a-pinene, f-pinene, 3-carene,
B-phellandrene, and limonene are synthesized from geranyl pyrophosphate,
catalyzed by monoterpene cyclases (Funk et al., 1994).

Alternatively, geranyl phosphate is transformed into farnesyl pyrophosphate
and geranyl geranyl pyrophosphate, which is enzymatically converted to abi-
etadiene, abietadienol, abietadienal, and abietic acid. These four enzymatic
steps involve one cyclase, two hydroxylases, and a dehydrogenase (Funk
et al., 1994).

2.3 Functions of secondary metabolites
2.3.1 As sources of metabolic energy

Plants devote much of their energy to the synthesis of pools of compounds
that store the energy of the sun. Each of these stored metabolic products
is broken down by specific enzymes when there is a need for energy, such
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as during the night, when sunlight is not available. Sugars, acetyl CoA, and
amino acids, which are the basic units of these compounds, enter the primary
metabolism of the plant and generate adenosine triphosphate (ATP).

2.3.2 Structural support

The bulk of plant biomass is made up of polysaccharides such as cellulose,
hemicellulose, and pectins. These compounds impart strength to the plant
cell wall, which is further strengthened by lignification and solidification,
thereby turning the plant into a kind of raised framework on which are hung
photosynthetic tissues such as leaves and stems in the most suitable orienta-
tion to trap sunlight and carbon dioxide. Terrestrial plants support the weight
of their leaves with this structural support. Aquatic plants do not face this
problem and they do not produce support compounds such as lignin (Cseke
and Kaufman, 1999).

2.3.3 Pools of genetic information

The ability to transfer to its progenies the information for the production,
localization, and function of all proteins in the body of an organism decides
its survival in an environment. This genetic information mutates over time
and this change in genetic information (evolution) is a never-ending process
that produces new combinations. Some of these combinations may work in
a given environment and others may not. Only those individuals that have a
genetic combination that works in the new environment will survive. Others
fade away from existence. Therefore, over time, plants have evolved several
methods of sexual reproduction that facilitate the sharing of genetic informa-
tion among individuals of a species. Thus, combinations of efficient enzy-
matic reactions are spread throughout a population (Cseke and Kaufman,

1999).

2.3.4 Keeping predators at bay

Plants arm themselves with chemical compounds to ward off insect predators,
herbivores, and pathogenic microorganisms. One way of ensuring effective
deterrence is through structural defense, making use of lignification, silicifica-
tion, callose formation, and the deposition of wax.

The second approach is to employ species-specific chemicals that disrupt at
least one critical biochemical pathway in the attacking organism. Examples
of such compounds are alkaloids, proteins (lectins), saccharides and polysac-
charides, flavonoids, terpenoids, cyanide-releasing compounds, organic acids,
and long-chain carbon compounds (Cseke and Kaufman, 1999). Gums and
mucilage are highly branched heteropolysaccharides. These substances are
difficult for animals to digest. One advantage of producing such indigestible
polymers is that the animal will not find the plant appealing. Like most phar-
macologically active secondary metabolites of plants, the tetrahydrocannabinol
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in Cannabis sativa is assumed to be involved in self-defense, perhaps against
herbivores (Pate, 1994).

Pine trees produce oleoresin, which is a mixture of turpentine and diterpene
resin acids (rosin). This is secreted in response to physical wounding or an
attack by fungi and insects. The wounded areas on the bark are filled with
the oleoresin from which turpentine evaporates, leaving behind the solidified
rosin that seals the wound (Johnson and Coroteau, 1987).

2.3.5 Attraction and deterrence of pollinators

The constituents of essential oils attract insects for pollination. For example,
flowers containing linalool-rich essential oils attract moths during the night.
Some species that may bear similarly colored flowers and grow in the same area
do not produce linalool and do not attract moths. These flowers are pollinated
by butterflies and bees during the daytime (Raguso et al., 1996). Limonene,
geraniol, vanillin, and eugenol are also known to attract pollinators (Larcher,
1995; Theis and Lerdau, 2003; Dudareva and Negre, 2005; Cseke et al., 2007).

Pollinators are attracted to brightly colored flowers. The color of flowers can
be due to carotenoids, phlobaphenes, flavonoids, betacyanins, and betaxan-
thines. Moths are attracted to lightly colored flowers, such as white and yellow
flowers, as they are more visible at night. Birds are generally attracted to red,
while bees do not visit red-colored flowers. Some anthocyanins are feeding
deterrents and they are also believed to offer the plant protection from ultra-
violet (UV) radiation (Holton and Cornish, 1995). When fruits ripen, chloro-
phyll pigments break down and reveal the carotenoid pigments. This change
in color attracts animals.

Plants produce many storage forms of lipids, for example, those found in
fruits such as avocado and olives and seeds such as sesame, sunflower, and
peanuts. Some of them may serve as a reward for animals that help in the
propagation of these plants. The carotenoid pigments seen on fruits attract
animals, which help in seed dispersal. Many fruits also produce odoriferous
monoterpenes that attract animals, the sugar stored in the fruit serving as a
reward to them (Cseke and Kaufman, 1999).

2.3.6 Allelopathic action

Some plants disseminate into soils chemicals that are harmful to other plants
or that prevent others from becoming established in their vicinity. Such
chemicals are called allelopathic chemicals. A classic example of such a com-
pound is naphthalene glucoside, which is produced by the leaves and roots
of the walnut (Juglans regia). This glucoside itself is not allelopathic. It must
undergo hydrolysis and oxidation by soil microbes resulting in juglone, which
prevents germination of many plants. Other examples include essential oils,
phenolic compounds, alkaloids, and steroids (Cseke and Kaufman, 1999).
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2.3.7 Attraction of symbionts

Bacteria and fungi are often found to be very efficient in the absorption or
production of many nutrients that are required by plants. There are many
instances of a symbiotic relationship between plants and fungi or bacteria.
Many species of the nitrogen-fixing bacterial genus Brachyrhizobium associ-
ate themselves with the roots of host plants and cause the development of
root nodules where they reside, absorbing atmospheric nitrogen and storing
it as reduced nitrogen in the form of NH,. The reduced nitrogen is absorbed
by the host plant and utilized for synthesizing amino acids. The roots of soy-
beans produce large amounts of the flavonoid daidzein, which is a signal for
the bacteria to find the roots and establish a symbiotic relationship. Such sym-
biosis with bacteria is found in the deciduous Alder tree (Alnus rubra) and
some species of grasses. An association with mycorrhizal fungi is seen in the
root system of the pine tree. All these instances of plant-microbial symbiosis
are triggered by specific chemical signals produced by the host plant (Cseke
and Kaufman, 1999; Brundrett, 2002; Gianiazzi-Pearson, 2002).

2.4 Variation in chemical content of herbs

Biosynthetic pathways determine the production of secondary metabolites
that are controlled by genetic and ontogenic factors.

2.4.1 Genetic factors

Genetic factors are responsible for the underlying variability of individual
organisms. A good example is the opium poppy. The poppy exhibits a wide
variation in its morphological characteristics such as flower shape, color of
petals, shape and serration of leaves, and size and color of capsules and seeds.
A significant variation is also observed in characteristics such as the height of
the plant and the quantity of latex. The content of morphine in poppies can
vary from 3% to 12% (Vanhaelen et al., 1991; Anonymous, 2004).

The slow genetic changes that take place in plants are enhanced under cer-
tain conditions to produce polyploidy or an increase in chromosome number.
Polyploidy is found to be favored in perennial plants, which have a vegeta-
tive means of propagation and grow in wet soils or meadows. The incidence
of polyploidy is found to vary with latitude (Grant, 1981; Hieter and Griffith,
1999). Das and Mallick (1991) carried out a comparative chemical analysis
of 10 ecotypes of Centella asiatica to correlate their asiaticoside content
with their genomic diversity. Higher amounts of asiaticoside were observed
in two ecotypes collected from the subtemperate Himalayan region (north-
ern Uttar Pradesh and Meghalaya). Two newly reported B-chromosomes
were noted in these two races besides their normal karyotype of 2n=18
chromosomes.
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2.4.2 Chemical races

From a detailed biochemical analysis of plants, it has been observed that many
plants of the same species, having the same morphological characteristics, have
different chemical constituents. Such plants are called chemical varieties, che-
motypes, chemodemes, or chemical races. There are four chemotypes in Acorus
calamus, which is widely used in traditional medicine. One of them does not con-
tain the known carcinogen isoasarone. Similarly, seven chemotypes of thyme are
known in the Mediterranean region alone (Bruneton, 1995). Chemotypes are indi-
cated by the name of the compound most characteristic for that particular race,
for example, Thymus vulgaris linalool and T. vulgaris thymol (Pengelly, 2004).

2.4.3 Hybridization

Hybrids of plants can be formed by a natural combination of the characteris-
tics of related species. Theuns et al. (1991) have discussed this aspect in depth
and have observed that the Turkish Papaver bracteatum and P. orientale,
growing in isolated, remote locations, developed hybrids naturally. Nowadays,
many of the ayurvedic herbs are collected from remote, wild areas of India
and it is quite possible that some of them might exist as hybrids.

2.4.4 Ecological factors

Several ecological factors can influence the quality of medicinal plants by influ-
encing the biomass or the amount of dry matter produced, the ratio of the differ-
ent plant parts, and the level of active substances. It is the location of the plant
(wild or cultivated) that determines the climate and thereby the chemistry.

2.4.4.1 light

Cosson (1966, 1969, 1976, 1981) and Cosson et al. (1966, 1978) studied the
influence of several ecophysiological factors on alkaloid production in Datura
species. They simulated climatic conditions using the phytotron at the Centre
National de la Recherche Scientifique, Gif-sur-Yvette, France. Light could mod-
ify the general metabolism of Datura metel and D. tatula with a consequent
alteration in the production of scopolamine. These observations were con-
firmed by Nandi and Chatterjee (1976).

The stimulatory effect of light on alkaloid biosynthesis in Papaver somniferum
has been reported by Mika (1955), who recorded a high morphine content in
capsules 98 days after germination with a day length of 18 h.

2.4.4.2 Temperature

A rise in the environmental temperature can increase the general metabo-
lism by increasing the level of active constituents. However, excessive heat
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can cause a loss of volatile oil from leaf surfaces. The linseed oil from plants
grown in cooler climates has a high level of unsaturated fatty acids, whereas
the linseed oil from plants grown in warmer areas is poor in these com-
pounds. Mika (1955) reported a higher alkaloid content when P. somniferum
plants were grown at 100°C than at 210°C.

2.4.4.3 Altitude

The alkaloid content of plants can be influenced by altitude, as is the case
with D. metel. Total alkaloids were relatively lower at sea level than at high
altitude (Karnick and Saxena, 1970). However, an opposite effect on alkaloids
was reported earlier by Pelt et al. (1967a, 1967b). Planting density also influ-
ences the growth of herbs under cultivation. This is probably due to the modi-
fication of these plants’ exposure to light (Yamada et al., 1983). Plants rich in
anthracene derivatives, especially rhubarb, seem to be richer in active con-
stituents when cultivated in high altitudes (Lebeau and Janot, 1956). However,
it is also possible that the effect of altitude on plants can be species specific.

2.4.4.4 latitude

The biosynthesis of many secondary metabolites in several plant species is
influenced by light intensity and photoperiod. The long days and cool night
temperatures of the northern latitudes reportedly increase the production of
aromatic compounds compared with the same plant species in the south (Davik
et al., 20006). The carotene, ascorbic acid, and sugar content and the flavor and
aroma of some vegetables are more pronounced in the northern latitudes com-
pared with plants grown in southern parts (Hardh et al., 1977). Similarly, the
red color (due to anthocyanin content) of strawberries is more intense in the
north than in the south (Hirdh and Hardh, 1977; Jaakola and Hohtola, 2010).

2.4.4.5 Water

Plants receive water as rain, dew, humidity, or irrigation. Water stress affects
secondary metabolism. The content of alkaloids in the leaves of D. metel was
found to decrease with rain (Gupta et al., 1974). Similar observations have
been reported for some other solanaceous plants such as Datura stramonium,
Hyoscyamus niger, and Duboisia myoporoides (Vanhaelen et al., 1991).

A report on the possible effect of rainfall on the content of secondary metabolites
was published by Hofman and Menary (1979). High rainfall and high relative
humidity encouraged heavy fungal growth and a 28% decrease in the dry weight
of capsules of P. somniferum, leading to a 35% loss in morphine content.

2.4.4.6 Soil chemistry

Soil should be free from harmful levels of pathogenic organisms, pests, and
toxic compounds. It has been observed that a fungal disease of the opium
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poppy can result in a 10% decomposition of alkaloids in just 24 h. Similarly,
fungal blight on Solanum laciniatum causes a 20% loss of solasodine, which
is used as the starting material in steroid hormone synthesis.

Soil chemistry can easily be altered by man. Therefore, soil chemistry is the
most important factor that influences the production of secondary metabolites.
Sodium potassium, calcium, sulfur, and phosphorus are generally known as
macronutrients and soil usually receives them through fertilizers. The require-
ments of each species need to be studied and standardized, as plants vary in
their macronutrient requirement.

Elements such as boron, zinc, copper, cobalt, iron, magnesium, and so on
are required only in trace amounts and are therefore called micronutrients.
The addition of extra amounts of these micronutrients does not have harm-
ful effects. However, their deficiency can cause serious repercussions on the
plant’s chemical constitution.

Chatterjee et al. (1984) reported that manganese, molybdenum, magnesium,
and boron could significantly enhance essential oil production in Cymbopogon
winterianus. Brachet et al. (1981), on the other hand, observed that the tro-
pane esters in Datura innoxia were very much sensitive to sodium chloride
(NaCD) stress. Thus, monitoring of the soil chemistry is important in the culti-
vation of medicinal plants.

2.4.5 Ontogenic stage of harvest

The stage of growth at which a plant is harvested has a bearing on its chemi-
cal constituents. Therefore, a plant needs to be harvested at the right ontogenic
stage when the desired active compounds are present in significant amounts.
For example, the roots of Withania somnifera have a fairly high content of with-
anolides when they are harvested from plants that are 6—7 months old and the
bark of Holarrbena antidysenterica has a high content of alkaloids when the
tree is in full bloom (Tyagi, 2005). The vasicine content of the Adhatoda vasica
leaves is highest at full bloom stage and the xanthotoxine content of Heracleum
candicans is highest when the aerial portions dry up (Shiva and Mahtolia, 1998).
Ocimum sanctum is to be harvested at full bloom stage (Bahl et al., 2000).

Schratz and Qadry (1966) reported that during the fruit development of cori-
ander, borneol and aldehydes (trans-2-tri-decanal and n-decanal) diminished,
whereas linalool, geranyl acetate, and geraniol increased. Once ripened, the
fruit will have low aldehyde and borneol content, but a maximum content of
linalool, which is responsible for the characteristic aroma of coriander. The right
time to harvest is judged by the color of the umbels. Terminalia chebula fruits
are to be collected near maturity, but before they turn yellow, and Aegle marme-
los fruits are to be harvested at full ripe stage (Shiva and Mahtolia, 1998).

Very often, the stage of collection is unknown in the case of wildcrafted herbs
or herbs collected from the wild. Similarly, the young leaves of peppermint
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contain the toxic monoterpene pulegone, while the older leaves contain the
more desirable menthol and menthone (Rabak, 1917; Maroti et al., 1993;
Scavroni et al., 2005). Likewise, the morphine content of the opium poppy
is highest 2-3 weeks after flowering. In contrast, the solasodine content of
many solanaceous berries disappears once the berries mature. Commonly,
leaf drugs are collected as the flowers begin to open, the flowers are har-
vested just before they are fully open, and rhizomes and roots are collected as
soon as their aerial parts wither away.

2.4.6 Cultivation

Considering the continuous and uniform supply of medicinal herbs and the
fast depletion of natural resources, the cultivation of medicinal plants is con-
sidered to be an important way to meet the growing demand (Uniyal et al.,
2000). However, not many species are cultivated. One reason is that cultivated
plants are sometimes considered to be of inferior quality when compared
with specimens collected from the wild (Schippmann et al., 2006). Wild gin-
seng roots are 5-10 times more valuable than the roots produced by cultiva-
tion (Robbins, 1998). In Botswana, local healers do not favor cultivated herbs,
as they are believed to lack the potency of the material collected from the wild
(Cunningham, 1994).

The medicinal properties of plants are due to the secondary metabolites
needed by them to counter stress and competition in their natural environ-
ment. These compounds can be present in lesser amounts in monoculture
conditions. While photosynthesis appears to be high in open conditions,
enzymatic reactions that decide the quality of the herb seem to be a function
of the environment (Joy, 2003). Active chemical constituents can be lower
in fast-growing cultivated plants, while their wild counterparts can be older
due to slow growth rates. They may have higher levels of active compounds
(Schippmann et al., 2006).

Palevitch (1991) and Uniyal et al. (2000) opine that certain values can be delib-
erately enhanced in plants under controlled conditions of cultivation. The
roots of the Valeriana wallichii were reported to have higher contents of vale-
potriates and patchouli alcohol than those reported in wild plants. There was
also a marked difference in ar-curcumene, -patchlouene, and y-patcholuene
between the cultivated and the wild plants (Singh et al., 2000).

2.4.7 Postharvest treatment

Various biochemical processes in plants continue for some time, even after
the plants have been harvested. There is no control over this postharvest
enzymatic activity, which may or may not be desirable. Respiration is a very
active process in the living cells of freshly harvested herbs. As respiration
proceeds, it releases energy that results in the heating up of the stacked crop.
Fermentation also takes place. As water from the herb escapes, wilting and
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shriveling occur. The end result of all these reactions is the breakdown of the
secondary metabolites in the herb (Boettcher and Guenther, 2005a).

In many plants, the desired compounds are formed during storage after
harvest. Freshly picked vanilla beans do not have any vanillin, whereas the
fermentation of the pods causes its production, involving the enzymatic
hydrolysis of a glycoside. Wild cherry bark and bitter almonds derive their
medicinal properties from the formation of hydrogen cyanide (HCN) and
benzaldehyde produced as a result of the enzymatic cleavage of cyanogenetic
glycosides. The laxative property of the senna leaf and pod is due to the
presence of sennosides. Recent studies using radioimmunoassay have shown
that sennosides are only formed when the leaf and pod are dried gradually
at room temperature. It is known that the aromatic quality of cocoa beans is
related to the cultivar, postharvest treatments (fermentation, drying, and stor-
age), soil type, climate, geographical area of cultivation, and stage of maturity
of the pod (Kattenberg and Kemmink, 1993).

Damaging enzymatic activity can be prevented by drying, as most of these
enzymes are hydrolases, requiring moisture for their activity. Plants can con-
tain up to 95% of water, as is the case with Brahmi (Bacopa monnieri). Thus,
the removal of water from harvested herbs ensures that hydrolytic reactions
do not occur. The rapid drying of the harvested material denatures enzymes
and prevents decay of the herb, which can encourage the growth of microor-
ganisms. Dry herbs having a moisture content of 5%-10% can be safely stored
as enzyme activity and microbial growth do not take place at such a level.

2.4.8 Storage of herbs

From a scientific point of view, the storage of medicinal herbs is undesirable.
Nevertheless, it is unavoidable. Dried herbs are very hygroscopic and can
absorb up to 15% of moisture. This moisture can activate enzymes that are
dormant in the stored herb with harmful effects on its chemical constituents.
Moisture can cause oxidation reactions, especially of volatile oils. Lipids can
go rancid as well.

Moisture encourages the growth of microorganisms in a short time. The
metabolism of bacteria and fungi releases increasing amounts of moisture
for microbes such as Fusarium and Rbizopus, which demand greater damp-
ness for their growth. The microbial proliferation thus continues in the form
of a cascade. The waste products emanating from these microbes render the
stored herb damp or musty smelling, which are telltale signs of inferior qual-
ity. Additionally, there is also the possibility of the herb getting contaminated
with mycotoxins (Boettcher and Guenther, 2005b).

Stored herbs are also prone to attack by insects, which damage the material
as well as pollute it with their excreta and exoskeletons. Though described
in the context of the storage of the German chamomile (Matricaria chamo-
milla), the desirable storage conditions and the characteristics of the storage
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room listed by Boettcher and Guenther (2005b) are equally relevant to any
other herb.

Many natural products are unstable in light, especially the indole alkaloids
(reserpine) from Rauwolfia serpentina and the ergot alkaloids (ergotamine,
ergometrine). The nonnitrogenous compounds of Cannabis sativa are photo-
sensitive. Tetrahydrocannabinol, a major compound, literally disappears after
2 years of careless storage (Sandberg and Corrigan, 2004).

2.5 Good cultivation practices

To encourage the scientific cultivation of medicinal plants, the European Herb
Growers and Producers Association (EUROPAM) has developed Guidelines
Jor Good Agricultural and Wild Collection Practice (GACP) of Medicinal
and Aromatic Plants (Anonymous, 20006). Also, the WHO has published
WHO Guidelines on Good Agricultural and Collection Practices (GACP) for
Medicinal Plants (Anonymous, 2003b). These documents cover seeds and
propagation material, cultivation, harvesting, drying, packing, storage, trans-
portation, personnel, equipment, and documentation to ensure that medicinal
plants are cultivated, processed, and stored with minimal negative impact.

2.6 Modern methods of extraction of bioactives
2.6.1 Essential oils

Plants contain volatile and nonvolatile secondary metabolites. The volatile
compounds collectively form essential (volatile or ethereal) oils. They are
invariably aromatic. They are called essential oils as they are an essence of the
plant. Species belonging to Apiaceae, Asteraceae, Brassicaceae, Lamiaceae,
Lauraceae, Myrtaceae, Pinaceae, Piperaceae, Rutaceae, and Zingiberaceae
generally contain high amounts of essential oils (Pepeljnjak et al., 2003).
About 3000 essential oils are known and among them 300 are important
in the pharmaceutical, agronomic, food, sanitary, cosmetic, and perfumery
industries (Bakkali et al., 2008).

Chemically, essential oils are mixtures of many different compounds. Some
contain up to 60 compounds. In essential oils, two or three compounds will be
present in high concentrations (20%-70%) and the others in smaller amounts.
For example, carvacrol (30%) and thymol (27%) are the major components of
Origanum compactum essential oil. Usually, these major compounds decide
the biological activity of the essential oil. The chemical constituents of essen-
tial oils can be identified by thin layer chromatography, gas chromatography,
and gas chromatography-mass spectrometry. The component chemicals of
essential oils fall into the categories of terpenes (monoterpenes, diterpenes, tri-
terpenes, sequiterpenes), phenylpropanes (aldehydes, phenols, phenylethers),

Bioactives from Plants 39



sulfides, derivatives of anthranilic acid, and indole and acetylene derivatives
(Pepeljnjak et al., 2003; Bakkali et al., 2008).

Though essential oils are produced from an endemic population, their quality
differs for several reasons, including genetic, physiological, and environmen-
tal factors and processing conditions (Rohloff, 2003) (Table 2.1).

Essential oil-bearing plants show infraspecific and intravarietal differences
in both their morphology and chemical structures. These form the basis for
determining the important, chemically defined populations or chemotypes
(Hay and Svoboda, 1993). Table 2.2 gives some of the main chemotypes of
important aromatic herbs.

There is no correlation between their morphological and chemical characters
(Franz, 1993). This makes it difficult to characterize chemotypes on a pheno-
typic basis. Environmental factors exert an influence on chemotypic differen-
tiation. Massoud (1989) reported the varying oil yield and content of bisabolol
and chamazulene in chamomile and Franz (1993) has described the geograph-
ical distribution of chemotypes of chamomile throughout the Mediterranean
regions. It is now believed that changes in temperature and light conditions
during a period of the day may be responsible for causing distinct variations
in the yield and composition of essential oils (Fahlen et al., 1997; Silva et al.,
1999; Rodrigues et al., 2002).

Table 2.1 Factors Influencing the Composition of Commercial Essential Oils

Factor Description
Genetics

Taxon Clone, hybrid, culfivar, population

Infraspecific Chemotypes (distinct populations within a species)
Physiology

Ontogenetic Developmental changes (vegetative, generative)
Plant part Morphological differences (roof, leaf, flower, seed)

Environment

(limate Light, temperature, edaphic factors

Origin Latitude, height above mean sea level, country, continent

Agriculture Cultivation technique, fertilizer, irrigation, harvest fime

Processing

Isolafion Distillation, extraction, maceration, pressing, enfleurage

Storage Effects of aging, storage temperature, relative humidity, efc. on raw material

Adulteration/standardization  Essential oil blending prior to distillation/directly into the essential oil

Source: Reproduced with permission from Rohloff, J., Cultivation of herbs and medicinal plants in Norway —
Essential oil production and quality control. PhD thesis, Norwegian University of Science and Technology,
Trondheim, 2003. With permission.
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Table 2.2 Chemotypical Variation of some Economically Important Aromatic Herbs and

Spices

Botanical Name English Name Main Chemotype

Achillea millefolium L. Yarrow (pro) Azulene, azulene-free, caryophyllene, germacrene D,
farnescene

Artemisia vulgaris L. Common wormwood  o-/f-Thujone, 1,8-cineole, linalool, wormwood, camphor

Anethum graveolens L. Dill Carvone, limonene, phellandrene

Carum carvil. Caraway Carvone, limonene

Chamomilla recutita L. Chamomile Bisabolol, hisahololoxide A/B, hisaholonoxide A

Cuminum cyminum L. Cumin Cuminaldehyde, pinene

Foeniculum vulgare L. var. dulce ~ Sweet fennel Anethole, fenchone, limonene, estragole

Lavendula angustifolia Mill. Lavender Linalool, linalyl acetate

Melissa officinalis L. Lemon halm Geraniol, citronellol

Mentha piperita L. Peppermint Menthol, carvone, limonene, linalool

Mentha spicata L. Spearmint Carvone, menthone, piperitone

Ocimum basilicum L. Sweet basil Estragole, linalool, eugenol, camphor, methyl cinnamate

Origanum majorana L. Marjoram Terpineol, sabinene hydrate

Origanum vulgare L. Oregano Carvacrol, thymol

Rosmarinus officinalis L. Rosemary Verbenone, 1,8-cineole, -pinene

Salvia officinalis L. Dalmatian sage o-/ p-Thujone, thujone-free, 1,8-cineole, camphor

Thymus vulgaris L. Thyme Thymol, carvacrol, linalool, geraniol, thujanol, terpineol

Valeriana officinalis . Valerian Valeranone, valeranal, cryptofauronol

Source: Reproduced with permission from Rohloff, J., Cultivation of herbs and medicinal plants in Norway — Essential ol produc-
tion and quality control. PhD thesis, Norwegian University of Science and Technology, Trondheim, 2003. With permission.

Essential oils have antibacterial, antifungal, antiviral, spasmolytic, antiphlogistic,
diuretic, cytotoxic, antimutagenic, and antihelmintic properties (Pepeljnjak et al.,
2003; Bakkali et al., 2008). Recently, they have also been shown to reduce anxi-
ety and thereby improve the mood of humans (Kuriyama et al., 2005). Essential
oils are extracted using several techniques.

2.6.1.1 Hydrodistillation

Most essential oils such as lavender, peppermint, eucalyptus, tulsi, vettiver,
and so on are extracted by distillation. Fresh raw material is cut into pieces
and put into a distillation flask containing a small amount of water. The flask is
connected to a Clevenger apparatus, water circulation is started and the flask
is heated, most often by a heating mantle. The steam generated inside the
flask carries the essential oil, which condenses on passing through the con-
denser and flows into the Clevenger apparatus. The essential oil collected is
drained as and when the collection chamber is full (Langenau, 1955). Detailed
information on the distillation of essential oils is available in the voluminous
work of Ernest Guenther (1955a).
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2.6.1.2 Expression

Essential oils such as citrus oils are mechanically expressed. This method is
feasible when the quantity of essential oil present is significant and the cost
of the raw material is low. In a typical operation, thoroughly washed fruits
are cut into halves and the juice is extracted mechanically. The leftover rind
retains all the essential oil in the oil glands. The rind is then pressed in spe-
cial oil presses. The resulting emulsion of water, detritus, and essential oil is
passed first through a centrifuge running at a speed of 6,000-8,000 rpm and
then through a clarifying centrifuge at a speed of 18,000 rpm. Clarifiers with
a speed of 56,000 rpm are used to yield very clear oils (Anonymous, 2003a).

2.6.1.3 Solvent extraction

Almost all flowers contain essential oils. However, their quantities are small and
they contain compounds that are very sensitive to heat. Such essential oils are
extracted by solvent extraction, in which a low boiling point solvent such as
hexane soaks the petals and dissolves the oil. Extracts from hexane and other
hydrophobic solvents are known as concretes. Concretes also contain several
nonfragrant waxes and resins. The essential oil portion of the concrete is later
isolated using ethyl alcohol and the alcohol is finally removed by distillation.
The fragrant and pure essential oil that has been isolated is called absolute
(Hanna, 1999).

2.6.1.4 Enfleurage

Subtle scents that do not withstand harsh treatments are extracted by enfleu-
rage. This method was pioneered in the French province of Grasse, the center
of the French perfumery industry. Fresh flowers such as jasmine are lay-
ered between screens coated with odorless animal fat of a soft consistency.
Enfleurage is carried out in cool cellars. The essential oils evaporate from the
flowers and are dissolved in the animal fat. The essential oil-fat mixture is
called pomade, examples being pomade de Jasmin, pomade de tubereuse, and
so on. The pomade is later washed with alcohol to separate the essential oil
from the fat (Hanna, 1999; Guenther, 1955b).

2.6.1.5 Supercritical fluid extraction

Supercritical fluid extraction is a new technology for extracting natural prod-
ucts including essential oils. Supercritical carbon dioxide is the most pre-
ferred solvent in this technology, as it is inert, noninflammable, noncorrosive,
inexpensive, freely available, odorless, eco-friendly, and generally regarded
as safe (GRAS). Its near ambient critical temperature makes it suitable for
thermolabile natural products such as essential oils. With this technology
there is no loss of the top notes or base notes of aroma compounds. There is
no thermal degradation, and the products are of high purity. The problem of
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residual solvents does not arise, as carbon dioxide in the product evaporates
completely at room temperature. Products have a longer shelf life on account
of the co-extracted antioxidants and the operation is fast and economical (Shi
et al., 20006) (see Chapter 4).

2.6.2 Solvent extraction of bioactives

Solvent extraction is a process that is used to recover a component from either
a solid or a liquid, by keeping it in contact with a solvent that will dissolve
the solute of interest. Distillation of the solvent separates the solute. Solvent
extraction has several applications such as the extraction and refining of vege-
table oils from oil seeds, the isolation of bioactive compounds from vegetable
and animal matter, the removal of undesirable components from mixtures of
organic products, the production of high-quality aromatic extracts required in
the manufacture of synthetic fibers such as nylon, and the separation of met-
als from their ores. Due to environmental concerns, modern solvent extrac-
tion processes employ benign solvents (Wennersten, 2004).

2.6.2.1 Like dissolves like

Based on their ability to dissolve organic compounds, solvents can be broadly
divided into polar (hydrophilic) and nonpolar (hydrophobic) types. The
dielectric constant of a solvent is an indicator of its polarity and solvents hav-
ing a dielectric constant of less than 15 are considered nonpolar. Table 2.3
lists some of the commonly used solvents and their polarities.

The physical properties of a solvent, such as polarity, dipole movement,
polarizability, and hydrogen bonding, decide which class of compounds it
can dissolve and with which other solvents it is miscible. Generally, polar
solvents dissolve polar compounds and nonpolar solvents dissolve nonpolar
compounds. For example, strongly polar compounds such as sugars, sapo-
nins, phenolics, and tannins dissolve only in polar solvents such as water
and methanol, whereas strongly nonpolar constituents such as oils, waxes,
terpenoids, and glycolipids dissolve well in strongly nonpolar solvents such
as hexane (Finar, 2001).

2.6.2.2 The chemistry of water extraction

Water is the ideal solvent for extracting several polar phytochemicals.
Additionally, aqueous extracts are safer due to the absence of residual solvents
and the extraction process is eco-friendly. Traditional medical systems employ
many water extracts or decoctions. This class of medicines is prepared by boil-
ing mixtures of crude herbs in water. During this process, many chemical com-
pounds that are present in the crude herbs are transferred into the decoction.

Pharmaceutical chemists have always been interested in understanding the
dynamics of this transfer of compounds. While studying the interaction of
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Table 2.3 Commonly Used Solvents and Their
Polarity

Solvent Dielectric Constant  Boiling Point (°C)

Nonpolar Solvents

Hexane 1.9 69
1,4-Dioxane 212 101
Benzene 23 80
Toluene 24 m
Diethyl ether 43 35
Chloroform 48 61
Ethyl acetate 6.0 77
Dichloromethane 8.9 40
n-Butanol 12.5 118
Polar Solvents

Isopropyl alcohol 19.9 82
n-Propanol 203 97
Acetone 20.7 56
Ethanol 24.6 78
Methanol 327 65
Acetonitrile 315 82
Water 80.2 100

Source: Based on data from Smallwood, .M., Handbook of Organic Solvent
Properties, Arnold, London, 1996. With permission.

phytochemicals during the preparation of Gegen Tang, a decoction from
Chinese medicine, Takaishi and Torii (1969) and Takaishi and Watanabe (1971)
made a curious observation. Starch from the pueraria root (arrowroot starch)
moved from the herb and dissolved in the decoction. This water-soluble starch
formed a conjugate with ephedrine, the major alkaloid from the ephedra herb.
It was observed that subsequent to the formation of this complex, the solubil-
ity of ephedrine in Gegen Tang increased 5-10 times. Yata and Tanaka (1983)
reported that the saponin of bisdesmoside, which is freely soluble in water,
increased the dissolution of monodesmosides, which are sparingly soluble
in water. While working with the Kampo decoction Maoo-to, Noguchi et al.
(1978b) noted that ephedrine, which was earlier detected in high quantities
in the hot-water decoction of the ephedra herb alone, was later readsorbed
when the ephedra was decocted in the presence of the other ingredients
of Maoo-to, namely, licorice root, cinnamon bark, and armeniac seeds. The
authors inferred that this readsorption was probably because of the presence
of some “negative compounds” from the other herbs.

Chemical conversions are also reported to take place during the process of
decoction. Saikosaponins a and d, which are constituents of the Bupleurum
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root, are converted into saikosaponin b (Arichi et al., 1979; Yamaji et al., 1984).
Berberine-like alkaloids present in the Coptis rhizome or the Phellodendrum
bark and glycyrrhizin present in licorice root cross-react and the resultant
product precipitates (Tomimori and Yoshimoto, 1980; Noguchi et al., 1978a). A
similar precipitation reaction occurs between alkaloids and tannins (Nakajima
et al., 1994b).

It is generally believed that only compounds that are readily soluble in water
are extracted in decoctions. However, a significant amount of water-insoluble
compounds have also been shown to be transferred into decoctions (Arichi
et al., 1979; Kano et al., 1986; Huang, 1986; Akahori and Kagawa, 1977).
Nakajima and his group observed that 6,7-dimethylesculetin, a poorly water-
soluble constituent of Artemisiae capillaris spica, is extracted in significant
amounts into the Kampo formula Inchinko-to (Taguchi et al., 1975; Imazeki
et al., 1980).

From their extensive studies on the transfer of the components of crude drugs
into Kampo decoctions, Nakajima et al. (1994a, 1994b, 1994¢) concluded that
some of the ordinary low molecular weight components are transferred with
dissolution in water, whereas others are transferred without dissolution. The
relative solubility of these compounds in water, crude drug particles, insolu-
ble substances, and the quantity of water used in a decoction are the factors
that decide transfer with dissolution. On the other hand, transfer without
dissolution is caused by adsorption and or partition of the compounds to the
insoluble phase such as suspension or emulsion resulting from the deposition
of other insoluble components and fine particles of the crude drugs. Transfer
without dissolution can also happen with the formation of an emulsion or a
suspension of the compounds themselves.

2.6.2.3 The various extraction modes

2.6.2.3.1 Soxhlet extraction The solvent extraction of biological materials
began with the path-breaking invention by Franz Ritter von Soxhlet (1848-
1926). Born in Moravia of Belgian parents, Soxhlet obtained doctorate degrees
in chemistry (1872) from the University of Leipzig and medicine (1894) from
the University of Halle. While studying the chemistry of milk, he invented the
now-famous Soxhlet extraction apparatus to isolate lipids from milk (Soxhlet,
1879) (Figure 2.1).

The Soxhlet extractor (Figure 2.2) was originally designed to extract lipids
from a solid matrix. Nevertheless, the extractor can be used to extract mate-
rials other than lipids. It is the equipment of choice when the desired com-
pound has limited solubility in a solvent and its impurity is insoluble in that
solvent. Solid material containing the substance to be extracted is put in a
porous cellulose thimble and placed inside the main chamber of the Soxhlet
extractor, which is then fitted to a flask containing the extraction solvent. A
condenser is connected to the extractor.
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Figure 2.1 Franz Ritter von Soxblet. (Reproduced with permission from www.cyber-
lipid.org.)

The flask with the solvent is heated and the solvent vapor moves into the
condenser. It cools and trickles into the main chamber containing the mate-
rial. The chamber is slowly filled with the warm solvent, which dissolves the
desired substance present in the material. When the chamber is almost full,
it is automatically emptied by a side arm and the solvent (menstruum) flows
back into the distillation flask. This cycle is repeated till the extraction is com-
pleted. The advantage of the Soxhlet extractor is that instead of using several
portions of a solvent, one batch of the solvent is recycled many times. On
completion of the extraction, the solvent is removed from the extractive using
a Buchi rotary evaporator (Figure 2.3).

In 1950, L.C. Craig invented a simple rotary evaporator system (Craig et al.,
1950). This invention was first commercialized by the Swiss company Biichi
Labortechnik AG in 1957 and patented in 1964 (Anonymous, 2009). The Rotavapor
designed by Biichi continues to be the most widely used rotary evaporator.
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The miscella (the solution of extract in
the solvent) is poured into a flask that is
lowered into a reservoir and is immersed
in warm water of a desired temperature.
The condenser is connected to a vacuum
and a supply of chilled water. The flask
containing the miscella is allowed to
rotate at optimum speed. The hot water
in the reservoir warms up the solvent,
which evaporates, moves into the con-
denser aided by the vacuum and trick-
les down into a round-bottomed flask.
Once the solvent is completely removed,
the operation is stopped and the extract
(solid or paste) is collected.

Based on the Soxhlet extractor, several
solvent extraction systems are now avail-
able in the market. Many of them are
automated or semi-automated and extract
lipids efficiently.

2.6.2.3.2 Maceration This is the sim-
plest procedure for preparing an extract.
It is suitable for small and industrial
quantities of a herb. A solvent is poured
over powdered herb that has been placed
in an appropriate vessel (extractor). After
a specific period of time, the solvent will
have absorbed a considerable amount
of the active compounds. The miscella
is now drained and the herb powder is
washed with a fresh solvent. Maceration
is repeated and the combined washings
are used as the fluid extract or as the dry
extract after the removal of the solvent.
Maceration is the ideal method for pre-
paring tinctures and the process can be
static or dynamic.

Figure 2.2 The Soxblet extractor.
1 = Flask with extraction solvent,
2 = extraction chamber, 3 =fun-
nel with side arm, 4 =condenser.
(Reproduced with permission from
wwuw.cyberlipid.org.)

Large, closed containers (extractors) are used in the industrial extraction of
herbs using the maceration procedure. Powdered herb is loaded into the con-
tainers and is allowed to soak in the solvent for a stipulated period of time.
After the required period of time, the miscella is drained or filtered. This type
of extractor is mostly outdated now and has been replaced by extractors with
built-in agitators. In the industrial version of dynamic maceration, the herb
powder is loaded with solvent and the extractor is set in continuous motion
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Figure 2.3 Biichi rotary evaporator ROTAVAPOR R-210. (Photo courtesy of BUCHI
India Put. Ltd.)

for a specific period of time using agitators. After extraction, the miscella is
drained through the aperture for this purpose.

In the present-day industrial maceration procedure, large extractors with
mechanical agitators are employed. The extractors are fitted with jackets to
facilitate the heating of the vessel using steam. Powdered herb is loaded into
the extractor through a special aperture. Fresh solvent is pumped in and mac-
eration under agitation is carried out for a certain length of time, whereafter
the miscella is collected through a shaft at the bottom of the extractor. A fresh
quantity of solvent is pumped in and the process is repeated till exhaustion
of the herb is achieved. The solvent that is retained by the spent herb (marc)
can be removed by heating followed by distillation.

2.6.2.3.3 Percolation In simple percolation, the herb powder is soaked
well with the solvent and put in a vessel. After a specific period of time,
the percolate (miscella) is drained and poured back into the vessel. The
process is repeated till the herb is exhausted. To save solvent, sometimes
only percolates that are less rich in extractives are poured back into the
percolator.

In industrial-scale percolation, it is necessary to moisten the herb powder
with a solvent before charging it into the percolator. This is to prevent a sud-
den swelling of the herb powder in the closed container. If water is the extrac-
tion medium, there is the possibility of the herb swelling to nearly three times
its original volume causing the percolator to burst or making percolation
impossible (Bombardelli, 1991). The uniform moistening of the herb powder
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prevents the formation of preferential channels, thereby increasing the pas-
sage of the solvent. As the porosity of the cell wall in the powder is increased,
the extractive diffuses from the cell into the solvent (Bombardelli, 1991).

In industrial percolation, moistened herb powder is put in a series of percola-
tors and the solvent is serially circulated through them. Fresh solvent is used
when the herb powder reaches exhaustion stage. Fluid and soft extracts can
be easily manufactured through this process. By calculating the number of
percolators and the quantity of the solvent used, it is possible to prepare some
extracts directly, avoiding the concentration of the extract step.

There are, however, two disadvantages. Firstly, the herb powder needs to be
moistened before charging it into the percolators. Secondly, depending on the
height of the percolator, the herb powder gets compacted after some time,
preventing the passage of the solvent and thereby slowing down the extrac-
tion process.

2.6.2.3.4 Continuous extraction The concept of continuous extraction was
conceived in Germany during the end of World War I. Faced with a shortage of
oils and fats, the Germans explored better ways to make use of the soybeans that
they had started to import from China. As a result, two continuous extractors
based on countercurrent principles were invented. The Bollman or basket-type
extractor was patented in 1919, followed by the Hildebrant or U-type extractor
in 1934. Jean-Albert De Smet, a Belgian engineer, improved on these and, in
1946, he produced a patented version manufactured by his newly established
company, Extraction Continue De Smet (De Smet, 1949; Anonymous, 1977). In
continuous extraction, the herb powder moves against the solvent. It enters the
percolator, coming into contact with solvent enriched with extractive and soon
afterward encounters fresh solvent. Complete exhaustion of the herb is achieved
by properly setting the movement of the herb powder toward the solvent. This
method is very similar to continuous percolation. However, this extraction pro-
cess is more suitable for the large-scale manufacture of extracts.

Extractors of the screw, carousel, U, or radial pressure type or their combina-
tions are used in industrial continuous extraction. Screw extractors work on
the principle of absolute countercurrent extraction, in which the herb powder
and the solvent move in opposite directions.

The extractor is a long, pressure-tight, steel cylinder with provision for heating
and cooling. Inside, it is equipped with a system of screw feeders. The herb
powder, which is charged into the extractor through an aperture at one end
of the cylinder, is driven by the screw to the opposite end. Solvent is poured
into the extractor at the opposite end to the point of herb entry. Problems
arise from poor solvent contact, when fine powders of herbs are used. These
can be due to clumping of the powder, formation of preferred channels in the
bed of soaked powder, and poor circulation of the solvent. These problems
can be overcome by using pellets of the powdered herb. Ground herb is wet-
ted with steam or water and pressed into pellets of 4-10 mm diameter, using
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a pellet mill (Gallagher et al., 2006). Herbs such as Centella asiatica, Coleus
Jforskoblii, and Kaempferia galanga are extracted using such pellets. The herb
powder and solvent are mixed together and this process can be controlled to
optimum level by regulating the number of revolutions of the screw, the slope
of the cylinder, the temperature of the solvent, and the pressure. Because of
the harmonization of these factors, the herb powder is virtually exhausted
by the time it reaches the other end, meeting continuously poured solvent
(Bombardelli, 1991). The carousel and the U extractors work on the principle
of relative countercurrent extraction.

To ensure the complete exhaustion of the herb, the following parameters need
to be defined and strictly observed for each herb: particle size of herb, flow
rate of solvent, contact times, temperature, and pressure (Bombardelli, 1991).
Continuous extractors are usually of large capacity. While the industrial
production of a batch of extract takes 4-6 days in the dynamic macera-
tion process, a batch can be completed in 24 h using continuous extrac-
tion. Continuous extraction of several natural products has been reported
(Wagner and Parma, 1988; Gunasekaran et al., 1989; Wiesenborn et al., 1999;
Kim et al., 2001, 2002).

2.6.2.4 Concentration of extracts

The miscella obtained from solvent extraction undergoes concentration, so
that final products in the form of fluid, soft, or dry extracts can be prepared.
In some cases, the extract will be further purified with other solvents to pre-
pare enriched extracts. In special cases, the miscella will be further extracted
with solvents to isolate particular compounds. When concentrated at high
temperatures, there is a possibility of the denaturation of compounds. To
avoid this, the equipment and the temperature at which the miscella is to be
concentrated, need to be chosen carefully (Bombardelli, 1991). Various kinds
of equipment are employed for the concentration of extracts.

2.6.2.4.1 Jacketed evaporators Jacketed evaporators are used when the
product is very viscous and the volume is small. Concentration is carried out
in a small cylindrical evaporator, with or without jackets for the circulation of
steam (Minton, 1986a). Jacketed evaporators are not suitable for temperature-
sensitive products, as the residence time is long. In addition to this, the static
head of the liquid raises the boiling point of the product at the bottom of
the tank. This can be overcome to some extent by operating the tank under
vacuum, to reduce the boiling point of the batch. Jacketed evaporators are
still used for manufacturing processes that involve small batches of products,
which are clean, viscous, and not heat sensitive (Glover, 2004).

2.6.2.4.2 Coil evaporators Metallic coils of tubes inside the cylindrical tank
come in contact with the miscella that is to be concentrated. Heat radiating
from steam circulating inside the coils causes the evaporation of the solvent,
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which moves into the condenser. Agitation of the miscella can be achieved
with stirrers. Evaporation can be carried out inside the tubes as well. In such
evaporators, the heating medium will be outside the coil. Coil evaporators
are ideal for small quantities of miscella and when the product is difficult to
handle (Minton, 1986a).

2.6.2.4.3 Falling film evaporator The miscella is fed into the top of long tubes
and is allowed to fall down the walls as a thin film. Steam is used to heat the
tubes. The quantity of miscella falling down in these film evaporators is small
and the time spent by the fluid inside the equipment is very short. The system
also operates under vacuum; therefore, it is ideal for heat-sensitive products
(Minton, 1986a) (Figure 2.4).

2.6.2.4.4 Tray dryer Miscella is poured into trays and stacked in a jack-
eted chamber. The inner surface of the chamber is hot and the rising solvent
vapors are removed under vacuum. Tray dryers are especially suitable for
thermolabile products (Minton, 1986a).

2.6.2.4.5 Thin film evaporator Essentially, the equipment consists of a hol-
low, cylindrical body, heated externally and fitted with a rotor inside. The
rotor agitates the miscella, which is spread on the inside of the heated cylin-
der. The vapors are removed under vacuum (Bombardelli, 1991). The various
aspects of evaporation technology such as vapor compression, vacuum-pro-
ducing equipment, and so on are treated exhaustively by Minton (1986b)
(Figure 2.5).

Steam _

Condensate _

Concentrate Concentrate

Figure 2.4 Falling film evaporator. (Courtesy of Novasep, Pompey, France.)
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Figure 2.5 Thin film evaporator. (Reproduced with permission from Elettronica
Veneta S.p.A., Italy.)

2.6.2.5 Clarification of extracts

Extracts that are intended for pharmaceutical or nutraceutical use should
not contain solid particles extraneous to the extract. Very fine particles of
the herb often escape into the extract even under stringent filtration pro-
cedures. During hot maceration of herbs, many inert substances that are
present in them are extracted and become solidified on subsequent cool-
ing. All these particles need to be removed from the extract (Bombardelli,

199D).

The clarification of extracts is achieved by simple or pressure filtration,
separators, and decanters. In pressure filtration, the extract is force-pumped
into several compartments, which have pores that are adequate to filter fine
suspended particles. Horizontal decanters, super centrifuges, and perforated
or closed-drum centrifuges are also used for clarifying extracts.
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2.6.2.6 Drying of extracts

Various kinds of extracts such as fluid extracts, tinctures, soft extracts, and
dry extracts are industrially manufactured. However, dry extracts are often
preferred to the others, considering their chemical stability and ease of trans-
portation. One added advantage is that in case of microbial contamination,
dry extracts can be sterilized by gamma radiation. But this technique is not
feasible in the case of liquid/semisolid extracts as the process can start a
series of chemical reactions (Bombardelli, 1991).

Various types of equipment are available for drying extracts. Drum dryers, belt
dryers, cabinet dryers, spray dryers, and lyophilizers are employed, depend-
ing on the quantity and the nature of the extract to be dried (Bombardellj,
1991; Cheremisinoff and Cheremisinoff, 1995).

2.6.2.6.1 Spray dryer This is the equipment of choice, if the extract that is
to be dried is a water extract. Filtered and heated air is blown into the dry-
ing chamber and a slurry of the water extract is sprayed into the chamber
through an atomizer. The water droplets present in the sprayed extract evapo-
rate immediately on coming into contact with the hot air. The dried extract
settles at the bottom of the chamber or it can be discharged along with the air
into cyclones, from where it can be collected. As the extract is exposed to hot
air for only a short time, there is no thermal damage to the phytochemicals
(Cheremisinoff and Cheremisinoff, 1995) (Figure 2.6).

%b
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Figure 2.6 Schematic diagram of a spray dryer. (1) Blower +air filter; (2) air compres-
sor; (3) beater; (4) peristaltic pump; (5) temperature controller; (6) inlet thermo-
couple; (7) atomizer: (a) compressed air, (b) feed suspension; (8) drying chamber;
(9) cyclone; (10) receptacle for dry product. (Reproduced from Souza, C.R.F. et al.,
2008, Braz. J. Chem. Eng. 25: 59-69. With permission.)
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2.6.2.6.2 Cabinet dryer Shallow pans containing concentrated extract are
placed on a rack inside a large cabinet with tight walls. Hot air (60°C-80°C)
passed into the cabinet circulates around the pans and leaves through an out-
let. The extract is dried thoroughly during the process. Such dryers are often
equipped with a vacuum (Cheremisinoff and Cheremisinoff, 1995).

2.6.2.6.3 lyophilizer The term lyophilization was first coined by Rey (1977)
because of the porous nature of the dried material and its ability to reabsorb
the solvent, thereby attaining its original state. Lyophilization is also known as
[reeze drying or cryodesiccation. Lyophilization is now defined as a stabilizing
process in which the substance is first frozen and the solvent is reduced first by
sublimation (primary drying) and later by desorption (secondary drying) to val-
ues that no longer support biological growth or chemical reactions (Jennings,
1999). Some herbal extracts need to be lyophilized to retain their biological
activity. Lyophilization is carried out at very low temperatures (-50°C) and pres-
sure (microbars). Commonly, aqueous solutions are lyophilized (Figure 2.7).

2.6.2.6.4 Spray chilling Spray chilling, also known as spray congealing, is a
drying process similar to spray drying. The only difference is the temperature

Figure 2.7 Lyopbhilizer. (Reproduced with permission from Sub-Zero Lab Instruments,
Chennai, India. bttp./www.subzeroindia.com.)
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of the air that is used and the nature of the coating. A slurry is dispersed
into a chamber containing air, cooled to refrigeration temperatures. Droplets
of the extract solidify and settle down. The common carriers are fatty acids,
alcohols, waxes, stearates, and polyethylene glycols. Spray chilling is com-
monly used in marine lipid encapsulation (Jin et al., 2007).

2.7 Concluding remarks

As mentioned previously, the chemical content of a herb can vary for several
reasons. Therefore, it is essential to ensure the therapeutic efficacy of an
extract, based on its content of active compounds. In olden days, the concept
of the herb:extract ratio was used for standardizing extracts. However, as the
herb:extract ratios do not indicate the chemical content of the extracts and
as sophisticated analytical instruments have become available, the chemical
standardization of extracts is now accepted as a means to ensure the quality
of extracts. Using such techniques, it is possible to manufacture herbal prod-
ucts with standard levels of particular compounds or classes of compounds
(Talbott, 2002). An extract of a plant can be standardized to contain a specific
chemical compound when its therapeutic efficacy can be directly related to
that compound. An example is an extract of Silybum marianum standardized
to silymarin, as silymarin is proven to be the active compound responsible for
hepatoprotection (Wagner et al., 1974).

However, in many cases the therapeutic activity of an extract is due to several
compounds within a class of compounds. An example is the extract of red
yeast rice (Monascus purpureus), popular as a dietary supplement for reduc-
ing blood cholesterol. The hypolipidaemic property of M. purpureus is attrib-
uted to about 14 monacolins, which have the ability to inhibit the enzyme
3-hydroxy-3-methyl-glutaryl (HMG)-CoA reductase, involved in the synthesis
of cholesterol (Yong-Guo et al., 2004). Red yeast rice is commonly standard-
ized to 0.4% of total monacolins (Talbott, 2002).

In many cases, the exact chemical compound responsible for the therapeutic
effect is either unknown or it is difficult to measure. In such cases, the extract
can be standardized to a marker compound that can be easily quantified. The
rationale is that when the extract is properly standardized to the marker com-
pound, the other chemical constituents will also be present in the required
quantities (Talbott, 2002). An example of such a marker compound is hyperi-
cin, on the basis of which an extract of St. John’s wort (Hypericum perfora-
tum) is standardized. The extract is standardized to contain 0.3% hypericin,
although hypericin is not the compound responsible for the antidepressant
action of the extract (Hobbs, 1989).

The major argument against the standardization of extracts is that a single
constituent cannot heal effectively without the rest of the molecules from the
herb in question. It was earlier believed that the antidepressant activity of
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St. John’s wort was due to hypericin (Suzuki et al., 1984). Nevertheless, it is
now known that this effect is brought about by a complex mixture of flavo-
noids, hyperoside, rutin, and biflavones (Hobbs, 1989; Pedec and Klodziejczyk,
2000). While this is true in many cases, the standardization of extracts offers
consistency in dosage, a reduction in the toxic components of plants, and
predictability in therapeutic response.

A common misunderstanding is that the standardization of a herbal extract
can be achieved by controlling a small portion of the chemical constituents. A
ginger extract “standardized” to 5% gingerols does not say anything about the
content of the individual gingerols or the composition of the other 95% of the
extract. It can be reasonably inferred that the 5% designation is a statement of
the strength of the extract and not its biological effect. Two different ginger
extracts having the same 5% gingerol strength could vary drastically in their
biological effects because of the constitution of the individual gingerols in
the 5% and the biological effect that could arise from some compound in the
other 95% (Dentali, 2009). Therefore, standardization encompasses a detailed
description of the starting material and the entire extraction process. This is
necessary, as agricultural practices and manufacturing processes can affect
the outcome of the final product. As Bonati (1991) has observed, standardiza-
tion signifies the body of information and the controls that are necessary to
guarantee constancy of composition.
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Extraction of the Bioactives

[N]ever talk about science, show it to them.

Lawrence Bragg (1890-1971)
Nobel Laureate in Physics (1915)

3.1 Introduction

logically active in human beings. Although primarily intended for use by

the plants themselves, humans can also benefit from them by making
useful products such as medicines, nutraceuticals, cosmetics, fortified foods
and beverages, fragrances, flavors, personal care products, and various con-
sumer goods. The extraction of the chemical substances is a sine qua non for
the development of such products. A high-quality herbal extract is manufac-
tured using a good-quality herb, an appropriate solvent and equipment, good
manufacturing technology, and valid analytical methods. This chapter attempts
to identify and describe the steps that contribute to the production of superior-
quality extracts, at the laboratory and manufacturing plant levels.

Plants produce a multitude of chemical substances, most of which are bio-

3.2 Selection of plant species

The success of an R&D project on product development rests mainly on the
choice of the herb. Therefore, the focus should be on a herb that has interest-
ing properties, as evidenced by traditional use. Indian systems of medicine
such as Ayurveda, Unani, and Siddha are veritable treasure houses of knowl-
edge on medicinal plants. Caraka Sambita (Sharma and Dash, 2004), Susruta
Sambita (Bhishagratna, 19106), Astangasamgraba (Mitra and Sharma, 2000),
and Astangabrdaya (Murty, 2007) are the most important Sanskrit sources of
ayurvedic information. There are many works on Unani, all written in either
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Persian or Arabic. Nevertheless, plenty of valuable information is available
in the English language (Said, 1997; Anonymous, 1994, 2001b, 2006a, 2006b,
2007c, 2007d, 2007e, 2007f, 2007b, 2008b, 2008c, 2009b, 2009¢, 2010h, 2011b).
Information on the medicinal plants used in the Siddha system of medicine
can be obtained from Anonymous (1993) and the famous Tamil-English dic-
tionary of T.V. Sambasivam Pillai (1931).

The World Health Organization (WHO) has published four collections of
monographs on selected medicinal plants (Anonymous, 1999b, 2002b, 2007h,
2009h). These works contain descriptions of botanical features, geographical
distributions, listings of major chemical constituents, traditional medical uses,
pharmacology, dosage, and contraindications. In addition, two publications—
Medicinal Plants in China (Anonymous, 1997b) and Medicinal Plants in the
South Pacific (Anonymous, 1998a)—provide an introduction to the traditional
use of numerous plants of Asia and the Far East.

In the past, very little information about medicinal plants was published in
standard medical or pharmacy journals in the United States. Access to infor-
mation was difficult and the information that was available in the European
scientific press was not considered to be reliable. Consequently, many health-
care professionals were under the false notion that there was no scientific
evidence in support of the safety and efficacy of herbal dietary supplements.
This situation has now undergone a sea change. In the past 10 years, great
progress has been made in the United States in disseminating the available
scientific and clinical information on the quality, safety, and efficacy of medic-
inal herbs. The United States Pharmacopoeia has published many official
botanical monographs and many more are in preparation (Mahady, 2003).

In addition to these publications, databases such as the International
Bibliographic Information on Dietary Supplements (IBIDS) and Computer
Access to Research on Dietary Supplements (CARDS) and many websites dis-
seminate authentic information on medicinal plants (Mahady, 2003).

While selecting plant species for R&D work, it needs to be ascertained
whether the work can generate any intellectual property for the organization.
Patents issued by the United States Patent and Trademark Office and patent
applications published by them are available on their official website (www.
patft.uspto.gov). Information on patents issued by the European Patent Office
(EPO) is available at www.ep.espacenet.com and www.epo.org. The EPO pro-
vides access to materials covering a wide range of patent-related topics. There
is also a facility for e-learning (www.e-learning.epo.org).

To summarize the process of selecting the plant species, the R&D team should
zero in on a medicinal plant that can form the basis of an innovative and
efficacious product, which can be protected by a patent. The plant should be
freely available in tons in any given season. There is no point in working on a
rare herb that has extraordinary properties. Nevertheless, to begin with, only
a small quantity of the herb (10-15 kg) should be procured, preferably from
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four different geographical regions of the country, and if possible, it should
be collected in different seasons of the year.

3.3 Procuring initial samples of the herb

Before embarking on the collection of plant materials, the R&D team should target
collection locations and probable dates for collection. This is necessary to procure
useful specimens. In some cases, it is also essential to obtain collection permits
and establish contacts with officials, as in the case of reserve forests and protected
areas. The Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES), an international agreement between nations, calls on member
countries to ensure that international trade in species of wild animals and plants
does not threaten their survival. In accordance with this agreement, the Ministry of
Commerce, Government of India, has banned the export of 29 plants, plant parts,
and their derivatives and extracts vide notification No. 24 (RE-98)/1997-2002, dated
October 14, 1998. The list includes plants such as Kaempferia galanga, Picrorbiza
kurroa, and Pterocarpus santalinus. Similarly, there exists in the United States
a list of Chinese herbs that cannot be exported from China or imported into the
United States (Anonymous, 2015). It needs to be confirmed, therefore, that the
plant species to be collected is not included in such lists.

Soon after collecting the desired plant material, a voucher herbarium speci-
men of the same should be prepared. According to Miller and Nagorsen (1992),
voucher specimens are representative specimens that are collected in biological
field surveys and research and are preserved to permit independent verifica-
tion of results and to allow further study. A voucher herbarium specimen is a
pressed sample of the plant, deposited in a recognized herbarium, where it will
be maintained on a long-term basis. Herbaria can also include seeds, wood sec-
tions, pollen, microscope slides, frozen DNA extractions, and fluid-preserved
flowers or fruits (Anonymous, 2010c, 2010g). Such samples support research
work and can be examined to verify the identity of the plant species used in a
study. The preservation of voucher specimens is necessitated by the constantly
changing plant systematics and shifts in species alignments and groupings.

A good specimen of the plant material that has been collected should be
pressed, dried, and mounted on herbarium paper. Pressing must start imme-
diately on collection of the material. When pressed, wilted plants will yield
inferior specimens. Plants should be carefully arranged on a newspaper or
blotting paper and then placed inside a wooden plant press, which is then
tightened using straps or ropes. Plants are usually arranged on the paper in a
lifelike arrangement, so that the dried specimen will resemble a live counter-
part. The blotting paper or newspaper sheet is changed daily to facilitate the
complete drying of the material (Anonymous, 2010g).

The pressed and dried specimen is affixed with glue to a sheet of heavy paper
that provides physical support and allows the specimen to be handled and
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stored without damaging it. The botanical identity of the specimen is ascer-
tained with the help of dichotomous keys, published descriptions of plants,
illustrations and photographs, comparison with properly identified herbarium
specimens, and discussions with experienced plant taxonomists (Anonymous,
2010g). In the case of unknown plants, the help of recognized herbaria, such
as the Central National Herbarium, Howrah, Calcutta, can be sought. Equally
resourceful are the Royal Botanic Garden, Kew, England; Brooklyn Botanic
Garden, New York; and Fairchild Tropical Botanic Garden, Florida.

On completion of the identification of the plant specimen, a specimen label
should be pasted on the space beside the specimen and an institutional seal
affixed to the sheet. The label should have the following components: the
Latin binomial with author citation, detailed location of collection, other
plants growing in association, plant habitat, frequency (frequent, rare, or
occasional), description of the plant (color of flower or fruit, fragrance, leaf
orientation, etc.), names of the collector and other collectors present on the
expedition, collection number, and date of collection (Anonymous, 2010g)
(Figure 3.1). Detailed procedures for preparing herbarium specimens are
described by Anonymous (1999a, 2010g) and Carter et al. (2007).

3.4 Procuring larger consignments of herbs

Procuring herbs in large quantities is a crucial aspect that needs to be
addressed by a group that has linguistic and negotiation skills. Needless to say,
the herb purchase team should communicate effectively with the suppliers.
As a preliminary step, attempts
should be made to prepare an

BRITISH COLUMBIA extensive inventory of herb sup-
CONSERVATION DATA CENTRE . ) . .
_Flora of British Columbia- pliers with their contact details.
A vendor approval questionnaire
Alisma gramineurm Lej. can be circulated among them to
LOCALITY: Carnation Creek estuary, ca. 14 km NE of . .
ey ca M RO gather information such as the
HABITAT: Dominant on tidal mud flats with Plantago number of years in operation,
maritima, Honkenya peploides, major herbs traded, warehous-
Spergularia, and Salicornia virginica; slope K . K ’ X
1%; asp W ing facilities, major clients, etc.
UTM: 10U 353300 5419600  NAD 83 Herb suppliers with integrity and
LAT_LONG: 48710712500 ELEV 0m efficiency can be identified from
COLLECTOR: G.W. Douglas, ] L. Penny & N. Alexander business transactions. As far as
COLLNO: 13298 COLL. DATE: 9806-30 possible, herbs should only be
PLOT NO.: DET.: GWD/98

procured from such suppliers.
Suppliers should not be changed
without a valid reason.

NOTES: ca. 500 plants/1 ha.; flowers reddish-tinged

Figure 3.1 Specimen label on berbarium sheet.
(Reproduced with permission of British 1he herb purchase team should
Columbia Conservation Data Centre, Obtain and retain voucher speci-
Ministry of Environment, Canada.) mens of all consignments of
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herbs supplied in bulk. It is sometimes possible that a single commercial
batch of a herb may have been collected by different herb collectors in dif-
ferent localities. In such cases, the voucher material should include samples
taken from the entire purchased lot, so that there is a greater likelihood of
including multiple species (Hildreth et al., 2007). The WHO insists on sam-
pling 10% of containers from a consignment. Samples should be collected
from the top, middle, and bottom of each container, then mixed homoge-
neously and reduced to a sample of an appropriate volume (Anonymous,
1998b). Hildreth et al. (2007) have described in detail a standard operating
procedure for collecting voucher specimens of herbs to be used in the nutra-
ceutical industry.

3.5 Quality control of raw material

A common problem encountered in the crude herb trade is the presence of
morphologically allied and geographically co-occurring species (Srirama et al.,
2010). This can arise from accidental or intentional adulteration of crude
herbs and can lower the trade value of the herb in question and threaten the
safety of medicines prepared with them (Wieniawski, 2001; Song et al., 2009).
Therefore, the identity of the crude herb procured from a supplier needs to be
ascertained. This is achieved by studying the macromorphology, micromor-
phology, ultraviolet/visible (UV/VIS) spectroscopy, infrared (IR) spectroscopy,
and thin layer chromatography (TLC).

3.5.1 Macromorphology

The pharmacognosist in charge of the identification of raw materials should
be able to classify the incoming raw material into one of the following
groups, namely, powders, woods, barks, leaves, flowers, seeds, fruits, whole
plants, rhizomes, or roots, and unorganized drugs such as beeswax, guggul
gum, olibanum, vegetable oils, agar, and opium, which have a generally uni-
form structure, but are not composed of cells. By studying the pharmacognos-
tical characteristics of the samples, a clear distinction can be made between
the powders of minerals, starches, and herbs (D’Amelio, 1999).

3.5.2 Micromorphology

Microscopy techniques are invariably used to study the finer aspects of the
herb. For effective identification, the pharmacognosist relies on characteristics
such as crystals, trichomes, palisade ratios, vessels, vein-islet number, starch
granules, fibers, sclerenechyma, etc. Chemical solutions such as chloral hydrate
solution, potassium hydroxide solution, ether—alcohol mixture, and a solution
of chlorinated soda are used for dissolving the chemical inclusions in cells and
isolating the tissue elements so that the botanical identity of the herbal mate-
rial can be established unambiguously (D’Amelio, 1999) (Figure 3.2).
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Figure 3.2 Morphology and microanatomy of Withania somnifera. (Reproduced from
Chemistry and Manufacturing Control of Botanical Products, Herbal International
Summit and Expo on Medicinal, Aromatic products and Spices (Hi-Maps), April 4,
2008, with permission of Bedi, 2008.)

3.5.3. Ultraviolet and visible spectroscopy

The identity of the plant material can be established by studying the absorp-
tion spectra of the constituent compounds. A dilute solution of the herb in
an appropriate solvent such as ethanol, methanol, water, hexane, ether, and
petroleum ether is studied in a UV/VIS spectrophotometer at 200-400 nm for
colorless compounds or 200-700 nm for colored compounds (D’Amelio, 1999).

3.5.4 Infrared spectroscopy

The herbal material is mixed with KBr and pressed into a disc, which is
placed inside a cuvette and introduced into the IR spectrophotometer. The IR
spectrum obtained is used as a reference spectrum against which spectra of
subsequent batches of herbs can be matched (D’Amelio, 1999).

3.5.5 Thin layer chromatography

Developed in 1938 by Nikolai Izmailov and Maria Schreiber of the Institute of
Experimental Pharmacy of the State University of Kharkov, Ukraine, TLC has
now become a vital tool in the analysis of herbs, drugs, and cosmetic prepara-
tions (Izmailov and Schreiber, 1938; Ettre, 2002). This is an inexpensive tech-
nique to obtain semiquantitative information on the major active compounds
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in a herb. Glass plates and aluminum or plastic sheets are coated with an
absorbent such as silica gel 60 F,5; or aluminum oxide. An extract of the herb
is spotted at one end of the plate, which is then placed in a TLC chamber
containing an appropriate solvent system that rises up on the TLC plate car-
rying the constituent compounds. When the solvent rises up to the required
height, the plate is taken out of the chamber, dried and sprayed with a specific
reagent. Distinct spots that appear on the plate can be visualized and identi-
fied in daylight or under UV light (254 or 365 nm). The spots are identified
on the basis of appropriate reference standards spotted alongside the herb
extract. TLC can be used for any class of compounds. An improved version
of TLC, known as high-performance TLC (HPTLC), permits the quantification
of compounds present in the spots (Wagner and Bladt, 1996; D’Amelio, 1999;
Stahl, 2005; Vasisht, 2008).

In addition to the aforementioned tests, several other tests are carried out to
evaluate the quality of the raw material. These parameters include extractive val-
ues, ash values, bulk density, physical constants such as specific gravity, optical
rotation, viscosity, refractive index, and so on in the case of oils, fats, oleoresins,
and balsams, microbial status and assay of active compound or categories such
as alkaloids, saponins, tannins, etc. (Lohar, 2010). On the basis of tests related
to quality control (QO), certificates of analysis (COA) of the herb collected from
at least four different geographical regions are prepared. After careful study of
these COAs, limits are set for the major parameters, so that the raw material
specification of the herb in question can be formulated. Raw material specifica-
tions for the herb Coleus forskoblii and the various tests and methods to be used
are provided in Tables 3.1 through 3.3 to serve as examples. Only consignments
that comply with this specification should be accepted for solvent extraction and
subsequent product development activities.

3.5.6 Loss on drying

Not more than 10%. Determine on 10 g of powdered sample. Dry at 105°C in
an oven until constant weight is reached.

Table 3.1 Raw Material Specifications of C. forskohlii Herb: Sampling and Handling

Standard packing 50-100 kg of the herb packed in gunny bags.
Storage requirement To be stored in well-closed bags.
Sampling level Sample all bags if the number of bags is three or less. If the number of

bags is more than three, use the formula y/n + 1, where nis the number
of bags. Thus, determine the minimum number of bags to be sampled.
Sample from randomly selected hags, a minimum quantity of 50 g, from
each bag info a clean and dry polythene bag.

Quantity of composite sample for analysis 1 kg.
Handling and precaution Use gloves and a nose mask while handling the herb.
Retest period One year. If not tested after 1 year, carry out retest prior to extraction.

Exiraction of the Bioactives 69



Table 3.2 Raw Material Specifications of C. forskohlii Herb: Standards and Limits

Destription Pale brown slices of tuber with characteristic odor. The material should be physically
examined for the presence of fungal growth, insects, and adulterants.

Identification

Macroscopy To pass the fest
Microscopy To pass the fest
TLC To pass the test
HPLC Positive for forskolin

Foreign Matter
Sand and silica (% w/w) Not more than 1

Physicochemical Parameters

Moisture content (% w/w) Not more than 12
Total ash (%) Not more than 8
Acid-insoluble ash (% w/w) Not more than 2
pH of 5% (w/v) suspension 4.0-7.5

Alcohol soluble extractives (% w/w) Not less than 15
Water soluble extractives (% w/w) ~ Not less than 20

Microbial Limits Less than 105/g

Total fungal count Less than 103/g

Total Enterobacteriaceae Less than 103/g

E coli To be absent

Salmonella To be absent

Heavy Metals

Lead Less than 10 ppm

Arsenic Less than 3 ppm

Cadmium Less than 1 ppm

Mercury Less than 0.1 ppm
Aflatoxins

BI Less than 5 ppb

Sum of B1 + G1 + B2 + G2 Less than 10 pph

Pesticide residues To meet the requirements
Phytochemical analysis To meet the requirements of Grade A, B, or
Grade A >1% forskolin (superior)
Grade B >0.8% forskolin (good)
Grade C >0.5% forskolin (average)

Source:  Reproduced with permission from Agarwal, A. and Murali, B., Quality Assessment of Selected Indian Medicinal Plants,
Vol. 1, 1-252. National Medicinal Plants Board & Natural Remedies, Bangalore, New Delhi, 2010.
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Table 3.3 Raw Material Specifications of C. forskohlii Herb: Thin Layer
Chromatography

Description

Pale brown slices of tuber with characteristic odor. The material should be physically examined for the presence of fungal
growth, insects, and adulterants.

Identification: To comply with TLC.

The Rf values of the spots obtained from the sample preparation should be comparable with that of the reference material
and forskolin standard.

Mobile Phase
Toluene:ethyl acetate
85:15

Stationary Phase
Precoated silica gel 60F,s, plate

Sample and Reference Material Preparation

Accurately weigh a 2 g sample of coarse powder and Coleus reference material and transfer to separate 250 mL beakers.
Extract each with 50 mL of acetonitrile by hoiling on a water bath for about 20 min and transfer the extracis to two other
250 mL beakers. Repeat the process four or five fimes till the extracts are colorless. Concentrate the extracts fo
8090 mL, cool to room temperature, fransfer to 100 mL volumetric flasks, make up the volume to 100 mL with
acetonitrile, mix well, and filter.

Standard Preparation

Weigh 2.5 mg of forskolin reference standard in a 25 mL volumetric flask, dissolve in 15 mL of acetonitrile by warming on
a water bath for 1015 min, cool and make up with acetonitrile.

Procedure

Separately apply equal volumes (10 L) of the sample, reference material, and forskolin standard. Develop the
chromatogram to three-quarters of the plate, in the chamber previously saturated with mobile phase. Dry the plate under
a current of air. Spray the plate with vanillin—sulfuric acid reagent. The reagent is prepared by mixing equal quantifies of
5% w/v vanillin in glacial acetic acid and 10% v/w sulfuric acid in water. The reagent is colorless. Discard the reagent if
color develops. After spraying, heat the plate af 60°C~70°C for 5~10 min and observe in visible light. The TLC profile of
the sample should be similar to that of the reference material and also with a spot at a retention factor (Rf) corresponding
to that of forskolin, indicating that the sample is genuine.

Source:  Reproduced with permission from Agarwal, A., and Murali, B., Quality Assessment of Selected Indian Medicinal Plants,
Vol. 1, 1-252, National Medicinal Plants Board & Natural Remedies, Bangalore, New Delhi, 2010.

3.5.7 Yield of extract (user test)

Not less than 15-20%. Accurately weigh about 100 g of Coleus root powder
from the representative sample (W1), transfer into a 1 L round-bottomed (RB)
flask and reflux with 300 mL of methanol for 3 h. Cool to room temperature, fil-
ter the supernatant solution through polypropylene cloth into a filtration flask.
Continue the refluxing two more times using 300 mL of methanol each time.
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Combine the extracts and filter again through polypropylene cloth into a fil-
tration flask. If some sediment appears, use light vacuum. Distill the metha-
nol and dry completely using a rotary evaporator and a 2 L RB flask (W2).
Cool and take the final weight of the RB flask (W3). Calculate the yield as
follows:

(Wa_WZ)

wy

X100 3.D

3.5.8 Assay by high-performance liquid chromatography (HPLC)

The content of forskolin is estimated by HPLC. The raw material should
contain not less than 1% of forskolin on a dry basis. The raw material is
examined by isocratic liquid chromatography using a HPLC system equipped
with a dual/quaternary pump, a manual/autoinjector, and a photodiode array
or UV detector supported by suitable software. The details are given in
Table 3.4.

3.6 Traceability of herbs

The herb procurement personnel should also obtain from suppliers vital
information helpful to achieve the traceability of the material. The concept
of the traceability of herbs originated from tracking bioengineered products.
Following the events of September 11, 2001, there was increased demand for
assuring the traceability of all food, herbs, and nutraceuticals brought into the
United States and Europe, not only for QC, but also to prevent bioterrorism
(Shorab, 2008; Lachance, 2008). The following kinds of information help in
the traceability of herbs: location of collection, name and address of farmer in
the case of cultivated herb, pesticides and fertilizers used, time of harvest, age
of herb, mode of harvesting, postharvest treatments, number of days taken to
transport the produce from site of harvest to the extraction unit, and mode of
transport and size, in the case of fruits (average diameter and weight, number
of fruits per kilogram).

Instrumental techniques can be successfully utilized to trace the source of
herbal raw materials. This was demonstrated by Cambrai et al. (2010) in their
study on the geographical origin of cocoa beans used in the commercial pro-
duction of chocolates by Valrhona (Tain-I'Hermittage, France). Using gas chro-
matography-mass spectrometry (GC-MS), the authors were able to identify
two or three characteristic (height) volatile compounds in chocolates manu-
factured using cocoa beans procured from Africa, the Caribbean Islands, and
Madagascar (Table 3.5).
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Table 3.4 Estimation of Forskolin by HPLC

Chromatographic Conditions

Mobile phase Degassed mixture of 55 volumes of water and 45 volumes of acetonitrile

Column Stainless steel column (250 x 4.6 mm) packed with octadecylsilane bonded to porous silica
Detector Photodiode array or UV detector

Wavelength 220 nm

Flow rate 1.8 mL/min

Run time 60 min

Injection volume 20 ul

Standard Preparation

Accurately weigh 10 mg of forskolin reference standard and transfer to a 10 mL volumetric flask. Dissolve in 5 mL of
acefonitrile by mild warming on a water bath, cool, make up to 10 mL with acetonitrile and mix well.

Sample Preparation

Accurately weigh a 3 g sample of coarse powder and transfer to a 250 mL beaker. Exiract with 50 mL of acetonirile by
boiling on a water bath for about 20 min and transfer the extract to a 250 mL beaker. Repeat the process four or five
times till the extract is colorless.

Pool the filirates and concentrate to 80-90 mL, cool to room temperature, transfer o a 100 mL volumetric flask, make up
the volume to 100 mL with acetonitrile, mix well and filter through 0.45 membrane.

Procedure
Chromatograph the standard preparation by injecting 20 L. Calculate the relative standard deviation (RSD; not more than

2%) for at least three replicate injections and a tailing factor of not more than 1.5. Chromatograph the sample preparation
and calculate the percentage of forskolin from the peak responses.

Calculation
The content of forskolin on a dry basis can be calculated using the following formulo:

b W S8 Py
Ay stdd  swt 100

%100

where:
A, = area of the sample
A, = area of the standard
W,,;= weight of standard in milligrams
stdd = standard dilution
sd = sample dilution
swt = sample weight in milligrams
P,,;= purity of standard

Source:  Reproduced with permission from Agarwal, A. and Murali, B. Quality Assessment of Selected Indian Medicinal Planis,
Vol. 1, 1-252, National Medicinal Plants Board & Natural Remedies, Bangalore, New Delhi, 2010.
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Table 3.5 Volatile Compounds Characteristic of Cocoa Beans
from Three Geographical Regions

Characteristic Compound Geographical Group
Benzaldehyde Africa

Linalool Africa
Phenylacetaldehyde Africa
(EB-2,4-Nonadienal Caribbean

(E B)-2,4-Decadienal Caribbean
2-Phenyl-2-butenal Madagascar
4-Methyl-2-phenyl-2-pentenal Madagascar

Source:  Adapted with permission from Cambrai et al., 2010, Journal of Agricultural and
Food Chemistry 58: 1478—1483. Copyright 2015 American Chemical Society

3.7 Cleaning herbs

Consignments of crude herbs received from suppliers or cultivators need
to be cleaned before utilizing them for extraction. The US Food and Drug
Administration sponsored a 3-year study to develop standards on insect, bird,
rodent, and other animal contamination levels in crude and ground spices.
The study analyzed 1000 samples and found that a cultivated herb such as
thyme contained insect fragments, rodent hairs, feather barbules, mites,
thrips, and aphids (Gecan et al., 1986). Cleaning herbs undoubtedly improves
the quality of the extracts derived from them. Metal pieces in crude drugs are
removed to protect the end user from hazards. Metal pieces and stones can
also damage pulverizing equipment.

There are well-defined procedures for cleaning spices. For example, black
pepper is first passed through mechanical sifters to remove pinheads, veg-
etable seeds, dust, and similar contaminants. Thereafter, the spice is sent
to multiple sieve-cum-air classifiers and gravity separators for the removal
of dust, light foreign matter, and stones. The material passes from gravity
separators to mechanical washers fitted with brushes for removing dust, dirt,
and mold. The washed pepper is then centrifuged to remove water, dried,
and sent for sterilization, either by steam or gamma radiation (Ravindran and
Kallupurackal, 200D).

Tainter and Grenis (2001) have described in detail the various methods and
equipment used in the cleaning of herbs. All the cleaning equipment is based on
the principle of the physical difference between the herb and the foreign mate-
rial that is being removed. The various cleaning equipment used in the herbal
extraction industry are magnets, sifters (vibrating screens), air tables, deston-
ers, cyclone dust collectors, air separators, aspirators, indent separators, and
spiral separators. Metal pieces, other extraneous matter, weeds, stones, lumps
of mud, and dust are efficiently removed in this way (Venskutonis, 2002).
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Tainter and Grenis (2001) have described a microanalytical method for deter-
mining dirt present in the crude herb. A small amount of herb is floated in
water and the heavy and light portions of dirt are studied. The light and
heavy particles are examined under a microscope and particles of dirt such
as insect fragments, rodent hairs, feather barbules, and others are counted.
However, only a trained analyst can identify these tiny particles under a
microscope. The European Spice Association (ESA) and the American Spice
Trade Association (ASTA) have set standards for the cleanliness of herbs and
spices (Muggeridge, 2001; Anonymous, 2011a).

3.8 Comminution of herbs

Only dried herbal materials are considered in modern solvent extraction.
Comminution or size reduction is a process by which raw materials such as
leaves, roots, bark, heartwood, or seeds are reduced to powders that can pass
through sieves of different mesh sizes. Pulverizing equipment is selected on
the basis of the material that is to be powdered.

Chunks of heartwood need to be minced before being fed into pulverizers.
These mincing machines cut the wood lengthwise or crosswise, reducing it to
small pieces. Such pieces are fed into hammer mills. An array of hammer-like
solid metal blocks fixed to the shaft of the machine swing at high speed and
powder the pieces of wood dropped into the chamber that houses them. The
number of hammers varies with different models.

The particle size of the powder is dependent on the perforated screen that is
fixed to the wall of the chamber (Figure 3.3). Another piece of equipment,
called the knife mill, has sets of sharp knives fixed to a rotor (Figure 3.4).
These knife mills are suitable for powdering leaves, roots, and barks.

The pulverization of herbs can also be carried out using a pin mill (teeth mill,
impact mill). This equipment has a circular row of pins (teeth) fixed inside
the chamber. Bits of herbs that are dropped into it are powdered through the
beating, shearing, crushing, and colliding that the material undergoes during
the process (Figure 3.5).

Large-sized pin mills have a screw feeder with a variable speed drive, ensur-
ing the uniform feeding of the herb into the mill. There are other types of
comminution equipment such as the shredding mill, ball mill, slow-speed
attrition mill, micromill, and air-swept mill.

Two major problems are encountered during the pulverization of herbs. One
is the disruption of the oil-bearing parts of the herb and the subsequent
release of essential oils, which become prone to oxidative changes. Secondly,
the heat generated during the operation causes vaporization of the aromatic
components. It is thus evident that the temperature needs to be controlled in
some grinding operations (Venskutonis, 2002). Cryogenic grinding advocated
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Figure 3.3 Hammer mill. (Reproduced with kind courtesy of Schutte-Buffalo
Hammermill, LLC., Buffalo, New York. www.hammermills.com.)

Figure 3.4 Knife mill. (Reproduced with permission of PALLMANN Maschinenfabrik
GmbH & Co. KG, Zweibriicken, Germany. www.pallmannindustries.com.)

by Cohodas (1969) is an effective way to counter the loss of essential oils dur-
ing grinding. In this method, the herb and a gaseous refrigerant such as nitro-
gen are fed into the milling head at a controlled rate. The cryogenic blanket
provided by nitrogen prevents the loss of aromatic compounds. The risk of
fire hazard is also eliminated.
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Figure 3.5 Pin mill. (Reproduced with permission of PALLMANN Maschinenfabrik
GmbH & Co. KG, Zweibriicken, Germany. www.pallmannindustries.com.)

Different comminution processes are adopted for different herbs. Herbs with
more stems and stalks need shredding or cutting mills, whereas hammer mills
are suitable for hard and brittle materials such as resins, and leafy plants such
as senna and Melissa. Hard materials such as cinnamon bark and dry ginger
rhizomes can be pulverized in a two or three stage process involving cutting,
shredding, and pulverization in hammer or pin mills. Pulverization should be
carried out with care, so that the herbal material is not damaged due to the
generation of heat (Anonymous, 20010).

3.8.1 Sieves

The pulverized material is passed though sieves with a definite mesh size.
Powders are usually classified as coarse powder, moderately coarse powder,
moderately fine powder, fine powder, and very fine powder. They are obtained
in degrees of coarseness or fineness, after sieving the comminuted material
through sieves of the appropriate nominal mesh aperture sizes. The nomi-
nal mesh aperture size and the corresponding sieve numbers are as follows:
1.70 mm (#10), 1.00 mm (#16), 710 pm (#22), 500 pm #30), 355 pm (#44), 250 pm
(#60), 180 pm (#85), 150 pm (#100), and 125 pm (#120). The particles of a coarse
powder pass through a sieve with a nominal mesh aperture of 1.70 mm and not
more than 40% through a sieve with a nominal mesh aperture of about 355 pm.
The particles of a very fine powder pass through a sieve with a nominal mesh
aperture of 125 ym (Anonymous, 1980). Coarse powders are generally used in
solvent extraction work. A small quantity of the pulverized herb should be prop-
erly labeled and stored as a voucher sample.

3.9 Selection of extraction solvent

To get a high yield of target compounds, the extraction solvent should have
several desirable properties. It should solubilize the compounds selectively,
it should be stable at the extraction temperature, and it should not react with
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the desired compounds. Its viscosity should be low to enable easy passage
through the particles of herb. Usually, low boiling point solvents are pre-
ferred, as they can be profitably recovered. The extraction solvent should be
safe, be available in large quantities, have low flammability, and be reasonably
priced (Takeuchi et al., 2009).

391 Selectivity of solvents

As mentioned earlier (Section 2.6.2.1), the selectivity or the ability of the sol-
vent to extract the desired compound is an important factor that decides the
success of the extraction process. Considering the selectivity and the ability
to extract natural products in a stable form, devoid of undesirable chemical
transformations, aliphatic alcohols or their mixtures with water are known
to have great extractive power. Usually, ethyl alcohol of various strengths is
used. The literature indicates that 70% or 80% of aqueous alcohol is suitable
for the extraction of heartwood, bark, seeds, and root. However, aqueous
alcohol with a strength of less than 50% is suitable for the extraction of leaves
or aerial parts. By using 50% aqueous alcohol, one can avoid extracting chlo-
rophyll and resinous substances, the removal of which later is a considerably
difficult task (Bombardelii, 1991).

How the moistening of the herb powder can set off a series of chemical
changes is exemplified by the conversion of the primary glucosides A, B, and
C of Digitalis lanata. When moistened with water or 20% aqueous alcohol
at room temperature, lanatosides A, B, and C are transformed into digoxin,
gitoxin, and digitoxin, respectively. Therefore, to extract the primary glu-
cosides, it is necessary to use a hydroalcoholic mixture of a strength that
is above 50%. This is required to inhibit the action of hydrolytic enzymes.
Many of the constituents of plants can behave in this manner and therefore
the extraction solvent and the extraction temperature are decided judiciously
(Bombardelli, 1991).

Many alkaloids can be extracted using the procedure outlined here. Powdered
herb is extracted with boiling methanol. The solvent is distilled out and the
extract is treated with inorganic acids, thereby forming the salts of alkaloids.
This mixture is partitioned with chloroform. The chloroform layer contains
many impurities present in the mixture and it is discarded. The aqueous
layer is treated with sodium carbonate, which causes the liberation of free
bases that need to be extracted with chloroform. The resultant mixture of
alkaloids can be separated into individual compounds by various separation
techniques (Finar, 2001D).

Flavonoids and terpenes can be extracted at neutral pH with ethyl acetate or
acetone. For other classes of chemical compounds, it is very difficult to assign
specific solvents, on account of the diversity of the chemical structures and
polarities of the compounds. Extraction solvents are decided to suit the herb
in question (Bombardelli, 1991).
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3.9.2 Andlysis of solvent

All organic solvents, including deionized water, should be analyzed in a QC
laboratory before being utilized in extraction work. A COA of the solvent in
question is prepared and only those lots that conform to the specifications
are accepted for extraction. Batches of solvents that fail in analysis should be
rejected. The parameters for deionized water and rectified spirit are given as
examples in the following subsections.

3.9.3 Deionized water

Color, clarity, odor, taste, pH, acidity, alkalinity, ammonium content, residue
on evaporation, heavy metals, calcium, magnesium, chloride, nitrate, sulfate,
and oxidizable substances are determined (Table 3.6).

3.9.4 Rectified spirit

Color, clarity, odor, miscibility, moisture, specific gravity, acidity, alkalinity,
boiling range, assay by distillation, and content of miscible and immiscible
solvents by GC need to be estimated in the case of rectified spirit (Table 3.7).

Table 3.6 Certificate of Analysis of Deionized Water

Product: Deionized water

Batch No.: -----
Parameter Specification Certificate of Analysis
Description Clear, colorless liquid, odorless and tasteless  Clear, colorless liquid, odorless and tasteless
pH Between 4.5 and 7.0 6.9
Acidity/alkalinity To comply with the test for acidity/alkalinity ~ Complies
Ammonium To comply with the test for ammonium Complies
Residue on evaporation Not more than 0.001% 0.0005%
Heavy metals Not more than 0.1 ppm Complies
Calcium and magnesium Not more than 5 ppm Complies
(hardness as CaC0,)
Chloride To comply with the test for chloride Complies
Nitrate Not more than 0.2 ppm Complies
Sulfate To comply with the test for sulfate Complies
Oxidizable substances To comply with the test for oxidizable Complies
substances
Total microbial count Not more than 100 cfu/mL Complies
Total yeast and mold count  Should be absent Absent
E coli Should be absent Absent
Salmonella Should be absent Absent
Staphylococcus aureus Should be absent Absent
Pseudomonas aeruginosa ~ Should be absent Absent
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Table 3.7 Certificate of Analysis of Rectified Spirit

Product: Rectified spirit

Batch No.: -----

Parameter Specification Certfificate of Analysis

Description Clear, colorless, flammable liquid, free of (lear, colorless, flammable liquid, free of
suspended matter and rust particles, with suspended matter and rust parficles,
characteristic odor with characteristic odor

Miscibility Miscible with water, chloroform, ether, and Complies
glycerin

Moisture content by KF method  Not more than 5% 4.5%

Specific gravity Between 0.8084 and 0.8104 at 25°C 0.8084

Acidity or alkalinity Not more than 0.2 mL of 0.1 M NaOH/HClis ~ Complies
required for 20 mL of sample

Boiling range Boils at about 78°C Complies

Assay by distillation Not less than 94.7% and more than 95.2% v/v  Complies

Methanol Should be absent Complies

Purity by GC Not less than 99.5% 99.69%

3.10 Extraction of herbs
3.10.1 Optimization of extraction process

The act of obtaining the best possible result or the effort for achieving the
optimal solution under a given set of circumstances is known as optimization.
The goal of this effort is either to minimize the production cost or to maxi-
mize profit, by way of enhancing product quality and operation yield. Such
operations are made efficient by applying appropriate optimization methods
and adopting suitable technological and managerial decisions (Tzia, 2003).

Optimization is defined as the process of finding the conditions that produce
the optimum (maximum or minimum) value of a function of a set of decision
variables in the wake of restrictions imposed (Edgar et al., 2001). The condi-
tions (the processing variables) that produce the desired optimum result are
called optimum conditions and the best possible design is called the optimal
design (Tzia, 2003).

The optimization of any manufacturing process can be achieved by empirical
or statistical methods. The empirical method makes use of the one-factor-at-
a-time strategy, in which one factor varies at a time, while all others remain
constant. The major disadvantage of the empirical method is that it fails to
consider any interaction between the factors. An interaction is the failure of
one factor to produce the same effect on the response at different levels of
another factor. The right approach to deal with several factors is to adopt
a factorial experiment strategy, in which the factors are varied altogether,
instead of just changing one at a time (Montgomery, 2009).
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3.10.2 Response surface methodology

Process optimization has been made easier with the adoption of response
surface methodology (RSM). Originally introduced by Box and Wilson (1951),
RSM is a collection of mathematical and statistical techniques that are widely
used for developing, improving, and optimizing processes. It is also applied
in the design, development, and formulation of new products and for improv-
ing existing product designs. RSM makes use of a series of designed experi-
ments to obtain an optimal response. RSM is extensively used in industrial
processes in which several variables influence some performance measure or
quality characteristic of the product, or the process itself. This performance
measure or quality characteristic is called the response. The input variables
are called independent variables. These are controlled by the engineer or the
R&D scientist (Myers et al., 2009). RSM is applied to the optimization of pro-
cess technologies in diverse disciplines such as biotechnology (Kawaguti et al.,
2000), edible oil technology (Mani et al., 2007), food technology (Sharma
et al., 2006; Kong et al., 2010), microbiology (Iyer et al., 2010), mining (Aslan
2007; Aslan et al., 2008; Aslan and Unal, 2010; Karimi et al., 2011), molecular
biology (Maldonado et al., 2007), pharmaceutics (Palamakula et al., 2004),
pollution control (Ye et al., 2010), and synthetic chemistry (Lee et al., 2010).
Its usefulness is valued in economics (Burdick and Naylor, 1969), psychology
(Meyer, 1963), and even warfare (Grier et al., 1997).

Unlike the empirical method of process optimization, RSM takes into account
the possible interaction among the independent variables and minimizes the
number of experiments. RSM has been successfully applied to the optimiza-
tion of the solvent extraction of herbs (Mani et al., 2007; Cacace and Mazza,
2003; Karacabey and Mazza, 2008).

The end result of the extraction of a natural product is influenced by sev-
eral operational parameters such as the extraction method, particle size, type
of solvent, solid to solvent ratio, extraction temperature, residence (static)
time (duration of extraction), extraction cycle (number of extractions), and pH
(Luthria et al., 2007; Luthria, 2008; Karacabey and Mazza, 2008). These are
the input variables or independent variables of the process. These variables
influence the end result or response, which consists of the extraction yield,
the content of the active substance in the extract, the unwanted substances in
the extract, and the cost of the extract.

3.10.2.1 Selection of independent variables

3.10.2.1.1 Solvent The influence of each independent variable on the extrac-
tion process is studied first with the help of single-factor experiments. The
selection of the ideal solvent is the most crucial among them. Sadeghi-aliabadi
et al. (2009) optimized the solvent extraction of taxol from Taxus baccata
needles. The appropriate solvent was selected from a series of normal soaking
extraction (NSE) experiments. Defatted herb powder (1 g) was put in a test
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tube with 5 mL of a solvent such as acetone (100%, 50%, and 20% in water) or
ethanol (97%, 50%, and 20% in water). The test tubes with the herb powder
and solvent were kept at room temperature for 24 h, with occasional shaking.
The content of each test tube was filtered and the miscella was saved. The
herb powder was extracted three times with the same solvent in this way. The
combined miscella from each sample of herb powder was dried in a rotary
evaporator. The content of taxol in each sample was analyzed using HPLC
and the results were plotted on a graph. Acetone (100%) was selected as the
ideal solvent, as it was found to be the solvent with the highest efficiency to
extract taxol.

Another example of solvent selection is provided by Wang et al. (2010), who
optimized the microwave-assisted extraction of flavonoids from Radix puer-
ariae. A dry powder of the herb (500 mg) was extracted with 15 mL of etha-
nol of varying concentrations (50%, 60%, 70%, 80%, and 90% in water). The
samples of miscella were filtered and freeze-dried, and their flavonoid con-
tent was estimated spectrophotometrically. The yield of flavonoids increased
sharply with the increase in ethanol concentration up to 70%, whereafter
the yield decreased. Therefore, 70% ethanol was selected for further studies
(Figure 3.6a). Similar results have been reported by Duan et al. (2001) and
Ma et al. (2005).

3.10.2.1.2 Solid to solvent ratio (solvent volume) Experiments were performed
by increasing the volume of the solvent from 20 to 60 mL/g, while keeping
the solvent concentration and residence time constant. Figure 3.6b shows
that the yield of the extraction reached its maximum at 30 mL/g, after which
it showed a downward trend. Therefore, 30 mL/g was selected as the basis for
fixing the solid to solvent ratio.

3.10.2.1.3 Microwave power To evaluate the effect of microwave power,
extractions were carried out at varying microwave power, while keeping
the other independent variables constant. The results show that the yield of
extraction increased with increasing microwave power up to 255 W, where-
after it remained steady. Therefore, 255 W microwave power was selected for
the subsequent experiments (Figure 3.60).

3.10.2.1.4 Extraction time Extraction experiments were conducted for differ-
ent durations of time, while keeping the other independent variables con-
stant. Figure 3.6d shows that the rate of extraction increased gradually up to
6 min, after which it remained unchanged. Therefore, 6 min was chosen as
the appropriate residence time (Wang et al., 2010).

These single-factor preliminary experiments showed that the operational
parameters for microwave-assisted extraction of flavonoids from Radix puer-
ariae are ethanol concentration (70%), solid to solvent ratio (30 mL/g), micro-
wave power (255 W), and extraction time (6 min).
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Figure 3.6 Effects of ethanol concentration (a), solid to solvent ratio (b), microwave
power (c), and extraction time (d) on the yield of flavonoids from Radix puer-
ariae. (Reproduced with permission from Wang et al., Journal of Medicinal Plants
Research 4, 304, 2010.)

3.10.2.2 Central composite rotatable design

Central composite rotatable design (CCRD) is a very efficient statistical
approach to obtain information on the effects of the independent variables on
the response variable and overall experimental error, using a minimum num-
ber of experiments. Usually, the Taguchi method of robust parameter design
is employed. Using this method, it is possible to design products or processes
that are robust to environmental conditions and component variation, with
minimum variability in the output response of the products and the target
value (Myers et al., 2009).

In CCRD, each independent variable is represented at five levels. The experi-
mental range for each independent variable is selected on the basis of the
results of literature data and preliminary experiments (Juntachote et al.,
20006). The real value of each level of the independent variable in question
(X)) is converted into a coded value (x). The independent variables are coded
according to the following equation:

x; = M i=1,2,3,4,0r5 (3.2
AX;
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where:
x; and X, are the coded (dimensionless) and the actual value of the indepen-
dent variable 7, respectively
X, is the actual value of the independent variable 7 at the center point
AX; is the step change of X, corresponding to a unit variation of the coded
value (see Table 3.8)

The conversion of the actual value to a coded value brings the variables to
set limits. The coefficients of regression therefore become comparable. For
example, let us take the real values of particle size and extraction temperature
in Table 3.8. The real values of these two variables have a difference of 10
orders of magnitude. If these real values are used in regression analysis, one
cannot find out which of these two variables—the particle size or the extrac-
tion temperature—has a greater influence on the extraction process. Both
variables come to the same order of magnitude on scaling and regression
analysis becomes fruitful.

A design of the experimental protocol based on the CCRD is planned as
soon as the real values of the independent variables at desired levels are
converted into coded values. Twenty combinations of the coded values are
required when three independent variables at five levels are considered. The
experimental matrix is designed using specialized software. Actual experi-
ments are thereafter performed on the basis of each of these 20 combina-
tions using a small quantity of pulverized herb (20 g) and solvent (250 mL)
(Mani et al., 2007). Usually, duplicate experiments are carried out at all design
points except for the center point (0,0,0) for which triplicate extractions are
performed. Combinations of the five levels of the three independent variables
considered by Mani et al. (2007) for optimizing the extraction of Moringa oil
are provided in Table 3.8.

Data from the CCRD experiment design are subjected to a second-order poly-
nomial regression analysis using least square regression methodology. This
exercise furnishes the parameters of the mathematical models that explain

Table 3.8 Real and Coded Levels of Three Independent Variables Related to
the Extraction of Moringa Seed Kernel Oil

Particle Size (mm) Extraction Temperature (°C) Residence Time (h)
Real Coded Real Coded Real Coded
Value X; Value x Value X, Value x, Value X, Value x,
22 1.682 76.8 1.682 14 1.682
1.7 1 70 1 0.0 1

1.0 0 60 0 4.0 0

0.30 -1 50 -1 20 -1

0.18 —1.682 432 —1.682 0.6 —1.682

Source: Data from Mani et al., Food and Bioproducts Processing 85, 328, 2007.
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the main effect and two-factor interactions. An analysis of variance (ANOVA)
is performed on the experimental data to quantitatively estimate the relative
contribution of each independent variable on the response variable. The rela-
tive significance of the factors is represented in terms of the F-ratio. A greater
F-ratio indicates that the process parameter exerts greater significance on the
response variable (Aslan and Unal, 2010). Response surfaces are generated by
statistical analysis software. A representative flowchart for process optimiza-
tion is provided in Figure 3.7.

3.10.2.3 Response surfaces

Response surfaces are visualized graphically. The graph allows one to observe
the shape of a response surface in the form of hills, valleys, and ridgelines
(Figure 3.8). In this graph, each value of x; and x, generates a y value. This
three-dimensional graph shows the response surface from the side and is
called a response surface plot (Figure 3.8). The dots in the graph indicate
the location of y with respect to x, and x, in space. The area passing through
them will be the response surface (Bradley, 2007).

Response definition

Data analysis

Process factor S/N ratio ANOVA
selection Normalization
Total normalization
Multiple S/N ratio

Orthogonal design
Obtain significant process factors
Experiment .
data collection Optimum level of process factors

Optimization/prediction

Confirmation tests

Figure 3.7 Flowchartforprocess optimization. §/N = signal to noise ratio. (Reproduced
from Fuel Processing Technology, 92, Aslan, N. and Unal, I., Multi-response opti-
mization of oil agglomeration with multiple performance characteristics, 1157-
1163, 2010 with permission from Elsevier.)
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Figure 3.8 A response surface plot. (Reproduced from Bradley, N., The response sur-
Jace methodology. Master of Science Thesis, Indiana University of South Bend,
2007,)

3.10.2.4 Interpretation of response surfaces

Mani et al. (2007) reported the optimization of the solvent extraction of
Moringa oleifera seed oil using RSM. The influence of the particle size, extrac-
tion temperature, and residence time (duration of extraction) on the oil yield
was studied using hexane, petroleum ether, and acetone as the extraction
solvents. Figures 3.9 through 3.11 show the response surface plots with each
of these solvents. The circles in the plots indicate the yield of oil at various
operating conditions.

3.10.2.5 Extraction of oil with hexane

For extractions with hexane, the regression equation (Equation 3.3) indicates
that the yield of oil was negatively correlated with the particle size and extrac-
tion temperature and positively correlated with the residence time.

Yhx=30.81—3.64x,—0.57x,+1.93x; —1.83x] +0.87x,%,

+1.5x12:—0.72x5 +0.3255, — 2.4x1 r*=0.93 (3.3

where
Yhx is the percentage of oil extracted with hexane
X, X,, and x; are the coded values of the independent variables X, namely,
particle size (X)), extraction temperature (X,), and residence time (X}),
respectively (Mani et al., 2007).

An increase in the particle size and the extraction temperature, therefore,
decreased the oil yield, while an increase in the residence time increased the
oil yield. The equation in Table 3.3 indicates that the magnitude of the coef-
ficients for the particle size was larger than the coefficients for the extraction
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Figure 3.9 Response surface plots of percentage of oil extracted with bexane.
(Reproduced from Food and Bioproducts Processing, 85, Mani, S., et al,
Optimization of solvent extraction of Moringa (M. oleifera) seed kernel oil using
response surface methodology, 328-335, 2007 with permission from Elsevier.)

temperature and residence time, suggesting that the particle size had a more

significant effect on the percentage of oil yield than the other two indepen-
dent variables (Figure 3.9).

The lack of fit and pure error associated with ANOVA were not significant,
indicating that the number of experimental combinations in CCRD experi-

ments was sufficient to determine the effect of the independent variables on
the percentage of oil yield.

The low yield of oil associated with the large particle size is due to the resis-
tance offered by the particles to the penetration of the solvents (Figure 3.9).
A rise in the extraction temperature causes an increase in the diffusivity of
the solute and solvent. This results in a higher yield. Nevertheless, at higher
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Figure 3.10 Response surface plots of percentage of oil extracted with petroleum
ether. (Reproduced from Food and Bioproducts Processing, 85, Mani, S., et al.,
Optimization of solvent extraction of Moringa (M. oleifera) seed kernel oil using
response surface methodology, 328-335, 2007 with permission from Elsevier.)

extraction temperatures, the oil yield decreases due to lowering of the sol-
vent density in the particles of the herb (Treybal, 1980). Heating solvents
above their boiling point does not enhance the yield of oil. The yield of oil
is constant up to 60°C. However, it decreases as the temperature increases.
In a similar way, the yield of oil is constant for particle sizes below 1.0 mm.
Thereafter, it reduces significantly with an increase in the particle size. The
yield of oil increases with the residence time and reaches maximum value at
6 h residence time. A further increase in the residence time does not increase
the oil yield (Figure 3.9). A decrease in the oil yield at higher extraction tem-

peratures has also been observed in celery and castor seeds (Akaranta and
Anusiem, 1996; Papamichali et al., 2000).
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Figure 3.11 Response surface plots of percentage of oil extracted with acetone.
(Reproduced from Food and Bioproducts Processing, 85, Mani, S., et al.,

Optimization of solvent extraction of Moringa (M. oleifera) seed kernel oil using
response surface methodology, 328-335, 2007 with permission from Elsevier.)

3.10.2.6 Extraction of oil with petroleum ether

The regression equation (Equation 3.4) shows that the percentage of oil
extraction was negatively correlated with the particle size and positively cor-
related with the extraction temperature and residence time. This means that
an increase in the particle size decreased the oil yield. However, an increase

in the extraction temperature and residence time caused an increase in the oil
yield (Figure 3.10).

Ype=28.9—1.47x, +0.81x, +1.28x; — 0.83x2 +0.99x,x,
—0.16xx:— 0912 40325 —1.18x2  r2=077 OD
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where Ype is the percentage of oil extracted with petroleum ether.

In experiments using petroleum ether as the extraction solvent, the percent-
age of oil was high at small particle size. The yield reduced at large particle
size. The extraction temperature also exerted a similar effect. Nevertheless,
the particle size had a greater effect than the extraction temperature. Lack of
fit and pure error were insignificant, indicating that the experimental design
was sufficient to study the effect of the independent variables on the yield of
oil.

3.10.2.7 Extraction of oil with acetone

The yield of oil was negatively correlated with the particle size and extrac-
tion temperature. However, it was positively correlated with the residence
time (Equation 3.5). From the coefficient for residence time, it can be inferred
that particle size is the most significant parameter affecting oil yield with
acetone.

Yae=29.25—2.82x,—0.56x, +0.31x, — 2.37x7
4 0.77x050 +0.87x0x: —1.37x2 + 0495 —1.34x2 #2=0.90 3>

where Yac is the percentage of oil extracted with acetone.

The response surface plots for acetone extraction show that a smaller par-
ticle size with a high extraction temperature produced a higher yield of oil
(Figure 3.11). The plots also show that the oil yield can be improved at a
shorter residence time, if the particle size is small. It is also evident that the
yield of oil is high when the extraction temperature is nearer to the boiling
point of acetone (60°C).

3.10.2.8 Contour plots

In addition to a response surface plot, the results of a CCRD experiment can
also be represented as a two-dimensional contour plot, in which contours
of equal response are plotted on a grid of values of the independent vari-
ables (Freund et al., 2003). A contour plot helps in the identification of an
optimum point on the response surface. Contour plots can show the contour
lines of x; and x, pairs, having a common response value y (Bradley, 2007)
(Figure 3.12).

The contour plot shows the shading becoming increasingly intense, as
the rings go from the periphery to the center. The color code in the inset
indicates a proportional increase in the value of y. The lines of x; and x,
intersecting the central area with the most intense shading indicate their
optimum values; y maximizes for x, between 70 and 77 and x, between 126
and 135.
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Figure 3.12 Contour plot. (Reproduced from Bradley, N., The response surface meth-
odology. Master of Science Thesis, Indiana University of South Bend, 2007.)

3.10.2.9 Optimization of independent variables

Mani et al. (2007) optimized the independent variables for the maximum
percentage of oil extracted from the seeds of M. oleifera, using the pro-
cedure reported by Jaya and Das (2004) and Uddin et al. (2004). They
solved the second-order regression equations using Microsoft Excel Solver
(Table 3.9).

The results show that the optimum combination for the maximum yield of
oil for hexane and acetone is within the range of levels of the independent
variables. The optimum values for the extraction temperature and resi-
dence time are out of the selected range in the case of petroleum ether.
When comparing the optimum values of the independent variables for
extraction with the three solvents, hexane and acetone gave comparable
values. Nevertheless, as hexane extracted the maximum oil and as it is a
cheaper solvent, it can be considered to be the solvent of choice (Mani
et al., 2007).

Table 3.9 Optimum Value of Independent Variables for Maximum Yield of Oil

Independent Variables Hexane Petroleum Ether Acetone
Particle size (mm): X, 0.62 1.01 1.36
Extraction temperature (°C): X, 56.47 11.77 69.41
Residence fime (h): X, 7.09 9.47 6.75
Calculated maximum yield (%) 3347 29.98 3033

Source: Data from Mani et al., Food and Bioproducts Processing 85, 328, 2007.
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3.10.2.10 Verification of optimal extraction conditions

To verify the predictive capacity of the combination of independent vari-
ables, optimum conditions are established by RSM. The predicted results are
then compared with actual experiments carried out in the optimum condi-
tions. Uma et al. (2010) optimized the process parameters for extracting total
phenolic compounds from henna leaves. Under the optimum conditions,
the model predicted a maximum response of 7231.34 mg gallic acid equiva-
lents (GAE)/100 g henna extract. The real experiments yielded a value of
7203.74 + 197.8 mg GAE/100 g of extract. The difference between the pre-
dicted and the actual values was less than 10%, reflecting the adequacy of the
predicted optimization (Table 3.10).

3.10.2.11 Software for RSM

Several specialized software packages are used in the design, graphical repre-
sentations, and interpretation of the results of response surface studies. Design-
Expert® and Minitab are the two widely used software. Minitab’s response
surface design capabilities and sound advice on the use of the designs are
available at: http://www.minitab.com/support/docs/rel14/14helpfiles/DOE/
ResponseSurfaceDesigns.pdf. Design-Expert is considered to be the best soft-
ware for response surfaces. While some software cannot go beyond 7 factors,
Design-Expert can work with 30 factors. It is also considered to be more user-
friendly (Ryan, 2007). D.o.E. Fusion, EChip, JMP, Matlab, SAS, Sigma Plot,
Stat-Ease, Statgraphics Plus, Statistica, Statistical Graphic Plus, and Systat are
some of the other software packages utilized in RSM studies of the solvent
extraction of herbs.

3.10.2.12 Influence of independent variables on the extraction process

3.10.2.12.1 Extraction solvent The extraction solvent affects the composition
of extracts. Du et al. (2004) observed that the ratio of neutral to malonyl gin-
senosides in an aqueous ethanol extract of American ginseng increased with
the proportion of ethanol in the solvent mixture. The maximum extraction of
neutral ginsenosides was obtained with 70% alcohol and the highest yield of
malonyl ginsenosides was achieved with 40% ethanol.

Table 3.10 Optimal Extraction Conditions and the Predicted and Experimental Values
for Total Phenolic Compounds

Total Phenolic Compounds (mg GAE/100 g extract)

Optimum Conditions Experimental Predicted Difference (%)
Acetone concentration 48.07% — — —
Extraction temperature 39.57°C 7203.74 +197.8 7231.34 0.38%
Extraction time 73.78 min — — —

Source: Data from Uma et al., Sains Malaysiana 39, 119, 2010.
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Working with a range of aqueous ethanol, Shimoyamada et al. (1993) observed
that the solubility of soyasaponin Bb (soyasaponin-I) was maximum in 60%
ethanol. The best solvent found for microwave-assisted extraction of glycyr-
rhizic acid from licorice roots was 50%—-60% ethanol (Pan et al., 2000).

When red ginseng was extracted at 80°C (5 X 8 h), the yield of solids decreased
and the recovery of ginsenosides increased with ethanol concentration. The
optimum composition was found to be 70% (Sung and Yang, 1985). Pure water,
10% ethanol, and 0.5% ammonia in water could extract more or less the same
quantity of glycyrrhizic acid from licorice roots (Wang et al., 2004).

Cacace and Mazza (2003) optimized the extraction of anthocyanins from
black currants using aqueous ethanol as the solvent. Total phenolics increased
with the concentration of ethanol, up to a maximum of 60% and thereafter
decreased with a further increase in the solvent concentration.

It is known that the extraction solvent can affect the physicochemical proper-
ties of saponin extracts. These include the particle size, size distribution, mor-
phology, water uptake profiles, sorption isotherms, densities, flow properties,
and compaction profiles. All of these have great significance in pharmaceutics
(Endale et al., 2004; Giiclii-Ustiindag and Mazza, 2007).

3.10.2.12.2 Solventsolid ratio  Wang et al. (2004) reported that the glycyrrhi-
zic acid content of an ethanolic extract of licorice decreased with an increas-
ing solvent:feed ratio, from 339 mg/mL at 6 mL/g to 245 mg/mL at 10 mL/g.
However, the yield of extractive remained in the range of 75%-83%. Contrary
to this, an increase in the recovery of glycyrrhizic acid with microwave-assisted
extraction was reported with a solvent:feed ratio of 1.88% at 5:1 to 2.58% at
20:1 (Pan et al., 2000). Muir et al. (2002) reported that the optimum ratio for
the extraction of quinoa saponin was found to be 10:1-15:1.

3.10.2.12.3 Temperature The saponin yield of ethanol-water extracts is
known to increase with temperature (Kerem et al., 2005). The yield of the total
extract from red ginseng increased, but the recovery of saponin decreased
with temperature, especially at 100°C (Sung et al., 1985). The solubility of
gypsophia saponin in water was found to increase with temperature from
7.4 g/100 mL at 30°C to 18.0 g/100 mL at 70°C (Biran and Baykut, 1975).

Cacace and Mazza (2003) reported that the maximum extraction of antho-
cyanins was obtained at 30°C. Increasing the temperature caused further
degradation of the anthocyanins and a loss of yield. The yield of a multi-
stage countercurrent extractive of licorice root and its content of glycyr-
rhizic acid increased with temperature in the range of 30°C-70°C (Wang
et al., 2004).

Temperature affects the composition of licorice extract, reflected in its flavor
characteristics. Extraction at 65°C-82°C yielded an extract with a significantly
high content of glycyrrhizic acid, sugar, and inorganic salt. The extract had a
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mild sweet flavor. However, high temperature yielded a stronger licorice char-
acter and balanced sweetness (Vora and Testa, 1997).

3.10.2.12.4 Particle size Particle size reduction (pulverization) is generally
done to increase the mass transfer efficiency of the extraction (Giiclii-Ustiindag
and Mazza, 2007). Nevertheless, the influence of the particle size on the effi-
ciency of the extraction is often overlooked (Luthria, 2008). Mukhopadhyay
et al. (2006) demonstrated that the recovery of phenolics from the black
cohosh plant matrix was strongly influenced by variations in the matrix par-
ticle size. Extraction efficiency increased nearly threefold, as the particle size
decreased from >2 to <0.25 mm. This is because the surface area per unit
mass increases with a decrease in particle size.

3.10.2.12.5 Number of extractions Mukhopadhyay et al. (2006) extracted
black cohosh root powder with methanol:water (60:40 v/v). Nearly 97% of the
phenolics were extracted in the first extraction cycle. An additional 8.8% were
obtained with the second extraction and 4.2% of the phenolics were extracted
in the third extraction.

Using acetone:water (50:50 v/v) as the extraction solvent, Luthria (2009)
extracted dried parsley flakes. Nearly 88% of the phenolics were extracted
in the first extraction cycle. Nevertheless, when the composition of the sol-
vent mixture was changed to either 90:10 (v/v) or 10:90 (v/v), the efficiency
of the extraction cycle was reduced by 30%. Table 3.11 provides examples
of some independent variables that have significant effects on the extraction
process.

3.11 Pilot-scale extraction

A pilot plant is a processing system that is operated to generate information
about the behavior of the system for use in the design of larger facilities. Pilot
plants are less expensive than large production plants and are used to test
ideas for new products. Bruhn and Sandberg (1991) remark that well-equipped
pilot plants manned by experienced and knowledgeable staff should be an
essential feature of organizations engaged in the development and optimiza-
tion of herbal extraction processes. Pilot plants of various volumes are in use.
The well-known Biichi extractor handles materials in the 10-25 L scale. Larger
versions of pilot plants of 80 or 250 L capacities are also commonly used. The
engineers and operators of such a pilot plant efficiently define the parameters
for the scale-up of the extraction process (Glasgow, 1997).

After the optimization of the extraction process, the R&D team and the pilot-
plant personnel will carry out three pilot-scale extraction operations, based
on the optimized process. Comminuted herb (10-20 kg) is extracted with
the appropriate volume of solvent. The miscella should not be stored for
long periods at room temperature or in sunlight, as there is a risk of artifact
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Table 3.11 Independent Variables with Significant Effect on Extraction of Actives

S| No. Extractive Most Significant Parameter(s)e Reference
1 Resveratrol from Vitis vinifera fruits  Ethanol concentration (54% ethanol/ Karacabey and Mazza
water) (2008)
Temperature (83.6°C)
2 Anthocyanins from black currants ~ Solvent fo solid ratio (19 L of 60% Cacace and Mazza (2003)
ethanol/water per kilogram of berries)
3 Anthocyanins from sweet purple Extraction temperature (80°C) Fan et al. (2008)
potato (Ipomoea batatas) Solid to solvent ratio (1:32)
4 Phenolic acids from black cohosh Particle size (between 0.25 and Mukhopadhyay et al.
(Gimicifugaracemosa) 0.425 mm) (2006)
5 Phenolics and flavonoids from pink  Extraction time (5 h) Kong et al. (2010)
guava (Psidium guavajava) fruits ~ Temperature (60°C)
6 Phenolic compounds from 75% ethanol /water Juntachote et al. (2006)

Cympopogon citratus, Alpinia
galanga, Ocimum sancfum, and
Rosmarinus officinalis

7 Phenolic compounds from Cocos Extraction time (>50 min) Rodrigues and Pinto
nucifera shell (2007)

8 Polysaccharides from Glycyrrhiza Extraction time (4.3 h) RenJie (2008)
glabra roots Solid to solvent ratio (1:35)

9 Oleanoic acid from Lantana camara  Parficle size (0.5 mm) Banik and Pandey (2008)
roots Solid to solvent ratio (1:55)

Solvent composition (52.5% methanol/
ethyl acetate)

10 0l from Moringa (M. oleifera) seeds  Particle size (0.62 mm) Mani et al. (2007)

1 Quercetin and kaempferol from Concentration of HClin the solvent (55%  Hadjmohammadi and
Coriandrum sativum herb methanol/water containing 1.85 MHCl)  Sharifi (2009)

12 Betacyanin from red beetroots Solvent temperature (70°C) de Azeredo et al. (2009)
(Beta vulgaris) Solid to solvent ratio (1:5)

13 Juice of sapodilla (Achras zapota) ~ Extraction temperature (60°C) Sin et al. (2006)

o Figures in parentheses indicate opfimum values.

formation and the decomposition of the constituents of the extract. The sol-
vent in the miscella is distilled off in a rotary evaporator with the water bath
kept at a temperature below 40°C to prevent the decomposition of thermola-
bile compounds. Sufficient precautions should be taken to minimize the risk
of fire and explosion while using and storing highly inflammable solvents and
solvents such as diethyl ether, which tend to form explosive peroxides (Jones
and Kinghorn, 20006). Samples of the three batches of extracts are analyzed
and corresponding COAs prepared. Unit recovery of the active is also calcu-
lated (vide infra). Based on these COAs, a pilot-scale specification is prepared.
A sample of 5 g of extract from each pilot-scale extraction should be packed
and stored as a voucher sample for future use.
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3.12 Enrichment of extract
3.12.1 Example of a process

Extracts obtained by solvent extraction sometimes undergo a process of
enrichment so that the content of the active ingredient is enhanced. This
point can be illustrated by the example of a C. forskoblii extract.

The roots of C. forskoblii are coarsely powdered and extracted with toluene
at 80°C-90°C. The miscella is concentrated and the toluene is completely
removed in vacuo. The brown-colored extract obtained will have a forskolin
content of 8%-9%. This extract is boiled with hexane at 50°C for 2 h, with
stirring. The yellow product obtained is filtered through a nutsche filter and
dried in vacuo. This extract will have a forskolin content of 60%—-65%.

The extract with 60%—-65% of forskolin is extracted with toluene at 60°C-70°C
while stirring and filtered (first extract). The insoluble portion is re-extracted
twice with toluene at 60°C-70°C and filtered (second and third extracts). The
insoluble substance after the third extraction has an assay greater than 80%.
The first extract is concentrated and used for making Coleus extract 10% and
20% products. The second and third extracts are combined, concentrated, and
dried. The product above 80% assay is combined with the insoluble residue.

The extract containing more than 80% of forskolin is refluxed with methanol
and then decolorized with activated charcoal. The hot solution is filtered and
the volume is reduced to one-fourth in vacuo. The concentrated extract is
allowed to crystallize and the crystals are recovered by filtration. The crystal-
line material will have a forskolin content of 95%.

The extract with 95% of forskolin is refluxed with anhydrous methanol, fil-
tered and concentrated to one-fourth. The concentrated fraction is allowed
to crystallize at first for 6 h at room temperature and then at 5°C for 2 h. The
crystals are washed with cold methanol and dried completely in vacuo. The
crystalline material will have a forskolin content of 98% (Saksena et al., 1985;
Ammon and Muller, 1985).

3.12.2 Enrichment of saponins

The herb powder is defatted with n-hexane, followed by extraction with meth-
anol. The methanol extract is concentrated, suspended in deionized water,
presaturated with n-butanol, and partitioned with n-butanol. Diethyl ether
is added to the butanol fraction and this causes the saponins to precipitate
(Hostettmann et al., 1991; Jones and Kinghorn, 2000).

3.12.3 Enrichment of alkaloids

Alkaloids containing basic amines are extracted according to the following
scheme. Ground plant material is defatted with hexane or petroleum ether
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and extracted with methanol. The defatted methanolic extract is suspended
in tartaric acid and partitioned with ethyl acetate presaturated with water. The
aqueous acid phase is made alkaline with Na,COj; solution, titrating to pH 11
and partitioned with ethyl acetate. The aqueous extract contains quaternary
amines and alkaloid N-oxides. The second ethyl acetate partition contains 1°,
2° and 3° amines (Jones and Kinghorn, 2006; Cordell, 1981). Alkaloids can
also be extracted with 10% acetic acid in ethyl alcohol, followed by concentra-
tion and precipitation by the dropwise addition of NH;OH (Harborne, 1998).

3.13 Analysis of extract
3.13.1 Certificate of analysis

On completion of the extraction process, a sample (50 g) of the extract is
submitted to the quality assurance QA/QC department for detailed analysis.
Another sample of 5 g should be packed and stored as a voucher sample for
future use. The parameters to be considered for analysis are color, consis-
tency, solubility, mesh size, loss on drying (LOD), pH of 1% w/v solution in
water, total ash, acid-insoluble ash, heavy metals (arsenic, lead, cadmium,
mercury), tapped and loose bulk density, content of actives, residual solvents,
aflatoxins, pesticide residues, and microbial load (total microbial count, yeast
and mold count, Escherichia coli, Salmonella, Stapbylococcus aureus, and
Pseudomonas aeruginosa). Analytical methods for these and several other
tests are available (Cuniff, 1995a, 1995b; Anonymous, 1995, 2002a, 2006c,
2006d, 2007a, 2007g; Rajpal, 2002; Hurst, 2008; Agarwal and Murali, 2010). A
COA of the extract is prepared on the basis of the analysis (Table 3.12).

3.13.1.1 Significance of the components of the COA

3.13.1.1.1 Bulk density Bulk density is a characteristic that is considered in
the case of powders and pellets. It is defined as the weight per unit volume
of the material (mass/volume). This parameter reflects the particle size and
dispersion, which in turn decide the material flow consistency and packaging
quantity. A powder with a low bulk density will have more volume and less
mass. Two types of bulk densities are considered in pharmaceutics and food
technology—loose bulk density and packed (tapped) bulk density. Loose bulk
density is the weight per volume that has been measured when the sample
is in a loose, noncompacted, or poured condition. Tapped bulk density is the
weight per volume that has been measured when the sample has been packed
or compacted, for example, in a bin or a drum, or after containerized trans-
portation. As the material is compacted, the entrapped air is displaced and
the void space is reduced. Consequently, the value of the packed bulk density
is higher than that of the loose bulk density. Bulk density plays an important
role in the content uniformity of solid dosage forms, drug dissolution, manu-
facturing of dosage forms, and food product development (Jambhelkar, 2005).
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Table 3.12 COA of Passiflora incarnata Dry Extract

Product: Passiflora incarnata dry extract

Batch No.:
Parameter Certificate of Analysis
Name of herb Passiflora incarnata
Excipients used None
Description Brown powder
Identification Complies by TLC
Solubility

Water solubles 85%

Alcohol solubles 85%
Tapped bulk density 112 g/ml
Loose bulk density 084 g/mlL
Loss on drying 5.30%
Assay by HPLC 1.5%

Content of vitexin

pH (1% w/v solution in water) 6
Residual solvent Complies
Acid-insoluble ash 1.38%
Arsenic <0.1 ppm
Lead 1.48 ppm
Cadmium 0.92 ppm
Mercury <0.5 ppm
Aflatoxins Not detected
Pesticide residues Not detected
Total microbial count <100 cfu/g
Yeast and mold count <100 cfu/g
Escherichia coli Absent
Salmonella Absent
Staphylococcus aureus Absent
Pseudomonas aeruginosa Absent

Remarks: Complies with respect to above tests
Source: Adapted from Rajpal, V., Standardization of Botanicals, Viol. 1, 1286, Eastern Publishers, Delhi, 2002.

3.13.1.1.2 Ash value/residue on ignition When crude herbs or their extracts
are incinerated, they leave behind an inorganic ash, which is helpful in
checking the purity of the material. This residue arises from the mineral
matter in the sample. The determination of ash values helps in assessing the
quality of herbs, extracts, and food substances. It also helps in the identi-
fication and rejection of inferior materials. For example, exhausted ginger
can be detected from the content of water-soluble ash. The acid-insoluble
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component of ash is an indicator of dirt and sand in the sample (Trease and
Evans, 1983; Sathe, 1999).

3.13.1.1.3 loss on drying Loss on drying (LOD) is an important characteristic
of dried herbs and extracts, as it indicates the efficiency of drying. LOD is usu-
ally synonymous with “moisture content.” However, as herbs contain an array
of complex chemical molecules, several volatile substances including essential
oils may be present in a sample of a herb or a herbal extract. Therefore, the
term Joss on drying indicates loss of water and other volatile substances in the
sample. LOD is crucial to the development of pharmaceutical dosage forms
such as granules, tablets, and capsules. It has a direct bearing on the chemical
and microbial stability of the dosage forms and on their physical properties
such as size distribution and flowability (Souza et al., 2008).

3.13.1.1.4 Residual solvents Organic solvents that are used in the extrac-
tion of bioactives are usually removed by distillation, followed by drying.
However, trace quantities of the solvents cling tenaciously to the particles
of extracts even when very efficient equipment is used. This amount of
solvent is generally referred to as a residual solvent. As these solvents
can be hazardous to health, their levels need to be limited. In the past,
each regulatory agency used to adopt its own guidelines for residual sol-
vents in medicinal products, and this resulted in different acceptance lim-
its. An international effort was made to arrive at uniform guidelines and
on July 17, 1997, the ICH Harmonized Tripartite Guideline Step 4 was
adopted (Anonymous, 1997a, 2010d). It is recognized by many countries
(Anonymous, 2001a, 20060).

According to the guideline, there are three classes of solvents. Class 1 includes
solvents such as benzene and carbon tetrachloride, and they are to be avoided
on account of their carcinogenicity and environmental hazards. Class 2 sol-
vents have moderate toxicity and their use is to be limited. Examples of this
class are acetonitrile, chloroform, methanol, hexane, etc. Class 3 solvents,
which include acetic acid, acetone, ethanol, ethyl acetate, ether, and so on,
have low toxicity. The content of residual solvents is determined using GC
(Anonymous, 2009a).

If on analysis a sample of extract is found to contain a residual solvent
above the specified limit, the solvent can be removed by drying the extract
in a vacuum tray drier at an appropriately high temperature (Willis, 2003).
Alternatively, the extract can be suspended in absolute ethanol and the etha-
nol removed by distillation. The residual solvent will mix with the ethanol
azeotropically and can be removed by the distillation of the ethanol.

3.13.1.1.5 Microbial count Herbs and herbal extracts are often found to be
contaminated with microbes. A nationwide outbreak of salmonellosis occurred
in Germany in 1993, because of paprika-powdered potato chips contaminated
by many strains. Toxigenic molds such as Aspergillus flavus, A. parasiticus, A.
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Jumigatus, A. ochraceus, Penicillium citrinum, and P. islandicum have been
detected in some spices (Farkas, 2000). The biological structure of the herb
often predisposes it to higher levels of microbial contamination, as in the case of
plants having trichomes on their surfaces. Several factors, such as the condition
of the environment where the herb grows and the way that it is harvested, dried,
processed, and transported, contribute to microbial contamination. Microbial
load is also dependent on the plant part used. For example, the rhizomes of tur-
meric and ginger may have more microbes than the seeds of mustard, because
microbes from soil can enter the rhizomes more easily (Das, 2008).

Pathogenic microbes may also find their way into herbal extracts. The microbial
content of products is estimated according to specific methods (Anonymous,
2009d). There are no official regulatory guidelines on the microbial contami-
nation of herbs. The limits vary from product to product and from country to
country. For example, the total bacterial content of the saw palmetto dietary
supplement should not exceed 104 cfu/g, the total yeast and mold count should
not exceed 100 cfu/g, and Salmonella species, E. coli and S. aureus should be
absent (Anonymous, 2009e). The extraction of herbs with alcohol reduces their
microbial content because of direct contact with alcohol (Hoffmann, 2003).

Microbial contamination of botanical raw materials decreases with the increas-
ing level of processing, going from roots and rhizomes to flowers and leaves, to
fruits and seeds, to liquid extracts and dry extracts (Katusin-Razem et al., 2001).
Crude herbs, spices, and extracts are usually decontaminated by irradiation
or fumigation with ethylene oxide gas. However, irradiation is a preferable
sanitation method (Katusin-Razem et al., 2001; Koseki et al., 2002; Migdal and
Chmielewski, 2005). The limits for bacterial and mold contamination in crude
herbs and extracts are to be strictly adhered to.

3.13.1.1.6 Pesticide residues Through the use of pesticides, humans have
achieved a more abundant supply of food and have enhanced their control of
diseases that are spread by pests. However, associated with these pest control
procedures is the problem of the chemical contamination of the environment.
These pesticides do not disintegrate easily and therefore end up as residues in
food, vegetables, and the somatic tissues of man and animals. The residue prob-
lem is associated with persistent pesticides such as dichlorodiphenyltrichloro-
ethane (DDT), aldrin, dieldrin, gamma BHC, chlordane, and heptachlor. These
pesticides have a long residence time in the soil and are capable of contami-
nating crops in successive years after the initial application. Endrin-containing
soybeans were harvested from fields where cotton had been grown and treated
with endrin. Similarly, alfalfa grown in soil where a previous crop was treated
with dieldrin and heptachlor was found to contain residues of these pesticides
(Kraybill, 1969). To curb the health hazards posed by pesticide residues, the US
Pharmacopeia (USP) has set limits for them (Anonymous, 2009f).

3.13.1.1.7 Heavy metals Herbal extracts can be contaminated with heavy
metals such as lead, mercury, bismuth, arsenic, antimony, tin, cadmium, silver,
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copper, and molybdenum. They are estimated according to pharmacopoeial
methods. The usual limit is not more than 0.001% (10 ppm) (Anonymous,
20092).

3.14 Specification for the extract

Three laboratory-scale extractions need to be carried out. On analysis of the
products from these extractions, the range of variation in the values of the
parameters can be judged. On the basis of the results of these extractions, a
specification sheet for the extract can be prepared. A product specification is a
written statement of the characteristics of the product to facilitate its produc-
tion and acceptance.

3.15 Costing of the extract

The cost of an extract is pivotal to its marketability. A commercially viable
product should have unique application, stability, and above all, affordability.
It should never be prohibitively expensive. The costing of the product should
be complete as soon as it is ready for marketing. The cost of manufacturing
extracts is influenced by several factors that can be broadly categorized into
direct costs, fixed costs, and general expenses. Direct costs consider expenses
that depend directly on the production rate. Examples are the cost of the raw
materials, solvents, utilities, and operating labor. The raw material cost should
include the price of the herbal raw material, the cost of grinding the raw
material to the required size, the cost of solvents, and the cost of transporting
the raw and finished products. Utilities include power supply, cooling tower,
chilling plant, steam boiler, and vacuum. Fixed costs are independent of the
production rate and are to be considered even if the operation is interrupted.
These include the cost of the property, preparation of the ground for construc-
tion, civil construction, cost of equipment, depreciation, taxes, and insurance.
General expenses are the expenses that are needed to maintain the business
and are made up of administrative costs, sales expenses, research, and devel-
opment (Patel et al., 2006; Pereira et al., 2007; Rosa and Meireles, 2009).

Turton et al. (1998) have formulated a methodology to estimate the cost of
manufacture, which is defined as the weighed sum of fixed capital invest-
ment, the cost of labor, the cost of raw material, the cost of waste treatment,
and the cost of utilities.

A computational simulation of the processes is also adopted to predict the
production costs at industrial scale (Rouf et al., 2001; Kwiatkowski et al.,
2006; Takeuchi et al., 2008). The process simulator Superpro Designer is a
group of software tools that are capable of predicting process and economic
parameters, quantifying the process parameters that are used in the estima-
tion of the cost of manufacture (Rouf et al., 2001).
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3.16 Unit recovery

Th

Ste

e calculation of unit recovery or compound(s) recovered from the starting
material is important in the extraction and isolation process as it has multiple
ps in the process. The calculation of unit recovery reflects the complete-

ness of the extraction of the active(s).

Units = yield of the product X assay of the product

U
U, =—L %100 (3.6)

5

where:

Th
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U, = unit recovery
Uy = units in the final product
U, = units in the starting material

is is illustrated by the following examples.

Example 3.1:

Bacoside was extracted with water from 1 kg of Bacopa monnieri leaves
having a bacoside content of 1%. The extraction yielded 100 g of extract
having an assay of 8%.

Units in the starting material = 1000 X 1 = 1000

Units in the extract = 100 X 8 = 800

800
U,=—"—-%X100=80% 3.7
1000

U,, = unit recovery of bacosides
20% of units remain in the marc.

Example 3.2:

C. forskoblii extract (100 g) having 10% forskolin was subjected to crys-
tallization and purification. This yielded 50 g with an assay of 17%. Unit
recovery is calculated as follows:
Units in the initial extract = 100 X 10 = 1000
Units in the final product = 50 X 17 = 850
850

U, =—"-x100=85% (3.8
1000

U, = unit recovery
15% of units remain in the mother liquor.
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3.17 Stability studies

Herbal extracts and the nutraceutical products that are derived from them
are invariably subjected to stability studies, which are intended to monitor
the possible changes in them over time and at different storage conditions.
Stability assessment is usually done during the development of the product
to ascertain its quality and shelf life. In earlier days, stability studies were
confined to the detection of degradation products. However, according to the
International Conference on Harmonization (ICH) guidelines, stability should
be studied using a combination of analytical methods concerning the identity,
purity, and biological activity of the product. Several ICH guidelines deal with
various aspects of stability testing (Aubry et al., 2008).

Usually, accelerated and real-time stability studies are carried out to assess
the effects of storage conditions on the physical and chemical qualities of an
extract. Accelerated stability is studied by storing the product in conditions
that are harsher than that of a real-time situation, in which case the product
is stored in ordinary conditions. A 6 month accelerated stability trial will pro-
vide data to support a 2 year shelf life. For stability studies, a sample from one
production batch or a sample from a pilot-plant batch whose batch size is at
least 10% of a production batch is selected.

The packing material should represent the material that is used for the stor-
age and distribution of the product. Extracts are packed in primary packs of
12 uPET (polyethylene terephthalate)/100u low-density polyethylene (LDPE)
bags (119 x 8.6 cm, three sides presealed) and heat sealed, followed by a sec-
ondary pack of 12 pPET/12 p aluminum foil/12 pPET/100 p food-grade LDPE
(15.5 x 12 cm, three sides presealed). Finally, the pack is heat sealed.

An accelerated stability study is carried out at 40°C + 2°C/75 + 5% relative
humidity (RH) in Chamber A and real-time stability at 25°C + 2°C/60 + 5%
RH in Chamber B. The reference samples for the study will be packed in iden-
tical packs and stored in cold storage or a refrigerator at a temperature of less
than 10°C or any other condition appropriate to the sample.

Twenty to twenty-four packets of 25-50 g each of the extract are packed
and kept in both the stability chambers. Six to ten packets are stored in
Chamber A for the accelerated stability study and 10-14 packets are stored
in Chamber B for the real-time study. Equal numbers of packets containing
sufficient quantities of the extract (depending on the parameters chosen) are
kept as reference samples. Reference samples are intended for a comparison
of the parameters. The labels on the packets should contain the following
information: name of product, batch number, date of manufacture, quantity of
sample, pack or sample number, storage conditions, date of loading into the
chamber, and date of withdrawal.

The samples kept for the accelerated stability study and the reference
samples are withdrawn at the initial point and after 3 and 6 months. The
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real-time stability samples are withdrawn at the initial point and after 6,
12, 18, 24, and 36 months. Samples from each station are withdrawn at the
period mentioned on the label. Withdrawal should be on a date +7 days of
the storage period and analysis should be carried out immediately. The fol-
lowing parameters are evaluated in both the accelerated and the real-time
stability studies.

3.171 Physicochemical properties

The important parameters are color, odor, appearance (powder, lumps, etc.),
pH, solubility, moisture/LOD, volatile oil, total ash content, acid-insoluble ash,
bulk density, tapped bulk density, total soluble solids, extractive values (alco-
hol, water, etc.), and sieve analysis.

3.17.2 Identity of the product by any one method

Product identity is established with IR spectrophotometry, UV/VIS spectro-
photometry, TLC, HPTLC, HPLC, or GC.

3.17.3 Estimation of actives

The content of actives is estimated by HPLC, HPTLC, GC, or gravimetry.

3.17.4 Category compounds

Category compounds such as phenols, sterols, alkaloids, and so on are
estimated.

3.17.5 Fingerprints
Fingerprinting is done using HPLC or HPTLC.

3.176 Microbiological parameters

1. Total viable aerobic count

2. Total fungal count

3. Total Enterobacteriaceae count
4. Staphylococcus aureus

5. E. coli

6. Pseudomonas aeruginosa

7. Salmonella species

The recorded stability data are evaluated and the shelf life is determined for
the product based on these data (Anonymous, 2003). The type of packing
required for the product and its storage conditions are decided on the basis of
the stability data (Vadas, 2001).
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3.18 Toxicological studies

Herbal extracts are invariably used in foods, beverages, nutraceuticals, medi-
cines, and cosmetics. Therefore, they should be safe to use. The short-term
and long-term toxicity due to ingestion, intravenous injection, and topical
application are studied before the product is offered to the market. Usually
acute, subacute, chronic, and subchronic toxicity are studied in the case of
orally administered extracts. Dermal irritation studies are essential in the case
of topically applied products (ointments, creams, lotions, cosmetic gels), and
ophthalmic products require eye irritation tests.

Acute oral toxicity is usually defined as the adverse effects that occur imme-
diately or a short time following a single or a short period of exposure per os
(Walum, 1998). It is usually determined according to the technique of Horn
(1956). Doses >1500 mg/kg are generally used. The method provides a rea-
sonably accurate estimate of the median lethal dose (LDs,), although it is
called the approximate LD, (ALD,). Further testing is done at %2 ALD,, for
crude extracts and at 1/5 ALD, for pure substances.

Subacute (2-3 weeks) and chronic (26-104 weeks) toxicity studies are con-
ducted to study the toxicity of the test substance by repeated exposure. A
no observable effect level (NOEL) and a no observable adverse effect level
(NOAEL) can be established from these studies. Reproductive and develop-
mental toxicity studies consider the effects of the test substance on the mat-
ing or fertility of parents, maternal or embryo toxicity, lactation, weaning,
growth, and development of pups (Mutai, 2000).

The Organization of Economic Cooperation and Development (OECD) has set
forth several guidelines for these toxicity studies (Anonymous, 2010a, 2010f;
Jaijoy et al., 2010). However, the choice of the test model is dictated mostly by
the interest of the buyer of the extracts.

3.19 Material safety data sheet (MSDS)

The MSDS is a document containing data on the properties of a substance. It
is an important component of product stewardship and workplace safety. The
MSDS is intended to provide workers and emergency personnel with proce-
dures for handling or working with a substance in a safe manner and includes
information such as physical data (melting point/boiling point/flash point),
toxicity, health effects, first aid, reactivity, disposal, protective equipment,
and spill handling procedures. The MSDS of the extract in question should
be prepared on completion of a laboratory-scale extraction and an analysis of
the extract. The format of an MSDS varies from country to country, depend-
ing on the regulatory requirements. A specimen of an MSDS is provided in
Table 3.13.
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Table 3.13 Material Safety Data Sheet of Green Coffee Extract

Product Name: Green Coffee Extract

Batch No. -

1. Method of production

Residual solvent
Additives if any

2. Manufacturer and supplier

3. Trade name and synonyms

4. Intended use of product

5. Physical state

6. Odor and appearance

7. Specific gravity

8. Optical rotation

9. Refractive index
10. Solubility in water at 25°C
11. Flammability. If flammable, specify conditions
12. Irritancy of product
13. Whether gloves are to be used
14. Whether irritant o eyes
15. Storage requirements
16. Special shipping information
17. First aid measures

Water extraction

Nil

Nil

(Provide address)
None

As dietary supplement
Powdery extract
Characteristic

Not applicable

Not applicable

Not applicable

Fully soluble

Not flammable

No

Yes

Avoid contact with eyes
No special requirement
No special requirement
Flush with water

3.20 Commercial manufacture of the extract
3.20.1 Critical control points

The transition from a successful pilot-scale to a full-scale commercial process
requires careful planning and implementation. This involves the identification
of critical control points. These steps can contribute to the variability of the
final product if not controlled. A flow diagram of the complete process can
be helpful in identifying these critical process steps. The following account of
some such critical control points illustrates their importance.

3.20.1.1 Turmeric extract

For obtaining a standardized mixture of curcumin, demethoxy curcumin, and
bisdemethoxy curcumin, the acetone extract derived from turmeric powder is
washed with hexane to remove the oily matter. This is a critical step. The hex-
ane-soluble substances should be completely removed from the acetone extract;
failure to do this can result in a loss in the yield of the final product. Similarly,
care should be taken to ensure that the value of the LOD does not go beyond 2%.
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3.20.1.2 Horse chestnut extract (0% aescin)

1. Coarse powder of the horse chestnut is extracted with aqueous metha-
nol and the miscella is concentrated to 16% TDS. It should be ensured
that the methanol does not evaporate from the extractor.

2. The concentrated aqueous methanol extract is fractionated with satu-
rated n-butanol in a clean reactor. The layers are mixed and separated
every 4 h. The saturated n-butanol layer is concentrated completely,
dissolved in demineralized (DM) water, and spray-dried.

The separation of the aqueous n-butanol layer is critical. At least 3 h
are required for the complete separation of the layers. The n-buta-
nol extract should be dried completely. Otherwise, the assay of
aescin will be low. Care should be taken to ensure that an emulsion
is not formed when the aqueous methanol fraction is agitated with
n-butanol.

3. n-Butanol extract is dissolved in two volumes of methanol and poured
into eight volumes of acetone. The mixture is stirred and centrifuged,
and the precipitate is dissolved in DM water and spray-dried.

The n-butanol extract should be completely soluble in methanol.
Sometimes, insoluble black particles may appear, and these are
removed by filtration. Similarly, while adding the methanolic solution
to acetone, the rate of precipitation needs to be watched closely. The
methanolic solution should be added slowly. Two to three hours are
required for a 1 ton batch.

3.20.1.3 Boswellia serrata extract

The gum oleoresin extracted from Boswellia serrata gum is mixed with 5%
aqueous KOH solution, warmed to 80°C, and agitated for 8 h. The reaction
mass is cooled to room temperature and mixed with isopropyl alcohol (IPA).
After stirring for 30 min, petroleum ether is added and agitated. The petro-
leum ether fraction is thereafter separated. The remaining aqueous alkaline
solution is concentrated by removing the IPA by distillation. Boswellic acids
are precipitated from the mixture by adding dilute HCI. Four critical steps
influence the success of the operation.

1. The nonpolar impurities from the oleoresin are removed completely
by washing with petroleum ether. Incomplete washing will result in
the oily material passing forward in the process, making the final
product a paste and not a free-flowing powder.

2. IPA from the alkaline layer is removed completely. Otherwise, there
will be a lowering of the aescin content.

3. Organic solvents are removed completely. Otherwise, the final prod-
uct will not be a free-flowing powder.
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4. Dilute HCl should be added with agitation of the reaction mass.
Failure to do so can result in the formation of lumps causing subse-
quent discoloration of the final product and a lowering of the aescin
content.

3.20.1.4 lecithin

Lecithin is a family of products based on naturally occurring phospholip-
ids. A number of factors in oilseed processing can affect the composition of
phospholipids in crude oil and therefore have a significant effect on the iso-
lated lecithin. The critical control points that affect the crude oil are bean
quality, stripper temperature, residual solvent, and particulate contamination.
Similarly, drying of the final product can be affected by the temperature, resi-
dence time, vacuum, temperature out of cooler, and final moisture (Dashiell,

1990).

3.20.2 Master formula

The commercial extraction of herbs is carried out as a batch processing opera-
tion. A batch is a defined quantity of starting material processed in a single
process or a series of processes so that it could be expected to be homoge-
neous. The full procedure for the extraction process is detailed in a mas-
ter formula (MF), which describes the preparations to be made, the kind
of equipment to be used, and the method to be followed (Chaloner-Larsson
et al., 1997). Table 3.14 lists some of the elements of an MF. The original
approved MF, with the signatures of the production and QA officials, is filed in
a safe place. An approved copy of the MF is made available to the production
department for every batch production run.

The entire process of the solvent extraction of every batch is recorded in
a batch manufacturing record (BMR). A distinctive combination of numbers
and/or letters is assigned to each batch and is used on labels and all docu-
ments pertaining to the batch. All aspects of the operation, such as the prepa-
ration of raw materials, the analysis of solvents, the cleaning of extractors, the
removal of solvents from the miscella in vacuo, the analysis of raw materials
and extracts, and so on are carried out according to standard operating pro-
cedures (SOP), which are detailed written instructions that specify how a test
or an administrative procedure is to be performed (Chaloner-Larsson et al.,
1997). The BMR should contain the name of the product, dates and times of
commencement and completion of production, name of the person respon-
sible for each stage of production, initials of the operator of different steps of
production and of the person who checked each of these operations, batch
number, a record of in-process controls and the initials of the person who car-
ried them out, the yield of extract obtained at different and pertinent stages of
production, and detailed notes on special problems encountered, with autho-
rization for any deviation from the MF (Anonymous, 2008a). On completion
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Table 3.14 Some Elements of the Master Formula for Kaempferia galanga Ester

Steps of the Operation
Kaempferia galanga tubers: 1700 kg
Hexane: 7000 L
1.1 Check and certify that the equipment is clean as per SOP.
1.2 Extraction 1. Charge 1700 kg of Kaempferia galanga tuber powder into the extractor.
1.3 Charge 3000 L of hexane into the extractor. Ensure soaking.
1.4 Heat to reflux and maintain for 3 h.
1.5 Filter and collect the extract.
1.6 Extraction II. Charge 2000 L of hexane into the exiractor and ensure soaking.
1.7 Heat to reflux and maintain for 3 h.
1.8 Filter and collect the extract.
1.9 Extraction llI. Charge 2000 L of hexane into the extractor and ensure soaking.
110 Heat to reflux and maintain for 3 h.
111 Filter and collect the extract.
112 Combine all the filtrates and send for concentration.
2.0 Concentration
2.1 Check and certify that the equipment is dlean as per SOP.
22 (Charge the combined filtrates and distill off hexane completely.Expected yield of crude
oil = 32-35 k.
3.0 High vacuum distillation
3.1 Check and certify that the equipment is clean as per SOP.
3.2 Distill off under high vacuum at 120°C-170°C.
3.3 (ool the distillate to 0°C—4°C.
34 Filter and dry.
Expected yield:
Galanga ester— 910 11 kg
Galanga oil —15 10 16 kg

of the production process, the BMR is returned to the QA, where it is stored
in an appropriate place for a period of 5 years.

3.20.3 Formulation and finishing

The extracts obtained from solvent extraction are generally formulated with
pharmacologically inactive or inert excipients. These are intended to give the
desired properties for stability, aesthetics, drug delivery, to limit microbial
growth, and to facilitate the incorporation of the extract into products. These
excipients have fundamental effects on the bioavailability, bioequivalence,
and stability of formulations. They possess physical properties such as boiling
point, melting point, bulk and tapped density, compression characteristics,
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hygroscopicity, flowability, particle size distribution, refractive index, specific
surface area, and stability. Small variations in the physical properties of an
excipient produce differences in the behavior of the formulated products.
Excipients are therefore chosen with care (Wade and Weller, 1994).

One major reason for using excipients is to dilute extracts to the desired
strength. For example, using dicalcium phosphate, magnesium carbonate, and
talc, the dry extract of C. forkoblii having a forskolin content of 60%-65% is
diluted to C. forskoblii extract 10%. However, the drug—excipient compatibil-
ity is to be studied, as was done in the case of sennosides A and B. Verloop
et al. (2004) observed that in the presence of water, a sennoside extract is
incompatible with sodium carbonate, stearic acid, citric acid, polyethylene
glycol (PEG), lactose, glucose, and sorbitol. The common excipients used in
the formulation of extracts are calcium carbonate, calcium stearate, cetyl alco-
hol, dicalcium phosphate, tribasic calcium phosphate, microcrystalline cel-
lulose, dextrin, dextrose, lactose, lecithin, magnesium carbonate, magnesium
stearate, maltodextrin, peanut oil, sesame oil, soybean oil, and talc (Wade and
Weller, 1994).

3.20.4 Packing of extracts

Free-flowing extracts are packed into food-grade LDPE bags
(457 X 355 X 432 mm, weight approximately 100 g) and the opening is closed
using the twist and tie method. The bag is sealed by applying a tamperproof
clip. The bag is put inside another LDPE bag and the opening is twisted and
sealed with a tamperproof clip. The bag is then placed inside a fiber craft
drum (125 X 75 cm, weight approximately 3.5 kg). The lid is closed and sealed
with a metallic ring. Tamper-evident seals are also provided. Extracts that are
paste-like in consistency (e.g., oleoresins) are packed in white pails and small-
mouthed, high-density polyethylene (HDPE) drums. The packed extracts are
stored in a cool, dry place.

3.20.5 Finished product specification

A finished product specification is prepared after three manufacturing plant
batches (Table 3.15).

3.20.6 Unit calculation

The unit recovery of the actives is calculated as described in Section 3.16.

3.20.7 Voucher sample

A sample (50 g) of the commercially manufactured extract should be stored
as a voucher sample for any future analysis.
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Table 3.15 Finished Product Specification of Terminalia arjuna Extract

Specification No. -—-

Product code -

Botanical name: Terminalia arjuna

(AS No.: 93456-04-3

Plant part used: Bark

Solvent used in manufacture: Methanol
Other solvent used: Methylene dichloride
Final extract ratio: 10:1 to 17:1

Marker for standardization: Arjunglucoside
Excipients used: None

Parameters
Description
Identification

Alcohol solubles (1% w/v solufion in 95% v/v
alcohol)

Loss on drying
Tapped bulk density
Loose hulk density

Sieve fest (passes through)
40 mesh

Chemical assay
Content of arjunglucoside

Others

Total heavy metals
Lead

Arsenic

Cadmium

Mercury

Residual solvents
Residual pesticides

Microbiological profile
Total plate count

Yeast and mold count
Escherichia coli

Salmonella

Staphylococcus aureus
Pseudomonas aerugnosa
Enterobacteriaceae

Limit
Dark brown powder®
To comply by HPLC
Not less than 80.0% w/w

Not more than 8.0% w/w (dried at 105°C)

Between 0.80 and 1.10 g/ml
Between 0.50 and 0.80 g/mL
Not less than 95% w/w

Not less than 3.0% w/w

Not more than 20 ppm (pg/g)
Not more than 3 ppm (pg/g)
Not more than 1 ppm (pg/g)
Not more than 1 ppm (pg/g)
Not more than 0.1 ppm (pg/g)
To comply as per USP

To comply as per USP

Not more than 5000 cfu/g
Not more than 100 cfu/g
Negative/10 g
Negative/10 g
Negative/10 g
Negative/10 g
Negative/10 g

Reference
Visual
In-house method
APl <191>

USP <731>
USP <616>
USP <616>
USP <786>

HPLC, in-house method

USP <231> Method Il
ICP-MS, AOAC <990.08>
ICP-MS, AOAC <990.08>
ICP-MS, AOAC <990.08>
ICP-MS, AOAC <971.21C>
USP <467>

USP <561>

USP <2021>
USP <2021>
USP <2022>
USP <2022>
USP <2022>
USP <62>

USP <2021>

(Continued )
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Table 3.15 (Continued) Finished Product Specification of Terminalia arjuna Extract

Additional information

Sanitizing treatment Nonirradiated and not treated with ETO
Genetic modification status GMO-free

BSE/TSE status BSE/TSE-free

Cultivated or wildcrafted Cultivated

Storage condition Store at room temperature

Shelf life 2 years

Nome and address of manufocturer -

Note: AOAC = Official Method of Analysis of AOAC International; APl = Ayurvedic Pharmacopoeia of India Part 1, Vol. 2
IP = Indian Pharmacopoeia Vol. T; USP = United States Pharmacopoeia; BSE = Bovine spongiform encephalopathy;
TSE = Transmissible spongiform encephalopathy.
o s this is a herbal product, there is a likelihood of minor color variation, on account of the geographical and seasonal varia-
tions of raw material.

3.20.8 Product master file

The product master file (drug master file) is a complete application dossier for
the registration of a product intended for use in Europe, Japan, and the United
States. It is prepared according to a specification known as the Common
Technical Document (CTD) and the accepted format is that of the ICH CTD
(Anonymous, 2010b). Essentially, a product master file contains information
on the manufacturing process and the process controls, control of raw mate-
rials, analytical procedures, stability, etc. (Anonymous, 2010e) (Table 3.16).

3.20.9 Kosher and halal certification

Kosher and halal certification are two certification systems that focus on the
dietary laws of Jews and Muslims, respectively. The kosher (kashrus) dietary
laws of Jews determine which foods are kosher (fit or proper).These laws
are of biblical origin, coming mainly from the original five books of the
Holy Scriptures, the Torab, which has remained unchanged over centuries.
The halal dietary laws determine which foods are “lawful’ or permitted for
Muslims. These laws are found in the Quran and the Traditions of the Prophet
(Hadith) (Kocturk, 2002; Regenstein et al., 2003).

Kosher and halal certification of a herbal extract and nutraceutical or func-
tional food ensures that the Jewish and Islamic dietary laws are not com-
promised in their manufacture. These certifications are of importance to the
herbal medicine and food industry in Europe and the United States. Several
agencies offer kosher and halal certification. However, the most prestigious
agencies are the Orthodox Union (Union of Orthodox Jewish Congregations of
America, Eleven Broadway, New York, NY 0004, USA; website: www.ou.org)
for kosher certification and IFANCA International (A division of Islamic Food
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Table 3.16 The CTD Format

No.

1.
1.1
1.1.2
1.1.3
1.1.4
.15
1.1.6
1.2
121
122
123
1.3
131
1311
1.3.1.2
1313
1314
1315
2.

21

22
221
222
223
23

24

25

2.6

3.1

311
312
313
314
315
3.2

321
322
323

Particulars

General informationNomenclature
International proprietary name
Compendial name
Chemical name
Company or laboratory code(s)
Other nonproprietary name (s)
Chemical abstracts service (CAS) registry number
Structure
Structural formula
Molecular formula
Relative molecular weight
General properties
Physicochemical characteristics
Physical characteristics
Solubility
Melting point
Polymorphism
Particle size
Manufacture
Manufacturer(s)
Description of manufacturing process and process controls
Synthetic route
Description of the process
Manufacturing scheme
Controls of the materials
Controls of critical steps and intermediates
Process validation and or evaluation
Manufacturing process development
Characterization
Elucidation of structure and other characteristics
IR spectrum
TH NMR spectrum
13C NMR spectrum
Mass spectrum
Key intermediates of synthesis
Impurities
By-products of synthesis
Intermediates of synthesis
Residual solvents and reagents
(Continved )
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Table 3.16 (Continued) The CTD Format

No. Particulars

324  Trace elements from use of catalysts
3.25  Degradation product

326 Analytical methods and detection limits
4. Control of drug substance

41 Specification

42 Analytical procedures

421 Description

421 Identification A (IR)

423 |dentification B (chlorides)

424 Appearance in solution

425 pH

426 Fluoroquinolonic acid

427 Heavy metals

428 Water

429  Sulfated ash

4210 Related substances (HPLC)

4211 Assay (titration)

4212 Residual solvents (GC)

43 Validation of analytical procedures
44 Batch analyses

45 Justification of specification

5 Reference standard materials

5.1 Related substances

6. Container closure system

6.1 Packaging

6.1.1 Drums

6.1.2 Polyethylene bags

1. Stability

7.1 Stability summary

7.2 Postapproval stahility protocol and stability commitment

73 Stability data

731 Batches tested

732 General fest methodology

7.3.2.1  Accelerated storage conditions and testing frequency
7.3.2.2  Long-term storage conditions and testing frequency
733 Analyfical test procedure

7.34  Validation of analytical test procedures

735  Results of fests

7.35.1  Accelerated stability results

7.35.2  long-term stability studies
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and Nutrition Council of America, 5901, N. Cicero Avenue, Suite 309, Chicago,
Illinois 60646, USA; website: www.ifanca.org) for halal certification. Although
basically of religious significance, over the years both kosher and halal cer-
tification has assumed the status of symbols of quality, especially in Europe
and the United States.

3.21 Quality assurance of extracts

A company that is manufacturing herbal extracts or products should have an
efficient QA and QC department. QA is defined as the system of monitoring,
inspecting, and auditing, ensuring that the product has been manufactured
according to the SOPs, right from the manufacture of the product to its deliv-
ery to the end user (Pedec and Klodziejczyk, 2000).

The company must engage in the manufacture of quality products and occa-
sionally some of the products may not conform to the set standards. The QC
system ensures that such unacceptable products are detected and their manu-
facture is prevented. Thus, quality is maintained and wastage is prevented.
Therefore, detection and prevention of lapses is the primary goal of a QC sys-
tem. A QA system ensures that all batches of the manufactured product will
be of the same quality (Pedec and Klodziejczyk, 2000).

QA is constantly involved in activities such as quality planning, QC, quality
improvement, quality auditing, and reliability. Depending on the product
line and the size of the company, QA and QC may be separate or com-
bined. Where QA is a separate entity, it is responsible for monitoring the
entire manufacturing activities of the company, to assure the company man-
agement that the production facilities, personnel, manufacturing methods,
various practices in the company, records, and control mechanisms conform
to good manufacturing processes. QA is also expected to be fully conver-
sant with all the regulatory requirements related to the business (Pedec and
Klodziejczyk, 2000).

QA personnel should have knowledge of and expertise in the technology used
in the production; they should also have training ability, interpersonal skills,
and abilities in auditing and investigation. In Canada, the QA/QC department
of a herbal product manufacturing company should employ staff with a uni-
versity degree in a science related to the activity being carried out. With this
expertise, they will be able to identify starting materials from a botanical per-
spective and appreciate and understand the sources of herbal raw material,
cultivation practices, the ontogenic stage of the herb, environmental factors
that affect the quality of herbs, and various certification systems related to
international trade (Pedec and Klodziejczyk, 2000).

The QA/QC manager provides leadership for compliance with standards and
thereby maintains continuous improvements in the manufacturing processes
and the quality of the products. He/she should have skills such as business
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knowledge, leadership, management, communication, and knowledge of
manufacturing processes, quality consciousness, validation, chemistry, micro-
biology, botany, audits, suppliers and their strengths, and customer awareness
(Pedec and Klodziejczyk, 2000).

Cremer (1996) states that “a quality professional’s true job is to learn, drive
the quality transition and take the organization where it cannot take itself.”
Therefore, staff in QA/QC should receive sufficient training for their functions
and very specially good manufacturing practices (GMPs), SOPs, MSDSs, and
record maintenance.

3.22 Interaction with marketing team

The development and marketing of nutraceuticals is a complex process (Van
Kleef et al., 2002, 2005), requiring significant research efforts in the iden-
tification of functional compounds and assessing their physiological effects
through suitable food matrices (Sir6 et al., 2008). It also calls for close interac-
tion between the R&D and marketing teams.

One of the first steps in product development is an exploration of the diseases
with which consumers are concerned. The marketing team gleans this infor-
mation from market research and communicates it to the R&D, which initiates
the entire R&D program. The outcome of this activity is a standardized herbal
extract that can be incorporated into a variety of products.

In order to market the standardized extract, the marketing team establishes
contact with manufacturers of fortified foods and beverages. At this point,
the R&D team lends its support with product information. Product literature
essentially consists of information on the botany and chemistry of the medici-
nal herb from which the extract is derived, the method and flow chart of the
manufacture of the extract, the excipients used, the nutraceutical applica-
tions of the extract and possible food matrices that can be fortified with it,
the mechanism of action of the major compounds in the extract, the finished
product specification, and the stability data and toxicological information.

Consumers have limited knowledge and awareness of the health benefits of
newly developed nutraceuticals. Therefore, there is a strong need for specific
information and communication activities. The general public, including physi-
cians and nutrition advisers, need to be informed about the medicinal value of
the product in a language that speaks of the benefits and not the “science” (Sir6
et al., 2008). Interaction between R&D and marketing is vital in this context.

3.23 Concluding remarks

There is growing interest in the extraction of biologically active compounds
from medicinal herbs. Experts from several scientific disciplines are engaged
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in this activity. A freshly harvested herb is carefully dried, comminuted to the
desired particle size, and extracted with the appropriate solvent. Care should be
taken during the extraction to minimize the interference from compounds that
may coextract with the desired compounds and to prevent degradation of the
compounds. After the optimization of the extraction conditions at the labora-
tory scale, the process is scaled-up to the pilot scale and later to the production
scale. Effective scale-up is achieved through the logical application of well-char-
acterized biological, chemical, and engineering principles (Martin et al., 2000).

Innovation should continue in the sphere of the solvent extraction of herbs.
The R&D team should constantly strive to develop environment-friendly pro-
cesses, apply novel processing methods, and enhance the existing process
technology. It is also important to acquire expertise in the optimization of
the process through a reduction in the use of utilities, an increase in the yield
of extractives, a reduction in the quantity of solvents, and a reduction in the
processing time (Aziz et al., 2003).

Some recent examples highlight these points. After utilizing cocoa beans, the
pod shells of cocoa fruits are generally discarded. They decompose in the
cocoa plantations, generating foul odors and causing environmental pollution.
Chan and Choo (2013) investigated whether the pod shells could be put to
better use. Their studies show that commercial pectin can be extracted from
the pod shells with citric acid as the solvent.

In addition to oil, cottonseed contains gossypol, a compound that is toxic
to livestock (Alexander et al., 2008). Cottonseed triacylglycerols are nonpolar
components, while gossypol is polar. On account of its high polarity, gossypol
is readily extracted by polar solvents such as ethyl alcohol and IPA. Because of
the different solubility characteristics between triacylglycerols and gossypol, it
is impossible to isolate both types of components using a single-step extraction
with one solvent such as hexane or alcohol. To overcome this problem, Kuk
and Hron (1998) employed a solvent system of isohexane and either 2%-25%
ethanol or IPA. Isohexane was chosen as it is not a health risk like n-hexane.
This extraction system produces a cottonseed meal of superior quality.

The use of green (eco-friendly) solvents has also begun. One such solvent
is ethyl lactate (ethyl 2-hydroxy-propanoate), which is fully biodegradable,
noncorrosive, noncarcinogenic, and nonozone depleting. The use of this sol-
vent has already been demonstrated in the extraction of sclareol from clary
sage (Tombokan, 2008), carotenoids from different plant matrices (Ishida and
Chapman, 2009; Strati and Oreopoulou, 2011), y-linolenic acid from spirulina
(Golmakani et al., 2012), caffeine from green coffee beans and green tea
leaves (Bermejo et al., 2012), and thymol from thyme (Angelov et al., 2013),
and the fractionation of squalene and tocopherol from edible oils (Herniandez
et al., 2011; Vicente et al., 2011).

d-Limonene, which is obtained from citrus peels through steam distillation
followed by a deterpenation process, is shown to be a substitute for solvents
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such as dichloromethane, toluene, and hexane. The major advantages of using
limonene are decreases in extraction time, energy consumption, solvents recy-
cled, and environmental impact (Chemat et al., 2012a). The findings of Chemat-
Djenni et al. (2010) and Angelov et al. (2013) demonstrate that d-limonene can
be used in the extraction of lycopene and thymol, respectively. Toxicological
studies show that d-limonene has very low toxicity and does not pose any
mutagenic, carcinogenic, or nephrotoxic risk to humans (Sun, 2007).

Preliminary studies show that glycerol, a-pinene, and p-cymene can also be
used as biosolvents for oilseed extraction (Chemat et al., 2012b; Fine et al.,
2013; Boutekedjiret et al., 2013). It is essential to continue the quest for green
solvents as more and more new products enter the global market in the form
of plant extracts and essential oils (Baser, 2003).
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Supercritical Fluid
Exiraction of Bioactives

We as a society need to do a better job of environmental performance in
today’s technological world.

Thomas E. Graedel and Jennifer A. Howard-Grenville
Greening the Industrial Facility (2005)

4.1 Introduction

any new consumer trends have emerged in recent times. Accordingly,
Mthere is a growing concern for the quality, safety, and toxicity of

foods and medicines accompanied by a greater preference for “nat-
ural” substances. A major technology that has emerged for the production
of “natural” and solvent-free substances is supercritical fluid (SCF) extrac-
tion technology (Mukhopadhyay, 2000). In 1978, the first industrial-scale SCF
extraction plant was commissioned in Germany by Hag AG. The plant was for
the decaffeination of green coffee beans. In 1980, Carlton United Breweries of
Australia developed a process for the extraction of flavors from hops (Palmer
and Ting, 1995).

The concept of critical point or [l'état particulier was first conceived by the
French engineer and physicist, Charles Cagniard de la Tour (1777-1859). The
critical point of a pure substance is the highest temperature and pressure at
which the substance exists in vapor-liquid equilibrium (Cagniard de la Tour,
1822; Andrews, 1869). In a continuation of the work of Cagniard de la Tour
and in an attempt to examine matter up to the limit of the liquid state, Hannay
and Hogarth (1879) carried out some interesting experiments, the results of
which were reported before the Royal Society in 1879. They described how
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a solid could dissolve in gas and then precipitate like “snow” or “frost” when
the pressure is reduced. A few years later, Eduard Buchner (1906) measured
the solubility of naphthalene in supercritical CO,. Naphthalene achieves a
solubility of 7% at 200 bar and 45°C (Val Krukonis, 1998). This solubility
behavior forms the basis of all supercritical extraction and separation pro-
cesses. A single homogeneous fluid is formed at temperatures and pressures
above the critical point. This homogeneous fluid is known as SCF. The SCF is
neither a gas nor a liquid. It retains the solvent power of liquids and the trans-
port properties of gases. SCF is formed when a gas is heated above its critical
temperature or a liquid is compressed above its critical pressure (Figure 4.1)
(Nahar and Sarker, 20006).

Great variations in the solvent properties of an SCF can be achieved by changes
in temperature and pressure. Therefore, it is possible to obtain different prod-
ucts from a single botanical material by using just one solvent, that is, SCF.
A number of SCFs such as ethane, butane, pentane, nitrous oxide, ammonia,
trifluoromethane, water, and CO, are used. However, because of its low criti-
cal parameters (31.1°C and 73.8 bar), low cost, and nontoxicity, supercritical
CO, is the most widely used solvent for SCF extraction. The SCF extraction
process makes use of high-purity CO,, free from water, hydrocarbons, and
halocarbons (Nahar and Sarker, 20006).

Supercritical
fluid
Pc

q‘é Liquid
g
R Solid

Gas

Tc
Temperature

Figure 4.1 Phase diagram showing the conditions at which thermodynamically dis-
tinct phases occur at equilibrium. Pc=critical pressure, Tc= critical temperature.
(Reproduced from Food Chemistry, 98, Herrero, M., Cifuentes, A., Ibanez, E. Sub-
and supercritical fluid extraction of functional ingredients from different natu-
ral sources: Plants, food- by-products, algae and microalgae—A review, 136-148,
Copyright (2006), with permission from Elsevier.)
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4.2 Solubility of compounds in supercritical CO,

Supercritical CO, is nonpolar in nature; therefore, the extractability of com-
pounds depends on the functional groups in these compounds and their
molecular weights and polarity. Hydrocarbons and other organic compounds
with relatively low polarity can be extracted with supercritical CO, at lower
pressure in the range of 75-100 bar. Examples are esters, ethers, aldehydes,
ketones, lactones, and epoxides. Moderately polar substances are moderately
soluble and highly polar compounds such as sugars, polysaccharides, pro-
teins, glycosides, and inorganic salts are generally not soluble. A cosolvent
or an entrainer is often injected into supercritical CO, to increase its polarity
and for the extraction of a certain class of products. Cosolvents facilitate the
extraction of compounds in egg yolk, fish oils, carrot, tomato, annatto, and
tamarind. Ethanol, methanol, ethyl acetate, and water are used as entrainers
(Mukhopadhyay, 2000; Raventos et al., 2002).

The use of an entrainer improves the solvating power of the SCF. While a
neat compound may be soluble in supercritical CO,, it may not be extractable
from the matrix without the presence of an entrainer. This is demonstrated
in the decaffeination of coffee. Neat caffeine is soluble in dry supercritical
CO,. Nevertheless, moist supercritical CO, or moist coffee is essential for the
extraction of caffeine from coffee beans. The same phenomenon is reported
to occur with decaffeination by traditional organic solvents. It is argued that
water frees the “chemically bound” caffeine in the coffee matrix (Calvey and
Block, 1997).

4.3 The SCF extraction process

SCF extraction is usually carried out on solid materials (Reverchon, 1997).
The material that is to be extracted is first comminuted to the desired par-
ticle size and charged into the extractor. CO, is then fed into the extractor
through a high-pressure pump. The SCF leaches the solute in the material
and the extract-laden CO, is sent to a separator through a pressure reduc-
tion valve. The extract precipitates in the separator at a reduced temperature
and pressure. The CO, devoid of any extract is returned to the extractor
(Mukhopadhyay, 2000). A flow sheet of the process is given in Figure 4.2.

SCF extraction can be carried out on systems of different scales. They can
be analytical instruments or preparative systems (pilot or industrial scale).
Analytical systems are used in the preparation of small samples, ranging from
a gram to a few grams. Pilot-scale plants can handle a sample size of several
hundred grams to kilograms. Industrial plants can process tons of material.

A preparative system on a pilot scale essentially consists of a solvent pump
that delivers the SCF to the system, a modifier pump if necessary, an extrac-
tion cell, and one or more separators or fractionation cells, in which the
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Figure 4.2 Flow sheet of SCF extraction. (Reproduced from Danielski, L. Extraction
and fractionation of natural organic compounds from plant materials with super-
critical carbon dioxide. Doktor-Ingenieur genebmigte Dissertation, Technische
Universitdt Hamburg-Harburg, 2007. With permission.)

solvent-free extract is collected (Figure 4.3). The extraction cell and separa-
tors are usually equipped with systems for independent control of the temper-
ature and pressure, so that fractionation of the extracted compounds can be
carried out by depressurization in a stepwise manner. Different compounds
can be collected within each separator, based on their differential solubility
in the SCF (Herrero et al., 2006).

Figure 4.3 Diagram of an SCF extraction pilot plant with two fractionation cells. (1) CO,
pump, (2) modifier pump, (3) sample extraction cell, (4) fractionation cell 1, (5) frac-
tionation cell 2, and (6) valve. (Reproduced from Food Chemistry, 98, Herrero,
M., Cifuentes, A., Ibatez, E. Sub- and supercritical fluid extraction of functional
ingredients from different natural sources: Plants, food- by-products, algae and
microalgae—A review, 136—-148, Copyright (2006), with permission from Elsevier.)
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4.3.1 Optimization and scale-up of extraction process

SCF extraction processes are usually optimized using a factorial design.
Extraction is carried out at different pressures and temperatures. The results
of these extractions are plotted to obtain overall extraction curves. A typical
overall extraction curve for SCF extraction from a solid matrix has three dis-
tinctive steps: (i) the constant extraction rate (CER) period, characterized by
the predominance of convective effects; (ii) the decreasing (falling) extraction
rate (FER) period, for which both convective as well as diffusional effects are
important; and (@iii) the diffusion-controlled rate period that is characterized
by the diffusion of the solvent and the solute/solvent mixture in the solid
matrix (Figure 4.4).

The experimental data on the mass of the extract as a function of the duration
of extraction are used to derive the kinetic parameters for the CER period,
namely, the mass transfer during the CER period (M ), the duration of the
CER period (#.p), the duration of the FER (f.;p) period, the mass ratio of solute
in the fluid phase at the bed outlet (Yg), the yield achieved during the CER
period (Rgp), and the total yield (R,,,,) (Pasquel et al., 2000; Prado et al., 2011;
Prado, 2014).

Mathematical models are used for the development of scale-up procedures
from laboratory to pilot to industrial scale. Such models are used for the pre-
diction of large-scale extraction curves because large-scale real experiments
are expensive (Nei et al., 2007; Martinez and Martinez, 2008). Nonetheless,
very simple models have proven to be effective for scale-up studies as demon-
strated by Prado et al. (2011).

The extraction curve of a material is completely determined by parameters
such as the solvent mass flow rate (Qg,), the extract solubility in the solvent

30
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Figure 4.4 Overall extraction curve of the SCFE process for a bypothetical vegetable
matrix+CO, system, where CER is the constant extraction rate, FER is the falling
extraction rate, and DC is the diffusion-controlled rate. (Reproduced from Prado,
IM.D. Supercritical and subcritical fluid technology utilization for the processing
of flaxseed bull. MSc thesis, University of Alberta, Edmonton, 2014.)

Supercritical Fluid Exiraction of Bioactives 133



at a given temperature and pressure (Y%), the mass of the nonextractable mate-
rial (mg)), the initial mass of the extractable material relative to the mass of
the nonextractable material (X,), the extraction bed diameter (d,), the extrac-
tion bed height (H), and the extraction bed porosity (¢). These parameters
are called contextual parameters. Extraction curves are ideally predicted as
functions of these contextual parameters. However, for such a prediction, a
small numbers of model parameters are adopted in addition to the contex-
tual parameters. Thus, the model parameters are functions of the contextual
parameters and help in the prediction of extraction curves. Examples are the
model parameter related to diffusion in the solid phase of the extraction bed
(W) and the model parameter related to convection in the fluid phase of the
extraction bed (Z) (Martinez and Martinez, 2008).

Many small-scale experiments are carried out to discover the functional rela-
tionship between contextual parameters and model parameters. Contextual
parameters are measured and model parameters are estimated from individ-
ual extraction curves (Martinez and Martinez, 2008). An appropriate mathe-
matical model derived with algorithms is fitted to the experimental data using
regression techniques (Martinez and Martinez, 2008; Rosa and Meireles, 2009;
Hrnci¢ et al., 2010). Lack’s (1985) model extended by Sovova (1994) is one
such simple solution to explain the mass balance and to give a good physical
description of the process (Figure 4.5).

A comparison of the overall extraction curve of ginger oleoresin extraction
with various mathematical models is provided in Figure 4.6. Data on the
mathematical modeling of the processes of SCF extraction of many products
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Figure 4.5 Comparison of the experimental overall extraction curve (O) with the cal-
culated overall extraction curve (——) at 288.15 K, 66.7 bar, and 3.16 X 10~ kg/s.
(Reproduced from Sousa, E.M.B.D. et al., Braz. J. Chem. Eng., 19: 229-241, 2002.
With permission.)
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Figure 4.6 Overall extraction curve of ginger oleoresin extraction with various math-
ematical models. Extraction conditions: 15 MPa, 313.2 K, and CO, mass flow rate
of 3.5 kg/min. (Reproduced from Rosa, P.TV., Meireles, M.A.A. Fundamentals of
supercritical extraction from solid matrices. In Extracting Bioactive Compounds
for Food Products: Theory and Applications, ed. M.A.A. Meireles, 272-288. CRC
Press, Boca Raton, 2009. With permission.)

are available (Reverchon, 2000; Reverchon and Marrone, 2001; Del Valle et al.,
2004; Carvalho et al., 2005; Moura et al., 2005; Ozkal et al., 2005a; Zizovic
et al., 2005; Kotnik et al., 2007; Martinez et al., 2007; Takeuchi and Meireles,
2007; Han et al., 2009; Mezzomo et al., 2009; Prado et al., 2011; Shokri et al.,
2011).

Increasingly, response surface methodology is being used for the identifica-
tion of conditions to obtain the highest yield of the desired compounds in the
extract. The particle size, pressure, temperature, the flow rate of CO,, the extrac-
tion time (static and dynamic), and the volume of the entrainer are selected as
independent variables. The yield of the extract or its content of actives serves as
the dependent variable (Ozkal, 2009; Li et al., 2010; Nie et al., 2010; Ghoreishi
and Bataghva, 2011; Ghasem et al., 2011).

4.3.2 Some scale-up problems

One major problem encountered in scale-up studies is the use of small extrac-
tion vessels to obtain overall extraction curves (Prado et al., 2011). This influ-
ences the results as some quantity of extract is lost in the walls of the tubes
of the equipment. Meireles (2008a, 2008b) remarks that vessels larger than
50 mL should be used for determining the overall extraction curves. Del Valle
et al. (2004) observe that because many parameters influence the process
of SCF extraction, the scale-up criteria should be more complex. However,
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Prado et al. (2011) successfully scaled-up an SCF extraction process for clove
and sugarcane residue using a simple scale-up criterion. Laboratory-scale SCF
extraction equipment with a 290 mL extraction vessel and pilot-scale equip-
ment with a 5.15 L extraction vessel were used in the study. The scale-up
criterion consisted of maintaining the solvent mass to the feed mass ratio
constant. This criterion was used successfully for a 15-fold scale-up of the
overall extraction curves for clove and sugarcane residue from 290 mL to
5.15 L. The overall extraction curves presented similar shapes. However, the
pilot-scale overall extraction curves showed higher yield than the laboratory-
scale extraction curves. Clove yielded 20% more extractive at 130 min and
sugarcane residue yielded 15% more extractive at 180 min.

The SCF extraction process of a herb at the industrial scale is designed after
successful scale-up to the pilot-plant scale. Mass transfer mechanisms differ
among species and plant parts used for extraction (Reverchon and Marrone,
1997). Therefore, before validating the scale-up criteria, it is essential to assess
their suitability to different types of raw materials. The principles of scale-up
are described by Clavier et al. (1996).

On account of the important hazards posed by the handling of liquefied gases,
safety must be taken into account in the design of the equipment, building,
installation, operation, and maintenance. A detailed analysis of potential haz-
ards should be carried out. Mechanical hazards such as plugging, rupture of
tubing connections, metal fatigue, fragilization, thermodynamic hazards such
as dry ice, boiling liquid expanding vapor explosion (BLEVE), chemical hazards
such as flammable fluids, corrosion, biological hazards such as asphyxia, and
chemical toxicity are likely to be encountered in SCF extraction. Clavier and
Perrut (2005) detail the scale-up issues encountered within SCF processing.

The recovery of the extract, fractionation, energy management, and improve-
ment of the procedures of extractor loading and emptying are to be consid-
ered in the design of the industrial process. A picture of a commercial SCF
extraction plant is provided in Figure 4.7.

4.4 Applications of SCF technology

SCF extraction technology has been successfully used for the decaffeination
of tea and coffee (Zosel, 1980; Diaz et al., 1997; Saldana et al., 1999; Saldaria
and Mohamed, 2003; Kopcak and Mohamed, 2004; Sun et al., 2010), the
extraction of cholesterol and lipids from egg yolk, fish, and meat (Froning
et al.,, 1990, 1994, 1998; Merkle and Larick, 1993; Cooke, 1995; Riha and
Brunner, 2000; Mohamed et al., 2003), the fractionation of milk (Rizvi et
al. 1995), the extraction of colorants (Franga et al., 1999; Baysal et al., 2000;
Nobre et al., 2000), the extraction, refining, and fractionation of vegetable oils
(Robin et al., 1996), the extraction of natural flavorings (Chouchi et al., 1996),
and the dealcoholization of drinks (Raventos et al., 2002).
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Figure 4.7 An industrial SCF extraction facility. (Reproduced with permission from
Dr. Swapneshu A. Baser, Deven Supercriticals Pvt Ltd., Mumbai; www.scfe.in.)

Increasingly, extraction with supercritical CO, is being used for the isola-
tion of medicinal substances from herbs (Chassagnez-Méndez et al., 2000;
Meireles, 2008a, 2008b). Flavors, edible oils, essential oils, antioxidants, and
bioactive compounds have been extracted from whole herbs, roots, stems,
barks, leaves, flowers, fruits, peels, and seeds. Some recent applications of
this technology and their extraction conditions are available in Reverchon
(1997), Ravent6s et al. (2002), Temelli and Giiclii-Ustiindag (2005) Cheah et al.
(20006), Nahar and Sarker (2006), Herrero et al. (2009), and Rosa et al. (2009).

4.5 Disadvantages of SCF technology
4.5.1 High capital investments

An SCF extraction unit is relatively more expensive than conventional extrac-
tion equipment to invest in and maintain, on account of the need to main-
tain a high-pressure system. The extracts are also relatively more expensive
(Perrut, 2000; Rosa and Meireles, 2005).

4.5.2 More variables to optimize

SCF extraction is affected by a large number of variables related to sample
preparation, extraction parameters, and trapping of the extract (Cheah et al.,
20006). Sample preparation involves sample size, particle size, comminution
procedure, homogeneity of sample, moisture content, drying agent, vessel
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volume, and packing density. The extraction parameters to be optimized are
the SCF used, pressure, temperature, flow rate, entrainer (type and volume),
static/action mode, extraction time, and restrictor temperature.

Collecting or trapping the SCF extract is also an important step. During the
collection step, the SCF extract decompresses from a pressure of 75-600 atm
to atmospheric pressure, with a volume increase from 1 mL to approximately
500 mL of gas. During trapping, the extract may be lost through volatilization
or aerosol formation (McDaniel and Taylor, 1999). Several parameters need
to be optimized for efficient trapping: collection technique, sorbent type or
solvent used, trap size or solvent volume, collection temperature, trap elution
solvent used, trap elution volume, temperature, and flow rate (Cheah et al.,
2000).

The altering of parameters such as pressure, temperature, entrainer volume,
and extraction time affects the quality and quantity of the extract (Khajeh
et al., 2004; Pourmortazavi et al., 2003). Using six different extraction condi-
tions, da Costa et al. (1999) observed that varying amounts of flavones and xan-
thones were extracted from the root bark of the Osage orange tree. Similarly,
an ethanol-modified supercritical CO, extract of the Tamarindus indica seed
coat obtained at higher pressure and temperature contained more antioxidant
compounds and possessed more antioxidant activity (Tsuda et al., 1995).

4.5.3 Strong dependence on matrix—analyte interactions

It is observed that the efficiency of SCF extraction depends heavily on matrix—
analyte interactions. The compound that is to be extracted may be deposited,
adsorbed, or chemically bonded to the surface of the matrix or distributed
within it (Cheah et al., 2006). A unique feature of all SCF extractions is that
most of the extraction takes place early in the process and the rate is consider-
ably reduced thereafter (Sovova et al., 1994; Pan et al., 1995; Damanjovié et al.,
2005). Free analytes adsorbed on the matrix surface are extracted rapidly at
first followed by slower extraction of analytes held inside the matrix (Ozkal
et al., 2005b; Modey et al., 1996a) or trapped within internal structures such
as a gland (Damanjovic et al., 2005). Due to the strong matrix—analyte interac-
tion, poor extractability may occur, despite the favorable solubility of the ana-
lyte in the SCF (Benner, 1998). Notwithstanding the good solubility of caffeine
and coumarin in supercritical CO,, these compounds were poorly extracted
from coffee beans, kola nuts, and guaco leaves (Ndiomu and Simpson, 1988;
Vilegas et al., 1997).

4.5.4 Difficulties in scale-up

The development of SCF extraction methods has been hampered by a general
lack of experience, especially with reference to matrix—analyte interactions.
Difficulty is also experienced in transferring an optimized method from one
extractor to another (Cheah et al., 2000).
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4.6 Concluding remarks

Despite some minor difficulties, extraction technology with SCF is gaining
wider acceptance. The efficiency of extraction is increased in this system,
as SCF has a gas-like flow behavior and a liquid-like solvating power (Lang
and Wai, 2001). In comparison with conventional extraction techniques, SCF
extraction is more precise and selective (Jeong and Chesney, 1999; Ziemons
et al., 2005; Chun et al., 1996; Macias-Sanchez et al., 2005; Khajeh et al., 2004;
Pourmortazavi et al., 2003). SCF extraction also offers greater time efficiency,
as extraction can be completed within 30 min (Ziemons et al., 2005; Ozcan
and Ozcan, 2004; Pourmortazavi et al., 2005; Smith and Burford, 1992). The
extraction of chamomile flowers by SCF extraction for 30 min yielded 4.4
times more essential oil than conventional extraction by steam distillation for
4 h (Scalia et al., 1999).

As the SCF is easily removed from the extract by depressurization, there is
no residual solvent left in it. Even when an organic solvent is used as an
entrainer, the volume needed is much less than that used in conventional
solvent extraction (Hsu et al., 2001; Ozcan and Ozcan, 2004; Luque de Castro
and Jimenez-Carmona, 2000; Barth et al., 1995). In addition to minimizing the
disposal of organic solvent wastes, the safety of the operators is also ensured
due to reduced exposure to hazardous vapors.

On account of the mild extraction conditions adopted in SCF extraction, this
process is suitable for volatile and thermolabile compounds (Song et al., 1992;
Smith and Burford, 1992; Scalia et al., 1999; Bartley and Foley, 1994). The
extraction system offers a light- and oxygen-free environment, thus minimiz-
ing the degradation of compounds and preserving the bioactive properties
of the extracts (Murga et al., 2000; Yepez et al., 2002; Dean and Khundker,
1997; Wang et al., 2004; Nguyen et al., 1994). These aspects are of value in the
extraction of natural flavors, as steam distillation is likely to cause hydrolysis
of the molecules (Modey et al., 1996b).

The milder conditions prevailing in an SCF extraction system also ensure that
chemical reactions do not take place between the compounds and the extrac-
tive is truly representative of the original product (Bartley and Foley, 1994;
Dean and Khundker, 1997; Doneanu and Anitescu, 1998).

SCF extraction may also possess sterilizing properties. Hong and Pyun (2001)
reported that Lactobacillus plantarum cells underwent irreversible cellular
membrane damage when treated with CO, at 7 MPa and 30°C for 10 min.
Bacteriostatic effects are also reported to take place during SCF processing
(Ambrosino et al., 2004; Spilimbergo et al., 2002, 2003).

Functional food products manufactured by SCF extraction technology have
gained significant consumer acceptance. There are about 110 SCF extraction
plants distributed in Germany, the United States, South Korea, France, and
Japan. There has been a significant increase in the number of SCF extraction
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plants in India. In the beginning, this technology was confined to pilot-scale
plants at educational institutions such as the Indian Institute of Technology,
Mumbai. However, several companies are now manufacturing production-
scale plants in India. Despite the high investment costs, SCF extraction tech-
nology is enjoying a sustained growth in interest. Though initially restricted
only to high-cost, low-volume products, SCF technology is currently employed
in the extraction of a wide variety of products (King, 2004; Srinivas and King,
2010).
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One should consume regularly such substances that help maintain good
health and prevent the appearance of diseases.

Caraka Samhita
300 BC

5.1 Introduction

xtracts derived from herbs can be used in the manufacture of food sup-

plements and fortified food. Food supplements are also known as dietary

supplements or nutritional supplements. Some countries define them as
drugs, whereas others treat them as foods. According to the laws in force in
the United States, Europe, Australia, and Japan, a food supplement cannot
claim to prevent, treat, or cure any disease. Violation of these laws implies
that the product in question is an unapproved or illegal drug. Despite this
apparent constraint, wise physicians and the lay public in those countries
make good use of these innocuous products. Food supplements are generally
manufactured according to the principles of modern pharmaceutics, which
uses various dosage forms to deliver the medicinal substances.

5.2 Food supplements

The development of dosage forms from herbal extracts is a challenging task.
Pure active compounds derived from natural products or synthetic reactions con-
tain only negligible amounts of extraneous substances. Nevertheless, extracts of
herbs contain small quantities of the active substance and large amounts of other
materials such as organic and inorganic salts, resins, waxes, tannins, sugars,

147



saponins, polyphenols, polysaccharides, and so on. These secondary metabolites
can affect the pharmaceutical technology and stability of the finished products.
On account of these peculiarities, the development of pharmaceutical products
from herbal extracts calls for close interaction between the formulator and the
person in charge of the production of the extracts (Bonati, 1991).

Herbal extracts can be either total extracts or purified extracts. Total extracts
are usually prepared using water or a water—alcohol mixture as the extraction
solvent. These extracts contain all the extractive matter. Purified extracts, on the
other hand, are devoid of those inert substances that are either not necessary for
the desired biological effect or are considered to be detrimental to that effect.
Purified extracts are prepared by extracting the herb with a selective solvent or
by removing the undesirable substances by defatting, passing though absorp-
tion resins, back extraction (partition chromatography), or precipitation in aprotic
solvents such as acetone, dichloromethane, ethyl acetate, dimethylformamide,
or acetonitrile. Defatting is usually done by treating the extract with a nonpolar
solvent such as hexane, which washes away the oils and waxes (Bonati, 1991).

5.3 Hygroscopicity of extracts

The inert substances are hygroscopic in nature and render the extracts sticky
soon after extraction. They are a major impediment to the development of solid
dosage forms from such extracts. The most important among such substances
are the carbohydrates that are invariably present in large amounts in most plants.
They are soluble in the water or water—alcohol mixtures that are commonly used
in the extraction of bioactives from herbs. Foremost among these carbohydrates
are the simple sugars such as fructose and glucose, which, in the case of Radix
Ophiopogonis (Ophiopogon japonicus) and Rhizoma Polygonati (Polygonatum
species), account for 50% of the extract by weight (Tong et al., 2008). The com-
plex composition of these extracts hinders the crystallization of such carbohy-
drates during the drying process, turning the dried extract into an amorphous
form. On account of their high thermodynamic activity, these amorphous solids
interact with ambient water vapor and become sticky (Chiu and Chow, 2000).

The removal of hygroscopic substances is a prelude to the successful develop-
ment of dosage forms. Nevertheless, it needs to be established that the biolog-
ical activity in question is not lost during the process of purification. Saponins
can be removed by partitioning the extract with butanol. Driver and Francis
(1979) have reported a similar method for the removal of a toxic saponin from
pokeberries (Phytolacca americana) using the butanol-acetone-diethyl ether
system for the solvent extraction of the berries.

5.4 Removal of interfering substances

Polyphenolics are brown or red-colored substances that oxidize rapidly when
exposed to air, forming insoluble precipitates. Gel filtration with polyamide,
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Sephadex LH-20, solvent partition, or adsorption on Whatman DE52 resin are
recommended for the removal of polyphenolics in extracts (Houghton and
Raman, 1998).

To overcome the problems posed by the hygroscopicity of extracts, the manu-
facturing, packaging, and storage operations are stringently controlled. These
activities are carried out in dehumidified atmospheres, and waterproof poly-
meric coatings and moisture-resistant packaging are used (Tong et al., 2008).
Traditional extracts can be divided into fluid, soft, and dry extracts. Purified
extracts are always in solid form (Bonati, 1991).

An extract is primarily a finished product and it can also be the constituent of
another product such as a nutraceutical or a fortified food. Therefore, its qual-
ity needs to be controlled. Quality tests have to focus on the physical charac-
teristics (appearance, pH, solubility, ash content, and total solids), solubility in
solvents commonly used in formulations (sugar syrup, sorbitol), particle size
of dry extracts, tolerance limit for fine powders, content of actives, and total
anaerobic microbial count (Bonati, 1991).

5.5 Dosage forms

A dosage form is commonly defined as the physical form of a dose of the
medicine intended for administration or consumption. It is thus a sophisti-
cated delivery system. Some of the common dosage forms recommended by
modern pharmaceutics are tablets, capsules, syrups, aerosols, injections, and
powders. All dosage forms can be prepared from herbal extracts. However,
from the nutraceutical point of view, the important forms are solid dosage
forms, such as tablets and gelatin capsules, and liquid dosage forms. Tablets
can be classified into several major varieties such as sugar-coated tablets, film-
coated tablets, enteric-coated tablets, multiple compressed tablets, controlled-
release tablets, effervescent tablets, and chewable tablets. Capsules can be
either hard gelatin capsules or soft gelatin capsules. Liquid dosage forms can
come in the form of syrups, drops, solutions, and suspensions for soft gelatin
capsules (Bonati, 1991; Rudnic and Schwartz, 2001).

5.5.1 Solid dosage forms
5.5.1.1 Compressed tablets

To qualify to be made into tablets, a medicinal substance should have the abil-
ity to flow freely, cohesiveness and lubrication. The other ingredients used in
the production of tablets (excipients) should not interfere with these qualities
of the drug. Many extracts do not have all these qualities. Therefore, suitable
excipients need to be added for the successful preparation of tablets from
these extracts (Rudnic and Schwartz, 2001).

Suitably formulated extract—excipient powder is fed into a tablet punching
machine. The powder enters the cavity of the die of appropriate size and
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pressure is applied by the punches. A tablet is formed as a result of the com-
paction of the powder and it is ejected from the die. Tablets are manufactured
using one of these three methods: wet granulation, dry granulation, or direct
compression.

5.5.1.2 Ingredients of tablets

Tablets are made of the active substance (herbal extract) and additives or
excipients. Excipients are of two kinds. One group imparts compression char-
acteristics to the formulation and helps in its processing. Diluents, binders,
glidants, and lubricants fall into this variety. The second group gives the tablet
its desirable physical characteristics. It includes disintegrants, colors, flavors,
sweetening agents, polymers, and waxes (Wade and Weller, 1994a; Rudnic
and Schwartz, 2001).

5.5.1.2.1 Diluents Sometimes, a single dose of the extract may be too small,
calling for an inert substance to increase the bulk of the formulation and
make a tablet of a practical size. Such diluents include microcrystalline cel-
lulose, dicalcium phosphate, calcium sulfate, lactose, cellulose, kaolin, dry
starch, and powdered sugar (Rudnic and Schwartz, 2001).

5.5.1.2.2 Binders These are agents that improve the cohesive property of
the powdered active substance. They are used in the granulation of extracts.
Binders improve the free-flowing nature of the formulation and ensure that
the tablet remains intact after compression. Examples are starch, gelatin, sug-
ars such as glucose and dextrose, gums such as acacia and sodium alginate,
mucilage of isaphgol husks, carboxymethylcellulose, methylcellulose, polyvi-
nylpyrrolidone (PVP), and so on. Binders are used as a solution or in dry form
(Rudnic and Schwartz, 2001).

5.5.1.2.3 lubricants Lubricants prevent the adhesion of the formulation
powder to the surface of the dies and punches, reduce friction between the
particles, cause the ejection of tablets from the die cavity, and improve the
flowability of the powder. Examples are magnesium stearate, calcium stearate,
stearic acid, hydrogenated vegetable oils, and polyethylene glycol (Rudnic and
Schwartz, 2001).

5.5.1.2.4 Glidants Glidants are agents that improve the free-flowing nature
of the formulation. They are added in the dry state, prior to the compression
of the tablets. Colloidal silicon dioxide and asbestos-free talc are the com-
monly used glidants (Rudnic and Schwartz, 2001).

5.5.1.2.5 Disintegrants Some substances or a mixture of substances are
added to the drug material to enhance disintegration in the stomach after
ingestion of the tablet. These substances are called disintegrants and they
cause rapid dissolution of the active ingredient(s). Common disintegrants
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include varieties of starches, clays, celluloses, algins, gums, and polymers.
Starch is the oldest and most popular disintegrant. It swells on contact with
moisture and causes the tablet matrix to rupture. To obtain the disintegration
effect of starches, they are added in the dry state to the mixture of powders
(Rudnic and Schwartz, 2001).

5.5.1.2.6 Coloring agents Colors are used in tablets for aesthetic reasons
and for their usefulness in the identification of the product. Such colorants
include approved food colors, their mixtures, or corresponding lakes. Colors
are usually dissolved in the binding solution prior to granulation (Rudnic and
Schwartz, 2001).

5.5.1.2.7 Flavoring agents Sweeteners are added to tablet powder blends to
enhance the flavor of the product (Rudnic and Schwartz, 2001).

5.5.1.3 Tablet compression

Tablets are made by compressing the active substance—excipients mixture on
tablet punching machines. Prior to tabletting, the ingredients of the tablet need
to be blended into a homogeneous mixture. If this cannot be achieved with
simple blending, the constituents need to be granulated prior to compression.
Granulation is a technique that is used to improve the pharmacotechnological
properties of extracts. Bonds are created between the particles during granu-
lation, improving the flowability and compactibility of the powder. There are
two methods of granulation, namely, wet granulation and dry granulation
(Marshall, 1991).

5.5.1.3.1 Wet granulation The wet granulation method makes use of a solu-
tion, suspension, or slurry containing a binder, which is added to the active
substance—excipients mixture. Wet granulation is carried out in several steps.
To begin with, the liquid binder is added to carefully weighed quantities of
the active substance and excipients and stirred. The commonly used binders
are aqueous suspensions of corn starch, methyl cellulose, gelatin, or natural
gums such as acacia. The binding agent is added until the mass of material
acquires the consistency of soft dough. The addition of the liquid has to be
controlled, as over-wetting will cause the granules to be very hard and insuffi-
cient wetting can cause them to be too soft, causing difficulty in compression.
Thereafter, the damp mass is passed through a screen to form granules. The
granules are then dried using tray dryers or fluid-bed dryers. The dried gran-
ules are finally passed through a smaller size screen than the one used earlier
so that granules of uniform size are obtained (Gokhale and Trivedi, 2010).

5.5.1.3.2 Dry granulation This method is adopted when the tablet ingredi-
ents are sensitive to moisture, unable to withstand high temperatures dur-
ing drying, or have insufficient binding properties. Dry granulation is also
called precompression or double compression. The powder of the blended
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ingredients is subjected to slugging using slugging tooling or a roller com-
pactor. The considerable amount of air contained in the powder is expelled
during slugging and granules are formed. These granules are compressed into
tablets after the addition of suitable lubricants (Peck et al., 2008).

5.5.1.3.3 Direct compression This approach is adopted when the medicinal
substance has optimum physical and chemical properties such as low sticki-
ness and high compactibility. Thus, it does not undergo processes such as
granulation but is made into tablets directly. On account of the emphasis
in the pharmaceutical industry on simplifying manufacturing processes to
reduce the necessary floor space and labor force, increasing attention is now
being paid to the process of direct compression of tablets. There is growing
interest in research for improving the flowability of powders with and without
additives (Bolhuis and Armstrong, 2006; Saha and Shahiwala, 2009).

5.5.1.3.4 Production of tablets Tablets have been popular ever since William
Brockedon of England invented the tablet press, for which he received British
Patent No. 9977, 1843 (Pietsch, 2005). The blended tablet powder is placed in
two steel punches inside the cavity of a steel die. When pressure is applied on
the powder by the punches, the powder gets compacted and acquires the shape
and size of the punches and dies used. The tablets are ejected from the machine
as soon as compression is over. Rotary tablet machines carrying a series of
punches and dies are used today for the industrial production of tablets.

5.5.1.4 Characteristics of tablets

Compressed tablets have several characteristics such as diameter, size, shape,
thickness, weight, hardness, disintegration time, and dissolution. These fea-
tures form the specifications of the tablet in question. Strict adherence to
these specifications ensures that the tablets have the same physical, chemical,
and pharmacological properties (Rudnic and Schwartz, 2001).

5.5.1.4.1 Hardness On their journey from the point of manufacture to the
user, tablets undergo storage, transportation, and handling. Tablets need to
have sufficient hardness to withstand abrasion or breakage. The hardness of
tablets (crushing strength) is nowadays determined objectively using elec-
tronically operated tablet hardness testers (Rudnic and Schwartz, 20006).

5.5.1.4.2 Friability Friability is a measure of the force required to crush a
tablet. This factor decides the tablets’ ability to withstand abrasion during
packaging and transportation. A fixed number of tablets (at least 6 g of the
product, equivalent to approximately 20 tablets, depending on weight) is
weighed and placed in a Roche friabilator (tumbling apparatus) in which they
are made to roll and undergo free fall. After a specific number of rotations,
the tablets are weighed and their friability is calculated from the loss of mate-
rial. Normally, less than 1% of loss is acceptable (Rhines, 2009).

152 Herbal Bioactives and Food Forfification



5.5.1.4.3 Thickness The thickness of tablets can vary without a change in
weight, as it is dependent on the bulk density of the granules and the pres-
sure applied on the tablet dies. If tablets vary in thickness, they cannot be
packed in a bottle of a given size. Uniform thickness also makes all tablets
look identical in appearance. Calipers are used in the determination of tablet
thickness, which is invariably expressed in millimeters (Rudnic and Schwartz,
2000).

5.5.1.4.4 Tablet weight The weight of tablets is determined by the weight of
the granulated powder that fills the die. The volumetric fill of the die cavity
is adjusted during the manufacturing operation to control the filling of the
cavity. The weight of tablets is also checked frequently (Rudnic and Schwartz,
2000).

5.5.1.4.5 Content uniformity All tablets produced from a given quantity of
tablet powder should have very little variation in their content of the active
compound. This has become important on account of the increased aware-
ness of the bioavailability of medicinal substances (Rudnic and Schwartz,
2000).

5.5.1.4.6 Disintegration of tablets The medicinal substance contained in a
tablet should dissolve in the gastrointestinal fluid before it is absorbed into
the system. The disintegration test measures the time taken by the tablet to
disintegrate into particles, under a set of conditions, and serves as a quality
control parameter for tablets. It is determined using the Vanderkamp tablet
disintegration tester (Rudnic and Schwartz, 2000).

5.5.1.4.7 Dissolution The dissolution test measures the span of time required
for the active substance in a tablet to dissolve under a given set of conditions.
It indicates the bioavailability of the medicinal substance. This test serves as
a quality control parameter. The granulation process is known to improve the
dissolution of poorly soluble drugs. Starches, lactose, and microcrystalline
cellulose, which are used in granulation, improve the dissolution characteris-
tics of many drugs (Rudnic and Schwartz, 2001; Abdou et al., 200D).

5.5.1.5 Coating of tablets

Most modern tablets are given a coating of polymers or polysaccharides to
protect them from environmental factors, to control the release of active sub-
stances, to enhance their appearance, or to improve their mechanical integ-
rity. Three major coating methods are in vogue.

5.5.1.5.1 Sugar coating This is the oldest method of tablet coating. Sucrose
is the sugar employed in most cases and is coated on the tablets in a multistep
process. The aesthetics of coated tablets is very important and many compa-
nies employ groups of skilled workers to work on this (Allen et al., 2005a).
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5.5.1.5.2 Film coating Film coating was introduced in the early 1950s to
overcome the drawbacks of sugar coating, which proved to be tedious, time
consuming, and specialized. Moreover, film-coated tablets are more resistant
to abrasion. Cellulose ethers or acrylics are used in film coating. A plasticizer
such as glycerin or propylene glycol is incorporated into the formulation to
improve the adhesion of the film to the tablet surface. Film-coating solutions
may be aqueous or nonaqueous. Tablets are film-coated by spraying the coat-
ing solution on the tablets in coating pans (Allen et al., 2005a).

5.5.1.5.3 Modified-release film coatings The release of the drug from tablets
can be modified by coating them appropriately. Delayed-release tablets resist
drug release in the stomach and disintegrate in the intestine. Such tablets
have an enteric coating. The widely used enteric coating is cellulose acetate
phthalate, followed by polyvinyl acetate phthalate, which is preferred for drug
release in the duodenum (Porter, 2001).

Reasonably constant blood levels of actives over a long period can be achieved
with sustained-release coatings. Such coatings are made of mixtures of waxes,
shellac, ethyl cellulose, acrylic resins, cellulose acetate, and silicone elasto-
mers (Porter, 2001).

5.5.1.6 Effervescent tablets

Effervescence is the evolution of carbon dioxide when acids and bases react
in water. The reaction often employed in effervescent tablets is that between
a soluble acid and an alkali metal carbonate to produce carbon dioxide. They
are a good dosage form to deliver drugs that are pH sensitive, require a large
dose, or are susceptible to light, oxygen, and moisture. Effervescent formula-
tions have less than 0.5% of moisture. To protect the formulation from light,
oxygen, and moisture, the tablets should be packed in 0.001 in. thick alumi-
num (Mohrle, 1989).

The solubility of the raw materials is very important in the formulation of
effervescent tablets. The effervescent reaction will not occur if the tablet com-
ponents are not soluble in water and tablet disintegration will be unsatisfac-
tory. The most commonly used acid is citric acid. Its citrus-like taste enhances
the acceptability of the product. The common bases used are sodium bicar-
bonate, potassium bicarbonate, sodium carbonate, and potassium carbonate.
Sodium bicarbonate is preferred to the others on account of the clear solution
it produces on the disintegration of the tablet (Mohrle, 1989).

Water-soluble binders having very little moisture are necessary to impart
hardness to the tablet. Dextrose, sorbitol, xylitol, and lactose are commonly
used. PVP is also used as a binder. There is little need for diluents as the effer-
vescent materials themselves are present in large amounts. The lubrication of
effervescent tablets is a difficult task, as the conventional lubricant, magne-
sium stearate, is water insoluble. In its place, many formulators use sodium
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benzoate, polyethylene glycol, and adipic acid. Colors, sweeteners, and flavors
are included in the formulation to improve the appeal or to mask off-notes of
ingredients (Mohrle, 1989).

The formula of a representative example of effervescent tablets is available in
Mohrle (1989). Light mineral oil (15 g) is mixed with 200 g of sodium bicar-
bonate (granular). Color (5 g) is dispersed on 35 g of sodium bicarbonate.
Anhydrous granular citric acid (1300 g) is placed in the bowl of a planetary
mixer. The mixer is started and 4 g of water is slowly added with thorough
mixing. While mixing, the remainder of the sodium bicarbonate, anhydrous
sodium carbonate (80 g), amino acid (50 g), spray-dried flavor (50 g), color dis-
persion, and mineral oil dispersion are added to the mixer in sequence. Mixing
is continued till the mass is homogeneously mixed. The mass is compressed
into % in., flat-faced, beveled edge tablets weighing 2.23 g each. The tablets are
passed through a curing oven, cooled, and packaged in aluminum foil.

5.5.1.6.1 Production Effervescent tablets are produced more or less in the
same way as compressed tablets. However, production must be carried out in
a strictly low humid atmosphere, as trace amounts of moisture can activate
the effervescent system. Both wet and dry granulation methods are employed.
The granules are fed into tablet presses that can deliver high compression
forces (Mohrle, 1989).

Effervescent tablets are invariably packed in aluminum foil. They can degrade
when the packaging material does not have a moisture vapor transmission
rate of 0, the seal of the foil pouch is imperfect due to machine malfunctions,
or the ingredients are not compatible with each other or the effervescent com-
ponents (Mohrle, 1989).

When formulated and produced in the desired way, effervescent tablets can
serve as effective drug delivery systems. They can incorporate a large amount
of active substances and are self-mixing and flavored. The carbon dioxide
produced by the effervescent reaction can induce enhanced permeability of
the active ingredients (Mohrle, 1989; Eichman and Robinson, 1998).

5.5.1.6.2 Stability of effervescent tablets The stability of effervescent tablets
depends on the stability of the functional ingredients and the effervescent
system itself. Effervescent tablets are hygroscopic and to obtain a reason-
able shelf life they must be protected from atmospheric moisture. The tablets
should be hermetically sealed irrespective of the container used. They are
usually packaged in glass, plastic, or metal tubes and individual foil pouches.

5.5.1.7 Rapidly dissolving tablets

Rapidly dissolving tablets (RDT) are a new generation of formulations, combining
the advantages of liquid and tablet formulations. They are also known as mouth
dissolving, fast-melting, fast-dissolving, oral disintegrating, and orodisperse
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tablets. They are defined as tablets that can be placed in the mouth where they
disperse rapidly before swallowing (Shukla et al., 2009a, 2009b). They are rap-
idly absorbed from the pregastric area and are of advantage to patients who
cannot swallow.

RDT disintegrate in the mouth within a few seconds due to the quick entry
of water into the tablet. The formulation technology therefore maximizes the
porous structure of the tablet matrix, incorporates appropriate disintegrating
agents, and uses highly water-soluble excipients (Shukla et al., 2009a).

Various technologies such as lyophilization (Jaccard and Leyder, 1985), molding
(Pebley et al., 1994), direct compression (Bi et al., 1996), cotton candy process
(Myers et al., 1995), spray drying (Allen et al., 1998), sublimation (Koizumi et al.,
1997), mass extrusion (Bhaskaran and Narmada, 2002), and fast-dissolving films
(Bess et al., 20006) are used in the manufacture of RDTs.

RDTs are evaluated on the basis of the tablets’ tensile strength, friability,
moisture uptake, porosity, wetting time and water absorption ratio, fineness
of dispersion, disintegration time, and dissolution (Shukla et al., 2009b).

5.5.2 Development of tablets from herbal extracts

Several reports are available on the development of tablet formulations with
herbal extracts. The reports of Plazier-Vercamen and Bruwier (1986), Diaz et al.
(1996), and Renoux et al. (1996) indicate that obtaining the good flowability and
compressibility of extracts is a formidable task. Nevertheless, Palma et al. (2002)
succeeded in producing tablets through direct compression of the dry extract of
the Chilean herb, Peumus boldus. The rheological properties of the dry extract
were evaluated on the basis of its density, angle of repose, and compressibility.
The direct compression at 1000 mPa of a formulation containing dry plant extract
(170 mg), microcrystalline cellulose (Avicel PH101, 112 mg), lactose (112 mg), and
magnesium stearate (6 mg) yielded the best results.

Similar results were obtained with a spray-dried extract of Tanacetum parthe-
nium (Feverfew), an Argentine herb reputed in the treatment of migraine. Chaves
et al. (2009) developed enteric-coated tablets from the spray-dried extract.
Table 5.1 shows the composition of the extract-excipient mixture. Tablets of
200 mg were obtained by the direct compression method. The tablets were film-
coated (Table 5.2) and exhibited good pharmacotechnical properties.

However, wet granulation cannot be adopted in the case of dry extracts on
account of their high hygroscopicity. Dry granulation is the ideal alterna-
tive (Rocksloh et al., 1999; von Eggelkraut-Gottanka et al., 2002). The use
of lubricants during direct compression is known to increase the disintegra-
tion time, and the incorporation of high amounts of magnesium stearate into
tablet granules shortens the disintegration time (Rocksloh et al., 1999; von
Eggelkraut-Gottanka et al., 2002). Therefore, Soares et al. (2005) evaluated
the effects of concentrations of sodium carboxymethylcellulose and colloidal
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Table 5.1 Composition of Direct Compressed Tablets from Spray-Dried
Extract of Tanacetum parthenium

Ingredients %
Polyvinylpyrrolidone (PVP) K30 5
Aerosil 1
Microcrystalline cellulose PH 102 44.03
Sodium starch glycolate 3
Magnesium stearate 2
Lactose 14.68
Tale 3
Spray-dried extract of Tanacetum parthenium 21.29

Source: Reproduced from Chaves et al., Braz. J. Pharm. Sci., 45, 573584, 2009. With permission.

Table 5.2 Composition of Coating Suspension for
Tablets of Tanacetum parthenium

Ingredients %
EUDRAGIT L30 D55 15
Simethicone 0.5
Polysorbate 80 0.6

Tale 3
Titanium dioxide 1.5
Triethyl citrate 2.1
Water 100 q.s. ad

Source:  Reproduced from Chaves et al., 2009, Braz. J. Pharm. Sci., 45,
573584, 2009. With permission.

silicon dioxide on the crushing strength and friability of tablets formulated
with spray-dried granulations of the Brazilian plant Maytenus ilicifolia. The
optimum formula for minimum disintegration time and friability and maxi-
mum crushing strength was recommended to contain 1.2% (w/w) of colloidal
silicon dioxide and 5% (w/w) of sodium carboxymethylcellulose. The tablets
that were prepared showed a crushing strength of 1079 N, a friability of
0.56% (w/w), and a maximum disintegration time of 6.8 min.

Morazzoni and Bombardelli (2002) formulated an extract of Coleus forskoblii
into a beverage powder and a compressed tablet for use in the treatment of
alcohol addiction. Each sachet of the beverage powder contained 2300 mg of
the formulation, which had the following composition: forskolin (100 mg), sac-
charose (2000 mg), maltodextrin (110 mg), citric acid (30 mg), orange flavor
(40 mg), and hydrogenated vegetable oil (20 mg).

Each 100 mg tablet contained forskolin (25 mg), microcrystalline cellu-
lose (25 mg), lactose (37 mg), colloidal silica (1 mg), cross-linked sodium
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carboxymethylcellulose (6 mg), PVP (5 mg), and magnesium stearate (1 mg)
(Morazzoni and Bombardelli, 2002).

A novel method to prepare tablets containing essential oils was disclosed by
Ninkov (2005). Cinnamon leaf oil, ginger oil, and turmeric oil were mixed
with olive oil, incorporated into untreated fumed silica, and powdered well.
The powder was blended with cocoa extract, citric acid, and excipients, and
was compressed into tablets. The tablets had the following composition: cin-
namon leaf oil (10-20 mg), ginger oil (1-7 mg), turmeric oil (0.5-3 mg), olive
oil (3-10 mg), cocoa extract (50-100 mg), citric acid or citrus oil (1-5 mg),
protein from kidney bean or wheat (00-1000 mg), fumed silica (25-50 mg),
crystalline cellulose (Avicel PH 102) (100-200 mg), crystalline cellulose (Avicel
PH 101 (150-350 mg), and methyl cellulose (100-200 mg).

Xiong et al. (2001) disclosed the process of preparing effervescent tablets con-
taining green tea extracts. The tablets had the following composition: green
tea extract (10%-50%), sodium bicarbonate (5%-30%), anhydrous citric acid
(10%-45%), polyethylene glycol 6000 (1%-10%), PVP (1%-10%), and flavoring
agent (0.1%—-3%).

Ayurveda employs many herbs as single drug remedies. Considering the
value of the tablet dosage form for popularizing the use of such single herb
remedies, Patra et al. (2008) attempted to prepare compressed tablets from
the root powder of Asparagus racemosus. Tablets were prepared by wet
granulation and direct compression methods. For wet granulation, root pow-
der (80% w/w) and Avicel PH 101 (15% w/w) were mixed and moistened with
appropriate amounts of 10% w/w starch paste. The wet mass was granulated
and the granules were dried in a hot air oven for 4 h at 60°C. The gran-
ules were resieved and mixed with talc (1%) and magnesium stearate (1%).
For direct compression, root powder (80% w/w), Avicel PH102 (10% w/w),
silicified microcrystalline cellulose (8%), talc (1%), and magnesium stearate
(1%) were mixed well. Evaluation tests revealed that both wet granulation
and direct compression methods can be applied to the development of tab-
lets from Asparagus racemosus root powder. Nevertheless, granules pre-
pared according to the wet granulation method had better flowability and
compressibility.

5.5.3 Capsules

The hard gelatin capsule is another convenient solid dosage form. It can be
used as a container for powdered drugs, multiparticulate systems, a liquid-
fill matrix, or an oily vehicle (Washington et al., 1989). A travelogue of 1730
mentions the Viennese pharmacist de Pauli, who made oval-shaped cap-
sules to hide the taste of turpentine, which he prescribed to his patients
who were suffering from gout (Feldhaus, 1954). Modern gelatin capsules
were invented in 1834 by Joseph Gérard Auguste Dublanc and his student
Francgois Achille Barnabé Mothes (French Patent, 1834). Like tablets, they can
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be used conveniently by adults. Although gelatin is insoluble in cold water,
it can often absorb up to 10 times its weight of water. Two types of capsules,
namely, hard and soft gelatin capsules, are in use. Hard gelatin capsules
are made of pure gelatin, with a sorption water content of 13%-16%. Soft
gelatin capsules have thicker shells that contain 20%-30% of plasticizers
such as glycerol or sorbitol. They have a water content of about 30%. Soft
gelatin capsules are intended to contain only liquids and pastes. Hard gela-
tin capsules can contain powders and liquids. Empty gelatin capsules come
in a variety of lengths, diameters, and capacities. The size of the capsule
used depends on the amount of material to be encapsulated (Allen et al.,
2005b). Information on capsule sizes, fill volume, and fill weight is available
in Augsburger (2002).

Compared with tablets, the powders that are encapsulated in hard gelatin
capsules can be formulated with minimum effort. Such powders contain dilu-
ents, such as lactose, mannitol, calcium carbonate, or magnesium carbonate,
and lubricants to enhance flowability. These powders are filled into capsules
by large-scale capsule-filling machines. Modern capsule-filling machines can
produce around 200,000 capsules per hour and can fill a number of different
substances in a single process run (Rudnic and Schwartz, 2001; Allen et al.,
2005b; Stegemann and Bornem, 2002).

5.5.3.1 Powder filling of capsules

Immediate release capsules are filled with a simple powder and the entire pro-
cess consists of four or five steps: weighing and preparation of ingredients, mix-
ing, filling into capsules, and packing. In contrast, other types of dosage forms
require more steps. For example, tablets require around nine steps: weighing
and preparation of ingredients, mixing, granulation, drying, sieving, the addi-
tion of lubricants (mixing/sieving), compression, and packing (Stegemann and
Bornem, 2002).

The formulation of hard gelatin capsules involves diluents (mannitol, lactose,
corn starch, microcrystalline cellulose, starch 1500), lubricants (magnesium
stearate, stearic acid, glyceryl monostearate), glidants (aerosil, talc), disinte-
grants (croscarmellose, crospovidone, sodium glycyl starch, corn starch, starch
1500, alginic acid), and wetting agents (sodium lauryl sulfate, Tween 80). The
medicinally active substance and the excipients are mixed homogeneously and
filled into the capsules. At times, a light precompression is necessary to form a
plug of powder. The force used for precompression is around 20-30 N, whereas
the force required for the compression of tablets is 30,000 N (Stegemann and
Bornem, 2002).

Carr’s index is used to predict the required capsule size and to estimate or
adjust the powder flow. Carr’s index of <15% indicates very good flow, 16%—
26% indicates good, 27%-35% indicates fairly good, and >35% indicates poor
flow (Carr, 1965).

Formulation of Food Supplements 159



C; ZMXWO G.D
d
where:
C; = Carr’s index
T, = tapped density
B, = bulk density

5.5.3.2 Factors to be considered during formulation

5.5.3.2.1 Compatibility with gelatin  The first step in the formulation of a
herbal extract in a hard gelatin capsule is determining its compatibility with
the gelatin shell. It is known that some substances rich in reactive aldehydes
can react with gelatin by forming cross-links (Stegemann and Bornem, 2002).

The water content of the gelatin shell itself can cause incompatibility. A hygro-
scopic extract filled in a hard gelatin capsule can absorb moisture from the
shell, rendering it brittle and liable to break. If an extract is sensitive to humid-
ity, the water content of the capsule shell (13%-16%) can cause degradation of
the compounds in the extract (Stegemann and Bornem, 2002).

5.5.3.2.2 Dose The dose of the medicinal substance to be formulated is a
major concern. Milligram amounts of the drug substance have to be mixed
homogeneously in the powder. For doses above 100 mg, the characteristics of
the active are more important than those of the excipients, which in this case
will be smaller in volume (Stegemann and Bornem, 2002).

High concentrations of the extract can cause problems during the filling of
the capsules. These problems can be prevented by the addition of appropriate
quantities of diluents and lubricants (Hogan, 1995).

It is not possible to put more than 600 mg of powder into the largest capsule
available. However, such volumes can be filled after granulating the powder
(Stegemann and Bornem, 2002).

5.5.3.2.3 Shape of particles To achieve perfect content uniformity in cap-
sules, the powder should have good flowability, which in turn is dependent
on the shape of the particles, intraparticulate cohesion, and surface films.
Isometric (round) particles form a dense shape and are ideal for capsule filling.
The flowability of powders containing anisometric particles (needle shaped)
can be improved by grinding or granulation (Stegemann and Bornem, 2002).

5.5.3.2.4 Solubility To achieve satisfactory disintegration and dissolution of
the powder, the active substance and the excipients need to be water soluble.
Poorly soluble actives can be improved by formulating them with appropriate
disintegrants and diluents (Stegemann and Bornem, 2002).

5.5.3.2.5 Farticle size  The fluidity of the powder is dependent on the parti-
cle size of the active substance. Too fine or too coarse powders are unsuitable,
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as they hinder the free flow of the powder. The ideal particle size is between
10 and 150 pm (Hogan et al., 1996).

5.5.3.2.6 Hygroscopicity Hygroscopic extracts can absorb moisture from the
capsule shell, which causes brittleness of the shell. Additionally, moisture can
increase during the manufacturing process and cause the formation of sorp-
tion films, which directly affect the powder flow and the filling of the capsules.
Hygroscopic extracts should be formulated with mannitol, which is an inert
excipient as far as water absorption is concerned (Wade and Weller, 1994b).

5.5.3.2.7 Adhesion Powders that exhibit an adhesive nature create prob-
lems during filling, as the particles can stick to the surfaces of the capsule-
filling machine. Consequently, the filled substance breaks up, leading to a
variation in the quantities filled in the capsules. The stickiness of the actives
and excipients can be controlled by the addition of a glidant or a combination
of a glidant and a lubricant, such as aerosil/magnesium stearate or talc/stearic
acid (Stegemann and Bornem, 2002).

5.5.3.2.8 Wetiting nature The ability of the material filled in the capsule to
mix with water is vital to the release of the active compounds. The release of
hydrophobic substances can be improved by including lactose as a diluent or
a wetting agent such as sodium lauryl sulfate. It is to be noted that magnesium
stearate can cause the opposite effects, such as a reduction in the wetting
action and a slowing down of disintegration and dissolution (Samyn and Jung,
1970; Fromming and Grobler, 1983).

A suitable disintegrant should be included in the formulation when hydro-
phobic substances are used in high doses or when they form a major part of
the formulation. Sodium croscarmellose and crospovidone are strong disinte-
grants, while sodium glycol starch and corn starch are moderate disintegrants
(Stegemann and Bornem, 2002).

5.5.3.2.9 Moisture sensitivity of actives The moisture sensitivity of the medic-
inal substance can interfere with the stability of the formulation. The moisture
of the capsule shell can damage such substances. The addition of mannitol to
the formulation prevents such damage (Wade and Weller, 1994b).

5.5.3.2.10 lubrication Lubricants have different functions in a formulation.
They prevent powder sticking to the metal surfaces of the capsule-filling
machine and optimize the powder flow and compressibility characteristics.
Over lubrication, on the other hand, significantly reduces dissolution and inter-
feres with content uniformity, powder density, and plug formation (Jones, 1998).

The time required to mix the lubricant with the formulation is also known to
affect the release profile of some synthetic drugs, even if their concentration
remains unchanged (Murthy and Samyn, 1977). Therefore, lubricants should
be added in low quantities.
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5.5.3.2.11 Dissolution and disintegration The dissolution of hard gelatin cap-
sules is studied by immersing them in a dissolution fluid at 37°C. On immer-
sion in the fluid, the capsules initially rupture at the shoulders of the cap.
As the dissolution fluid enters the contents of the capsule, the powder dis-
integrates and exposes the drug particles for dissolution. Disintegration and
dissolution are dependent on the wettability and on the overall composition
of the formulation (Augsburger, 2002: 359). Hard gelatin capsules disintegrate
fully within 10 min (Ludwig et al., 1979, 1980). Disintegration and dissolu-
tion tests on hard and soft capsules are carried out in the same way as for
uncoated tablets (Allen et al., 2005b).

5.5.3.2.12 Weight variation Capsules filled with the medicinal substance
should have uniform weight. This is ensured by determining the weight of
the shells of 10 capsules and their contents. Similar to tablets, the contents of
capsules also need to be dissolved in a short span of time (Allen et al., 2005b).

5.5.3.2.13 Capsules for multiple units Single dosage forms that disintegrate
into several units after ingestion in the gastrointestinal tract are called multiple
units. Today, machines are available that allow hard gelatin capsules to be filled
with different types of pellets and/or formulations via several filling stations
within a single process. Multiple units are developed as enteric-coated and
controlled-release pellets using the appropriate film coating. The derivatives
of acrylic acid and cellulose are commonly used for the coating (Hogan, 1995).

5.5.4 Computer-aided formulation development

In the olden days, pharmaceutists used to adopt a trial-and-error approach
to formulation development, based on the experiences of individual formu-
lators. Their modern counterparts encounter numerous and complex drug
substances that need to be formulated efficiently in a short span of time.
Hard gelatin capsules are generally perceived to be a simple dosage form.
Nevertheless, their design presents many challenges to the formulator who
has to control factors such as ingredient compatibility and stability, powder
blending and homogeneity, and powder fluidity and lubrication. To help the
formulators of hard gelatin capsules, Guo et al. (2002) created a prototype
intelligent hybrid system, by linking a decision module with a prediction
module. Validation experiments proved that the hybrid system is capable of
yielding formulations of a model Biopharmaceutics Classification System Class
IT drug, piroxicam. The framework of this hybrid system can be extended to
the development of other dosage forms as well.

5.5.5 Syrups

Syrups are concentrated solutions of sugars such as glucose in water or aqueous
liquids. When pure water alone is used for dissolving sucrose, the product is
called syrup or simple syrup. Polyols such as sorbitol, or glycerin may also be
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added at times to retard the crystallization of sucrose or to improve the solu-
bility of the other ingredients. Alcohol and preservatives are added to retard
microbial growth. Syrups containing medicinal substances are called medicated
syrups. Syrups also serve as ideal vehicles for bitter drugs (Nairn, 2001).

Syrups are prepared by four methods, namely, with the aid of heat, by agita-
tion, by adding sugar to a medicated liquid, and by percolation of the medici-
nal substance or sugar. Syrups offer the advantages of precision of dosage,
ease of dispensing, and enhanced stability (Kolling and Ghosh, 2005).

Medicated syrups are generally prepared by dissolving the medicinal sub-
stance and other ingredients, such as flavoring agents, colorants, citric acid,
and preservatives, in sucrose syrup. The commonly known vasaka syrup is
prepared by mixing 500 mL of vasaka liquid extract with 100 mL of glycerin
and making up the volume to 1000 mL with a sufficient quantity of syrup
(Gokhale et al., 2007). Commercially prepared syrups contain special sol-
vents, solubilizing agents, thickeners, or stabilizers. The common preserva-
tives are benzoic acid (0.1%-0.2%), sodium benzoate (0.1%-0.2%), and various
combinations of methylparabens, propylparabens, and butylparabens totaling
about 0.1% (Allen et al., 2005¢).

Syrups can be transformed into dry syrup formulations to improve their stabil-
ity and to minimize microbial attack. The production of dry syrups does not
involve the use of water, other solvents, or heat. The medicinal substance can
be added to the dry product before granulation or it can be dissolved or sus-
pended in the granulating liquid. The granules are dried and screened to obtain
granules of uniform particle size. Granulated dry syrup powders have better
appearance and flowability and less aggregation of particles (Nairn, 2001).

5.5.6 Common problems and their solutions

Liquid dosage forms such as syrups can be prepared from fluid, soft, or dry
extracts of herbs. These extracts need to be diluted to make liquid prepa-
rations. It is at this point that the formulator is faced with the problem of
solubility. If the extract is not dissolved completely, the product will develop
turbidity or precipitate immediately or on storage. This problem can be solved
in the following ways (Bonati, 1991).

1. While redissolving an extract or when diluting a fluid extract, the for-
mulator should use the exact same strength of solvent as that used for
preparing the extract. For example, if a herb has been extracted with
50% aqueous alcohol, the extract should be dissolved in 50% aqueous
alcohol only (Bonati, 1991).

2. High-strength alcohol or other organic solvents are sometimes used
in the extraction of certain herbs. The preparation of the liquid dos-
age form many not require such a strong solvent. Such instances are
common with extracts of essential oil-bearing herbs. In situations like
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this, the formulator should use cosolvents or surfactants. The com-
monly used cosolvents are glycols, polyglycols, glycerin, and sorbitol.
At times, their use may be restricted on account of the large quantities
that are used in the formulation. Such situations call for the use of
nonionic surfactants such as polysorbates and polyoxyethylene deriv-
atives of oleic alcohol. An example from Bonati (1991) clearly illus-
trates this point. When the soft extract of Ruscus aculeatus (2 g) is
formulated into a syrup using sucrose (20 g), alcohol (10 g), polyeth-
ylene glycol 400 (5 g), a mixture of p-hydroxybenzoates (0.1 g), and
purified water (100.0 q.s. ad.), the extract is insoluble in the formula-
tion. Nevertheless, a clear syrup is formed when 2.5% polyoxyethylen-
20-sorbitan monostearate is added to the formulation (Bonati, 1991).

3. Alterations in the pH can also enhance the solubility of extracts. This
technique works more in the case of substances such as alkaloids
whose solubility increases through the formation of salts. Organic
acids such as lactic acid, citric acid, and tartaric acid are often used
for dissolving extracts containing alkaloids. The chemical stability of
the alkaloids is also ensured in this way (Bonati, 1991).

4. Cloudy solutions of extracts containing easily soluble constituents can
be clarified by filtration. This approach is recommended only when
there is no decrease in the content of the active substances following
filtration (Bonati, 1991).

The stability of the solution of an extract can be jeopardized by microbial growth.
This can be circumvented by the use of appropriate preservatives. Sometimes,
constituents of the liquid formulation can cross-react producing precipitates, as
is the case with tannins and alkaloids. Cosolvents, surfactants, and the removal
of the interfering substances can solve the problem (Bonati, 1991).

5.5.6.1 Masking of tastes

Herbal extracts are of varying tastes and masking their tastes is important to the
pharmaceutical and food industries. Flavors are commonly used for masking
and complimenting tastes. The extent to which taste masking is feasible can-
not be predicted, as taste perception is a complex phenomenon. Cocoa syrup
is quite effective in masking a bitter taste. It is followed by raspberry syrup,
cherry syrup, cinnamon syrup, citric acid, licorice syrup, and orange syrup
(Reiland and Lipari, 2007). Many bitter substances are hydrophobic and there-
fore hydrophobic compounds can be used to mask the target sites of bitter
substances. The water-dispersible lipoproteins PA-LG, made of phosphatidic
acid and B-lactoglobulin, suppress the taste response to bitter substances
(Katsuragi and Kurihara, 1993). Polymers, complexing agents, and low molec-
ular weight substances are very effective in masking a bitter taste. Readers are
directed to an excellent review on the topic by Ley (2008).

A sour taste can be best masked by raspberry syrup or other fruit syrups.
Acacia syrup and similar mucilaginous substances disguise the pungent feeling
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imparted by capsicum and pepper, by forming a protective colloidal coating
over the buccal cavity and taste buds. Tragacanth gum can be used in the
medium of alcohol (Reilly, 2001).

5.5.7 Stability of food supplements

The testing of stability is an essential part of the formulation of food supple-
ments. The stability of all dosage forms is studied as a function of time against
numerous environmental factors such as temperature, humidity, and light and
their combinations. The data accrued from stability studies are pivotal to the
establishment of recommended storage conditions, expiry dates, and shelf
lives. The stability of a food supplement is an index of its strength, purity, iden-
tity, safety, degradation, and physical or biological changes and their effects on
the biological actions of the product (Valvani, 2000).

The International Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) guidelines Q1E and Q1A
(R2) provide guidance for the design methodology and analysis of stability stud-
ies (Anonymous, 2003a, 2003b). Huynh-Ba (2009) exhaustively treats the various
aspects of stability testing, such as stability regulations, stability methodologies,
and best practices. The basic method of stability testing is briefly described next.

Samples of the dosage form manufactured to a pilot scale are packed in con-
tainers that are identical to the one proposed for distribution. Thereafter, the
samples are stored in chambers maintained at a specific temperature and humid-
ity. For long-term studies, samples are stored for 12 months at 25°C + 2°C/60 +
5% RH (relative humidity). Accelerated stability is tested by keeping the sam-
ples at 40°C + 2°C/75 + 5% RH for 6 months. For intermediate stability stud-
ies, samples are stored at 30°C + 2°C/65 + 5% RH for 6 months. These samples
are evaluated on predecided parameters at 0, 1, 2, 3, 6, 9, and 12 months sta-
tions. Real-time studies can be conducted by storing the packets of products at
30°C + 2°C/65 + 5% RH for 12, 24, 36, and 48 months. In this case, the samples
are to be evaluated at 0, 1, 3, 6, 12, 18, 24, 36, and 48 months.

The organoleptic, chemical, and physical characteristics of the dosage forms
are monitored during the course of the stability study and recorded. The sta-
bility of the product is determined on the basis of the recorded data. The types
of packing and storage conditions of the products are decided on the basis of
the stability data (Vadas, 2001). A 6 month accelerated stability study will pro-
vide data to support a 2 year shelf life.

5.5.8 Pharmaceutical excipients of herbal origin
5.5.8.1 In modified-release tablets

Substances extracted from herbs have recently been proved to be of use
in pharmaceutical technology. For example, the tubers of Amorphophallus
konjac are rich in the hydrocolloidal polysaccharide, glucomannan.
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Alvarez-Mancenido et al. (2008) observed that konjac glucomannan gel sys-
tems could maintain the integrity and control the release of theophylline for
8 hours. Matrix tablets prepared from konjac glucomannans alone sustained
the release of cimetidine in the fluids of the stomach and the intestine.
Bf-Mannanase present in the colon accelerated the release of the drug. Konjac
glucomannan cross-linked with trisodium trimetaphosphate formed hydro-
gels that could sustain the release of hydrocortisone (Liu et al., 2007).

Pectin is a complex polysaccharide predominantly found in fruits. It has high
potential in controlled-release matrix delivery systems. However, its water sol-
ubility is an impediment (Beneke et al., 2009). This problem can be overcome
by salt formation. Matrix tablets prepared with calcium pectinate were found
to be suitable for colon-targeted drug delivery systems. There were additional
effects such as the suppression of dissolution and swelling of the systems
(Sinha et al., 2001; Chourasia et al., 2004; Bhatia et al., 2008).

Natural gums such as guar gum, locust bean gum, and aloe gel possess prop-
erties that qualify them for use in controlled-release tablets (Varshosaz et al.,
2006; Vendruscolo et al., 2005; Jani et al., 2007). Singhal et al. (2010) recently
tested the feasibility of using guar gum as an excipient in the formulation
of colon-targeted curcumin tablets. Tablets formulated with 40% guar gum
showed satisfactory drug release. The other components of the formulation
were curcumin (10%), lactose (45%), 8% starch paste (q.s.), magnesium stearate
(%), talc 2%), and sodium lauryl sulfate (2%). Guar gum is a highly branched
galactomannan that hydrates quickly to produce a viscous pseudoplastic solu-
tion, having greater low-shear viscosity than ordinary hydrocolloids. This
gelling property does not permit the release of the drug from the solid dos-
age form. However, on account of its susceptibility to degradation by colonic
bacteria, the formulated drug readily disperses in the colon. Guar gum can
thus be useful in the formulation of colon-targeted curcumin delivery systems
to treat diseases such as irritable bowel syndrome, colon cancer, colitis, and
ulcerative colon (Yang et al., 2002).

5.5.8.2 In film coatings

Inulin is a mixture of oligomers and polymers belonging to the group of glu-
cofructans. Colon-specific films prepared in combination with EUDRAGIT RS
and inulin could resist breakdown by the gastric and intestinal fluids (Vervoort
et al., 1996; Akhgari et al., 2000).

Another natural polymer rosin has been studied for its utility as a film-coating
agent and matrix material in modified-release tablets (Mandaogade et al., 2002;
Fulzele et al., 2003; Satturwar et al., 2003).

5.5.8.3 Direct compression excipients

Starches from various species of Dioscorea can be used as excipients in the
direct compression of tablets. Tablets made with acid-modified starch had a
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higher crushing strength and an acceptable disintegration time (Odeku et al.,
2009).

Alginates or alginic acid extracted from seaweeds and marine algae are used
as stabilizers in emulsions, suspending agents, binding agents, and disinte-
grants (Shirwaikar et al., 2008; Beneke et al., 2009).

5.6 Concluding remarks

While working with the traditional methods of mixing, granulation, and dry-
ing, binders such as cellulose derivatives and PVP should be used preferably
in a solution with organic solvents such as chloroform, acetone, or alcohol.
When solutions of cellulose derivatives, gum arabic, gelatin, or aqueous gels
are used, problems may occur in the course of their processing. Sugars and
saponins present in the extracts dissolve in the water used for mixing. They
form granules that are difficult to dry or they may form hard granules that are
difficult to compress.

Tablets compressed after granulation with aqueous solutions may show poor
disintegration. After coming into contact with water, such extracts form a
gel on the surface of the tablet, preventing further penetration of the water
into the tablet. However, tablets made from granulated extracts disintegrate
quickly (Kopelman et al., 2008). The best remedy for these problems is wet
granulation with organic solvents (Bonati, 1991).

While formulating more than one extract together, interactions may occur
between the chemical constituents of the extracts, forming products with new
solubility characteristics. Such cross-reaction can occur while formulating an
alkaloid-containing extract with one having tannins or having organic acids
that can form salts with the alkaloids. The organic acid-alkaloid interaction
on the other hand, leads to the formation of salts and consequent rapid bio-
availability (Bonati, 1991).

Free-flowing and nonhygroscopic granules are essential for preparing hard
gelatin capsules. As the hard gelatin capsule shell does not offer protection
against humidity, the granules should be protected by coating them with res-
ins or methylcellulose. This coating prevents degradation of the extracts due
to moisture slowly entering the capsule, resulting in a sold lump that is poorly
soluble (Bonati, 1991).

Some valuable publications have appeared in recent times aimed at improving
the quality of food supplements. One such publication is the Quality Guide for
Botanical Food Supplements (Anonymous, 2011). Developed by the European
Federation of Associations of Health Product Manufacturers, this document
provides guidelines for best practice in the manufacture, quality control,
packaging, storage, and distribution of food supplements containing extracts
of herbs. It includes mandatory requirements from legislations enacted by
the European Union. It deals with topics such as quality management, food
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premises and equipment, personnel and training, hazard analysis critical con-
trol point (HACCP), safety, product and process development, manufacture,
recovery of reworking material, warehousing, transport and distribution, doc-
umentation, complaints procedure, self-inspections, and laboratory testing. It
is an excellent manual on the subject.
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Food and Beverages Fortified
with Phytonvutrients

Let food be thy medicine and medicine thy food!

Hippocrates of Kos
(460 BC)

6.1 Introduction

to a rise in income, increased leisure time, and reduced physical activity.

These new lifestyles have a considerable impact on health. Consequently,
there is a global rise in the incidence of diseases such as obesity, cardiovas-
cular diseases, diabetes mellitus, and rheumatoid arthritis. The medical world
is therefore looking for better strategies to contain this trend. As a parallel
development, there is a worldwide increase in health awareness and interest
in herbal alternatives. Nowadays, elderly people worldwide are more con-
cerned about the quality of the food and beverages that they consume. Many
of them periodically monitor their biomarkers, such as low-density lipopro-
tein (LDL), blood glucose, C-reactive protein, and so on, in an effort to reduce
the risk of diseases. Functional foods have therefore emerged as an effective
means for the prevention of diseases. This change in consumer outlook has
encouraged the food and beverage industry to apply modern manufacturing
technology in food fortification (Venugopal, 2009a). A reduction in weight, a
reduction of cholesterol, the promotion of bone health, an increase in energy,
the enhancement of disease resistance through the immune system, and the
improvement of digestive functions are the major health concerns that influ-
ence the purchase of functional foods (Arvanitoyannis and van Houwelingen-
Koukaliaroglou, 2005).

The lifestyles of people worldwide have changed in the last century due
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Up to 1970, food fortification was mostly focused on the identification of vita-
min and mineral deficiencies in human health. Between 1970 and 1990, nutri-
tionists became aware of the need to consume nutrients to prevent signs of
deficiency. An example is the intake of antioxidants such as vitamin C to lower
the risk of cancers. Since 1990, attention has been paid to substances other
than vitamins, minerals, or trace elements that can exert beneficial effects on
the body. These substances are collectively called nutraceuticals (Venugopal,
20092). An avalanche of scientific reports on natural products and nutraceu-
ticals have in fact done away with the line of demarcation between food and
medicine, taking us back to the advice of Hippocrates that food can be the
medicine for our ailments. Nutraceuticals generally refer to the chemical con-
stituents of natural products. Functional foods are foods or food ingredients
that provide a health benefit beyond their nutritive value.

The concept of functional foods was born in Japan. As a result of the system-
atic and large-scale research on chemical compounds derived from natural
products, the concept of foods for specific health use (FOSHU) was first devel-
oped in 1991 (Kubomara, 1998). These foods are intended to improve the lives
of people, and the manufacturer is permitted to display the foods’ specific
health claims on the container. Functional foods are also known as nutraceu-
ticals, designer foods, farmafoods, pharmafoods, medifoods, vitafoods, dietary
supplements, fortified foods, or foodaceuticals (Roberfroid, 2008). These are
“foods marketed with the message of a benefit to health” (Riemersma, 1996)
or “foods or isolated food ingredients that deliver specific non-nutritive physi-
ological effects that may enhance health” (Stephen, 1998).

Fortification is achieved by adding a nutrient (fortificant or additive) to the
food in question, which serves as a vehicle for carrying this nutrient. Early
examples of food fortification involved iodine, vitamins, and minerals. The
fortification of foods is now achieved using numerous beneficial compounds
derived from natural products. Examples of fortified foods are wheat flour,
corn flour, rice, salt, sugar, biscuits, curry powder, fish sauce, and soy sauce
(Venugopal, 2009b).

6.2 Demonstration of functional effects

The functional nature of fortified foods needs to be proved on the basis of
objective parameters. This can be achieved by studying the ability of the
functional food to modulate target functions in the body, as these target func-
tions are directly related to an improved state of health or a reduced risk of
developing a disease. Well-defined biochemical, physiological, or behavioral
markers are used in the assessment of the modulatory effect. Markers may
represent an event of interest or correlated events (Nowicka and Naruszewicz,
2004). For example, anthropometry, body fat mass, total body water, pro-
collagen propeptide excretion, and urinary creatinine excretion can be the
possible markers for assessing the effects on growth and body composition.
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Similarly, tests of behavior, cognitive function, and visual acuity can be the
markers for psychomotor and cognitive development (Diplock et al., 1999).
Components of the fortified food are used as markers for exposure to the
food. Functional claims for fortified foods can be made after assessing the
improvement of biological processes, the reduction in the risk of pathological
processes, and the safety of the product. Human nutrition studies for all mem-
bers of a population or for a particular group (age, sex, etc.) are also essential
in this regard (Nowicka and Naruszewicz, 2004).

Several problems need to be addressed to achieve the successful fortification
of foods. Physicochemical properties such as pH, water or oil content, pro-
teins, and fibers can influence the stability of the nutrient added. Fortification
can alter the sensory characteristics of the food and some fortificants can
change the color and flavor of the product. At times, the ingredients of forti-
fied food can interact with each other. The processes used in the manufacture
of fortified food should be designed in such a way that they do not cause
denaturation or loss of nutrients. The packaging of the fortified food can
affect the stability of the nutrients. The color of the product may change,
haziness or sedimentation can develop in liquid preparations, or ingredients
such as vitamin C or B-carotene may undergo oxidation (Venugopal, 2009b).

Fortified food can be made more palatable to the consumer by using sweeten-
ers such as aspartame or saccharin to overcome the intensity of off-flavors.
Similarly, food acids such as DL-malic acid or citric acid can be used to reduce
bitterness and to counter off-flavors. The taste of the food can be further
improved by protecting sulfur groups of amino acids such as cysteine and
methionine or by employing bitterness inhibitors. The release of the nutrient
into the food matrix can be slowed by coating it with an inert layer. Bitter
substances can be encapsulated in wax or fat (Venugopal, 2009b).

6.3 Interesting classes of foods that can be fortified

Advances in food technology have made it possible to manufacture many
ready-to-eat foods. Even in a country like India, where food habits have been
guided by tradition, several ready-to-serve foods have appeared in recent
years (Sethi, 2008). Many of them can be fortified with phytonutrients. The
following account can serve as a guide to innovative food formulators.

6.3.1 Beverages

Unfermented and fermented beverages have been in use in different cultures
since ancient times. Archaeological oncology research has demonstrated that the
remnants of alcoholic beverages from ancient Egypt and China contained many
plant-derived compounds with lung and colon cancer-fighting activity. Residue
from an ancient Egyptian wine was obtained from an urn dating to 3150 BC found
in the tomb of Pharaoh Scorpion I of Dynasty 0. Using sophisticated analytical
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tools, it is now established that the substance was grape wine, with such other
ingredients as savory (Satureja spp.), wormwood (Artemisia annua), tansy
(Tanacetum spp.), balm (Melissa spp.), and so on. It is inferred that this medici-
nal wine was perhaps intended to be dispensed as a drug. The Chinese beverage
tested was a rice-based drink that was present in a jug excavated from a 1050 BC
Changzikou tomb in Hunan province. Based on the chemical compounds iden-
tified in the sample, it has been established that the beverage also contained
Chinese fir (Cunnighamia lanceolata), chrysanthemum (Dendranthema spp.),
and wormwood (Artemisia spp.) (McGovern et al., 2010; Anonymous 2011a).

With the progress in food technology, there is an ever-expanding set of
choices, tastes, and drinks with diverse nutritional qualities. The category
of soft drinks, which made its appearance with John Pemberton’s Coca Cola
in 1886, has been an immensely successful segment in the United States and
elsewhere (Grivetti and Wilson, 2004). Protagonists of the soft-drink indus-
try consistently portray their products as being positively healthful (Ladas
et al., 2013; Tothova et al., 2013). Nevertheless, these products are now being
blamed for causing diseases, such as obesity, osteoporosis, dental caries, den-
tal erosion, and heart disease, among their users (Jacobson, 2004). Thus,
there is an obvious need for formulating healthy beverages.

Beverages are easily consumed along with meals and so they are good vehicles
for the delivery of nutritional supplements into the body (Pszczola, 1998). The
first fortified beverage to appear in the world market was Aqua Libra, launched
in England in the 1980s. According to the product’s label, it contains the juices
of fruits such as apple, grape, passion fruit, and melon, carbonated spring water,
malic acid, flavors, and extracts of sesame seed, sunflower seed, and tarragon
(Anonymous, 2012). Over the years, many such products have appeared in the
market, addressing health problems such as aging, stress, and weakness. Otsuka
Pharmaceuticals produced Fibe Mini, which contains dietary fibers, minerals,
and vitamins, and is perhaps Japan’s best-selling soft drink. Recently, the bev-
erage giant Coca Cola introduced another fiber-rich drink named Fibi. The
Japanese company Otsuka introduced Pocari Sweet Stevia containing stevioside
from Stevia rebaudiana as the sweetener (Goldberg, 1999). The world’s first
stevia-sweetened Coca Cola was launched in Argentina in 2013 (Bouckley, 2013).

Recently, several fruit juice-based products have been developed. Gonzalez-
Molina et al. (2009) developed new polyphenol-rich beverages by blending
lemon juice and pomegranate juice in different proportions. They estimated
the content of bioactives (flavonoids and vitamin C), antioxidant activity, and
color stability over a 70-day period of storage. The results suggest that the
blend containing 75% pomegranate juice and 25% lemon juice exhibited high
antioxidant activity and improved color properties. The antioxidant activity
was due to punicalgin isomers, anthocyanins, and vitamin C.

Schubert et al. (1999) studied the antioxidant activity, total phenolic content,
and eicosanoid enzyme inhibition properties of fermented pomegranate juice.
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The fermented pomegranate juice exhibited strong antioxidant activity very
similar to that of butylated hydroxyanisole (BHA) and higher than that of red
wine.

The pomegranate, the fruit of the Punica granatum tree, is native to the
Himalayan region of India. It is now widely cultivated in Mediterranean coun-
tries, India, China, Japan, Russia, the United States, and Afghanistan. More
than 100 bioactive compounds have been isolated from the pomegranate fruit.
The majority of them are polyphenols such as flavonoids (anthocyanins, cyan-
idin, delphinidin, pelargonidin), flavonols (luteolin, quercetin, kaempferol),
and hydrolysable tannins (ellagitannins, punicalgins, gallotannins) (Toniolo,
2012). In an attempt to determine the suitability of pomegranate juice as a
nondairy probiotic drink, Mousavi et al. (2011) fermented pomegranate juice
using Lactobacillus plantarum, L. delbruekii, L. paracasei, and L. acidophilus
at 30°C for 72 h under microaerophilic conditions. The results showed better
growth for L. plantarum and L. delbruekii during fermentation, indicating
that pomegranate juice could be a suitable medium for the production of a
fermented probiotic drink.

The segment of fortified beverages includes four subsegments: sports drinks,
enriched beverages, nutraceutical drinks, and energy drinks (Whitehead,
2005). While formulating these products, the food technologist takes into
consideration many factors such as the compatibility of the ingredients, the
pH of the medium, and the nature of flavorings used and their stability during
production and on storage (Mathews, 1999).

The major components in a beverage are sugars, characterizing ingredients
such as glucose syrup, acids, flavors, colorings, emulsifiers, stabilizers, antiox-
idants, preservatives, acidity regulators, and water. Sugars provide sweetness,
mouthfeel, and fruitiness. Acids, flavors, colorings, emulsifiers, and stabilizers
impart flavor, body, and appearance. Antioxidants and preservatives enhance
the stability of the product. Acidity regulators reduce corrosion of the cans
and water adds bulk and mass to the beverage. It also helps in thirst quench-
ing (Mathews, 1999). Beverages can be fortified by the addition of herbal
extracts. However, this is beset with the following problems.

6.3.1.1 Stability

Some extracts, especially liquid extracts, have a tendency to sediment and
it may be necessary to shake the container before use. In such cases, the
label should clearly communicate this information to the consumer. Some
extracts in the beverage may change color over a period of time. These
points need to be taken care of during product development (Whitehead,
2005). Tipvarakarnkoon et al. (2010) have reported that modified Acacia
gum (Super Gum) can be recommended as an emulsifier and stabilizer
for use in low-viscous emulsions such as coconut milk drinks and other
beverages.
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6.3.1.2 Haziness

Some liquid extracts dissolve well in the beverage. However, after some time,
haziness (cloudiness) appears in the beverage. This is due to differences in
the pH of the extract and the beverage, with soft drinks usually having a pH
of 3. In such cases, the liquid extract should be preconditioned to the pH
of the final product. This will allow some components in the extract to pre-
cipitate. They can be removed by filtration before the final product is bottled
(Whitehead, 2005).

Haziness can also occur due to the incompatibility of the polarity of the
extract and the beverage. Resins and other nonpolar components that are
extracted by alcohol remain clear in the liquid extract stage. Nevertheless,
on coming into contact with water, they can come out of the solution, remain
suspended in the medium, and impart haziness to the beverage (Whitehead,
2005).

Israeli scientists recently developed a way to solve the problem of haziness
while enriching transparent beverages with nutraceuticals. They formed
Maillard reaction—-based conjugates of casein and maltodextrin and coassem-
bled them with hydrophobic nutraceuticals, vitamin D, and epigallocatechin
gallate (EGCG). These conjugates conferred better protection on vitamin D
and EGCG than the unconjugated casein maltodextrin mixture. The solution
was more transparent than the vitamin dispersion. There was greater colloidal
stability and better protection against degradation at low pH and during shelf
life. Entrapment efficiency measured using Nile red, a fluorescent model for a
hydrophobic nutraceutical, was found to be 90%. When subjected to simulated
gastric digestion, Nile red was not released from the conjugates, suggesting a
potential application in enteric delivery. The conjugates are suitable for sports
drinks, iced tea, mineral water, soft drinks, and even beer and hot drinks
(Markman and Livney, 2012).

6.3.1.3 Herbal extracts in beverages

Herbal extracts, especially the infusion type, can be incorporated into soft
drinks, mineral water-based drinks, and energy drinks. On account of their
mind-calming and soporific properties, Panax ginseng, Echinacea purpurea,
Chamomilla recuttiana, Passiflora incarnate, and Valeriana officinalis are
the herbs used in European mineral water-based drinks. On the other hand,
herbs commonly used in energy drinks are guarana (Paullinia cupana), kola
nut (Cola acuminata, Cola itida, Cola vera), coffee (Coffea arabica, Coffea
canepbora), tea (Camellia sinensis), mate (Ilex paraguariensis), and cocoa
beans (Theobroma cacao) (Whitehead, 2005). The formulas for two nutraceu-
tical beverages are given in Tables 6.1 and 6.2.

In 2001, a Swedish beverage manufacturer launched Nexcite, claimed to be
an all-natural blend of proven herbal aphrodisiacs. The product contains
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Table 6.1 Beverage for Cardiovascular Health

Ingredients Composition (%)
Water extract of Terminalia arjuna bark 1.50
Sugar 96.75
itric acid 0.75
Malic acid 0.65
Trisodium citrate 0.30
Strawberry flavor 0.05

Preparation: Dissolve 20 g of the mixture in 200 mL of cold water and serve.

Table 6.2 Beverage for Liver Health

Ingredients Composition (%)
Water exiract of Wedelia calendulacea herb 1.5
Glucose 75.0
Sucrose 12.0
itric acid 7.0
Trisodium citrate 1.5
Calcium lactate 1.0
Orange flavor 20

Preparation: Dissolve 25 g of the mixture in 200 mL of cold water and serve.

extracts of damiana (Turnera diffusa), guarana (P. cupana), mate (I
paraguariensis), schizandra (Schisandra chinensis), and ginseng (P. gin-
seng). This cobalt blue beverage is claimed to be a powerful aphrodisiac
(Anonymous, 2011b).

The fruit of Euterpe oleracea, known as the acai berry, is a nutritious food
that is consumed by the indigenous people of the Amazon. A functional juice
beverage named MonaVie Active, having a good safety profile, was recently
launched in the United States (Schauss et al., 2010). It has acai berry as its
predominant ingredient, along with lesser amounts of 18 fruits and berries
in descending order of dominance (Schauss et al., 2006). MonaVie Active has
significant antioxidant and anti-inflammatory activities (Jensen et al., 2008;
Schauss et al., 2009). An open-label, clinical pilot study involving 14 subjects
demonstrated that consumption of this beverage resulted in significant pain
reduction (Jensen et al., 2011).

Dartsch et al. (2010) investigated the health benefits of some functional drinks
designed to improve the body’s performance and health. Using cell-based
assays, they investigated the potential of the products eQ Brain, eQ Beauty,
and Let’s Get Red. These drinks were prepared from ingredients such as
natural green tea flavor, acerola flavor, dragon fruit flavor, rooibos extract,
cinnamon extract, grape-seed extract (GSE), and so on. The drinks caused a
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dose-dependent stimulation of the metabolic activity of cultured connective
tissue fibroblasts. They were also able to inactivate exogenous and endog-
enous free oxygen radicals.

Attempts have been made to develop nonalcoholic beverages using combina-
tions of maize powder, mango fruit powder, and soy flour. A beverage forti-
fied with mango and maize had low titratable acidity and ranked highest in
sensory evaluation (Ade-Omowaye et al., 2006). The study also demonstrated
the feasibility of developing good-quality beverages from sour water that is
generally discarded as waste from the manufacture of the popular Nigerian
fermented food product ogi (Akingbala et al., 1994).

Evans et al. (2014b) conducted a pilot study on 20 obese adults to investigate
the effects of freeze-dried mango supplementation. The subjects consumed
10 g of the mango pulp daily for 12 weeks. Anthropometric measurements,
body composition, and biochemical parameters were assessed at baseline and
at the end of the study. Blood glucose was significantly reduced in both male
and female subjects after 12 weeks of mango supplementation. Additionally,
hip circumference was reduced significantly in males but not females. This
is the first report on the effects of mango supplementation in obese persons,
suggesting that the fortification of beverages with mango pulp can promote
wellness.

Pomegranate seeds are by-products from the pomegranate juice industry. The
seed oil has nutritional and medicinal properties. Mohagheghi et al. (2011) for-
mulated a stable pomegranate seed oil-in-water emulsion that could be used
as the base formula for a new functional beverage.

Dahl et al. (2005) conducted a double-blind, 3-week study testing an inulin-
fortified beverage against a starch-thickened one. The test beverage was well
accepted by the subjects and it increased their stool output. Temelli et al.
(2004) developed an orange-flavored beverage containing B-glucan extracted
from barley. Trained panelists observed a fruity orange aroma and a sufficient
intensity of sweetness. Its shelf stability was also satisfactory (Temelli et al.,
2004).

Nemzer et al. (2011) examined the effect of a single dose of a polyphenol-rich
beverage on serum anti-inflammatory and antioxidant markers. Subjects were
given a single 3 oz. dose of the beverage following the baseline blood draw.
The beverage consisted of two major components—a proprietary, powdered
blend of selected freeze-dried whole fruit and vegetable powders and a pre-
servative-free liquid delivery system to dissolve the powder mixture. The lig-
uid consisted of a blend of grape, pomegranate, pear, apple, strawberry, acai,
yumberry, cucpuacu, and camu camu juices, as well as a standardized extract
of Withania somnifera, natural flavors, and colors. One hour after the intake
of the beverage, the serum values for 8-iso-PGF2-alpha and advanced oxida-
tion protein products decreased significantly by 40% and 30%, respectively.
C-reactive protein decreased and nitric oxide levels increased. There were
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also statistically significant increases in hydroxyl radical antioxidant capacity
(HORAQ) values. This study shows that a mixture of polyphenol-rich fruits
and vegetables may work acutely on specific oxidative and inflammatory
markers in the human blood through rapidly acting and currently unidenti-
fied mechanisms (Nemzer et al., 2011). Mullen et al. (2011) conducted a pilot
study on the effect of short-term consumption of a polyphenol-rich drink on
biomarkers of coronary artery disease (CAD). They observed that the drink
may have beneficial effects on urinary markers of CAD. Polyphenolic bever-
ages are also reported to reduce initial bacterial adherence to enamel, thus
contributing to the prevention of biofilm-induced diseases in the oral cavity
(Hannig et al., 2009).

Recent research shows that whole grape extract may improve antioxidant and cho-
lesterol levels. Evans et al. (2014a) recruited 24 prehypertensive, overweight, and/
or prediabetic subjects in their randomized, double-blind, placebo-controlled,
pilot study. The subjects were randomly assigned to receive either a placebo
or 350 mg of whole grape extract per day, providing 60%-70% proanthocyani-
dins (catechin, epicatechin, and epicatechin-3-O-gallate). At the conclusion of
the study, the participants in the whole grape extract group had significantly
lower levels of superoxide dismutase, lower ratios of total:high-density lipopro-
tein (HDL) cholesterol, and higher levels of HDL cholesterol. The authors also
observed in the whole grape extract group, a lower level of 8-isoprostane, a bio-
marker of coronary heart disease (Vassalle and Andreassi, 2004).

The enrichment of fruit juices with polyphenolic extracts is a strategy to com-
pensate for the possible loss of phenolic compounds through gastrointestinal
processing. Therefore, Frontela et al. (2010) studied the stability of Pycnogenol,
a standardized extract of the bark of the French maritime pine (Pinus pin-
aster Ait.), as a potential additive to fruit juices by comparing the phenolic
contents of commercial and Pycnogenol-enriched juices following in vitro
gastrointestinal digestion. The addition of Pycnogenol to fruit juices before
and after processing resulted in higher levels of phenolic compounds fol-
lowing in vitro gastrointestinal digestion, when compared with nonenriched
juices. Pycnogenol fortification produced an increase in Folin-reactive sub-
stances and an increase in specific monomeric phenolic compounds such as
gallic acid, chlorogenic acid, caffeic acid, ferulic acid, and taxifolin. Therefore,
Pycnogenol is suggested as a good fortificant of fruit juices.

Seeram et al. (2007) observed that pomegranate juice inhibited the growth of
prostate cancer cells. They reported that urolithins (metabolites of ellagic acid)
localize in the prostate, inhibiting the growth hormone-sensitive and hormone-
refractory cancer cell. Koyama et al. (2010) have recently shown that pomegranate
juice induces apoptosis in prostate cancer cells by the inhibition of insulin-like
growth factor IGF). These reports suggest that the consumption of pomegran-
ate juice may retard the growth of prostate cancer. The results of some clinical
trials suggest that pomegranate juice is effective in delaying the progression of
prostate cancer (Pantuck et al., 2006; Carducci et al., 2011; Toniolo, 2012).
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A recent clinical study suggests that the consumption of pomegranate juice
can help to control blood glucose levels. Eighty-five subjects with type 2 dia-
betes were enrolled in the study and their fasting blood glucose levels were
determined. Thereafter, they were administered 1.5 mL of pomegranate juice
per kilogram of body weight. An analysis of blood samples collected 1 and
3 h after the juice administration revealed that 3 h after consuming pomegran-
ate juice, the blood glucose had decreased, p-cell function had increased, and
insulin resistance had decreased. The hypoglycemic response was dependent
on the initial fasting serum glucose, as subjects with lower fasting sugar lev-
els experienced a greater hypoglycemic response, in comparison with those
who had higher fasting sugar levels. The hypoglycemic effect of pomegranate
juice was unaffected by the sex of the subjects and was less forceful in elderly
patients (Banihani et al., 2014).

Morand et al. (2010) investigated the effect of orange juice and its major flavo-
noid constituent hesperidin on microvascular reactivity, blood pressure, and
cardiovascular risk biomarkers through postprandial and chronic intervention
studies. It was observed that in healthy, middle-aged, overweight men, orange
juice decreases the diastolic blood pressure when consumed regularly. When
administered postprandially, it increases endothelium-dependent microvascu-
lar reactivity. This study lends support to the view that the consumption of
citrus fruits is associated with a lower risk of acute coronary events and stroke
(Johnsen et al., 2003; Dauchet et al., 2004).

Chudnovskiy et al. (2014) allowed C57Bl/6 mice to drink sweetened and
clarified grapefruit juice ad libitum. The clarified grapefruit juice decreased
weight gain, hepatic triacylglycerol accumulation, and fasting blood glucose,
and improved insulin sensitivity in mice fed a high-fat diet. In mice that con-
sumed a low-fat diet, the consumption of clarified grapefruit juice caused a
twofold decrease in fasting insulin. The bioactive compound naringin, which
is present in grapefruit juice, lowered blood glucose and improved insulin
tolerance, but it did not reduce weight gain. This suggests that grapefruit juice
contains more than one nutraceutical.

Tomato juice is also now known to be medicinal. Harms-Ringdahl et al.
(2012) reported that the level of 8-oxodG in the blood of 15 healthy sub-
jects was increased significantly after 20 min of acute physical activity,
caused by an increase in intracellular reactive oxygen species. However, no
increase was observed when these individuals had been drinking 150 mL
of tomato juice per day over a period of 5 weeks. This intervention study
suggests that antioxidants such as lycopene, which is present in tomato
juice, may offer protection from oxidative stress induced by intense physi-
cal exercise.

A recent study has shown that a tomato-rich diet could help to protect at-risk
postmenopausal women from breast cancer. For 10 weeks, 70 postmenopausal
women ate tomato products containing at least 25 mg of lycopene daily. At
the end of the study, they were found to have higher levels of adiponectin,
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a hormone involved in the regulation of blood glucose and fat (Llanos et al.,
2014).

Recent studies have highlighted the functional nature of watermelon juice.
L-Citrulline from watermelon is efficiently converted into L-arginine, which
is the substrate for endothelial nitric oxide production concerned with the
regulation of vascular tone (Collins et al., 2007). Tarazona-Diaz et al. (2013)
reported that the administration of watermelon juice helped to reduce the
recovery heart rate and muscle soreness in seven athletes after 24 h of exer-
cise in a cycloergometer.

Carillon et al. (2014) conducted a randomized, double-blind, placebo-con-
trolled clinical trial to investigate the effects of superoxide dismutase-melon
concentrate, containing superoxide dismutase, catalase, glutathione peroxi-
dase, coenzyme Q10, lipoic acid, vitamins, and so on. Sixty-one volunteers
were advised to take one capsule per day for 12 weeks. Four psychometric
scales were employed to evaluate stress and fatigue. At the end of the trial,
it was observed that the melon-concentrate supplementation significantly
decreased perceived stress in comparison with a placebo.

A low ankle-brachial index (ABI), which is the ratio of ankle to brachial
systolic blood pressure (SBP), indicates the presence of lower limb athero-
sclerosis and increased pressure wave reflection (augmentation index, AIx)
from the peripheral to the central arteries (Resnick et al., 2004; Khaleghi and
Kullo, 2007). High ankle SBP is a marker of subclinical atherosclerosis and
predicts cardiovascular mortality in adults with a normal ABI and a high bra-
chial blood pressure (Hietanen et al., 2008). L-Citrulline and L-arginine from
synthetic or watermelon sources are known to decrease brachial blood pres-
sure and aortic blood pressure in adults with high blood pressure through
improved endothelial function and AIx (Figueroa et al., 2011; Orea-Tejeda
et al., 2010; Ochiai et al., 2010). Figueroa et al. (2012) assigned 14 obese, mid-
dle-aged adults with prehypertension or Stage 1 hypertension and a normal
ABI to 6 weeks of watermelon extract supplementation or a placebo, followed
by a 2-week washout period and then crossover. Watermelon supplementation
reduced the ankle blood pressure, brachial blood pressure, and carotid wave
reflection in the subjects. The study shows that watermelon extract improves
arterial function independent of the reduction in peripheral blood pressure.

The beneficial effects of beetroot juice supplementation have been evaluated
during walking, running, and swimming. Lansley et al. (2011) investigated
changes in blood pressure, mitochondrial oxidative capacity (Q,,..), and phys-
iological responses to walking and moderate- and severe-intensity running
following supplementation with beetroot juice in nine healthy subjects. The
subjects consumed 500 mL of beetroot juice per day for 6 days. They com-
pleted treadmill exercise tests on Days 4 and 5 and knee-extension exercise
tests for estimating Q,,., on Day 6 of supplementation. In comparison with a
placebo, the beetroot juice elevated plasma NO; concentration and reduced
SBP. The O, cost of walking, moderate-intensity running, and severe-intensity
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running was reduced by the supplementation, and time to exhaustion dur-
ing severe-intensity running was increased by 15%. These positive effects are
attributed to the high NOj content of beetroot juice.

Pinna et al. (2014) studied the effects of beetroot supplementation on the
performance of 14 moderately trained male swimmers. After 6 days of
supplementation with 500 mL of organic beetroot juice per day, the work-
load at anaerobic threshold was significantly increased by the supplementa-
tion. Additionally, aerobic energy cost was reduced. These effects positively
affected the swimming performance.

6.3.1.4 Tea

After water, tea is the most widely consumed beverage in the world today.
Tea as a beverage is said to have originated in China around 2700 BC. The
word tea comes from a Chinese ideogram pronounced fay in Amoy dialect.
The word entered the English language and the pronunciation changed to its
present form in the eighteenth century. In Cantonese dialect, it is known as
chab, and the word was accepted in India and the USSR. Tender leaves of the
tea plant C. sinensis are plucked and transported to the factory as soon as
possible. There, they are subjected to withering and rolling. Thereafter, the
leaves are fermented at high humidity and low temperature. Flavanols pres-
ent in the fresh leaves turn to different types of polymeric compounds during
fermentation. The fermented leaves are dried, sorted, and packed. There are
three general types of manufactured tea: green (unfermented), oolong (par-
tially fermented), and black (fully fermented) (Anonymous, 1992; Harbowy
and Balentine, 1997; Weinberg and Bealer, 2001). Tea contains polyphenols
(catechins, gallocatechins, flavonols, simple polyphenols, tannins), caffeine,
methyl xanthine, proteins, amino acids, carbohydrates, pectin, fiber, organic
acids, vitamin C, lipids, chlorophylls, carotenoids, and minerals (Harbowy
and Balentine, 1997).

Unlike oolong and black tea, green tea is subjected to minimal oxidation. In
the processing of green tea, the tea leaves are either steamed or pan-fried.
These heat treatments inactivate the enzymes in tea leaves. Following heat
treatment, tea leaves are subjected to subsequent rolling and drying processes.
The composition of green tea is very similar to that of the fresh leaf except
for a few enzymatically catalyzed changes, which occur extremely rapidly
following plucking. Green tea contains unoxidized green leaf polyphenols
(Graham, 1992). Epicatechin (EC), epigallocatechin (EGC), epicatechin gallate
(ECG), and EGCG are dominant in green tea (Zhu et al., 2000). Green tea is
considered to be medicinal in nature.

Kriangkraiphiphat and Cheowtirakul (2000) attempted to find out the opti-
mum extraction conditions for the production of a green tea beverage. They
reported that the best result was obtained with the extraction of green tea at
50°C in water containing ascorbic acid and sodium thiosulfate. On the basis
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of sensory evaluation, the authors observed that a beverage with 1% Chinese
green tea leaf, 1% fresh ginger rhizome, and 8% sweetener (honey and cane
sugar in equal parts) was the best accepted formulation.

Peters et al. (2010) tried to arrive at the best formulation of green tea extract
by designing several formulations, each containing 50 mg of green tea extract
per serving. They reported that, in rats, the formulation with sucrose (1.25 g)
and ascorbic acid (10 mg) increased the absorption of EGC and EGCG, the
polyphenol species that are responsible for the health benefits of green tea.

Continued heating at higher temperatures causes a reduction in the catechin
content of the final product, which was demonstrated by Kim et al. (2006). Using
high-performance liquid chromatography (HPLC) and gas chromatography—
mass spectrometry, they observed that at higher temperatures of extraction
(85-120°C), EGCG, EGC, EC, and ECG epimerize partially, decreasing the con-
centration of catechins. Twenty volatile compounds were detected and some
of the unpleasant ones such as indole (animal like) and a-terpeneol (ammonia-
cal) were found to be responsible for the off-flavor of these beverages. Kim
et al. (2006) recommend 85°C or less as the ideal temperature for the extrac-
tion and pasteurization of a ready-to-drink green tea beverage.

A recent study from Japan suggests that consuming seven cups of green tea
a day over a long period can reduce the risk of dying from colorectal cancer
(Suzuki et al., 2009). Epidemiological and preclinical data suggest that the
consumption of green tea may prevent oral cancer. Tsao et al. (2009) carried
out a randomized, placebo-controlled clinical trial in patients with high-risk
oral premalignant lesions. Their results indicate that the consumption of green
tea extract may suppress oral premalignant lesions, in part through reducing
angiogenic stimulus. Green tea is also now known to offer protection to the
heart, as evidenced by results from experimentally induced myocardial infarc-
tion in rats (Upaganlawar and Balaraman, 2009).

Tea drinking is now known to be associated with a reduction in body fat. A
cross-sectional epidemiological study of 1103 Taiwanese adults reported that
habitual tea drinkers who consumed green tea or oolong tea for more than
10 years had a lower percentage of body fat and waist:hip ratio compared
with nonhabitual consumers (Wu et al., 2003). A large number of intervention
studies that have been carried out on humans support the hypothesis that
tea and tea phenols have beneficial effects on weight loss and the preven-
tion of obesity (Kao et al., 2006; Thielecke and Boschmann, 2009; Grove and
Lambert, 2010).

Thielecke et al. (2010) studied the effect of epigallocatechin-3-gallate (EGCG)
on postprandial fat oxidation in overweight/obese men. Subjects were admin-
istered supplements such as low EGCG (300 mg), high EGCG (600 mg), caf-
feine (200 mg), EGCG/caffeine (300 mg/200 mg), or a placebo for 3 days. On
the third day of supplementation, oxygen consumption and CO, production
were measured by indirect calorimetry to assess energy expenditure and fat
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oxidation. The results showed that EGCG can increase fat oxidation in obese
men within 2 h after the intake of a meal. Within this period, EGCG was equi-
potent with caffeine.

The beneficial effects of green tea extract in obese, hypertensive patients have
been reported by Bogdanski et al. (2012) who administered the extract for
3 months. The supplementation had significant effects on cardiovascular risk
factors such as insulin resistance, blood pressure, inflammation, and oxida-
tive stress. Senger et al. (2012) have also reported on the anti-obesity effect
of green tea. Drinking three cups of green tea daily for 60 days resulted in
significant weight loss.

Ide et al. (2014) clinically evaluated the effects of green tea consumption on
cognitive dysfunction. Twelve elderly, nursing home resident Japanese sub-
jects participated in the study. The consumption of 2 g of green tea powder
for 3 months improved their cognitive function, as judged by the Mini-Mental
State Examination.

The performance benefits of tea were identified in several studies, with par-
ticularly consistent evidence for improved attention. Tea drinking also con-
sistently improves alertness and arousal (Einother and Martens, 2013). Black
tea is known to improve cognitive functions. De Bruin et al. (2011) conducted
a double-blind, randomized, placebo-controlled clinical trial on the effects
of tea on attention. Participants made more correct responses on the inter-
sensory subtasks and responded faster after consuming tea. Task switching
improved and participants felt significantly more alert. The results of a clinical
trial reported by Hodgson et al. (2013) suggest that a component of black tea
solids, other than caffeine, can influence the rate of blood pressure variation
during the nighttime.

6.3.1.5 Herbal tea

This is a popular product subsegment in the West. Herbal teas are formu-
lated by blending the coarse powders of leaves, roots, bark, and flowers of
different herbs. Thus, unlike conventional tea, herbal teas come in numerous
varieties and they do not contain tea leaves or caffeine. Herbal tea powder
or tea bags are steeped in hot water and the infusion is drunk hot. Herbal
teas have been in vogue in Europe since ancient times. Some of the peren-
nial favorites are those made from chamomile, peppermint, and rose hip
(Parker, 2001).

The herbs that are used in herbal tea are generally cultivated. The plants are
harvested at the appropriate ontogenetic stage, dried under shade or at low
temperature, and then milled, sifted, and blended into different flavor com-
binations (Parker, 2001). The popularity of herbal teas can be gauged from
the success of Celestial Seasonings of Boulder, Colorado. The company sells
around 54 brands of herbal tea that account for the one billion cups it serves
every year (Parker, 2001).
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Evidence-based information on the therapeutic effects of medicinal teas is
limited. However, some recent reports indicate their preventive and thera-
peutic value. A common ingredient of herbal tea blends sold in the West is
calyx of Hibiscus sabdariffa L. Teas made from H. sabdariffa lower blood
pressure in patients suffering from hypertension and type 2 diabetes (Faraji
and Tarkhani, 1999; Mozaffari-Khosravi et al., 2009). The action of these teas
is similar to that of common hypotensive drugs (Herrera-Arellano et al., 2004,
2007). From a randomized, double-blind, placebo-controlled clinical study of
65 human subjects, McKay et al. (2010) concluded that daily consumption of
Hibiscus tea, in an amount readily incorporated into the diet, lowers blood
pressure in pre- and mildly hypertensive adults.

Bhat et al. (2009) reported the effect of a tea fortified with W. somnifera,
Glycyrrbiza glabra, Zingiber officinale, Ocimum sanctum, and Eletettaria
cardamomum on innate immunity. In a pilot study with 32 volunteers, the
consumption of this tea significantly improved the natural killer cell activ-
ity when compared with a group who consumed regular tea. This finding
was validated in an independent crossover study with 110 volunteers. These
results indicate that regular consumption of tea fortified with these ayurvedic
herbs improves natural Killer cell activity, which is an important aspect of
the body’s response to infections. The formulation of herbal teas with herbal
extracts is, therefore, to be seriously attempted.

6.3.1.6 Coffee

A common beverage all over the world today, coffee has its origins in the
highlands of Ethiopia, where it has been cultivated since 900 AD. Its ber-
ries were roasted and ground and the decoction was consumed throughout
the Arab world. The Ottoman Turks were also avid drinkers of black coffee.
After the capitulation of Austria following the battle of Vienna in 1683, Jerzy
Franciszek Kulczycki, a Polish soldier of the Polish-Hapsburg army, opened
sacks of coffee beans left behind by the fleeing Turkish army and which were
mistaken for camel feed. Kulczycki opened the first coffee house in Vienna
and introduced the innovation of adding milk and sugar to coffee (Belachew,
2003; Segel, 1993).

Coffee drinking appears to bestow some benefits on its users. A recent clinical
trial involving 47 habitual drinkers showed that the consumption of this bev-
erage for 3 months led to a decrease in interleukin-18 and 8-isoprostane and
a significant increase in adiponectin and HDL cholesterol (Kempf et al., 2010).
The results suggest that coffee may curb subclinical inflammation, which
represents one important mechanism in the development of type 2 diabetes
(Kolb and Mandrup-Poulsen, 2005; Kempf et al., 2008).

Postoperative ileus is a delayed return of physiologically coordinated gastro-
intestinal motility following intra-abdominal surgery and is caused by inflam-
matory reactions among others (Resnick et al., 1997). In a recent clinical trial,
it was demonstrated that coffee drinking significantly shortens the time to
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first bowel movement during the postoperative period after an elective colec-
tomy (Miiller et al., 2012).

Caffeine has complex effects on the central nervous system, mediated by
antagonists of adenosine A2a and A1l receptors, including a high turnover
of several monoamine transmitters such as serotonin, dopamine, and nor-
epinephrine (Fredholm et al., 1999; Ferre, 2008; Ferre et al., 2008). There is
a possibility that a deficiency of central monoamines may be improved by
caffeine, enhancing dopaminergic neurotransmission (Fredholm et al., 1999;
Ferre, 2008; Ferre et al., 2008). A deficiency of central monoamines is a fea-
ture of depression (Belmaker and Agam, 2008). These studies suggest that
caffeine could be a mild antidepressant and this explains the lower risk of
depression among coffee drinkers in epidemiological studies (Ruusunen et al.,
2010; Lucas et al., 2011). Interestingly, Lucas et al. (2013) accessed and ana-
lyzed the data of 43,599 men and 164,825 women and came to the conclusion
that the consumption of coffee lowers the risk of suicide.

Epidemiological studies indicate that caffeine is a protective agent against
cognitive impairment and Alzheimer’s disease (AD). Less cognitive decline
over a 4-10 year period is reported in elderly men drinking three cups of cof-
fee every day (van Gelder et al., 2007) and elderly women drinking more than
three cups of coffee every day (Ritchie et al., 2007). The long-term admin-
istration of caffeine in drinking water protects AD transgenic mice (experi-
mental model for AD) from memory impairment in old age (Arendash et al.,
2006) and reverses already-present memory impairment in aged AD mice
(Arendash et al., 2009). Presumably, caffeine brings about these protective
changes through its unique ability to suppress - and y-secretase enzymes
that are needed for the production of the abnormal amyloid-p protein, result-
ing in very low aggregation and deposition of amyloid-f protein in the brain
cells (Arendash et al., 2006, 2009). Cao et al. (2012a, 2012b) recently reported
that caffeine/coffee may reduce the risk and/or delay the onset of dementia
in individuals having mild cognitive impairment, which is the prelude to AD.
In addition to caffeine, coffee contains antioxidants and anti-inflammatory
agents that may potentiate the ability of caffeine to reduce the risk of AD
(Higdon and Frei, 2006; Halvorsen et al., 2006; Herder et al., 2010; Pham et al.,
2010; Bakuradze et al., 2011).

Recently, Borota et al. (2014) reported that caffeine could have a positive
effect on long-term memory. Their observations suggest that the compound
can enhance memories for up to 24 h at least after it is consumed. The team
conducted a double-blind trial on participants who did not eat or drink caf-
feinated products regularly. The subjects received either a placebo or a 200 mg
caffeine tablet 5 min after studying a series of images. The caffeine in sub-
jects’ saliva was monitored before and 1, 3, and 24 h after caffeine ingestion.
The next day, both groups were tested for their ability to recognize images
from the study session of the previous day. Some of the visuals were the same,
some were new, and some were similar but not the same. The authors noted
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that more members of the caffeine group were able to correctly identify the
new images as ‘similar’ to previously viewed images. They concluded that the
higher ability to recognize the differences between two similar but not identi-
cal objects (pattern separation) in the caffeine group indicates a deeper level
of memory retention.

The reactive hyperemia index is an indicator of endothelial function and pre-
dicts future coronary events such as atherosclerosis (Schoenenberger et al.,
2012). Ochiai et al. (2013) conducted a randomized, acute clinical interven-
tion study with crossover design and measured the reactive hyperemia index
to assess the acute effects of a 75-g glucose load with coffee polyphenols in
healthy, nondiabetic adult men. In the presence of coffee polyphenols, the reac-
tive hyperemia index increased significantly over baseline after glucose loading.
This finding suggests that a single ingestion of coffee polyphenols improves
peripheral endothelial function after glucose loading in healthy subjects.

With the advent of the nutraceutical revolution, a functional coffee has also
been formulated. Javafit functional coffee is said to contain ingredients such
as caffeine, green tea extract, Garcinia cambogia extract, and niacin, which
are beneficial to health and promote weight loss (Antonio and Sanchez, 2005).

A clinical study of a group of regular coffee drinkers showed that Javafit
Energy Extreme coffee is more effective than a conventional coffee at increas-
ing resting energy expenditure for up to 3 h following its consumption, devoid
of any adverse hemodynamic effects such as an irregularity of the heartbeat or
hypertension (Taylor et al., 2007). Another clinical study revealed that Javafit
Energy Extreme coffee significantly increases maximal oxygen consumption
(VO,) at 3 min postexercise. This effect may be beneficial in enhancing fat
metabolism after exercise (Roberts et al., 2007). These reports lend a scientific
basis for the weight loss property attributed to this product.

According to Nutrition Business Journal, the sports nutrition industry is set
to grow at a steady rate and there is still room for products supported by sci-
entific research. This is indicated by the entry of Boaters Coffee and Fusion
Energy Coffee, two other brands of functional coffee in the US market (Spano
and Antonio, 2008).

6.3.1.7 Cocoa

Chocolate beverages and chocolate are now popular all over the world. The
first chocolate beverage is believed to have been created by the Mayans of
South America over 2000 years ago, and a cocoa beverage was an essential
part of the Aztec culture of Mexico. The beverage became popular in Europe
after its introduction from Mexico. Chocolate drinking houses were estab-
lished in London in 1657 and are mentioned in Pepys’s diary. The first British
factory to manufacture eating chocolate was founded in Bristol by John Fry.
He was followed by Cadbury and Rowntree, names that are synonymous with
chocolate (Beckett, 2004).
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Cocoa beans are known to have the highest content of flavan-3-ols (Arts et al.,
1999; Lee et al., 2003), and epidemiological studies show an inverse relation-
ship between the consumption of a flavonoid-rich diet and the risk of hyper-
tension. Impaired endothelial vasodilator function is an important factor that
contributes to the development of cardiovascular diseases (Brown and Hu,
200D). It is well known that obesity and hypertension are associated with
impaired vasodilatation (Park et al., 2001; van Gaal et al., 2006). A short-
term intake of cocoa polyphenols is reported to lower blood pressure and
improve endothelium-dependent vasodilatation (Grassi et al., 2005a, 2005b;
Taubert et al.,, 2007; Davison et al., 2008). It is believed that this beneficial
effect of cocoa polyphenols is brought about by an increase in the nitric oxide
synthase activity in endothelial cells, leading to an increase in nitric oxide
concentration (Keen et al., 2005; Balzer et al., 2006; Heiss et al., 2003, 2005;
Karim et al., 2000; Berry et al., 2010).

Martin et al. (2010) reported that the daily consumption of 40 g of dark choco-
late for 14 days could reduce the urinary excretion of the stress hormone cor-
tisol and catecholamines in 30 stressed human volunteers. The therapy also
normalized stress-related differences in energy metabolism and gut micro-
bial activities. Tomas-Barberan et al. (2007) and Cienfuegos-Jovellanos et al.
(2009) have shown that flavonoids from cocoa beans can be incorporated into
beverages with enhanced bioavailability in humans.

An improved cognitive performance was demonstrated by aged Wistar—
Unilever rats treated with a cocoa polyphenolic extract (Bisson et al., 2008).
Dietary flavanols are reported to improve endothelial function and lower
blood pressure by causing vasodilation in the peripheral vasculature and in
the brain (Sorond et al., 2008; Corti et al., 2009). Cocoa flavanols exhibit an
antidepressant action (Smith, 2013). Recent reports suggest that cocoa powder
causes neuroprotective and preventive effects in AD (Cimini et al., 2013).

The formation of protein aggregates in the form of extracellular amyloid-f
(AP) plaques and intracellular tau neurofibrillary tangles are the two major
pathological characteristics of AD. Oligomers of AP peptides and tau protein
are toxic (Klein, 2002; Cleary et al., 2005; Santacruz et al., 2005; Berger et al.,
2007; Shankar et al., 2008). Therefore, reducing these oligomer species is a
potential mode of intervention. Wang et al. (2014) tested three different cocoa
extracts on AP, and Ap,, oligomerization using the photoinduced cross-linking
of unmodified proteins technique. The extracts were found to be effective in
preventing the oligomerization of Ap.

By calculating the chocolate consumption and the total number of Nobel lau-
reates in various European countries, Messerli (2012) has come to the con-
clusion that there is a powerful correlation between per capita chocolate
consumption and the number of Nobel laureates!

Peripheral arterial disease (PAD) is a widespread atherosclerotic condition,
marked by a high incidence of coronary and cerebral events. The typical
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symptom of this disease is intermittent claudication, which causes impaired
blood flow to the limbs during physical exercise. Loffredo et al. (2014) car-
ried out an interventional trial on 20 PAD patients to find out the acute effect
of 40 g of dark chocolate or white chocolate. Flow-mediated dilation, serum
levels of isoprostanes, nitrite/nitrate, sNOX2-dp, maximal walking distance
(MWD), and maximal walking time (MWT) were assessed at baseline and 2 h
after chocolate ingestion. The consumption of dark chocolate significantly
increased the MWD, MWT, and sNOX2-dp. However, milk chocolate did not
produce any of these effects.

Botelho et al. (2014) fortified dark chocolate with phytosterols to produce
a cholesterol-lowering product capable of a Food and Drug Administration
(FDA) health claim on reduced cholesterol. The daily intake of one bar (30 g)
provided about 2.2 g of phytosterol esters, which is higher than the amount
required by the FDA (1.3 g). Additionally, the chocolate bar did not contain
sugar and made use of xylitol, erythritol, maltitol, and sucralose to give sweet-
ness and bulking. It was formulated with 50 g/100 g of cocoa, thereby making
it ideal for individuals with dyslipidaemia. The dark chocolate bar also con-
tained ascorbic acid and tocopherol in the filling and maintained its potential
functionality after 5 months of storage.

6.3.2 Soups

The word soup is derived from the French soupe, which means “a broth.”
Soups are liquid food that is prepared by boiling vegetables and/or meat
in water. Soups have formed an important part of European cuisine since
ancient times. Soup as a commercial product has been popular ever since
Nicolas Appert invented canning technology in 1795 (Goody, 1997). Dr. John
T. Dorrance (1873-1930), a chemist working for the Campbell Soup Company,
is the inventor of condensed soup, which is cooked with minimum water,
forming a kind of thick stock that can be diluted with hot water and con-
sumed (Hallet and Hallet, 1997). In 1873, Karl Heinrich Knorr pioneered the
manufacture of soup powders (Brown, 2003). More recently, frozen soups
have also become popular (Komarik et al., 1975).

Chinese medicine recommends the drinking of soups to prevent or treat dis-
eases. Chinese medicinal herbs are grouped into four categories, namely, toni-
fying, eliminating, harmonizing, and fortifying. Many soups are prepared by
combining herbs and meat. Medicinal soups are very popular in China (Au et al.,
2008). The recipe for one such soup—Six Herb Regulating Soup—is given here.

Cornelian cherry fruit (3/4 oz.), alisma (1/2 oz.), treated rehmannia (3/4 oz.),
Poria cocos sclerotium (3/4 oz.), white peony root (1/2 oz.), and wild yam
(3/4 0z.) are put in a ceramic pot, brought to the boil over a high heat, and
left to simmer for 30 min until the mixture is reduced to two cups. The filtered
soup, when consumed twice a day, is said to improve physical and mental
stamina (Chen, 2009).
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Soup powder is a convenient form on account of its longer shelf life and ease
of transportation. The common ingredients used are starch, spices such as
ginger, garlic, onion, milk powder, salt, monosodium glutamate (MSG), ascor-
bic acid, sugar, dehydrated vegetables, and/or meat (Sachindra et al., 2007).
Although MSG is considered to be a safe flavor additive (Hanas, 1994), it is
known to have some shortcomings (Hegenbart, 1998). Recently, Abeysinghe
and Illeperuma (2006) reported the development of a vegetable soup powder
devoid of MSG, but having appreciable flavor on account of the colorant lyco-
pene that is present in tomatoes.

Soup powders are usually prepared by blending dehydrated vegetables or
meat with other ingredients (Chacko et al., 2005; Abeysinghe and Illeperuma,
20006). They can also be prepared by grinding fried vegetables followed by
blending with other ingredients and spray drying (Singh et al., 2003).

Soups do have detectable physiological effects, as was shown by Midoh and
Noguchi (2009). They reported that a 2-week consumption of chicken soup
could reduce the tension-anxiety score and increase the peripheral blood flow
in healthy human volunteers. Azhar et al. (2013) conducted a clinical study
on the cognition-enhancing benefits of an aqueous extract of chicken. They
observed that subjects who were supplemented with the extract showed sig-
nificantly better performance on all cognitive tests after 6 weeks’ supplemen-
tation. The antioxidant activity of soups has also been reported (Rekha et al.,
2008). Thus, it is evident that soups can be transformed into fortified food by
replacing conventional ingredients with those having proven health benefits.

Nagatsuka et al. (2006) reported that gelatin gel Nikogori soup, which is
prepared from chicken wing meat, has high peroxyl and hydroxyl radical
scavenging activities, as evidenced by chemiluminescence and electron spin
resonance methods. The addition of soy sauce enhances the hydroxyl radical
scavenging activity.

Drinking the Mediterranean soup gazpacho, which is prepared from tomato,
cucumber, green pepper, onion, and garlic, significantly increases the plasma
concentrations of vitamin C (Sanchez-Moreno et al., 2006). By a multiple-
adjusted logistic regression analysis of data from 3995 individuals, Medina-
Remon et al. (2012) inferred that the consumption of gazpacho was associated
with a lower prevalence of hypertension. This effect is attributed to a synergy
among several bioactive compounds in the vegetable ingredients. Similarly, the
consumption of quercetin-rich onion soup inhibited some aspects of collagen-
induced platelet aggregation. This observation from a double-blind, random-
ized, crossover, pilot study substantiates the epidemiological data, suggesting
that individuals who preferentially consume large amounts of quercetin-con-
taining foods have a reduced risk of succumbing to thrombosis and cardiovas-
cular diseases (Hubbard et al., 20006). In the same way, Corchorus olitorius, a
leafy vegetable popular in Asia and Africa and used in soups, has significant
antioxidant activity as judged by the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
method (Oboh et al., 2009).
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A recent study reports that consuming Chaibu Shibuang soup of China once
a day for seven days significantly reduces tumor necrosis factor (TNF)-alpha
and interleukin-6 in patients suffering from severe acute pancreatitis (Wang
et al., 2009).

There is a growing trend among food manufacturers to offer natural options
with functional ingredients that provide additional health benefits at lower
cost. This has generated an array of soups, such as soups with low sodium,
with omega-3 fatty acids, with added fiber, without fats, gluten, or trans fats,
and so on. Distriborg Groupe, a French manufacturer has introduced two
fortified soups (Gayelord Hauser Minceur Veloute Potiron & Noix De Muscade
and Gayelord Hauser Minceur Veloute Legumes Verts & Basilic). Both prod-
ucts are positioned as soups for weight management and contain an extract
of NeOpuntia, which is patented, dehydrated Opuntia ficus-indica leaves
(http://www.distriborg.com). A randomized, placebo-controlled, double-blind
clinical study showed that NeOpuntia could cause a pronounced reduction in
LDL cholesterol (Linares et al., 2007). There is scope for developing fortified
soups and the formula for one such product is provided in Table 6.3.

6.3.3 Yogurt

Yogurt is a modern version of curd. It is produced by the bacterial fermenta-
tion of milk. Lactic acid, which is formed from the lactose in milk, curdles the
milk proteins and the resultant is a soft, white-colored product (Vaclavik and
Christian. 2008). The word yogurt is derived from the Turkish word yogurt,

Table 6.3 Fortified Soup for Digestive Efficiency

Ingredients Composition (%)
Water extract of Zingiber officinale 1.00
Water extract of Cuminum cyminum seeds 0.40
Water extract of Trachyspermum ammi seeds 0.20
Wheat powder 18.00
Corn starch 18.00
Milk powder 12.00
Edible vegetable fat 11.00
Onion powder 240
Pepper powder 0.40
Sugar 1.00
Table salt 6.00
Beetroot powder 3.60
Tomato powder 26.00

Preparation: Suspend 16 g of the mixture in 200 mL water. Stir well so that no lumps form
and the solution is homogeneous. Heat over a slow fire and bring to the boil, sfirring
confinuously. Simmer for 3 min.
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meaning “dense” or “thick.” Armenian immigrants brought yogurt to America
and its commercial manufacture started in 1929.

Sodini and Tang (2006) describe at length the composition and possible ways
to modify the appearance, quality, and texture of yogurt. The organic ingre-
dients defined by the FDA (2004) for inclusion in yogurt are organic fruits,
organic cane sugar juice, citric acid, vegetable colors, flavors, ascorbic acid, low
methoxyl pectin, high methoxyl pectin, sodium citrate, and locust bean gum.

It is known that probiotic bacteria such as bifidobacteria and lactobacilli pos-
sess antimicrobial properties. L. acidophilus and Bifidobacterium bifidum are
found to be inhibitory toward many common food-borne pathogens. Many
studies indicate the preventive control of intestinal infections through the
administration of milk cultured with L. acidophilus or B. bifidum (Lourens-
Hattingh and Viljoen, 2001).

Several studies have reported the successful fortification of yogurt. Dave and
Shah (1998) and Bhullar et al. (2002) have reported the preparation of yogurt
fortified with whey powder. Attempts have also been made to achieve fortifi-
cation with calcium, iron, fiber, mango, and soy (Hekmat and McMahon, 1997;
Fleury et al. 1998; Singh et al., 2005; Aportela-Palacios et al., 2005; Kumar and
Mishra, 2006). However, fortification of yogurt with extracts of medicinal herbs
can be attempted by imaginative food technologists (see Table 1.1). Recently,
Adegoke et al. (2013) attempted to flavor yogurt with the spice Aframomum
danielli. At a relatively low concentration, A. danielli seeds imparted good
sensory characteristics comparable with strawberry and vanilla. The appear-
ance, texture, consistency, and palatability of the product were also good. The
characteristic aroma of the product was attributed to flavor components such
as 2-methyl-1-propen-1-yl, 3-methylbut-2-enyl, and 1-methyl-4-(1-methylethyl).

Arjmand (2011) attempted to develop a probiotic yogurt by incorporating
pomegranate juice and pomegranate juice concentrate. The results showed
that up to 20% of pomegranate juice and 6% of pomegranate juice concentrate
could be incorporated post-heat treatment, without compromising the probi-
otic potential of the product, which had a higher color index and more than
37% total phenolic compounds.

Robert et al. (2010) encapsulated pomegranate juice and its ethanolic extracts with
maltodexterin and soy protein isolates, using spray drying. The stability of the
encapsulated polyphenols and anthocyanins was studied for 56 days. The polyphe-
nols’ encapsulating efficiency was better in the soy protein isolates matrix, while
maltodextrin was found to be better for encapsulating anthocyanins. The micro-
capsules were thereafter added to yogurt samples and the stability of the polyphe-
nols was studied for 56 days at 60°C. The rate of degradation of the polyphenols
was the same for the encapsulated and nonencapsulated pomegranate juice.

There has been much interest in fortifying yogurt with soya products and
phytosterols. The cholesterol-lowering effects of lactic acid fermented soy
milk, in which part of the soy milk was replaced by soy yogurt, were studied

194 Herbal Bioactives and Food Forfification



in rats (Kitawaki et al., 2009). The results indicate that soy yogurt is helpful
in preventing hepatic lipid accumulation in rats. Based on a study carried out
on rabbits, Cavallini et al. (2009) suggest that soy yogurt could be consumed
to reduce the risk of cardiovascular disease as it improves the lipid profile.
Their study also shows that isoflavone supplementation enhances the anti-
atherogenic effect of soy yogurt. The results of two clinical studies suggest
that phytosterol-enriched yogurt has the ability to lower commonly measured
lipid parameters (Nittynen et al., 2008; Ruiu et al., 2009).

In addition to their hypercholesterolemic effect, yogurts made with plant-
derived lactic acid bacteria have the ability to increase defecation frequency
in patients suffering from constipation (Higashikawa et al., 2010). Yogurts pre-
pared from cow or goat’s milk are also effective in offering protection against
experimental acute liver injury in mice (Haro et al., 2009).

Many studies have been conducted on the physiological effects of yogurt.
Kieling et al. (2002) conducted a randomized, crossover, placebo-controlled
clinical trial with 29 women to evaluate the hypocholesterolemic property of
yogurt supplemented with L. acidophbilus 145 and B. longum 913. The results
showed that HDL cholesterol was increased significantly and the ratio of LDL/
HDL cholesterol decreased after treatment for 21 weeks. Ataie-Jafari et al.
(2009) reported that yogurt containing the probiotic bacterial strains L. aci-
dopbhilus and Bifidobacterium lactis lowered the serum cholesterol of hyper-
cholesterolemic human volunteers.

Experimental studies in mice offer evidence for the anti-inflammatory effect
of yogurt in inflammatory bowel disease. The effect is believed to be mediated
by an increase in the number of immunoglobulin A (IgA)+ cells, a decrease in
the CD8+ population, and an enhancement of apoptosis of infiltrative cells in
the large intestine (Gobbato et al., 2008).

Recent research indicates that the consumption of yogurt could offer protec-
tion from type 2 diabetes. O’Connor et al. (2014) sampled the EPIC-Norfolk
study, a cohort of more than 25,000 men and women from Norfolk, England.
The authors compared the weekly food diaries of 752 people who developed
new onset type 2 diabetes, over 11 years of follow-up, with 3502 randomly
selected subjects. An analysis of the data showed that the consumption of four
and a half standard pots of yogurt per week could reduce the risk of develop-
ing type 2 diabetes by a quarter.

Although many health benefits are attributed to yogurt, the alleged cholesterol-
increasing property of milk fat is an impediment to its wider use. Therefore, sev-
eral studies have been reported on the improvement of the physical, textural, and
rheological properties of reduced-fat yogurts by incorporating fat replacers and
manipulating the parameters of manufacture. Whey protein concentrate can be
used in the manufacture of nonfat yogurt with satisfactory physical and organo-
leptic properties (Aziznia et al., 2008). Singh and Kim (2009) reported that a
starch-lipid composite could be used as a fat replacer and a stabilizer in yogurts.
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Inulin is a polysaccharide isolated from the roots of the Chicorium intybus
and is used as a fat replacer in water-based foods. Because of its rheologi-
cal properties, inulin in an aqueous medium gives a fatlike mouthfeel and
texture (Zimeri and Kokini, 2003). Inulin has been successfully incorporated
into yogurts (Aryana et al., 2007; Guven et al., 2005; Paseephol et al., 2008;
Mazloomi et al., 2011). It is found to be an efficacious functional ingredient
having a prebiotic effect (Marinangeli and Jones, 2010). In a clinical study,
Perrigue et al. (2009) observed that yogurt beverages containing inulin could
significantly suppress the appetite and promote satiety.

The fortification of yogurt has been attempted with a view to preventing
weight gain by controlling the appetite. Lluch et al. (2010) investigated the
short-term, appetite-reducing effects of yogurt fortified with protein and guar
gum. From two randomized crossover studies, the authors concluded that the
consumption of the fortified yogurt significantly reduced short-term appetite.

6.3.4 Sauces

These are liquid or semisolid preparations served on food. Occasionally,
sauces serve as ingredients of other food as well. According to the famous
chefs Caréme and Soyer, sauces are to cookery what grammar is to language
and melody is to music. They add flavor and visual appeal to the basic food.
Sauces are said to have originated in France during the Middle Ages, as testi-
fied by a cookery book by Montardier-Gilde, published in 1394 (Senn, 1915).

The ingredients of a representative sauce are natural thickeners such as xan-
than or guar gum, butter, cane sugar, glucose syrup, fruit juice, tomato con-
centrate, citric acid, and salt. White sauces contain milk (Sikora et al., 2004;
Sworn, 2007).

Some sauces are proved to have remarkable biological effects. The best one
in this regard is the Japanese-style fermented soy sauce (shoyu). An antihy-
pertensive compound having the ability to inhibit angiotensin I-converting
enzyme has been detected in soy sauce. The responsible compound is nico-
tianamine derived from soybeans. Soy sauce exhibits significant anticarcino-
genic effects and acts against bacteria such as Staphylococcus aureus, Shigella
flexneri, Vibrio cholerae, Salmonella enteritidis, nonpathogenic Escherichia
coli, and pathogenic E. coli. Three tartaric isoflavones that are present in fer-
mented soy sauce have the ability to inhibit the enzyme histidine carboxylase,
which produces histamine, the mediator of inflammation, allergy, and gastric
secretion. Interestingly, although soybean and wheat, the major ingredients
of soy sauce, are allergenic, soy sauce does not contain any allergens. This
has been confirmed by enzyme-linked immunosorbent assay (Kataoka, 2005).
The addition of soy sauce slightly enhances the hydroxyl radical scavenging
activity of chicken jelly soup (Nagatsuka et al., 20006).

Oke et al. (2010) evaluated the effects of the external supplementation of soy
lecithin on the physicochemical properties of sauces. The levels of protein,
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soluble solids, and ash content were significantly increased by the addition of
lecithin. The bulk viscosity and yellow color of the sauce were also enhanced.

Occasionally, sauces are used along with salads and they are called salad
dressings. Studies show that these low-fat foods are ideal carriers of n-3 fatty
acids (Mantzioris et al., 2000) and plant sterols (Judd et al., 2002). Abumweiss
et al. (2008) carried out a meta-analysis of 59 eligible, randomized clinical tri-
als published from 1992 to 2006. They observed that reductions in LDL were
greater when the plant sterols were incorporated into foods such as salad
dressings. These fortified dressings are well tolerated and do not show any
adverse effects even at a daily intake of 9 g/day for 8 weeks (Davidson et al.,
2001).

The usefulness of the Eleutherine americana crude extract as an antibacterial
agent in salad dressings was investigated by Ifesan et al. (2009). The extract
significantly reduced the S. aureus population, exerted a strong antioxidant
action, had good retention of organoleptic properties, and good acceptability.

Mellies et al. (1985) have reported that sucrose polyester can effectively replace
dietary fat in salad dressings. It can provide lubricity and organoleptic ben-
efits devoid of the high caloric content that is characteristic of digestible fats.

6.3.5 Mayonnaise

Mayonnaise is a creamy, pale yellow, flavored sauce made of oil, water, vin-
egar, and egg yolk. This unique emulsion is prepared by slowly adding the oil
to the egg yolk, accompanied by vigorous whisking. It is served in sandwiches
and salads (Abu-Salem and Abou-Arab, 2008). At the industrial level, mayon-
naise is manufactured in stainless steel Dixie mixers and Charlotte colloid
mills (Duncan, 2004).

Recently, a few attempts have been made to develop low-fat mayonnaise. Mun
et al. (2009) developed an acceptable, low-fat mayonnaise using 5.6 wt% of
4-alphaGTase-treated starch and 0.1 wt% of xanthan gum. f-Glucan prepared
from spent brewer’s yeast was used by Worrasinchai et al. (2006) as a fat
replacer in mayonnaise. Sensory evaluation and stability studies showed that
mayonnaise substituted with not more than 50% f-glucan was acceptable to
consumers.

Su et al. (2010) developed a low-fat mayonnaise with polysaccharide gums
as the functional ingredients. Xanthan gum, citrus fiber, and guar gum were
used in the development of the product. Using these polysaccharides, the
authors could reduce the fat content in the mayonnaise to 50% while main-
taining ideal rheological properties. The innovative product had acceptable
organoleptic properties as well.

The cholesterol-lowering property of a fortified mayonnaise was reported by
Saito et al. (2006). Various quantities of plant sterol ester were dissolved in
15 g of a diacylglycerol-containing mayonnaise. Every day for 4 weeks, 15 g
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of the product was administered to human volunteers. At the conclusion of
this randomized, placebo-controlled, double-blind, parallel study, total serum
cholesterol was found to be decreased significantly by the ingestion of the
fortified mayonnaise containing at least 0.4 g/day of the phytosterols.

6.3.6 Pickles

Pickles are strongly flavored adjuvants that are consumed to enhance the fla-
vor and acceptability of the basic food. European pickles contain cooked or
uncooked vegetables such as onions, cauliflower, gherkins (cucumber), wal-
nuts, olives, beetroot, red cabbage, carrot, and so on. Uncooked vegetables
are usually packed in a clear vinegar-salt-spice liquor, and cooked vegetables
are packed in a thick sauce. Many pickles contain acetic acid, salt, natural fruit
acids, stabilizers, pectin, and extracts of fruits and vegetables. The commonly
used preservatives are sulfur dioxide (up to 100 mg/kg), benzoic acid (250 mg/
kg), or sorbic acid (1 g/kg) (Anderson, 1990; Fleming et al., 2001). Pickles have
a high nutritive value. It is said that during the construction of the Great Wall
of China, a mixture of pickled vegetables such as radish, cabbage, turnip, and
beetroot was paid to the workmen as part of their wages (Joshi and Bhat, 2000).

Indian pickles are invariably pungent and spicy. They are made of vegetables
and sour fruits such as lemon, lime, unripe mango, ginger, Indian gooseberry,
and bitter gourd. There are several ways of making pickles. One method is
to cook the major ingredient in a mixture of vegetable oil, salt, chilli powder,
turmeric, and spices and bring to an optimum consistency or moisture con-
tent. The oiliness of pickles is an ideal property that helps in the delivery of
extracts of nutritional value.

6.3.7 Chutneys

Chutneys are spicy preparations that also form an accompaniment for a main
dish. Fresh herbs, grated coconut, chillies, turmeric, spices, and salt are ground
to a fine or coarse paste. They are usually prepared fresh. Nevertheless, chut-
neys with a shelf life of 2-3 years can be produced with the addition of pre-
servatives (Marwaha and Marwaha, 2000). Date fruits and flaxseed are also
major ingredients of some chutneys and oil-based pickles. Date fruits at all
stages of maturity are known to contain numerous beneficial phytochemicals
(Sidhu and Al-Hooti, 2005). The flaxseed chutney consumed in southern India
is known to have significant hypolipidemic and hepatoprotective properties
(Shakir and Madhusudhan, 2007).

6.3.8 Jams, jellies, and marmalades

Jams, jellies, and marmalades are sweet preparations made by concentrating
fruits to nearly 70% total suspended solids by adding sugar and heating the mix-
ture. The high content of sugar and the moisture reduce the chances of microbial
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spoilage. Jams are pectin gels and jelly is jam-like, but transparent. Marmalades
are jellies prepared from citrus fruits such as oranges and lemons. However, the
shredded peels of the fruits are suspended in them (Bhardwaj, 2000).

In recent years, the fortification of jams and jellies has been attempted. Qasi
et al. (2003) claimed in their patent application, the invention of a nutraceuti-
cal jam with proven memory enhancement, antidepressant, adaptogenic, and
immunomodulatory properties. Similarly, Toves (2004) reported the fortifica-
tion of jams with soluble dietary fibers.

A novel way to fortify apple fruits was attempted by Lavelli et al. (2010). They
fortified apple puree with green tea extract equivalent to that which is present
in a cup of green tea and freeze-dried the material. After 1 month of storage,
the green tea—fortified product retained almost all its monomeric flavan-3-ols
and total procyanidins. Green tea fortification was found to increase the anti-
oxidant potential of the fruit puree three- to sixfold. The authors remark that
the novel fortification strategy adopted by them would be advantageous for
two reasons. From an economic point of view, it would facilitate the appear-
ance of more dehydrated apple products available in the market. Secondly,
on nutritional grounds, the novel product could offer consumers a simple
opportunity to regularly consume green tea as a health-enhancing dietary aid
(Lavelli et al., 2010).

The consumption of fruit juice powders has obvious health benefits. Jin et al.
(2010) administered encapsulated fruit powders to 117 human volunteers for
2 months in a randomized, double-blind, placebo-controlled clinical study.
The fruit powders were derived from acerola, cherry, apple, cranberry, orange,
peach, papaya, pineapple, bilberry, blackberry, black currant, blueberry,
Concord grape, elderberry, raspberry, and red currant. An analysis of blood
samples showed that markers of inflammation, such as monocyte chemotactic
protein-1, macrophage inflammatory protein 1-p, and regulated on activation,
normal T cell expressed and secreted (RANTES) were significantly reduced,
and superoxide dismutase and micronutrients (B-carotene, vitamin C, tocoph-
erol) were increased. Fruit juice concentrate powders can be used in food
fortification, as they reduce the inflammatory load in healthy humans.

6.3.9 Cheese

Cheese is a protein and fat-rich product made from the milk of cows, buffalo,
goats, and sheep. Milk is coagulated with the addition of the enzyme ren-
net. The curdled portion is collected and pressed into desired forms (Snyder,
2008). The various steps in the production of cheese are described by Fox et al.
(2000). Cheese is a good medium for carrying oil-soluble natural colorants and
phytochemicals. Carotenoids and bixin are extensively used in this regard.

Salt is an important ingredient in the cheese-making process. It contributes to a
desirable flavor and texture profile and to microbial safety. As cheese is rich in
salt and fats, it is generally not recommended in heart-healthy diets. However,
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the traditional Norwegian cheese Gamalost is rich in angiotensin-converting,
enzyme-inhibiting peptides. According to a recent study, the consumption of
Gamalost may reduce blood pressure. Nilsen et al. (2014) questioned 168 male
and female participants from one Norwegian town about their dietary habits
and other health-related factors. Based on their responses and measurements
of their blood pressure, the authors observed that the intake of Gamalost was
inversely associated with SBP and an increase in a frequency unit of Gamalost
corresponded to a reduction in SBP of 0.72 mmHg.

Lutein is known to be a dietary factor that can prevent the appearance of
age-related macular degeneration (Seddon et al., 1994; Snodderly, 1995; Yao
et al., 2013). Considering this aspect, Jones et al. (2005) incorporated various
amounts of lutein isolated from corn into cheddar cheese and assessed its
stability during storage. A significant quantity of lutein was recovered and no
lutein disintegration products like lutein 5,6 epoxide were detected. While
there was a difference in color on account of the color of lutein, the pH
remained unchanged and products were free from pathogenic microbes. The
authors suggest that cheese is a good medium for the delivery of lutein.

Martini et al. (2009) fortified 50% reduced-fat cheddar cheese with the omega
3-fatty acids: docosahexanoic acid and eicosapentanoic acid. Although a fishy
smell was perceivable in the products, the off-flavor disappeared after 3 months.
This study shows that 50% reduced-fat cheddar cheese aged for 3 months can
be fortified with omega 3-fatty acids, without generating off-flavors.

An attempt at developing a functional cheese product containing polypheno-
lic compounds was reported by Han et al. (2011). Phenolic compounds such
as catechin, EGCG, tannic acid, homovanillic acid, hesperetin, flavones, grape
extract, green tea extract, and dehydrated cranberry powder were added to
the prepared cheese as functional ingredients. These ingredients showed dif-
ferent levels of retention in the cheese curd. Cheese curds containing the poly-
phenolic compounds at a concentration of 0.5 mg/mL showed significant free
radical scavenging activity, suggesting that this technology can be extended to
the fortification of dairy products such as yogurts and milk shakes.

6.3.10 Margarine

Margarine resembles butter in appearance, consistency, and composition. It
is used as a substitute for butter. Margarine was invented in 1869 by the
French chemist Hippolyte Mege-Mouries, shortly before the Franco-Prussian
War. Meges-Mouries was awarded a prize of 50,000 francs for his innovation,
which was made of processed bovine fat mixed with a paste of cow’s udders.
Milk was added to this mixture and churned to give a butter-like appearance
(Morris and Lichtenwalter, 1984).

Today, margarine is made of a blend of vegetable oils and other ingredients.
The final product is used as a spread or for baking purposes. According to
the US Standards of Identity, margarine should have 80% fat. The second
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component is water; cow’s milk was used in the original formula. The third
ingredient is an emulsifier such as lecithin or mono/diglycerides to prevent
phase separation. Preservatives such as sodium benzoate, benzoic acid, or
potassium sorbate are added to act as antimicrobials. A butter-like flavor is
imparted by diacetyl and rancidity is prevented by antioxidants (Morris and
Lichtenwalter, 1984).

Corn oil is used as the major oil, as it is a polyunsaturated fat and thereby
beneficial for health. However, due to growing concerns about the harmful
effects of the trans-fatty acids in margarines and spreads, other vegetable
oils having medicinal value are also being used in the manufacture of mar-
garines and spreads. Important among them are soybean oil, sunflower oil,
safflower oil, canola oil, and rice bran oil (Moreau, 2005; Chrysan, 2005).
Recently, El-Haddad et al. (2011) formulated a functional chocolate spread
replacing butter fat with red palm olein. This substitution was found to sig-
nificantly increase the content of tocopherols, tocotrienol, and carotenes.
Herbal extracts can take the place of emulsifiers, antioxidants, antimicrobials,
and colorants. Such innovations can popularize the consumption of analogue
foods such as fortified spreads.

6.3.11 Sausages

Sausages are food products made from ground meat. A casing, which is tradi-
tionally made from sheep intestines, is filled with cooked or uncooked meat.
The word sausage is derived from the Latin root salsus, which literally means
salted or preserved. Sausages have been in vogue in Europe since pre-Christian
times and are always known by the place where they originated (Predika, 1983).
The frankfurter is a kind of spiced and smoked sausage packed in a thin casing.
It was first introduced in 1852 by the butchers’ guild of Frankfurt, Germany.

The addition of functional ingredients is now advocated as an approach to
the development of healthier meat products (Jiménez-Colmenero et al., 2001).
Moreover, meat products are viewed as an ideal matrix to incorporate oil-
soluble ingredients such as lutein, as they contain zinc, selenium, and fat,
which enhance the absorption of lutein (Csapo et al., 2006). Granado-Lorencio
et al. (2010) fortified frankfurters with lutein and studied their physicochemical
characteristics and the in vitro bioaccessibility of lutein. Lutein imparted a red
color to the frankfurters. On in vitro digestion, there was a greater than 84%
recovery of lutein, indicating the suitability of this type of meat product as a
carrier of lutein.

Andrés et al. (2009) formulated chicken sausages with pre-emulsified squid
oil and studied their physicochemical properties after vacuum storage. The
sausages had 40 g/100 g of polyunsaturated fatty acids, of which docasahexa-
noic acid was the predominant acid. Low lipid oxidation was also observed in
them. This study shows that sausages can be fortified with oils rich in poly-
unsaturated fatty acids.
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Sausages have been formulated with many nonmeat proteins from vegetable
sources. Examples are soy proteins (Gujral et al., 2002; Pietrasik and
Duda, 2000; Porcella et al., 2001), buckwheat protein (Bejosano and Corke,
1998), samh flour (El-Gasim and Al-Wesali, 2000), common bean flour (Dzudie
et al., 2002), Bengal gram, green gram, black gram (Modi et al., 2003; Bhat
and Pathak, 2009), and corn flour (Serdaroglu and Degirmencioglu, 2004).

Various plant products have been studied for their ability to replace fats. Rye
bran was used as a fat substitute in the production of meatballs (Yilmaz,
2004). Garcia et al. (2002) reported that oat bran and oat fiber provide fat-
like flavor, texture, and mouthfeel to ground beef and pork sausages. Inulin
was added to pork meatballs and Chinese-style sausages (Flaczyk et al.,
2009; Huang et al., 2011). In addition to functioning as fat replacers, these
ingredients increase the fiber content in the products (Bhat and Bhat, 2011).
Chevance et al. (2000) reported that tapioca starch slows down the release of
some Maillard reaction products, thereby improving the aroma and quality of
beefburgers, salamis, and frankfurters.

Citrus by-products such as lemon albedo pectin and orange fiber were added
in different concentrations to cooked and dry-cured sausages. These ingredi-
ents have positive health effects on account of their ability to lower the levels
of residual nitrite and delay oxidation (Aleson-Carbonell et al., 2003, 2004;
Fernandez-Gines et al., 2003, 2004).

In a turkey frankfurter system, Gadang et al. (2008) evaluated the effective-
ness of whey protein isolate coatings containing GSE, nisin, malic acid, and
ethylenediamine tetraacetic acid in inhibiting the growth of Listeria mono-
cytogenes, E. coli O157:H7, and Salmonella typhimurium. Their observations
suggest that an edible film coating containing nisin, organic acids, and herbal
extracts can control the growth and recontamination of these pathogens in
ready-to-eat meat products such as frankfurters.

Natural carotenoids such as zeaxanthin and norbixin seem to act as natural
preservatives, improving the shelf life of refrigerated sausages. Mercadante
et al. (2010) prepared six sausage formulations with sodium erythorbate,
norbixin, lycopene, zeaxanthin, p-carotene, and dextrose at 0.05 g/100 g.
Following refrigerated storage for 45 days, the oxidative stability of the prod-
ucts was evaluated by measuring the levels of malondialdehyde. Zeaxanthin
and norbixin were found to be the most effective in improving shelf life and
were superior to sodium erythorbate, a synthetic compound used in sau-
sage formulations. Similar results were reported by Barros et al. (2011), who
was able to prevent lipid peroxidation in beefburger patties by incorporating
extracts of the edible mushroom Boletus edulis.

Mladenoska et al. (2012) added monolaurin to sausages as a food emulsi-
fier. The pasteurized sausages were inoculated with cultures from Aspergillus
niger and Saccharomyces cerevisiae. The infected sausages were stored at
28°C for 72 h. At the end of the experiment, it was observed that monolaurin
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inhibited the growth of the fungi. The authors conclude that monolaurin can
be used as an emulsifier and antifungal agent, preventing the spoilage of sau-
sages from mold and prolonging their shelf life. However, it is to be used in
low concentrations and in combination with some other food additives and
spices that can mask its soapy smell and taste.

The beef patty is a Caribbean delicacy that originated as a product of colo-
nialism and the migration of various ethnic groups into the region. It is a
samosa (turnover)-like pastry filled with seasoned ground beef. The patties
are prepared by cooking at 191°C. A class of compounds called heterocyclic
amines (HCA) are known to be generated during the cooking of muscle foods
at such high temperatures. Puangsombat and Smith (2010) incorporated five
extracts of rosemary into beef patties, which were cooked at 191°C for 6 min
each side and 204°C for 5 min each side. All the extracts significantly reduced
the levels of HCAs. However, 10% and 20% ethanol extracts showed the high-
est inhibition. These extracts contain a mixture of rosmarinic acid, carnosol,
and carnosic acid. These compounds may be exerting the beneficial effect on
account of their antioxidant activity.

Li et al. (2010) demonstrated the beneficial effect of adding antioxidant-rich
spice mixtures to hamburgers. Eleven healthy human subjects consumed two
types of hamburgers. One type was seasoned with a spice blend (Table 6.4)
while the other one was not. The production of malondialdehye in the ham-
burgers and the concentration of malondialdehyde in the subjects’ plasma
and urine after consumption were measured by HPLC. It was observed that
after the addition of the spice mixture, there was a significant reduction in the
malondialdehyde concentration in the hamburgers as well as in the subjects’
plasma and urine after ingestion of the cooked product. Forty percent of the
rosmarinic acid, attributed to Mediterranean oregano and rosemary, remained
in the hamburgers after cooking. The presence of rosmarinic acid in the spice
mix and the ability of polyphenols to inhibit the formation and absorption

Table 6.4 Composition of the Spice Mixture

Spice Percentage Weight (g/hamburger)
Ground cloves 434 0.5
Ground cinnamon 434 0.5
Ground Mediterranean oregano 26.17 30
Ground rosemary 4.34 0.5
Ground ginger 10.86 1.2
Ground black pepper 6.51 07
Ground paprika 30.44 34
Powdered garlic 12.99 1.5
Total 100.0 11.3

Source: Data from Li, Z, et al., 2010, American Journal of Clinical Nutrition 91, 1180—1184.
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of lipid peroxidation products such as malondialdehyde seem to be reasons
for the reported effect (Kanner and Lapidot, 2001; Gorelik et al., 2005, 2008).
Malondialdehyde is implicated in the oxidation of lipids and the consequent
appearance of atherosclerosis (Fogelman et al., 1980; Haberland et al., 1988;
Palinski et al., 1989; Yla-Herttuala et al., 1989). The findings of Li et al. (2010)
are significant in this perspective.

6.3.12 Bread

Nowadays, many different kinds of breads are available with different shapes,
sizes, textures, crusts, colors, elasticity, eating qualities, and flavors. Bread
making has a long history. Neolithic communities (New Stone Age) prepared
the first bread, which was a kind of flat bread. It was the people of Sumeria, in
southern Mesopotamia, who baked the first leavened bread. Around 3000 BC,
the Sumerians passed on their style of bread making to the Egyptians. The
Egyptians refined the process and started adding yeast to the flour (Jacob,
2007; Arzani, 2011). The industrial production of bread was pioneered by Otto
Frederick Rohwedder (1880-1960). In 1912, he invented a machine that sliced
and wrapped the bread (Tannahill, 1973).

Bread dough is a versatile matrix; therefore, attempts have been made to for-
tify flour with herb powders. Considerable success has been achieved in the
fortification with ingredients such as amaranth (Singh and Singh, 2011), sor-
ghum flour (Taylor and Anyango, 2011), buckwheat (Takahama et al., 2011),
okra seed (Abelmoschus esculentus) (Adelakun and Oyelade, 2011), potato
(Ezekiel and Singh, 2011), chempedak (Artocarpus integer), seed flour (Aziz
and Zabidi, 2011), chickpea flour (Minarroa et al., 2012), and ground onion
skin (Gawlik-Dzikia et al., 2013).

Pepper (Capsicum annum) is a vegetable rich in carotenoids such as
B-carotene, capsorubin, violaxanthin, capsanthin, zeaxanthin, antheroxanthin,
B-cryptoxanthin, and cucurbitaxanthin (Ravishankar et al., 2003). Therefore,
Danza et al. (2014) prepared a fortified bread by blending yellow pepper flour
to durum wheat semolina. By studying the textural characteristics, carotenoid
content, and glycemic response, the authors concluded that hydrated yel-
low pepper flour at a concentration of 25% can be successfully incorporated
into bread to enhance the content of functional components with antioxidant
properties.

Simurina et al. (2008) tried to fortify bread with 45% propylene glycol extracts
as well as the powders of Frangulae cortex, Mentha piperita folium, Carvi
Jructus, and Petroselini fructus. While the bread fortified with extracts showed
poor sensory qualities, the bread prepared with herb powder had a pleasant
aroma. The elasticity and compressibility of the product were excellent, the
crumb was of high quality, and there was an increase in the loaf volume.

In recent years, the fortification of bread with phytochemicals has been
attempted and the topic has been reviewed by Hayta and Ozugur (2011).
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Green tea extract was incorporated into bread (50, 100, and 150 mg/100 g of
flour). There was no detectable loss of tea catechins in the bread during stor-
age at room temperature for 4 days (Wang and Zhou, 2004).

Peng et al. (2010) fortified bread with GSE, which contains catechins and pro-
anthocyanidins having a strong antioxidant and free radical scavenging activ-
ity. The GSE-fortified bread had a stronger antioxidant activity than the blank
bread. The antioxidant property of the bread increased with the increasing
level of GSE. Nevertheless, thermal processing caused a 30%-40% decline in
the antioxidant activity.

Lemon flavonoids also seem to be useful for fortifying bread (Kanae et al.,
2008). Lemon flavonoid extract prepared from lemon peel contains 30%
eriocitrin, which is a potent antioxidant. Sixty-five percent of eriocitrin was
retained in the bread and 78% of antioxidant activity remained after the bak-
ing process. Sensory tests showed that up to 0.50% of lemon flavonoid extract
could be added and that larger amounts impart a bitter taste to the bread.

Abd El-Megeid et al. (2009) investigated the protective effect of 2% and 4%
green tea—fortified bread on renal failure induced by excessive dietary argi-
nine. Eating green tea—fortified bread could ameliorate the pathological effects
on kidney enzymes, uric acid, urea nitrogen, and creatinine.

Several clinical studies have been reported on the effect of bread fortification.
Clifton et al. (2004) studied the effect of phytosterol-enriched bread in mildly
hypercholesterolemic men and women. On consumption of this bread, the
plasma sitosterol content increased by 23% and campesterol by 52%. There
was a significant reduction in the serum LDL cholesterol level.

Soderholm et al. (2012) studied the effect of high-fiber rye bread enriched
with nonesterified plant sterols on the major serum lipids and apolipoproteins
(apo) in normocholesterolemic subjects. Sixty-eight subjects were randomized
to receive a rye bread enriched with plant sterols. Compliance was moni-
tored with 3-day food diaries and alkylresorcinol metabolite concentrations.
Consumption of the fortified bread for 2 weeks significantly reduced serum
total and LDL cholesterol, apoB/apoAl, and total cholesterol:HDL cholesterol
ratios by 5.1%, 8.1%, 8.3%, and 7.2%, respectively, when compared with con-
trols. The doubling of the dose in the following 2 weeks resulted in a 6.5%,
10.4%, 5.5%, and 3.7% difference.

Hobbs et al. (2013) conducted a randomized clinical trial to study the effect
of acute ingestion of beetroot bread on endothelium-independent vasodila-
tion and diastolic blood pressure. Twenty-three healthy men received 200 g
of bread containing 100 g of beetroot and postprandial microvascular vaso-
dilation was measured by laser Doppler iontophoresis. Arterial stiffness was
measured by pulse wave analysis and blood pressure was measured by a
noninvasive ambulatory blood pressure monitor. The authors observed a sig-
nificantly greater microvascular vasodilation response and a lower diastolic
blood pressure after acute consumption of beetroot-fortified bread.
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Extracts of green tea and grape seed offer a unique flavor and a power-
ful antioxidant action. However, there are some basic issues that need to be
addressed. The most important are the stability of the active compounds and
their interaction with other components of the food matrix (Sharma et al.,
201D).

The roller milling of wheat produces a fraction known as wheat bran, which
contains the outer layers (pericarp) in addition to the hyaline and aleuronic
layers of the grain. Bran has a higher content of fiber, vitamins, and min-
erals than the endosperm. These qualities attribute interesting nutritional
properties to it (Verma et al., 2008; Kumar et al., 2011). In addition to this,
bran has the ability to prevent the appearance of diseases (McIntyre et al.,
1991; Anderson et al., 2000; Haripriya and Premakumari, 2010). On account
of these interesting features, bran is also a good candidate for the fortification
of breads (Lai et al., 1989; Shenoy and Prakash, 2002; Karaoglu, 2006; Gomez
et al., 2011).

Martinex-Cerbera et al. (2014) carried out some studies on the development of
sugar-free muffins. They observed that maltitol, isomalt, and sorbitol are suit-
able as sucrose replacers in muffins. These polyols have similar batter ther-
mosetting properties to those of sucrose and the prepared muffins showed
good instrumental texture properties and a sensory acceptability score. The
use of polyols as sucrose replacers also has health advantages. They do not
promote the development of dental caries, as dental bacteria are not able to
ferment these sugar alcohols. Additionally, they produce a lower glycemic
response than sucrose and are ideal for diabetics. Thirdly, they are lower in
calories when compared with sucrose.

6.3.13 Biscuits

Biscuits are small, crisp, and flat baked products made from wheat flour,
starch, powdered sugar, glucose syrup, emulsifiers, food color, and flavors.
Originally spelled bisket, the word biscuit is derived from the Old French
bescuit and Medieval Latin biscoctum, both meaning “baked twice” (Manley,
2003a), alluding to the now-discontinued process of baking first at high tem-
perature, followed by drying in a cooler oven. In conventional biscuits, the
ingredients are mixed and the dough is cut into pieces of desired size. The
dough pieces are baked carefully at 180°C for about 8 min (Manley, 2005). On
account of their high sugar and fat content, biscuits are sometimes viewed as
an unhealthy food. However, biscuits are an ideal medium for carrying many
nutritionally beneficial ingredients. Manley (2003b) suggests several ways in
which biscuits can be fortified.

Several studies have been carried out on the substitution of wheat flour with
other flours. Rababah et al. (2006) attempted the fortification of biscuits
using chickpea flour, broad bean flour, and soy protein. Their study shows
that high-protein biscuits can be produced using these ingredients. Studies
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conducted in India show that 30% soy flour can be used in the baking of bis-
cuits, enhancing their nutritive value without any loss of their physical char-
acteristics (Singh and Sabapathy, 20006). Salama et al. (1997) incorporated the
rootlets of malt sprouts into biscuits. Biscuits that contained 15% roots were
acceptable. However, their sensory qualities were affected.

The flour of the African plant Afzelia africana was incorporated into dough
at various levels of substitution. Sensory scores showed high acceptability for
the biscuits and the flour of this protein-rich legume can be substituted at the
10%-30% level (Onweluzo and Morakinyo, 1997).

The fortification of biscuits with raw, soaked, and germinated fenugreek (Hooda
and Jood, 2003), sesame seed flour (Alobo, 2001), malted wheat, Bengal gram,
and colocasia leaf powder (Goyle and Gujral, 1992) has also been reported.
Uchoa et al. (2009) incorporated cashew apple and guava residues from the
fruit juice industry into biscuit dough. The fruit powder improved the protein
and fiber content of the cookies.

The usefulness of fiber-incorporated biscuits in the treatment of constipation
was reported by Odes et al. (1986), who used spent grain, which was obtained
by decanting the fermented distillate of barley. The consumption of cookies
fortified with fresh corn pericarp improved the fecal parameters in individuals
suffering from constipation (Seva-Pereira et al., 1991).

The addition of red palm oil as an alternative fortificant for addressing vita-
min A deficiency has been proposed by van Stuijvenberg et al. (2001), on the
basis of a randomized, controlled clinical study.

Tyagi et al. (2006) studied the nutritional, sensory, and textural characteris-
tics of defatted mustard flour—fortified biscuits. The wheat flour in the biscuit
recipe was replaced by defatted mustard flour at four incorporation levels.
The protein content of the fortified biscuits increased by 2.5 times and there
was a reduction in the fat content and an increase in the fiber content. The
study showed that the incorporation of 15% defatted mustard flour was ideal
for the production of fortified biscuits with desirable nutritional, sensory, and
textural attributes.

Hussain et al. (20006) reported that flaxseed flour can be blended with wheat
flour in the production of cookies. Cookies containing 20% and lower amounts
of full-fat flaxseed flour were found to be acceptable to consumers. Zucco
et al. (2011) reported that cookies with acceptable physical characteristics and
an improved nutritional profile could be produced with partial or complete
replacement of the wheat flour with a blend of navy bean, pinto bean, green
lentil, and yellow pea.

Akkinawande et al. (2008) explored the fortification of biscuits with cassava
and soy flour blends. The addition of soy flour increases the nutritive value
of the biscuits, and ginger powder added to the dough effectively masks
the beany flavor of soybean flour. Sharma and Zhou (2011) attempted the
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fortification of biscuits with green tea extract. They observed that tea cat-
echins were relatively stable in dough.

Boobier et al. (2006) converted a traditional biscuit to a functional food by
adding B,,, folic acid, vitamin C, and prebiotic fiber. The consumption of these
fortified biscuits by human volunteers reduced their blood levels of homocys-
teine and glucose, suggesting these biscuits may be able to reduce risk fac-
tors associated with heart diseases such as myocardial infarction, stroke, and
venous thrombosis (Boobier et al., 2007; Hortin, 2000).

The replacement of sugar and fat in biscuits has also been a subject of inves-
tigation (Barndt and Antenucci, 1996). Gallagher et al. (2003) reported that
sugar in biscuits can be reduced by 20%-30% with the incorporation of the
oligofructose Raftilose. Sucralose is a sugar substitute that is currently being
used in bakery products in Europe. It is heat stable and no loss occurs during
the baking processes (see Barndt and Antenucci, 1996). Savitha et al. (2008)
studied the replacement of 30% sugar with 0.5% sucralose and of different lev-
els of maltodextrin on dough rheology and the quality of biscuits. The results
show that sucralose and maltodextrin can replace sugar in biscuits.

Sharif et al. (2005) observed that superior-quality cookies can be produced by
replacing the normal shortening in the recipe with rice bran oil. Rice bran oil
is a good source of polyunsaturated fatty acids and lowers blood cholesterol
better than sunflower, corn, or safflower oils (Suzuki and Oshima, 1962).

The fortification of biscuits with guar gum was attempted several years ago
on account of its beneficial effect on diabetes mellitus. Tredger and Ransley
(1978) incorporated guar gum into cheese biscuits and observed that they
were acceptable to diabetic patients. Another type of guar gum-fortified
biscuit was developed by Smith et al. (1982). It reduced fasting blood glucose
levels and decreased 24-h urinary glucose excretion in human volunteers.
The usefulness of guar gum-fortified biscuits in the management of diabe-
tes was further confirmed by Ellis et al. (1988), who reported on the basis
of a linear regression model that a reduction of 209 mU/min/L in integrated
insulin can be achieved for every 1 g of guar gum incorporated into the
biscuit. The prebiotic potential of partially hydrolyzed guar gum (PHGG)
and fructo-oligosaccharides in biscuits was assessed in human volunteers by
Tuohy et al. (2001). Bifidobacteria significantly increased in number on the
consumption of the biscuits and returned to pretreatment levels after cessa-
tion of intake.

There is a growing demand for biscuits for diabetics. This can be met by
replacing sugar with polyols such as mannitol or polydextrose and including
in the recipe, dietary fibers that have a proven hypolipidemic or antidiabetic
property. Jenkins et al. (2008) extracted glucomannan, a glucose-mannose
polysaccharide from the tuberous roots of the Amorphophallus konjac, and
incorporated it into the dough of biscuits. The consumption of these biscuits
significantly reduced the glycemic index by 74% in healthy human volunteers
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and by 63% in participants with diabetes mellitus. This study suggests that
biscuits fortified with other viscous and starchy foods can replace high glyce-
mic index snack foods.

Many varieties of starches are used as ingredients in food products. Starches
can escape digestion if they are embedded in a matrix that renders them inac-
cessible to digestive enzymes. Some others such as the starch from potato,
green bananas, and maize also resist digestion on account of their structural
properties. Foods formulated with such resistant starches are effective in low-
ering the glycemic index of the food, despite their formulation with high
glycemic index ingredients. This was proven in a recent clinical study (Haub
et al., 2010). As resistant starch is known to reduce food intake, it can also
be considered in food fortification aimed at weight management (Bodinham
et al., 2010).

Replacing fat with equal quantities of maltodextrin and polydextrose reduces
the consistency and hardness of dough. However, a significant improvement
in biscuit texture can be achieved by using maltodextrin along with glycerol
monostearate or guar gum (Sudha et al., 2007).

6.4 Stability of food

Except for wine and cheese, all food and beverages undergo degradation on
storage. All manufacturers strive to present consumers with food and bever-
ages that have an acceptable shelf life. According to the definition offered by
the Institute of Food Science and Technology (1993), shelf life is defined as the
period during which the food will remain safe, be certain to retain its desired
sensory, chemical, physical, and microbiological characteristics, and comply
with declared nutritional data, when stored under the recommended condi-
tions (Kilcast and Subramaniam, 2000).

Many factors influence shelf life and they can be intrinsic or extrinsic (IFST,
1993). Intrinsic factors are the properties of the final product and include
water activity (available water) (a,), pH value, total acidity, redox potential
(E,), available oxygen, nutrients, surviving microbiological counts, enzymes,
chemical reactants, and preservatives (Valero et al., 2012).

Extrinsic factors are those factors that are encountered by the final prod-
uct as it moves through the food chain. They include the time-temperature
profile during processing; temperature control during storage and distribu-
tion; relative humidity during processing, storage, and distribution; exposure
to ultraviolet and infrared light during processing, storage, and distribution;
composition of atmosphere within packaging; subsequent heat treatment such
as reheating or cooking; and consumer handling (Valero et al., 2012). The
interaction of these intrinsic and extrinsic factors either inhibits or stimulates
many processes that limit shelf life. These processes can be microbiological,
chemical, physical, and temperature related.
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6.4.1 Microbiological changes

The growth of specific organisms depends on several factors. The most
important among them are the initial microbial load at the start of storage;
the physicochemical properties of the food such as moisture, pH, and preser-
vatives; the processing method used; the external environment of the food
(gas composition); and the storage temperature. The growth of food poison-
ing bacteria such as Salmonella species and L. monocytogenes need not be
accompanied by changes in appearance, odor, flavor, or texture detectable
by human senses. The changes caused by the growth of spoilage organisms
include visual mold growth, the generation of off-odors, and changes in tex-
ture (Kilcast and Subramaniam, 2000).

6.4.2 Chemical changes

Important deteriorative changes may occur from reactions within the food
or from the interaction of food components with external entities such as
oxygen. Fat-containing foods can develop rancidity. Chemical hydrolysis
may occur in food containing strong sweeteners and Maillard reactions may
cause nonenzymatic browning. Exposure to light can cause loss of color in
natural food colors and milk products may develop off-flavors (Kilcast and
Subramaniam, 2000).

6.4.3 Physical changes

Deteriorative physical changes happen in stored food through moisture migra-
tion. This is evident in fresh produce through moisture loss and dry food such
as breakfast cereals may lose their crispness through moisture uptake. The
chemical components in packaging material may migrate to food and cause
taints (Kilcast and Subramaniam, 2000).

6.4.4 Temperature-dependent changes

Both high and low temperatures can cause deterioration. An increase in tem-
perature increases the rate of chemical reactions, resulting in deterioration. At
higher temperatures, food containing sugar syrups may change their crystal-
lization characteristics and fluctuating temperatures can cause the destabiliza-
tion of emulsion systems (Kilcast and Subramaniam, 2000).

These factors may result in a range of deteriorative changes, depending on the
type of food. For example, starch retrogradation and moisture migration occur
in bread, resulting in mold growth and a stale texture and flavor. Syneresis
and oxidation may occur in yogurt, causing serum separation and rancidity.
Fruit juices may undergo oxidation and enzymatic reactions. Consequently,
cloud instability will occur and the product may lose flavor and nutrients
(Kilcast and Subramaniam, 2000).
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6.4.5 Shelf-life measurement

6.4.5.1 Sensory panels

Changes in the eating quality of stored food can be measured with sensory
techniques, for which trained panels and naive consumers are used. An
appropriate set of ethical procedures is a sine qua non for sensory testing. To
remove doubts regarding safety, microbiological testing should be carried out
in advance (Kilcast and Subramaniam, 2000).

6.4.5.2 Instrumental methods

Instrumental methods are used to measure sensory quality factors. But they
are reliable only when the measured parameter has been validated against
sensory measurements. Computerized texture analyzers, rheometers, and vol-
atile detectors (electronic noses) are valuable only when the measured param-
eters are correlated with sensory attributes.

The deterioration of food can be detected by the “marker” approach, accord-
ing to which a physical or chemical property is identified and linked to the
process of deterioration. Thereafter, a sensor is designed to measure some
aspect of this property. The evolution of cadaverine and putrescine is an indi-
cator of the spoilage of meat. Biosensors are used to measure meat freshness
based on levels of glucose. Similarly, mechanical resonance probes measure
the viscosity increase of oil that is occurring during oxidation and polymeriza-
tion in frying-induced deterioration (Kilcast and Subramaniam, 2000).

Several indicators of spoilage have been developed based on volatile compounds
generated during the deteriorative processes. A myoglobin-based indicator has
been developed for detecting the presence of hydrogen sulfide formed during
the spoilage of poultry meat (Smolander et al., 2002). Pacquit et al. (2006, 2007)
developed a colorimetric dye-based sensor that can detect the presence of total
volatile basic nitrogen produced during the deterioration of fish.

Carbon dioxide is known to form during the growth of bacteria and molds
in food. Therefore, the detection of carbon dioxide levels is an ideal way to
detect microbial spoilage (Puligundla et al., 2012). Mattila and Ahvenainen
(1989) and Mattila et al. (1990) made a correlation between carbon diox-
ide concentration and the growth of microorganisms in pea or tomato soup
packed aseptically either in air or in a mixture of 5% oxygen and nitrogen.
The pH-sensitive dye bromothymol blue was used as an indicator to detect the
formation of carbon dioxide.

6.4.5.3 Physical measurements

Measuring the changes in the texture of products is a commonly used physi-
cal test. Several instruments are available for texture measurement and mea-
suring hardness or crispness (Kilcast and Subramaniam, 2000).
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6.4.5.4 Chemical measurements

Chemical analysis is used to measure the deterioration changes that are hap-
pening in stored food. Thus, the peroxide value and the free fatty acid content
are markers for the level of rancidity in food (Kilcast and Subramaniam, 2000).

6.4.5.5 Microbiological measurements

The microbiological stability of a product can be determined on the basis of
the microbial growth leading to spoilage and the growth of microbial patho-
gens. The extent of the microorganisms that are likely to grow in a food prod-
uct depends on the water activity, storage temperature, duration of storage,
and pH. The “time of spoilage” is determined by storing the food product
at the appropriate temperature and measuring the microbial load at staged
intervals. The time taken to reach a predetermined level of microbial load is
considered the end point. Generally, 70% of the time to spoilage is taken as
the storage life (Kilcast and Subramaniam, 2000).

6.4.6 Prediction of shelf life

Food manufacturers introduce new and attractive products with minimum
delay. Knowledge of the storage characteristics over the intended shelf-life
period is essential to achieve success. Therefore, as in the pharmaceuti-
cal industry, accelerated shelf-life studies are carried out. Such studies are
designed on the assumption that by changing a storage condition, the chemi-
cal or physical process that leads to deterioration is accelerated. However, the
validity of any accelerated condition is to be tested against known deteriora-
tion characteristics under ambient storage conditions. If it is not possible to
identify the ambient storage characteristics of a product due to time pressure,
then a comparison is to be made between the test product and an equivalent
product with a similar structure and for which a shelf life has already been
established. Mizrahi (2000) describes in detail the study of the accelerated
stability of food products.

6.5 Official methods of analysis

All food products need to be analyzed through the phases of product devel-
opment, commercial production, and after introduction to the market. The
functional characteristics, nutritive value, and acceptability by consumers are
determined by the chemical composition and physical properties of the food.
The analytical methods to be adopted in this regard should have speed, pre-
cision, accuracy, and ruggedness (Nielsen, 2003a). The compendia published
by many professional associations describe the various methods used in the
analysis of food substances and their ingredients. Prominent among such
compendia are the following:
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6.5.1 The Association of Analytical Communities
International (AOAC International)

The AOAC International was founded in 1884 and was known as the
Association of Official Agricultural Chemists. With the patronage of the US
Department of Agriculture (USDA), the AOAC evolved analytical methods for
government regulatory and research organizations. Analytical methods that
are recognized by the AOAC International and data on their validation are
available in the Journal of the AOAC International. Such methods are vali-
dated in interlaboratory studies before their inclusion in the AOAC’s Official
Methods of Analysis (Vasconcellos, 2005; Latimer, 2012).

6.5.2 The American Association of Cereal Chemists (AACC)

Established in 1915 for the standardization of analytical methods for cereal
laboratories, the AACC publishes approved methods for the analysis of
cereals and cereal products, which are periodically reviewed and updated
(Anonymous, 2000).

6.5.3 The American Oil Chemists' Society (AOCS)

The AOCS publishes official methods and recommended practices containing
around 400 methods to analyze fats, oils, oilseed proteins, and oil-derived
products (Anonymous. 1996a).

6.5.4 The American Public Health Association (APHA)

The APHA, which is concerned with many public health-related issues, pub-
lishes several methods for the analysis of food and water (Downes and Ito,
1998; Marshall, 1993; Clesceri et al., 1998).

6.5.5 The American Spice Trade Association (ASTA)

The ASTA was founded in 1907 and now represents nearly 34 spice-producing
nations. The analytical methods published by the ASTA form the official meth-
ods for the analysis of spices and products derived from them (Anonymous,

1997).

6.5.6 Food Chemicals Codex

Established half a century ago, Food Chemicals Codex provides standards for
the purity of food chemicals. This voluminous work lays out specifications for
the chemicals and additives that are used in the food industry (Anonymous,
1996b). In addition to these, the various aspects of food analysis are treated
exhaustively by Wildman (2001), Gunstone (2003), Nielsen (2003b), Nollet
(2004), and Hurst (2007).
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The Pharmacopoeial Laboratory for Indian Medicine, Ghaziabad, Uttar
Pradesh, has published a protocol for testing Ayurveda, Siddha, and Unani
medicines. This excellent document details the methods for determining the
various parameters for evaluating the quality and safety of single and com-
pound formulations (Lohar, 2010).

6.6 Management of product quality

The quality of a food product should be excellent if it is to be accepted
by consumers. A total quality program is implemented in professionally
managed companies to achieve this target. In a company managed on the
concept of total quality management (TQM), workers assume the respon-
sibilities, risks, and rewards associated with the decisions that they make
themselves (Vasconcellos, 2005). As workers are the only personnel who can
make detailed observations on a daily basis, the empowerment of workers is
essential if TQM is to be achieved. They should be trained to take decisions
that will improve the quality of their work and products, thereby enhancing
the commercial success of the company. Good managers should investigate
genuine complaints of lack of facilities, maintenance, and mismanagement,
rather than viewing those workers as troublemakers (Vasconcellos, 2005).
Vasconcellos (2005) lists numerous common causes of manpower wastage
in production plants, leading to a decline in the quality of the products and
a dwindling in the fortunes of the company (Table 6.5). Good management
practices and building teams of empowered employees are essential for the
continuous success of a company.

6.7 Concluding remarks

Food and beverages with enhanced nutritional and functional values can be for-
mulated using ingredients with a long history of use as a food. An example is
the pea (Pisum sativum), which has been cultivated by man since 6000 BC. Both
immature and dry seeds are consumed. However, the consumption of this nutri-
tious bean declined after the end of World War II, more as it acquired the image
of a “poor man’s food.” With newfound interest in healthy, natural foods, there
has been a revival in the consumption of peas in various forms (Sandberg, 2008).

The acceptability of pea protein as a food ingredient was achieved by the
selection of cultivars with a high content of protein and amino acids; the
removal of trypsin inhibitors, lectins, phytic acids, and saponins to improve
digestibility and palatability and reduce antigenicity; the removal of oligosac-
charides by wet processing to reduce flatulence arising from microbial fer-
mentation; and the enhancement of organoleptic characteristics, especially by
reducing the strong pea flavor. Pea protein can be added to flour (in bread or
pasta), meat (in patties, hamburgers), in textured products (desserts), soups,
snacks, beverages, and milk (Sandberg, 2008).
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Table 6.5 Common Causes of Wastage of Manpower

Failure to get the best from competent employees

Scanty/incomplete job instructions for new employees

Failure to explain in detail the nature of the work

Failure to explain what is expected from the employee

Failure to select qualified and experienced employees

Impatience with new recruits who learn slowly

Failure to integrate new employees into the working environment

Failure to get other workers to show a friendly atfitude toward new employees
Failure to establish sound relationship with new employees

Poorly maintained or calibrated equipment and instruments

Failure to train an understudy

Failure to recognize or commend exceptional performance

Failure to promote an employee when it is possible and appropriate

Lack of inferest in the progress and affairs of employees

Not providing employees with the required support and help

Lack of attention to employee’s ability and temperament

Keeping an employee in a job for which he or she is not mentally or physically suitable
Failure to view employees as individuals and the resultant demotivation

Lack of due consideration fo problems resulting from uncomfortable working conditions such as humidity, noise, confusion,
temperature (heat or cold), poor ventilation, poor light, and dirt

Failure to admit mistakes
Failure to control turnover of efficient employees
Failure to interpret correctly fo the employees the company’s real aims and policies

Not inducting new employees appropriately and not educating them on the policies, procedures, pay, terms, and conditions
of employment and the facilities of the company

Making promises that cannot be fulfilled

Not keeping promises that could have been fulfilled
Not appreciating the direct and indirect costs of employee turnover
Dismissing employees without sufficient cause
Improper use of the dismissal procedures as a penalty
Too much “bossing”

Keeping an employee in a job which he or she dislikes
Too strict or too lax enforcement of discipline
(riticizing a worker in front of others

Favoritism or treating one person better than another
Taking sides in disputes between employees

Source:  Adapted from Vasconcellos, J.A., Quality Assurance for the Food Industry—A Practical Approach. (RC Press, Boca
Raton, FL, 2005. With permission.
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Functional beverages are a growing segment, as they can provide the nec-
essary nutrients to prevent nutrition-related diseases. Beverages are consid-
ered to be an excellent medium for delivering nutraceutical components, such
as soluble fibers and herbal extracts. Many innovative ideas have already
appeared. For example, Thongsombat et al. (2007) fortified guava juice with
a soluble dietary fiber such as pectin. Based on the hypoglycemic property
of bitter gourd (Momordica charantia), Din et al. (2011) formulated a palat-
able beverage with 15% of the fruit extract. The extract of bamboo leaves
(Bambusa vulgaris) has been incorporated into orange and pineapple juices
with enhanced antimicrobial activity (Owokotomo and Owoeye, 2011).

The functional beverage market includes several categories such as sports/
energy drinks, herbal teas, fruit juices, and vegetable juices. However, product
formulators always bear in mind the fact that the consumer is unwilling to
sacrifice taste for health benefits. Important in this context is the all-natural
sweetener, erythritol, which has taste- and mouthfeel-enhancing properties.
It is a natural ingredient of many fruits and fermented foods. It is suitable
for fortified beverages as it is noncaloric, noncarcinogenic, and nonglycemic,
and it has high digestive tolerance and antioxidant properties (De Cock and
Bechert, 2002).

A few interesting functional foods have also made their appearance recently.
The stem bark of the magnolia has been used in the treatment of coughs,
diarrhea, and allergic rhinitis in the traditional medicine of China, Japan, and
Korea. Recent research indicates that magnolol and honokiol in the bark have
strong anti-inflammatory and antimicrobial activities. They are active against
an array of organisms such as E. coli, Pseudomonas aeruginosa, Trichophyton
mentagrophytes, Porphyromonas gingivalis, Epidermophyton floccosum,
A. niger, Cryptococcus neoformans, and Candida albicans (Lee et al.; 2009).
Considering these activities, the gum giant Wrigley has been granted novel
food approval in the European Union for Magnolia officinalis extract to be
used in chewing gums and mints with perceived breath-freshening benefits
(Anonymous, 2011c). Chewing gum is also intended to be a dosage form to
deliver the peptide YY (PYY) hormone that is reported to promote a feeling
of fullness and thus act as a weight loss agent (Fazen et al., 2011).

A prominent manufacturer of chewing gum, Fertin Pharma A/S, Denmark, has
come up with an immunity-enhancing chewing gum containing Echinacea
purpurea extract. A clinical trial was conducted in 246 subjects with the com-
mon cold. It was observed that treating them with chewing gum containing
13.56 mg of E. purpurea extract, three times daily for 7 days caused cold
symptoms to disappear more than when treated with a placebo. The gum is
sweetened with xylitol, sorbitol, aspartame, and acesulfame-K. Fertin Pharma
has also developed a chewing gum for stress relief and weight management.
It contains saffron (Crocus sativus) extract (Anonymous, 2013a). The company
offers chewing gums as “a dosage form that delivers active ingredients in an
effective and consumer-friendly way” (Anonymous, 2013b).
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Over the years, green tea has migrated from hot drinks to other foods and has
made its appearance in breakfast cereal. In October 2013, the South African
company Herbex Health introduced their product Slimmers Cereal contain-
ing extracts of green tea and G. cambogia (Anonymous, 2014a). G. cambogia
helps the body to burn fat and prevents the formation of new fat (Heymsfield
et al., 1998). The use of these two ingredients in combination with a breakfast
cereal is an innovation that is set to benefit from current global interest in
achieving weight loss with natural ingredients.

A similar trend was initiated earlier in China by Quaker Oats, who started
offering functional benefits to consumers through ingredients rooted in tradi-
tional health concepts. Based on their R&D efforts since 2005, Quaker Oats
started incorporating ingredients from Chinese traditional medicine. Their
products now contain ingredients such as red dates, wolfberry, and white
fungus. These ingredients are now incorporated into China’s traditional rice-
based porridge (congee). Quaker Oats has started marketing a brand of oats
containing lotus starch (Anonymous, 2014b).

Since 1982, electronic noses have been used in the quality control of food
and beverages (Persaud and Dodd, 1982). These devices identify and classify
aroma mixtures. Numerous different prototypes of artificial nose have been
developed to discriminate complex vapor mixtures containing many differ-
ent types of volatile organic compounds (Wilson and Baietto, 2009). Recent
research suggests that robots with a sense of taste could one day supplant
human food tasters (Del Valle, 2010, 2012). Cet6 et al. (2013) recently reported
the classification of beer using an instrument that could distinguish between
different types of beers with 82% accuracy. This device could be used to
improve product quality and detect fraud. According to the authors, “super-
vised learning” and linear discriminant analysis allowed the electronic tongue
to distinguish between Schwarzbier, lager, double malt, Pilsen, Alsatian, and
low-alcohol beer. In the future, it is hoped that the electronic tongue will
become a powerful tool in the quality control of food and beverages.

The components of functional foods can enhance vital functions in the body
and these beneficial effects can be assessed by the identification, character-
ization, measurement, and validation of relevant markers. Consumers in the
developed world are slowly migrating to healthier foods and beverages for
controlling diseases, rather than taking several pills per day. Functional food
science is predicted to contribute to human health in the coming decades, by
reducing the risk of diseases (Roberfroid, 2008).
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