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Preface


Ever since man started adding crushed roots, fruits, and leaves to food with a view to improving its organoleptic appeal, the search for more and more diverse flavors had continued. In addition, consumers want their food to be pleasing to the eye. It was soon found that some plant materials gave a good color to the food. One of the distinctive features of humans that differentiates us from other animals is our innovative approach to improve the quality of our food. This enabled the production of such plant material in ground, crushed, distilled, and extracted forms so as to obtain the flavor and color in a convenient and effective form, to be used as an excellent natural additive.

With the development of modern chemistry, synthetic chemical molecules capable of producing delicious flavors and attractive colors started emerging. But as man became more and more conscious of his own physiology and the interference of external molecules, leading to allergy, toxicity, and carcinogenicity, he took a decisive step back to natural substances. After all, the human body is a biological engine and compatibility with bio-derived materials is only natural.

A recent survey (Food Technology, IFT, 2010, April) of the top 10 food trends reports that blending foods and drinks with naturally rich nutrients to be the second most popular trend, and avoidance of chemical additives and artificial colors as the fifth most important trend that Americans seek now.

It was Ernest Guenther who pioneered the production of a six-volume treatise, The Essential Oils, which covers the largest group of natural aroma and flavor materials used in food. Even after 60 years, the volumes are widely consulted by food scientists and technologists. Brian M. Lawrence continued the great tradition of reviews in the form of “Progress in Essential Oils,” which appears in the journal Perfumer and Flavorist. While the aroma-contributing natural flavors of essential oils are well treated, the same cannot be said regarding nonvolatile natural flavors.

There are many books on spices, but only a few deal with the chemical constituents that are referred to in this book. For spices and other materials, the compilation by Albert Y. Leung and Steven Foster, Encyclopedia of Common Natural Ingredients, is indeed a very valuable one. There are some good books and reviews on food colors. Nevertheless, the author believes that there is room for a book that includes all the available natural food flavors and colorants with adequate coverage of plant products, tips on extraction procedures, the chemistry of active principles, guidance on analytical methods, and links to regulatory bodies. This book is designed to assist people associated with food science, technology, and industry to realize the newfound dream of consumers for a return to natural substances that can be added to food to improve its appeal.

Almost all the products dealt with in this book may indeed be familiar to ordinary people. However, their scientific significance, methods of production, and recognition in food laws are matters that laypeople will not be fully conversant with and will be a great help to students, researchers, and those in the industry.

The book is divided into three parts. Part I deals with matters connected with analysis, general properties, and techniques. Part II describes the various natural flavors and colorants that are available. Part III covers the future prospects that can be pursued by research workers and manufacturers.

Mathew Attokaran
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Part I: General

Introduction

Before we discuss various flavors and colorants, many general aspects will have to be understood. There are several eminent organizations, which on a regular basis, review methods of determination, specifications, and safety assessments of these. This part deals with techniques and general characteristics of certain classes of flavors and colors that are necessary for a better understanding of the food technology related to these ingredients.

Various chapters cover subjects related to analysis, techniques in extraction, and modifications necessary for application in foods. General characteristics of some important classes of products like spices, essential oils, flavors, and colors have also been given some emphasis so as to help researchers, manufacturers, and formulators of food.

1

Analytical Matters


The analysis of natural flavors and colorants involves three different types of determinations: (1) chemical analysis of constituents, (2) analysis of residues, and (3) microbiological analysis.

Chemical Analysis

The most important determination is the content of the active components. Some indications are given under each item. In these, in addition to conventional analysis, instrumental analysis may be needed. For many constituents, estimation based on UV or visible spectra is relevant. Furthermore, some volatile components can be analyzed by gas chromatography (GC) and nonvolatile components by high-pressure liquid chromatography (HPLC). An advanced method is GC/MS where GC is combined with a mass spectrometer (MS) to identify compounds separated by GC.

In the case of many substances containing volatile oils, such as spices, the moisture content cannot be determined by loss of weight. The American Spice Trades Association, Inc. (ASTA) describes the toluene distillation method; the volatile oil content can be determined by distillation using the Clevenger trap.

The AOAC’s Official Methods of Analysis is a veritable bible as far as analysis of plant products is concerned. The U.S. Food and Drug Administration (FDA) and European Union (EU) have the Code of Federal Regulations (CFR) and the European Food Safety Authority (EFSA), respectively, where regulatory, specification-based, and analytical matters are described. Similarly, in the case of flavoring materials, IOFI  gives some details. Codex Alimentaris also specifies and gives directions for analysis. A wide range of flavors, colorants, and test methods are very well described by the Food Chemicals Codex (FCC).

Residue Analysis

Generally, the residues that are unwelcome but likely to be present in natural flavors and colorants are (1) solvents (in the case of extracts), (2) aflatoxins, (3) pesticides, and (4) heavy metals.

The residual solvent is limited according to food laws (see Chapter 8 on solvent extraction). This residue is determined by taking 50 g of the extract and collecting the residual solvent in 1 mL of toluene by water distillation under specified conditions. The solvent present is determined by GC.

This is a method based on the paper by Todd (1960) done about half a century ago. Many efforts have been carried out to standardize an improved method but without success. Details of the determination are given in the FCC.

Aflatoxins are produced by the fungus Aspergillus flavus (from which the name is derived) and a few members of Aspergillus and Penicillium species. EU limits are 5 ppb for B1 and 10 ppb for total. The FDA limit is 20 ppb for total aflatoxins. Methods are available from AOAC and ASTA (for spices only).

The EU has recently included limits on ochratoxin contamination. The recommended limit is 30 ppb. The AOAC gives methods of analysis. Aflatoxins are determined using HPLC with a fluorescence detector.

For the analysis of pesticide residues, detailed methods are given by the Pesticide Analytical Manual published by the FDA. The AOAC is also a good reference source. The residues come under organo-chlorine, organo-phosphorus, and pyrethroids. These are determined using GC. For organo-chloro compounds and pyrethroids, electron capture detection (ECD) is required, while for organo-phosphorus compounds, flame photometric detection (FPD) is used.

Heavy metal residues that are considered to be harmful and frequently found include mercury, cadmium, arsenic, copper, lead, and zinc. Methods of testing are given by the AOAC. The measurement is carried out using atomic absorption spectrometry (AAS).

Artificial colors became the focus of attention when there was an attempt to adulterate red chili extract with Sudan dyes. This is not a general problem of all flavors and colorants, and its emphasis is slowly vanishing. For capsicum and turmeric, restriction was introduced by the EU for the following dyes: butter yellow, fast garnet GBC, methyl yellow, metanil yellow, orange II, para red, p-nitro-analine, rhodamine, Sudan black B, Sudan orange, Sudan red B, Sudan red I to IV, and toluidine red. Bixin was also introduced more as a measure of preventing cross contamination.

The initial limit for these artificial dyes was 10 ppb, which means the analysis needs LC/MS/MS, in which a liquid chromatograph (LC) is combined with two mass spectrometers to quantify low levels of target compounds. Now the limit may be increased to 500 ppb, which can be determined by HPLC. This is a point that must be checked.

There is a general feeling that adulteration at these levels is not an advantage that can be exploited. Additionally, contamination can result from many other means. Pesticide manufacturers use colors like rhodamine for color coding their products for farmers to identify. Lubricants for machines used in farm operations and grinding are sometimes color coded. Farmers use dye to write on the bags, details such as weight, date, and lot number.

Microbiological

For steam-distilled essential oils and solvent-extracted flavors and colorants, microbial contamination is not a major issue due to the sterilizing effect of processing. However, for plant products and aqueous extracts, microbial contamination is important. In ordinary cases where hygiene is well maintained, an evaluation of total plate count, yeast, and mold will suffice. However, in badly contaminated cases, the following pathogenic bacteria need to be tested for: coliforms, especially Escherichia coli; Salmonella; Staphylococcus aureus; and Bacillus cereus.

Important Agencies

The FCC has described a wide range of flavoring and coloring materials. AOAC and ASTA (for spices) have given analytical procedures. Identification numbers of different natural flavorings and colorants are given by the Flavor Extract Manufacturers Association (FEMA) and the Chemical Abstracts Service (CAS). The EU gives E-numbers to various items after examining all aspects that make them safe for use. To date, they have covered food colors and a few other items. Spices and their active components are yet to be given numbers. The FDA gives specifications and CFR numbers. FEMA, CAS, CFR, numbers and E-numbers, wherever available, are given under each item.

The full name and address of each of these valuable agencies are given below:

	American Spice Trades Association, Inc.	ASTA
	560 Sylvan Avenue	 
	P.O. Box 1267	 
	Englewood Cliffs, NJ 07632	 
	Official Analytical Methods	 
	(for methods of analysis on spices)	 
	AOAC International	AOAC
	481 North Frederick Avenue, Suite 500	 
	Gaithersburg, MD 20877	 
	(for methods of analysis of plant products and impurities)	
	Food Chemicals Codex	FCC
	Legal Department of United States	 
	Pharmacopeial Convention	 
	12601 Twinbrook Parkway	 
	Rockville, MD 20852	 
	(for specification and test methods)	 
	European Union	 
	European Food Safety Authority	EFSA
	(for food regulation, standards, and award of E-number)	 
	U.S. Food and Drug Administration	FDA
	10903 New Hampshire Avenue	 
	Silver Spring, MD 20993	 
	(for regulatory matters and standards)	 
	Code of Federal Regulations (CFR)	 
	Codex Alimentaris	CODEX
	Secretariat	 
	Viale delle Terme di Caracalla	 
	00153 Rome, Italy	 
	(for food safety, standards, and related matters)	 
	International Organization of the Flavor Industry	IOFI
	Secretariat, 6 Avenue des Art	 
	1210, Brussels, Belgium	 
	(consisting of national association of flavor manufacturers of several countries)	 
	Flavor Extract Manufacturers Association	FEMA
	1620 1 Street NW, Suite 925	 
	Washington, DC 20006	 
	(generally recognized as safe [GRAS] list)	 
	Chemical Abstracts Service	CAS
	American Chemical Society	 
	Columbus, OH 43202	 


FCC (FCC 6 2008–2009) is a body that gives descriptions, specifications, and testing methods for a wide range of food additives, including natural flavors and colorants. Today, the body has become an authority on food additives. It is being operated by the U.S. Pharmacopeial Convention (USP), and it is certain that professionalism of the USP will also be extended to food chemicals.

The following are the abbreviations for units of measurements used.

	%	percentage
	°C	degree Celsius
	µg	microgram (10−6 g)
	µm	micrometer (10−6 m)
	g	gram
	kg	kilogram (1000 g)
	km	kilometer (1000 m)
	L	liter
	m	meter
	mg	milligram (10−3 g)
	mL	milliliter (10−3 L)
	mm	millimeter (10−3 m)
	mt	metric tonne (1000 kg)
	ng	nanogram (10−9 g)
	nm	nanometer (10−9 m)
	ppb	part per billion
	ppm	part per million
	v/w	volume/weight
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Flavors


Sources of Natural Flavors

In today’s world, there is great preference for natural materials for use in food. As chemistry has developed, a large array of wonderful chemicals were synthesized. Thus, the chemist could create compounds that give aroma, taste, and color. But as some chemicals, upon testing, were found to be toxic and carcinogenic, consumers of food have made a decisive retreat to nature. Development of organic foods, opposition to genetically modified items, avoidance of unwanted residues during processing, and strict limits to mycotoxins, pesticide residues, and heavy metals are all manifestations of man’s urge to get back to nature as far as food materials are concerned.

One of the largest groups of flavors is spices. Spices have been used in food for a very long time. They contain essential oils, which contribute toward the fine aroma. In addition, many of them have pungency or hotness, which gives piquancy to the food. Man started using spices to make bland food more attractive for consumption. Since spices are important, Chapter 3 is devoted to them.

The only other major group that is valuable in flavoring through the fine aroma contributed by the essential oils contained in them is citrus fruits. The peel of various citrus fruits contains fine essential oils. These oils can be extracted from the cells without the need to resort to steam distillation. In fact, the peels are valuable only for the essential oils, as they do not contain any nonvolatile component that contributes toward flavor. Only in some rare cases is the whole peel used as a flavorant, such as in cakes, some pastries, and orange marmalade. The whole lime or lemon with peel is used in pickles. In most other cases, separated essential oil is used.

There are also flavoring materials whose attractiveness is due to the alkaloids and polyphenols present in them. But unlike spices, these are not used as such in food. They are mainly used as extracts either in beverages or for mastication.

Perception of Flavor

Flavor is a combination of taste, odor, and mouthfeel. Sweet, sour, salty, and bitter were regarded as the true tastes. Now “umami,” the brothy, meaty, or savory taste of glutamates, is also included in the list. A true taste is felt at a specialized nerve ending on the tongue.

Sweetness is given by sugar and other sweeteners, while a salty taste is provided by sodium chloride. Both of these categories play a vital role in food and its preparation. Sourness, caused by H+ ions of acids, is provided by products such as tamarind, garcinia fruit, lime, tomato, citric acid, and vinegar. Bitterness, as in quinine, is generally appreciated at an appropriate level only along with other tastes. Bitterness is contributed by alkaloids as in cocoa and coffee, by saponins as in fenugreek, and by burned sugar as in caramel.

In addition to true tastes, there are other sensoric factors that do not require specialized nerve endings. They are felt all over the body, but when felt in the mouth along with other factors, they are perceived as a desirable factor in some food. Pungency, astringency, coolness, and warmth belong to this class. Pungency is caused by chemicals such as capsaicin in red chili, piperine in black pepper, and gingerol in ginger. It is essentially a pain reaction. Astringency is a touch feeling caused by polyphenols as in tea and coffee, which temporarily link to proteins in the mouth. It is somewhat similar to the tanning of leather. Coolness or warmth is an effect of temperature as in the cool feeling of ice cream or the warmth of hot coffee. Some chemicals such as menthol also create a sense of coolness. Alkaloids in general affect the nervous system and cause a sensation that will modify the flavor as one feels.

Mouthfeel includes the texture of the food, such as hardness, toughness, tenderness, or crispness. Flavoring and color extract have a minor role in texture, as they are added at low levels.

Odor or smell is caused by volatile compounds in food. Generally, such compounds are organic. When a desirable odor is referred to in food, it is called aroma. There are two steps in the perception of a smell. When a volatile compound diffuses, the stimuli are captured by the receptors in the nose. These are then processed by a section of the brain responsible for olfaction.

The science of smell and its detection is much more complicated than the detection of taste. Over the years, many studies have been conducted. According to the molecular size and shape, molecules are divided into some primary odors such as camphoraceous, pungent, ethereal, floral, pepperminty, musky, and putrid.

The overall feeling of taste, mouthfeel, and aroma defines the flavor of a food. All of the flavor ingredients described in this book contribute significantly toward taste and aroma. But however attractive the flavor is, the appearance (especially color) is very important. Attractive and appropriate colors improve the appreciation of flavor and satisfaction of eating (see Chapter 5 on food colors).

3

Spices


Spices are a vast reservoir of good flavors. Even in ancient times, Europe has shown its acceptance of the appetizing flavors of spices. In the fifteenth century, many daring maritime expeditions were undertaken to get to the source of the spices of the Orient. The voyages of Columbus and Vasco da Gama are two examples. While Columbus stumbled upon the great continent of America, Vasco da Gama came around the Cape of Good Hope in South Africa and landed in Calicut, a thriving port in those days on the southwest coast of India. Earlier Arab tradesmen were doing business with the Middle East, the Mediterranean region, and European countries mainly using land routes combined with sea routes from southwest India and the East Indies. Marco Polo in the thirteenth century experienced the attractions of spices from the Orient in his travels. But the successful landing of Vasco da Gama and his team made the export of Asian spices to Europe a thriving business.

Barring leafy spices, such as Mediterranean herbs and mint, most of the major spices need the warm humid weather conditions of the tropics. Even in the case of chili, the hot variety needs warm weather, and only paprika, which is primarily used for color, is grown in colder weather conditions. To Asians, spices are indeed the soul of their food. In the Western world, they evoke dreams of tropical lands, exciting expeditions, and the rise and fall of empires.

Spices come from different parts of a plant. They can be fruits (cardamom, chili), berries (juniper, black pepper, pimenta), seeds (celery, cumin, fennel), kernels (nutmeg), aril (mace), flower parts (saffron, clove), bark (cassia, cinnamon), leaves (mint, marjoram, bay), rhizome (turmeric, ginger), or bulbs (garlic, onion).

In trade, black pepper, chili, ginger, and turmeric are regarded as the major spices. Seed spices, tree spices, and others are minor spices. In India, because of high trade rate, it is a general practice to treat cardamom as a major spice. However, it may be noted that many of the seed spices, such as coriander, cumin, anise, and celery, are really the fruits, which when dried are called seeds.

Spices, especially major spices, are in general used in savory foods. This is because of the high level of hotness they impart. Black pepper, capsicum, and ginger are called hot spices. However, many seed spices and herbs are used in sweet preparations, such as cardamom, mint, and cinnamon.

While almost all the spices are described in Part II, some general aspects need further consideration. In almost all spices except chili the aroma is contributed by the essential oil present. Many major spices and, in fact, all spices (barring herbal and some seed spices), have nonvolatile pungent constituents, which give piquancy to the food. A few of them, such as paprika, turmeric, and saffron, give an attractive color to the food. The pungent and color-contributing components as well as essential oils are discussed below for the relevant spices. However, essential oils have some common properties and therefore need some examination (see Chapter 4).

Spice Oils and Oleoresins

During World War II, soldiers and some civilians had to spend long periods in a totally alien world. It was therefore necessary to have convenient foods and additives that reflected preferred flavors. This convenience food trend grew after the war, and the development of standardized spice oils and oleoresins was the natural result of such a need.

As already indicated, the spices have two main flavor attributes. The one that catches the immediate attention of a consumer is the spice aroma. This is contributed by the essential oil or spice oil, which is detected by the olfactory organ of the nose. Spice oils can be separated by steam distillation.

The other flavor attribute is the hot, pungent taste felt in the mouth while masticating. Pungency is caused by chemicals that are nonvolatile. Spices also have color, although only some of them are considered to be attractive as in the case of paprika and turmeric. The coloring components are also nonvolatile. If all the flavor attributes of aroma, taste, and color are required, only solvent-extracted oleoresin will be a complete extractive. Even the volatile spice oils will be found in the extract.

Before the improved two-stage method of preparation of oleoresin was introduced in India in the 1970s, oleoresins used to be produced in a single stage of solvent extraction. However, there are drawbacks in that the quality of oil is not as good because of interference of solvent. During the removal of solvent, some fine aroma can be lost.

In the two-stage process, spice oil is separated by steam distillation as the first step. The deoiled spice, after drying and lump breaking, is extracted with an appropriate solvent for nonvolatile fraction. The solvent chosen can be the best suited for nonvolatile components only, as the essential oil has already been recovered. The resin fraction, so obtained after removal of solvent, is blended with an adequate quantity of oil collected in the first stage to obtain oleoresin.

The spice oils removed in the first stage are unaffected by solvent. Generally, the yield of the oil is so high that only about half the quantity need be used for blending with the resin extract. In fact, during steam distillation of the first stage, oil can be collected as two fractions. The first fraction will be richer in the harsher smelling monoterpenes. The second fraction will be richer in sesquiterpenes and oxygenated compounds. This second fraction can be used as salable oil. The first fraction with its strong top note will be ideal for blending with nonvolatile resin obtained in the second stage by solvent extraction. Due to the improved two-stage process, production of quality spice oils became a part of the oleoresin industry, thus making the process more commercially viable.
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Essential Oils


Essential oils are volatile, generally aroma-contributing liquids produced by plants. The term “essential oil” is derived from “essence,” as it carries the distinctive scent or essence of the plant material. Because they are volatile, they are also called volatile oils. Specific essential oils are named after the plant from which they are extracted, for example, ginger oil, nutmeg oil, and orange oil. As a group they are also called spice oils and citrus oils.

An essential oil is a concentrate of lipophilic and hydrophobic chemical compounds, which are volatile. Plants also produce fixed oils or fatty oils, which are not volatile. Fixed oils are fatty acid esters of glycerol called triglycerides. Triglycerides, which are also present in the animal kingdom, are viscous materials. They can be used as cooking oil and are nutritionally  significant. The role of essential oils in food is to provide aroma and flavor. In some cases, they have a medicinal role. Essential oils are extensively used in the fragrance industry. In recent times, the popularity of aromatherapy has given a boost to essential oils. Aromatherapy is an alternative medicine wherein it is believed that specific notes of odor, contributed by essential oils, have curative power.

An essential oil is composed of terpenes. More than 100 years ago, it was seen that the hydrocarbons found in essential oils are C10, C15, and occasionally C20 compounds. C10 hydrocarbon typically has C10H16 formula. They can be considered to be derived from two isoprene units of C5H8. Similarly, C15 and C20 compounds are derived from 3- and 4-isoprene units, respectively. Thus, C10, C15, and C20 compounds are called monoterpene, sesquiterpene, and diterpene, respectively. Monoterpenes can be acyclic, as in α-pinene; monocyclic, as in limonene and p-cymene; dicyclic, as in camphene; and even tricyclic. C10H16 terpene acyclic hydrocarbon has three double bonds, while a monocyclic has two, dicyclic one, and tricyclic none. With additions of hydrogen or other derivatives, this rule of number of unsaturation may be different.

C15H24 hydrocarbons are sesquiterpenes and can be considered to be made up of three isoprene units. Here, an acyclic compound will have four double bonds, monocyclic three, dicyclic two, and tricyclic one. Sesquiterpenes will have a higher boiling point than monoterpenes, usually above 250°C. In general, significant aroma-contributing terpenes will be derived from a monoterpene or a sesquiterpene structure. Diterpenes, being less volatile, are not commonly seen as aroma-contributing compounds in most essential oils.

The terpene and sesquiterpene compounds occur as oxygenated derivatives. Monoterpenes can be alcohol (citronellol, geraniol, menthol), aldehyde (citral, cinnamaldehyde), ketone (menthone, carvone), phenols (thymol, eugenol), esters (acetyl derivatives of alcohols), and oxides (cineole). There are also acids, lactones, and coumarins. Sesquiterpenes also occur as oxygenated derivatives as above.

Since volatility reduces with increased molecular size, sesquiterpenes are less volatile than monoterpenes. Oxygenated derivatives also have lower volatility than hydrocarbons. Despite these, sesquiterpenes and high boiling oxygenated derivatives are very important in food flavoring. While chewing, the food containing the flavor is kept for some time in the mouth, which is very close to the olfactory organ. In such cases, the molecules do not have to travel a long distance. Spices are generally used in savory foods that are eaten after warming; heating will increase the volatility. Very volatile molecules, such as monoterpene hydrocarbon, will be very harsh on the olfactory system, if held very close to the nose for a long duration or if heated.

It should be borne in mind that in many salable spice oils, the quality is measured by the content of a marker compound represented by heavy oxygenative terpene or sesquiterpene (Table 4.1). A higher percentage of high boiler markers ensures that it has sufficient of oxygenated terpenes and sesquiterpenes.

Table 4.1. Quality marker constituents of major spice oils

	Spice Oil	Quality Marker	Chemical Nature
	Nutmeg oil	Myristicine	Dicyclic oxygenated terpene
	Celery seed oil	Selinene	Dicyclic oxygenated sesquiterpene
	Ginger oil	Zingiberine, ar-curcumene	Sesquiterpenes
	Pepper oil	β-Caryophyllene	Dicyclic sesquiterpene


A higher level of sesquiterpenes and oxygenated derivatives in salable spice oil is obtained by resorting to fractional steam distillation. In India, an improved two-stage extraction procedure is employed for making oleoresin. In this process, spice oil is first steam-distilled. In the second stage, deoiled spice is extracted with solvent. As mentioned earlier, in the first stage of steam distillation, the oil is collected into two fractions. The first fraction will have more of the low boilers such as monoterpenes and the second will have more of high boilers such as sesquiterpenes and oxygenated derivatives (Table 4.2). The first fraction, with stronger top notes, will be very good for blending with the solvent-extracted nonvolatile resin to get a good oleoresin. The second fraction, with enriched high boilers, will be good salable spice oil. Again, the way to further increase the sesquiterpene and oxygenated derivatives is by using prolonged steam distillation.

Table 4.2. Distribution of high boiler marker compounds in the first and second fractions during fractional steam distillation

[image: c04t01421ob]Some of the simple hydrocarbons can undergo oxidation during storage. This happens in limonene, which is the major monoterpene hydrocarbon in citrus oils. On oxidation, limonene gives off an unpleasant camphoraceous odor and flavor. Excessive presence of hydrocarbon not only dilutes the desirable flavor given by oxygenated compounds, but also limits oil’s dispersibility in water and dilute alcohol when used in beverages. To avoid these problems, terpene hydrocarbons are removed to obtain terpeneless citrus oils. The hydrocarbons, being more volatile, can be separated by fractional vacuum distillation. Liquid partitioning using aqueous alcohol and hexane is also possible, but residual solvent can be a problem. Oxygenated compounds, being more polar, go into aqueous alcoholic fraction, while nonpolar hydrocarbons go to hexane. Since residual hexane is unwelcome in a refreshing beverage, generally a single liquid fractionation with appropriately dilute alcohol is recommended. It must be stressed, however, that fractional vacuum distillation is the preferred procedure as it is more efficient.

Although it is old, the exhaustive six-volume books of Ernest Guenther (1948–1952) is still a valuable reference source for essential oils. For more detail, it would be worthwhile to look into the recent book by Baser et al. (2010).
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Food Colors


According to food technologists, food is first “eaten” by the eye. An attractive and appropriate color of a food product will gain the approval of consumers. Consumers also expect a certain color for a particular food, for example, light yellow for pineapple juice, orange for orange juice, and pink for strawberry juice. If these are interchanged, the result will not be satisfactory. Similarly, some foods are plain white, such as cooked rice or milk. If these are deeply colored, however attractive the color is, it will not be accepted. Generally, browning of a food like cut apple is regarded as unwelcome, but consumers accept browning as a desirable attribute in the case of baked products.

During processing and storage, some color could be lost. Similarly, some off-season fruits may not have adequate color. In such cases, color has to be added to make the product acceptable. For products for children, especially, a colorful appearance is welcome as in the case of candy, cereal, ice cream, and so on. The color of a food can influence the opinion of a consumer and can suppress or increase the appetite.

Mechanism of Color Perception

Color is derived from the spectrum of light, which then interacts in the eye with specialized light receptors with spectral sensitivities. These receptors are referred to as cone cells. Varying types of cone cells present in the retina react appropriately to various parts of the spectrum, enabling the subject to identify and to quantify the color by the degree to which each component can stimulate these cells.

The human eye can identify light radiation of any wavelength between 380 and 740 nm; toward the lower wavelength is blue and toward the upper wavelength is red. This range is called visible spectrum. Below the wavelength of visible light is the ultraviolet region and above is infrared. When the eye looks at an object, three types of cones yield three signals based on the extent to which each is stimulated. These values are called tristimulus values. But suffice it to say that the eye sees the object as a whole and the perceived color is the sum total of the stimulation in the various cones. In such cases, the background color can influence our reading of the color, since the eye sees the situation in totality.

Pigments are chemicals that selectively absorb and reflect different spectra of light. While the background color is influential, the overall color is described assuming the background color as white. However, the same food viewed in sunlight and artificial light may appear different. When light is dimmed, the judgment can also be influenced. This is a factor to be noted when food is displayed in a supermarket or a restaurant.

Food Colors

From the early days of food processing, efforts to make food attractive through the addition of color and color-contributing ingredients were made. Even in household cooking, the value of the ultimate color of the food is well understood. With the development of synthetic pigments, artificial colors were in demand for use in food. However, quite a few of them were subsequently identified as toxic and some as carcinogenic. After much screening based on toxicological studies, food laws of major countries now allow only a small number of synthetic colors. The Code of Federal Regulations (CFR) of the U.S. Food and Drug Administration (FDA) allows only seven synthetic colors for use in food. Their E-numbers and color shade are given in Table 5.1.

Table 5.1. Synthetic food colors allowed in the United States

[image: c05t018222x]A recent study conducted by the University of Southhampton and published in Lancet has shown evidence of higher levels of hyperactivity among children when they were consuming a mixture of artificial colorings as well as sodium benzoate, which is used as a preservative. Unfortunately, the colors were not tested individually but only as mixtures; this makes it difficult to pinpoint the source of the physiological disorder that was noticed. Confirmatory and more systematic research is planned, and it would be prudent to wait for the results.

University experts and the European Food Safety Authority are convinced that artificial colors have a role in creating hyperactivity in children. It is possible that the European Union (EU) may look into these aspects. However, so far the FDA has not been convinced of these results.

Consumer concerns surrounding synthetic dyes have projected natural color as a very desirable alternative. Food colors are tested for safety by different organizations around the world. In the United States, FDA approval indicates that the colorant is usable in foods, drugs, and cosmetics. The European Commission of the EU is now engaged in a detailed testing and approving process. An E-number indicates safety for use. Many advanced countries have their own regulations and a list of approved food colors that can be used, including maximum daily intake.

Natural food colors are not generally required to be tested by a number of regulatory bodies and very rarely is a maximum limit for intake insisted on. Almost all the natural food colors presently used in food are described in Part II. Many regulatory bodies consider caramel to be a natural color.

Measurement of Color

Color measurement of foods can be done with a Lovibond tinctometer. Here, filters of three primary colors, red, yellow, and blue, with graduation are provided. There are also filters of white to account for haziness and turbidity. Color can be matched for both transmission (for liquids) and reflectance and expressed in red, yellow, blue, and white units. It is a subjective but standardized determination. Later objective spectrophotometric reflectance was used with tristimulus combination filters designed to be similar to the three cones, human retina, and brain use.

An objective method is the determination of L, a, and b values that describe the color of a product as the eye perceives. In the determination, the L value stands for white to black. If the reading is 100, then the product has 100% whiteness. A reading of zero stands for 100% blackness. Value a represents red and green. If the value is +ve, it is red, and if −ve, green. Value b represents yellow and blue, with +ve value showing yellow and −ve value blue. Both reflective and absorption color values can be described objectively using equipment specially made for this end. Equipment made by Minolta Lab Services, Hunter, and Associates Laboratory, Inc., are well accepted.

Some spices contribute toward making food colorful. In addition to spices, there are vegetables and fruits that can make food attractively colored. However, color sources like green leaves, flowers, microbes, and insect materials have to be extracted for use in food, as the whole material does not have any flavor or food value. Constituents that give color, such as curcumin, xanthophylls, and anthocyamins, can also be quantitatively determined by spectrophotometric or HPLC methods.
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Preparation of Plant Material for Extraction


Processing of natural flavoring and color materials requires some unit operations, especially while making extractives. Two major steps, steam distillation (Chapter 7) and solvent extraction (Chapter 8), are dealt with later. Some of the other operations are briefly mentioned in this chapter. There are many theories, finer details, and modifications that are needed in these operations when it comes to applying to a specific product. Therefore, readers are advised to refer to specialized books and articles if in-depth understanding is required.

Drying

Almost all plant materials, whether for use as such or for making extractives, require drying. A few exceptions are when extracts with fresh flavor or with a water-soluble colorant such as anthocyanin are required. Drying ensures protection from spoilage. It also helps to break down the cells, enabling active components to flow out when steam or solvent is applied. The bulk of these materials, especially in the tropics, are sun dried. A few materials are dried in a dryer where previously heated air is passed through the material by either cross flow or through flow. Normally, drying is carried out as part of the agricultural operation or in premises close to the growing area. The processors of extractives buy dried material. In some rare cases, the processor has to do some finishing drying using either sunlight or a dryer.

In rural areas, smoke drying is not uncommon, but this is not a desirable option as smoke can affect the flavor. Natural flow hot pipe drying rooms are often used in crops such as cardamom, when an assured electricity supply is not available. The ideal drying is done by previously heated air obtained using a heat exchanger.

Size Reduction

All natural flavoring and coloring materials require size reduction. Even when they are used as such, size reduction ensures proper distribution in the manufactured or cooked food products. For the preparation of the extractive, size reduction is needed so that access to the inside of the cells becomes easier.

Impact, attrition, shearing, and compression are the forces that can be used for size reduction of agricultural products. For products that are brittle, such as black pepper and nutmeg, compressive strength is very useful for size reduction. For a sheath-like material, as in the case of red chili, attrition and shearing action will be useful. For tough and hard products such as ginger, coffee, turmeric, and chicory, a combination of these forces will be needed. Jaw and gyratory crushers, which are very useful in the mineral industry, are not very useful in the food industry. Similarly, ball mills are not usually applicable for powdering dry plant products.

Hammer Mill

In this process, swinging hammer-like heads attached to a disk rotate at high speed inside a metal case. The material is pulverized due to the impact of the swinging hammers, which rotate inside the casing with only a small clearance. The escape opening in the bottom of the mill can be fitted with screens with different sieve sizes. The material will be subjected to impact until the size of particles is small enough to pass through the selected sieve.

The hammer mill is a very efficient type of size-reducing equipment for tough products. The major disadvantages are possible high heat formation and difficulty in regulating the particle size.

Fixed Head Mills

Here, instead of a swinging hammer arrangement, fixed stout projections rotate against a fixed casing with narrow clearance. A modification in the design is a moving disk with two or three rows of thick pins, which will move inside rows of fixed pins with narrow clearance. This type of mill is also called a pin disk mill. Since the grinding is done by pins that are well distributed, there is less heat development.

Plate Mill

In this type of mill, material is ground between two circular plates, one of which is moving. Material passing through will be ground, primarily through shearing and attrition actions. The surface of plates can be made suitably rough. Although in the plate mill, plates are placed vertically, it is similar to hand-rotated stone mills where the movement is horizontal. Because of high friction, the heat developed will be normally high.

Roller Mill

Here, the material is passed through two heavy rollers rotating in opposite directions. The roller mill is used in wheat flour milling. Modifications can be two rollers moving at different speeds, grooved instead of smooth rollers, two pairs of rollers placed one below the other, and so on. Here, the main force acting will be compression with some amount of shearing, especially when rollers move at different speeds. Heat development usually will be low.

In the case of black pepper, passage through two sets of rollers will flatten each berry into a flake. Rather than size reduction, it is the squeezing effect that opens up cells that is more important.

Plant products that are large and tough such as rhizomes of ginger, turmeric, and galangal need a preliminary size reduction in a hammer mill or pin disk mill before passing through the rollers.

For spices, passage through a roller mill will help to break up the cells without an increase in temperature. With impact mills, heat is generated. Higher yields of volatile oils are obtained in the case of celery seed (Sowbhagya et al. 2007) and cumin seed (Sowbhagya et al. 2008) when a roller mill is used instead of a hammer mill.

Cutter Mills

Here, thin blades rotate at high speed in a case with high clearance. This type of mill is useful for fresh undried plant materials and is somewhat similar to a kitchen mixer. For slicing, sharp thin knives rotate such that the plant product is kept somewhat perpendicular to the motion of the blades.
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Methods of Extraction of Essential Oils


Essential oils are volatile, and therefore the most logical method of extraction would be distillation. However, the most essential oil constituents—terpenes, sesquiterpenes, and their oxygenated derivatives—are destroyed or charred before they reach boiling point.

Liquids boil when their vapor pressure becomes equal to the external (atmospheric) pressure. However, as mentioned earlier, an essential oil cannot be heated to a level where its vapor pressure becomes equal to atmospheric pressure due to decomposition. In such a case, there are two ways to proceed. One is to reduce external pressure, that is, through vacuum distillation. In many essential oil-containing materials, the amount of volatile matter is very low, and therefore resorting to vacuum distillation is very expensive and impractical. For the removal of fractions or compounds from an essential oil, vacuum distillation can be employed as in deterpination of citrus oils. The other method is steam distillation (see below).

Size Reduction

To hasten the release of oil from the cells, it may be necessary to grind the material. However, care should be taken to avoid fine grinding. Fine particles will pack tightly in the still, making it difficult for steam to pass through the bed uniformly. This will encourage channeling of steam. Coarse grinding is more advantageous in such cases.

In some plant products such as black pepper, merely passing through a roller mill once or twice will be sufficient. The berry will flatten into a flake, and cells will open up.

In hard materials such as rhizomes, an initial coarse grinding using a hammer mill or a pin disk mill may be required before passing through a roller mill. In a hammer mill, because of the heavy impact, the temperature rise of the material can be significant. Because of the distribution of points of impact, pin disk mills produce less heat. In cardamom, the essential oil is in the seeds, but they are covered by husk. So the capsules are led to a loosely adjusted plate mill, when the husk opens without damaging the seeds, which are then separated from the husk. Seeds alone are taken for steam distillation.

Steam Distillation

Steam distillation is a practical method that does not require the use of a vacuum to recover essential oils. When a mixture of two immiscible liquids is heated, with agitation, to increase the vapor pressure, each liquid independently exerts its own vapor pressure. This pressure, which is dependent on the temperature, exerts as if other constituents are not present. This results in an increased total vapor pressure contributed by individual constituents of the mixture. Boiling starts at a much reduced temperature when the sum of partial vapor pressures of the constituents is more than the outside (atmospheric) pressure. Thus, in steam distillation, essential oil vapors distill along with water vapor at a temperature close to the boiling point of water.

Steam distillation is the most common method of collecting essential oil from a plant product. On cooling of the mixture of vapors, essential oil that is immiscible with water at ambient temperature separates. Generally, most of the essential oils are lighter than water, and in such cases, they float on top of water. However, there are some essential oils that are heavier than water. In some cases, it may be a mixture of lighter and heavier fractions.

Steam distillation was developed from water distillation. Here, the plant material after size reduction is boiled with water to produce steam, which along with vapor passes on to a receiving vessel after cooling. In crude distillation, there may be no condenser to cool the vapor. Cooling is carried out by keeping the receiving vessel immersed in water or, better, in a stream of running water. As improvements were made, an external source of steam and an efficient water-cooled condenser were introduced.

A modern-day steam distillation unit consists of an external source of steam, in the form of a boiler, and a distillation unit with a false bottom to hold the size-reduced plant product, water circulated condenser, and a receiver where water and essential oil can be collected and separated. The condenser is so designed that vapors are effectively cooled with minimum quantity of water. To obtain this efficiency, the heat exchange area is increased by providing multiple tubes for the passage of vapors. The tubes are surrounded by cooling water. The cold water enters the outlet end of the condenser so that the partially cooled vapors are effectively further cooled. As the cooling water gets partially warmed and moves up toward the inlet end of the condenser, emerging hot vapors will be cooled to some extent, which by further moving down will be completely cooled to ambient temperature.

The cooled mixture of essential oil and water then enters a receiver. In the case of steam distillation of essential oil, because of the high boiling point, the mixture coming out after cooling will be over 90% water and a small quantity of essential oil. It may not be practical to collect the large volume of mixture in order to recover a small quantity of essential oil. In such cases, collection, separation, and removal of water are carried out in a Florentine flask receiver. Most of the essential oils are lighter than water, and an arrangement for such oil separation is presented in Figure 7.1. In the receiver flask, oil floats on top and water collects at the bottom. Discharge is at the bottom so that only water flows to the next compartment. To avoid loss of essential oil in the form of entrapped drops, generally two or three flasks are combined.

Figure 7.1. Receiver for lighter-than-water oil with no heavy fraction.
[image: c07f001]


Since the outlet is on the bottom, no loss of the lighter oil collected at the top will occur. However, if the oil is heavier, then the outlet should be on the top. In this arrangement, no oil will be lost as it will be collected at the bottom and the separated water flows from the top to the next flask. Here, also to save entrapped drops of oil going with the water, two or three flasks can be arranged. However, in most cases of heavier oils, some fractions that are lighter may collect at the top. In such cases, the outlet should start from a little below the top but with a siphoning effect so that water column will be maintained as shown in Figure 7.2. Depending on the proportion of lighter fraction in the oil, the point of outlet of separated water should be properly adjusted.
Figure 7.2. Receiver for heavier-than-water oil with minute amount of lighter fraction.
[image: c07f002]


Separation of Water from the Oil

Generally, one can separate the oil from water from the receiver itself. Considering the high cost of flavor essential oils, every effort to recover oil is often worth it. There is no set procedure, although certain steps can be helpful. In the case of heavy oils such as clove bud oil, the interphase of oil and water may not be very clear. In such cases, the use of a glass separating funnel for the separation of oil and water from the foamy interphase will be helpful. In large commercial firms, unseparated portions from several batches are stored in a stainless steel vessel with a conical bottom and a tap for removing liquid. After some days, water dispersed in the oil will collect, and this can be drawn out and the oil removed.

If the oil is hazy, then it can be treated with anhydrous sodium sulfate, which will absorb the moisture to leave the oil crystal clear. Using a large amount of chemical to clarify essential oil can be expensive. So this treatment is carried out judiciously. The oil absorbed by sodium sulfate can be liberated by adding water. Oil separates easily from the aqueous sodium sulfate. This fraction can be added to the next batch.

Salting out is an old process to separate lighter essential oil from water, when the separation is difficult. Salt dissolves in water, increasing its density. Lighter oil gets pushed to the top of the water phase. This technique is not possible for heavy oil, where oil will be occupying the lower layer. Long storage and careful separation is the way this is accomplished. Some people add the emulsion of oil and water, which is difficult to separate, to the next batch of steam distillation.

Some of the other methods for obtaining essential oils from plant sources are solvent extraction, enfleurage, and cold pressing.

Essential oils being hydrophobic and nonpolar can be extracted by organic solvents, especially petroleum solvents. But the main problem in solvent extraction is extraction of nonvolatile components in the plant material. In the case of spices, such solvent extracted product is known as the corresponding oleoresin. This is described in Chapter 8.

Enfleurage is a classic method for extracting aroma from flowers. Here, flowers are spread on a fat-smeared chassis, which is really a framed glass plate. The aroma and the essential oil get transferred to the refined fat. After the removal of the flowers the next day, the fragrance-containing oil is extracted with alcohol to obtain an “absolute.” This process is not common these days. Instead, flowers are extracted by hexane followed by the removal of hexane by distillation to obtain what is known as the “concrete.” From the concrete, the absolute is prepared by extraction with alcohol, removal of waxes by wintering and filtering, and partial or full removal of alcohol by careful distillation. It must be stressed here that the above method is generally relevant for fragrance essential oils.

The cold-pressing method is used in the case of fresh citrus peels. Scratching will open the oil cells and pressing will liberate the oil. Scratching is sometimes carried out by rotating in a vessel with a rough surface or with pins. Raspers are also used. Pressing can be by hand, gadgets, or a screw press. Recovery of oil is generally low. More details are given in relevant chapters on citrus oils.
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Solvent Extraction


Chemical constituents that contribute toward taste and color are nonvolatile. To extract such compounds, solvent extraction is the standard practice. In the case of major spices, the most important taste contributed is pungency, or hotness. Black pepper has piperine, capsicum has capsaicin, and ginger has gingerol. Some of the sulfur-containing essential oil components, as in the case of garlic, onion, mustard, and so on, do contribute toward pungency along with powerful aroma. They are exceptions as they can be extracted by steam distillation.

Pungency, or hotness, is not a true taste like sweetness, sourness, bitterness, and saltiness, which are felt by specialized nerve endings in certain regions of the tongue. Pungency, like astringency, coolness, and warmth, are felt almost anywhere in the body especially in the soft and sensitive tissues. Pungency is a pain reaction. When it is felt in the mouth in the right dosage along with other desirable taste and aroma components in a food, it is perceived as a desirable sensoric factor.

Flavoring materials such as coffee, tea, cocoa, and coca leaves contain alkaloids. While bitterness is a distinct taste in these components, they are also capable of affecting the nervous system, which is a desirable sensation at the right concentration. Alkaloids are nonvolatile.

Paprika, turmeric, annatto, and other colored plant products contain natural colorants. They are also nonvolatile and require solvent extraction to produce a concentrate.

Solvent extraction is the process of transferring a substance from any matrix by the use of a liquid in which the substance is soluble. When the extractable component is a solid, as is the case with dried, ground plant material, it is a form of leaching.

The simplest process is batch percolation at ambient temperature. Here, ground dried powder of the plant material to be extracted is filled in a vertical vessel with false bottom. A cloth cover at the bottom will prevent passage of fine particles along with miscella. The packing should be uniform to avoid channeling. Additionally, size reduction should be such that easy and uniform flow of solvent is possible. Recently, countercurrent methods are used in what is known as batch countercurrent extraction. A battery of two or more vessels is used. The early extract will be richer, and this is taken for distillation to produce the extract. The following weaker miscella is directed to the next percolator filled with fresh ground plant material. Since the concentration of the solute is highest at this stage, exchange of this with the weak miscella will occur. Progressively weaker and weaker miscella passes through progressively partially extracted plant material. Finally, fresh solvent passes through nearly completely extracted material to complete the process. This procedure goes on in an unbroken manner using two or more extraction vessels.

Generally for spices, organic solvent at ambient temperature is satisfactory. For coffee or tea, hot water is the ideal solvent. In the case of solvent, there is a need to recover the residual solvent adhering to the spent material. Otherwise, the process will become uneconomical. For this, the percolator is provided with a steam jacket and arrangements to connect to a condenser and receiver. Since flavor and color extracts are used in food, it is necessary to have stainless steel in all contact parts.

The batch-type extraction vessels come in different sizes capable of holding half a tonne to 5 tonnes. They require manholes at the top for feeding ground material and at the bottom for removing spent material. These openings should have closures to prevent leakage of solvents. The percolator should also have a discharge opening with tap to withdraw the extract. When plant material is heat-treated while removing adhering solvent, a cake tends to form, causing a problem in removal. Bottom-unloading vessels are often used so that when the bottom is opened on a hinge, the material will flow down and can be collected in a suitable wheeled tray arrangement capable of being pulled out by a motor tractor. The bottom closure should be perfectly made so that when it is shut and secured by bolts, there is no leakage of solvent.

Much of the problem of loading and unloading can be avoided if a continuous extraction facility is used. Here, the dried, size-reduced material is fed into a moving metallic chain. Solvent is sprayed from the top, and fresh solvent at the discharge end where there is nearly extracted material. The partially enriched miscella is pumped up and sprayed at the next segment. Usually, the spraying is carried out in segments numbering between six and 12. From the fresh solvent at the discharge end, each segment progressively enriches the miscella until in the final segment, the enriched miscella will come in contact with fresh plant material, which will have solute at maximum concentration.

Fully enriched miscella after the final segment is taken for distillation, when the extract freed of solvent will be obtained. The spent material at the discharge end is taken out and passed through a heated toasting arrangement to recover the adhering solvent. For feeding of plant material and discharge, a special rotary arrangement to prevent leakage of solvent and its vapors is needed.

While continuous extractors are quick and efficient, they are high on capital cost. In the case of spices, there are many seed spices whose oleoresins will be required in smaller quantities. Even in major spices such as black pepper and ginger, spice oleoresin of different distinct origins is required. Because of this, batch countercurrent extraction cannot be avoided. Continuous extractors are very valuable in the case of Capsicum annuum, where oleoresins are specified according to the content of active components rather than the origin. Moreover, such extracts are required in very large quantities. In continuous extraction, the particle size, rate of movement of the chain, thickness of bed, and the number of stages of spraying are all determined according to the type of plant material. A few experimental runs to standardize the process may be required to get maximum efficiency.

Removal of the last traces of solvent is of paramount importance since the extracts and oleoresins are used in food. If water or ethyl alcohol is the solvent, then residue is no problem. But for organic solvents used for extraction, there are strict limits, as shown in Table 8.1. This table is a digest of the regulations; these laws are also updated from time to time. The limit of methanol residue in oleoresin was brought down from 50 to 10 ppm only recently by the European Union (EU).

Table 8.1. Limits of residual solvent allowed in oleoresins in different countries

[image: c08t03122st]
EDC = ethylene dichloride; MDC = methylene dichloride; Et Ac = ethyl acetate; IPA = isopropyl alcohol; ETC = ethylene trichloride; ppm = parts per million; FDA = U.S. Food and Drug Administration.

The removal of solvent from the miscella is best done in two stages. In the first stage, the bulk of the solvent, for example, 90%, can be removed by simple distillation. By resorting to thin-layer continuous distillation, the negative effect of heat on the active components can be avoided, even without use of vacuum.

The distillation vessel for the second stage should have the ability to connect to the vacuum; a stirring arrangement without affecting the vacuum; the introduction of direct, open steam; and, of course, a steam jacket to raise the temperature. Generally, judicious use of vacuum with stirring during heating will give the necessary reduction in residual solvent content. If needed, steam can be introduced during distillation when traces of solvent will be steam-distilled out. In rare cases, one can admit a small amount of a liquid allowed in food, such as ethyl alcohol, and azeatropic distillation can be carried out with stirring and under vacuum.

However, the EU has now changed its stance regarding the limits of residual solvent in the final food. The values of specified residual solvent limit must be followed. Manufacturers of food items must determine the level of use and other contributing ingredients and then will have to arrive at the amount of residual solvent in the food. The maximum residual solvent permitted in final food is presented in Table 8.2. A longer list of solvents and diluents is given by the various agencies; however, here, relevant solvents only are selectively included.
Table 8.2. Residual solvent in final food

[image: c08t03122tc]
EU: European Union. Council Directive 88/344/EEC as amended by Directive 92/115-94/52-97/60.

IOFI: Code of Practice E12. January 1997. Codex Alimentarius Vol. 1A, 1999 Section 5.

P: Permitted as flavoring or carrier solvent.

GMP: An extraction solvent is considered as being used in compliance with good manufacturing practice if its use results in the presence of residues or derivatives in technically unavoidable quantities presenting no danger to human health.

Blank box indicates no reference to the solvent in the relevant legislation.



9

Supercritical Fluid Extraction


Any gas above the critical temperature of the substance will not liquefy, even if high pressure is applied. Such a gas acts as a fluid with some special properties. It can pass through solid material easily like a gas and dissolve components like a liquid solvent. In addition, by manipulating pressure, its solubility can be regulated. Thus, there is a great potential to effect fractional extraction of specific components.

Carbon dioxide can exist as a solid, liquid, or gas. It has a critical temperature of around 31°C; above this, the compound will remain a gaseous fluid. The removal of solvent can be performed simply by releasing the pressure. Even if residual solvent is present, carbon dioxide is a safe and natural component present in the atmosphere, inside the body, and in some foods. Water can also be used as a supercritical fluid (SCF), but its critical temperature is very high and therefore inconvenient except in very special cases.

The advantages and disadvantages of supercritical carbon dioxide extraction are as follows.

Advantages

 1.
 Carbon dioxide is chemically inert, inflammable, nontoxic, noncorrosive, and cheap.

 2.
 Extraction can be carried out at a low temperature, so that temperature-sensitive and very volatile compounds in the extract are unaffected.


Disadvantages

 1.
 More solvent is required to achieve the same degree of extraction as compared with conventional solvents. However, this can be partly overlooked, as SCF is recycled.

 2.
 Since carbon dioxide is nonpolar, it is a good solvent for nonpolar compounds only. It cannot dissolve sugars, glycosides, salts, or similar compounds. However, this property may be a boon for flavors, as the flavor will not be contaminated or diluted with unwanted polar nonflavor compounds.


While it is not our intention to go through the finer details of SCF extraction, some general aspects will be described. SCFs have properties between those of a gas and liquid. Since there is no interphase between liquid and gas, there will be no surface tension. Thus, by changing the pressure and temperature (above critical temperature), the SCF can be adjusted to be more gas-like or liquid-like. At the same temperature, solubility generally increases with the density of the SCF.

Making use of these aspects, SCF extraction is used in a wide range of operations such as dry cleaning, dying, nanotechnology, and pharmaceutical extractions. Its use in flavor and color materials is somewhat limited at the present. The main disadvantage of SCF extraction is that expensive equipment (pressure vessels) are required. There are also limitations in the capacity that can be achieved. One of its chief advantages, the absence of harmful residual solvent, cannot be exploited effectively, since food laws of various countries allow 25–50 ppm of common organic solvents used in extractions.

Removal of carbon dioxide does not require the heat treatment generally needed in the case of solvents such as petroleum ether and alcohols. But many natural flavor and color materials such as black pepper, ginger, coffee, turmeric, and chili are already exposed to heat during drying or curing. Furthermore, in many cases, cooking or food processing involves heating. In flavor materials, some of the flavor is thermally generated. However, SCF extraction will be quite beneficial for flavor from undried plant products or for fragrance materials where absence of heat during processing will be a great advantage.

Supercritical carbon dioxide extraction is used in the decaffeination of coffee. Generally, it is difficult to remove the last traces of solvent from the extracted solid plant material. In decaffeinated coffee and denicotinized tobacco, it is the solid material after extraction that is important. This technique is also used for extraction of acids from hops. Here, the specificity of SCF at different pressures can be used to concentrate either on α-acid, which contributes to bitterness, or β-acid, which contributes to aroma.

Many efforts have been made to produce spice oleoresins using SCF extraction. However, extra capital cost, limitation of capacity, and the allowance of residual conventional solvent up to a level as per existing food laws have limited its popularity. Citrus oils are produced without heat or solvent, and therefore, there is no necessity to use SFC extraction.

Liquid carbon dioxide is used in some extractions, but then there is no SCF effect. It is used merely to reduce the temperature of extraction and to avoid residual solvent.
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Homogenization of Extracts


Many extracts, especially those obtained through extraction with organic solvents, may not be uniform in consistency. There will be a lot of lipophilic constituents that give a turbid appearance. In both solvent-extracted and water-extracted materials, there can be impurities such as sediments, fine particles, and thick liquid globules, which will give a hazy appearance. Sometimes the extractives may contain two major components like essential oil and nonvolatile components, which may not form a homogeneous body. To solve such problems there are various operations, described below.

Diluents

Diluents are necessary for strength reduction and standardization. When the extracts are aqueous, then dilution can be carried out with water. However, sufficient total soluble solids strength is necessary for the extract to be safe from contamination. A total soluble strength of above 65° Brix is regarded as safe, especially if the pH is low. To standardize the strength of an active component, a small quantity of water can be added.

In oily extracts, special diluents are required. The final criterion is good solubility. It should also be safe for use in food. Some of the more commonly used diluents are listed below.

Fixed oil diluents. Many vegetable oils are used as diluents. At one time, soybean oil was popular. However, the problem with oils derived from beans and nuts is the possibility of allergy. Today, sunflower seed oil is a commonly used diluent for standardization of strength. Castor oil with ricinoleic acid will give a mild water dispersibility.

Propylene glycol, or 1,2-propanediol (CH3CHOHCH2OH), is not an emulsifier but a diluent. It has miscibility in water and oil and therefore can bring about homogeneity. It is a viscous clear liquid with a density of 1.0362 g/mL at 25°C. (FEMA: 2940; CAS: 57-55-6; US/CFR: 184.1666; E-no. 1520.)

Triacetin, or triacetyl glycerin, is also a diluent. It also has solubility in both water and oil. It is a colorless, slightly oily liquid with a bitter taste. It has a boiling point of 258–260°C and a density of 1.1562 g/mL at 25°C; therefore, it is useful as a diluent for heavy oils like garlic oil. (FEMA: 2007; CAS: 102-76-1; US/CFR: 184.1901; E-no. 1518.)

Apart from these, many liquids usually used in food can be diluents. They include ethyl alcohol, acetic acid, and glycerol. Even chemical liquids not associated with natural foods but regarded as reasonably safe such as ethyl acetate, benzyl alcohol, and isopropyl alcohol are used as a diluent in special cases.

Emulsifiers

Heterogeneity can appear due to the presence of lipophilic and hydrophilic com­ponents. A similar case is when one wants to make an oily extract into a water-soluble or water-dispersible emulsion. In some cases, emulsifiers can help solve the problem.

Emulsifiers are surfactants, which are useful as detergents, wetting agents, antifoaming agents, and so on. Such molecules will have a hydrophilic end (e.g., sodium of a soap) and a lipophilic end (e.g., aliphatic end of a fatty acid). The hydrophilic/lipophilic balance based on the structure of the molecule determines its efficiency to function as an emulsifier. In an oil-in-water dispersion, the lipophilic end will be attached to the oil droplet. Micelles are formed with oil droplets with surrounding molecules of emulsifier with the hydrophilic ends outside in water. Such a system can form a stable dispersion.

Emulsifiers are either oil-in-water or water-in-oil type. Based on the molecular mass of the hydrophilic end and the mass of the whole molecule, the hydrophile/lipophile balance (HLB) value of an emulsifier is fixed on an arbitrary scale of 0–20, with 0 corresponding to a completely hydrophobic molecule and 20 corresponding to a completely hydrophilic molecule. A good emulsifier for a water-in-oil type of emulsion will have an HLB value of 4–6, while an oil-in-water type will have an HLB value of 8–18.

Some commonly used emulsifiers are presented below.

Polysorbates are excellent emulsifiers, which can be used to bring about water solubility for spice oleoresins. It can be described as polyethylene glycol sorbitan monooleate when it is supplied as polysorbate 80. While it is also supplied as derivatives of saturated fatty acids for use in liquid spice extracts, the oleic acid derivative is the most satisfactory. With unsaturated fatty acids, the HLB will be 10–16. The oleic acid derivative is a yellowish viscous liquid. In recent years, some countries in Europe, as well as Japan and Korea, have raised doubts about its safety, although it is still legal to use it. (Polysorbate 80: FEMA 2917; CAS: 9005-65-6; US/CFR: 172.515; E-no. 432.)

DATEM, or diacetyl tartaric acid esters of mono- and diglycerides of fatty acid, are partially soluble emulsifiers, which make oleoresins water dispersible. HLB for DATEM will be 7–8.

Fatty acid esters of many polyhydric compounds are also emulsifiers. Of these, sucrose esters of fatty acids are good emulsifiers with a high HLB value (7–16) and polarity. (FEMA 4092; US/CFR: 182.1101; E-no. 472e.)

Glyceryl monooleate is a good emulsifier, especially to make lipid products more dispersible in oil. During esterification of glycerol with a limited quantity of fatty acids, generally about 20% will come as diglycerides and the rest as monoglycerides. Therefore, these are sometimes referred to as mono- and diglycerides. For oleoresins that are liquids, oleic esters are more suitable than esters of saturated acids. HLB for glyceryl monounsaturated fatty acid will be 3–4. (FEMA: 2526; CAS: 111-03-5; US/CFR: 172.515; E-no. 471 [unsaturated].)

Glycerol-polyethylene glycol oxystearate (macrogol-glycerol hydroxyl stearate) produced from hydrogenated castor oil is a new class of emulsifier, which is very effective in making oily extracts water-soluble. Food laws of major countries have not allowed this as yet. It is manufactured by BASF with the name Chremophor and by ICI/Uniquema (now by Creda Chemical Co.) with the name Cresmer.

Lecithins are a complex mixture of phosphatides and glycolipids. They are obtained from soy, corn, sunflower, and rapeseed. It comes as a cream- to brown-colored viscous liquid. It increases miscibility in oil. The HLB will be around 3–4. (US/CFR: 184.1400; E-no. 322.)

Mechanical Homogenizers

Homogenization is a process that makes a solution or extract become uniform. Chemical emulsifiers can do this to a point, but even when they are used, mechanical homogenizers can complete the process more efficiently. Homogenizing can also help to reduce the quantity of emulsifiers used.

In homogenization, pressure is used on liquids to subdivide the particles or droplets present into even smaller particles. By breaking down liquid coagulates and globules to submicron size, a stable dispersion can be created. In an ordinary household, the same techniques are used when working with an egg beater or mortar and pestle. The following are some of the techniques used in the food industry to obtain a stable suspension of a dispersed liquid, generally thick, in the main product.

Colloid Mill

When a thick extract is heterogenous, the best way to bring it to homogeneity is by passing it through a colloid mill. The action of a colloid mill is like the size reducing of solids in a plate mill.

In a colloid mill, fluid shear is caused by a high-velocity stream to disperse particles or liquid droplets. Small particles so formed will give a stable dispersion or emulsion. Sometimes in addition to size reduction, weakly bonded agglomerates are disrupted. The particle size of the globules will usually be below 5 µg when stability is attained.

In a typical colloid mill, the feed liquid is fed through a hopper to pass through closely spaced surfaces, one of which will be moving at a speed greater than that of the other surface. One design involves liquid passing through a disk-shaped rotor and casing, with the clearance being adjusted to below 20 µm. To avoid heating due to friction, cold water is circulated.

Ball Mill

This type of mill is generally used to reduce the size of hard brittle materials, like minerals. However, moderate-sized mills can also be used to break the globules in food extract into a small size to obtain homogenization. The action is more like a mortar and pestle.

Since the materials handled are food items, a stainless steel drum has to be used with heavy ceramic balls. A typical ball mill used for homogenization of black pepper oleoresin consists of a stainless steel horizontal drum, which can rotate on a horizontal axis. A large opening is provided for introducing the ceramic balls inside. From a point opposite to the main opening, another opening with a tap is provided to withdraw the homogenized liquid product. A convenient size is about 1000-L capacity, filled to about one-third capacity with 1000 kg of ceramic balls of 30-mm diameter. About 500–600 kg of oleoresin is poured from the main opening, which will fill about half the drum containing the balls. The drum and its contents are rotated using a motor. The speed and duration of revolution can be adjusted according to the nature of the extract to be homogenized.

Sand Mill

The modern pressurized horizontal sand mill is a natural extension of the ball mill for use as a homogenizer. In a sand mill, there are a series of disks rotating at high peripheral speed. The centrifugal force transmits the power, making small glass beads (1.5- to 2.0-mm size) rotate inside a jacketed chamber. The movement of beads closer to the disk is greater than that of those further inside. When the slurry passes through such a system, the globules are broken down by shear caused by differential rotational velocities of the beads. The speed of rotation and packing of beads can be adjusted according to the viscosity of the product slurry and nature of the globules. The equipment can also be used to homogenize fractions of different densities.

Pressure Homogenizer

Various well-known brands of pressure homogenizers of different capacities are available. In this, the product to be homogenized is passed at a very high pressure through a specially designed homogenizing valve with an adjustable gap. The design will include a single-acting reciprocating multiple pump to force the liquid through the valve. The pressure created on striking a stationary surface is able to break globules to micron-sized droplets.

This type of homogenizer is particularly useful to homogenize liquid slurries of water, flavor extracts, and hydrocolloids used for spray drying. When oily extracts are made water-soluble or dispersible by use of an emulsifier, passing through a pre­ssure homogenizer will improve efficiency and decrease the quantity of emulsifier required.

Sediments and Impurities

Sometimes oily extracts may contain unwanted thick globules. If these globules tend to settle to the bottom, then a super centrifuge will be useful. In a super centrifuge, slightly heavier globules will be collected in the central collection tube, while clarified material will pass through the outlet. In capsicum and paprika oleoresins, this is a nice way to get a clear product free of sediments. In aqueous coffee and tea extracts, there can also be sediments that can be clarified by super centrifuge.

When the impurities are of solid nature and in larger quantity, they can be filtered away. A basket centrifuge with appropriate filter cloth will be satisfactory. Filtration by basket centrifuge will be considerably cheaper than a super centrifuge where the separation is based on gravity.

Water Solubilization

Many natural flavors and colors obtained by extraction with organic solvents are mostly lipid in nature and have very low dispersibility in water. Water solubility or dispersibility can be introduced using emulsifiers. Polysorbates are satisfactory for this purpose. In some cases, only a temporary dispersibility is required, since after this, the intermediate product is taken for secondary processing. In such cases, a lesser quantity of emulsifier is required, or a less efficient one like DATEM can be used. Needless to say, in all these cases, mechanical homogenizing will be beneficial.

When the lipid extracts are required to be in an aqueous phase with plenty of solids, as in bread dough, oily extracts can be used without emulsifiers, because the solids will help in making the dispersion stable.

In the past, constituents that have a carboxylic or hydroxyl group were converted to a potassium or sodium derivative to introduce water solubility. With efficient emulsifiers available today, the trend is to avoid the use of alkali in food processing.

Size reduction of the dispersed phase by mechanical homogenization is the key to obtaining a stable colloidal solution. Additionally, the use of an emulsifier will be very beneficial.

Diluents such as propylene glycol with solubility in both water and oil are not emulsifiers, but they can be used judiciously to reduce the quantity of more expensive emulsifier to be used.
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