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Abstract 

Bylaite, E. (2000). Aroma of some plants cultivated in Lithuania: composition, processing and 

release. Ph.D. thesis, Wageningen University and Research Centre. 

Keywords: aroma plants, essential oils, Umbelliferae, Asteraceae, harvesting time, dynamic 

headspace, olfactometry, essential oil emulsification, microencapsulation, milk proteins, 

flavour release, microstructure. 

In this study, some factors affecting the aroma of some plants of the families Umbelliferae and 

Asteraceae were evaluated. The composition of the aromas is influenced by several factors: plant 

family, harvesting time, anatomical part of plant, method used to isolate volatiles, cultivar, 

fertilisers used for the growing of plant, cultivation site. The yield of caraway fruits varies over 

a wide range depending on fertiliser content, cultivation area and the cultivar itself. The trends 

for the accumulation of essential oils differ between the families in yield and composition. 

Seeds and flowers of lovage (Umbelliferae) possess the highest yields of oil. In the leaves of 

lovage seasonal changes are less significant than in the stems. In leaves and flowers of costmary 

(Asteraceae) the highest oil content is obtained before full flowering, while their stems possess 

only negligible amount of volatiles. Various anatomical parts of lovage showed differences in 

flavour release measured by the dynamic headspace method. The effluents from a gas 

chromatography column were characterised by a sniffing panel, which attributed descriptors to 

the recognised constituents. 

Liquid essential oils can be processed by emulsification and encapsulation with milk proteins. 

Stability of essential oil-in-water emulsions can be improved either by adding soybean 

phosphatidylcholine and/or by increasing its protein concentration. Adsorption of the protein 

from the aqueous phase at the oil/water interface was studied by applying ellipsometry. Essential 

oil of caraway was encapsulated by milk derivatives either alone or combined with 

carbohydrates. Partial replacement of whey protein concentrate increases the retention of 

volatiles during spray drying and enhances the protective properties of solidified capsules 

against oxidation and the release of volatiles during the timed period. The structural features of 

spray- dried capsules indicated that good physical protection is provided to the caraway essential 

oil. 
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GENERAL INTRODUCTION 
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FLAVOUR 

The flavour of food can be defined as a complex sensation primarily composed of aroma and 

taste but also complemented by tactile and temperature stimuli (Heath and Reineccius, 1986). 

Taste is concerned with sensations of the tongue in response to salty, sweet, sour and bitter. The 

tongue surface also reacts to tactile and temperature stimuli, which include the cooling of 

menthol and the heat of red pepper. There is a tactile response to texture, astringency, etc. - all 

of which contribute to the overall perception of food flavour. Aroma is a much broader 

sensation, coming from a small area in the nasal passage and encompassing an estimated 10 000 

or more different odours (Reineccius, 1994). 

Fig 1.1. A schematic diagram categorising the key components of flavour in what is described as an 
aromagram. Each food consists of various combinations of the boxes from the three levels of smell, 
taste, and consistency. In addition, there will be a variety of personal, social, and cultural factors 
(from Ney, 1990). 

A novel visual conceptualisation of flavour was presented by Ney (1990) using a schematic 

diagram that consists of a series of boxes on three main levels (Fig. 1.1). The top level 

consists of boxes related to smell, including monocarboxyl acids, alcohols, esters, lactones, 

carbonyl compounds, pyrazines, sulphur and phenol chemicals. The middle (double) layer of 

boxes consists of taste components, incorporating the trigeminal aspects of astringency, 
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pungency, coolness and umami in the uppermost row and acid, sweet, salty, bitter in the lower 

row. Along the bottom (also double) layers Ney has a series of boxes with the overall label 

"consistency". The upper boxes of the bottom layer are fat, starches and proteins. The lower 

layer consists of ethanol, water and gases (mainly CO2) which are the media in which the 

above components will be found. 

NATURAL FLAVOURS: PLANTS AS A SOURCE OF NATURAL FLAVOURINGS 

Flavours are considered to be natural if they are obtained exclusively by physical or fermentative 

methods from natural original materials (Jones, 1982). Examples of physical methods are 

pressing, distillation, extraction, concentration and chromatography. Fermentative methods are 

understood to cover the formation of flavouring agents by enzyme catalysis, microorganisms and 

plant cell cultures. The fermentative methods are also known as biotechnological methods. 

Flavouring materials of natural origin can be defined as follows (Heath and Reineccius, 1986): 

• Natural aromatic raw materials. Plants, vegetable and /or animal products used for 

their flavouring properties, either as such or as processed for human consumption 

• Natural flavours. Concentrated preparations obtained exclusively by physical 

means from natural aromatic raw materials 

• Natural flavouring substances. Substances isolated from natural aromatic raw 

materials exclusively by physical means. 

Even now, plants still remain the main universal source for making natural flavourings of food 

grade. Besides their flavourful properties, they also contain nutrients. With careful choice, plants 

can provide a quite adequate balance of the protein, carbohydrates, fats, vitamins and mineral 

acids required for a healthy diet (Heath, 1981). However, many plants are more valuable for 

their aromatic properties, the spectrum of which is immense. Some must be regarded as 

fragrances, whereas others are primarily of value as flavourants, but in the creation of imitation 

flavourings and fragrance compounds the demarcation is very imprecise. Hodge and Bailey 

(1975) reviewed the history and botanical classification of flavour-producing plants, the broad 
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extent of which emphasises the problems of classification of sensory attributes and the difficulty 

of selecting those of major interest to the flavourist. 

Plant material contains both volatile and non-volatile constituents, which affect their odour 

and/or flavour profile as well as their sensory impact. The volatile constituents give the plant its 

distinctive odour whereas the non-volatile constituents are either inert (e.g. cellulose) or 

influence some gustatory reaction (e.g. bitterness, pungency, astringency, etc.) sometimes 

coupled with a physiological effect, e.g. coffee, cocoa leaves (Fisher and Scott, 1997). The 

intensity and quality of these effects show very wide variations between plant families and 

species. Although, the specific aromatic profiles remain recognisable and within acceptable 

limits, a quantitative variation is often observed between different crops and batches of the same 

plant material and also between the several parts of the plant that may be used (Huopalahti and 

Linko, 1983; Bylaite et al.; 1996; Fiorini et al.; 1997; Arganosa et al., 1998; Perry et al., 1999; 

Munne-Bosch et al., 2000). 

PROCESSING OF AROMA PLANTS 

The excessively wetness of freshly harvested herbs makes their shelf life and application as 

flavouring material rather limited. To extend their seasonal availability and to have them in the 

most convenient form for handling, most of this plant material requires further processing. The 

degree of finesse of the processed aroma of herbs and spices is determined by its ultimate use 

(e.g. distillation, extraction, blended seasonings) (Heath and Reineccius, 1986). 

The most common ways to process plant material are the following: 

Drying 

Domestically, fresh herbs are widely used in the form of a bouquet garni, fines herbes, etc., as 

these have a better aroma and flavour than the dried forms. However, on a commercial scale, the 

dried form is much easier to handle. 
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To achieve a stable product, the water content must be reduced from about 60-80% in the fresh 

herb to 5-10% in the dried. If this is carried out under optimum conditions the colour of the herb 

is retained and flavour losses are reduced to a minimum (Jaganmohan-Rao et al., 1998; Bartley 

and Jacobs, 2000). Excessive heat results in an unacceptable degree of browning, the loss of 

freshness and the imposition of off-odour which detracts from the overall profile (Masanetz and 

Grosch, 1998; Masanetz et al., 1998). Most herbs are dried naturally in the shade but artificial 

drying at a maximum temperature of 40°C and also freeze-drying are increasingly being used. 

Comminution 

To make herbs and spices easier to incorporate directly into food products, most of them require 

processing such as commination, which is also an essential first stage in the extraction or 

distillation process. The reduction in particle size enables solvent or steam to penetrate and come 

into close contact with the cellular tissues containing the active constituents (Murthy et al., 

1999). Comminution can directly affect the quality and keeping properties of the resulting 

material in the following ways: 

• by exposing the material to high temperature during the grinding process 

• by exposing the volatile oil in ruptured cellular tissues to losses by evaporation 

and/or oxidative changes 

• by altering the physical character of the product, thereby affecting its subsequent 

shelf life and value as a flavouring material. 

Elimination of microbiological spoilage 

Herbs and spices are particularly susceptible to bacteria, spores, moulds and yeasts, some of 

which may be pathogenic or toxigenic (Krischnaswamy et al., 1973). For food processing, 

microbiological spoilage can be significantly alleviated or eliminated by the following processes: 

• exposure of herbs to sterilant gases or gamma-irradiation 

• sterilisation by heat processing 

• distillation and/or extraction techniques to isolate the flavouring components of the 

spice: obtaining essential oils and extracts. 
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ESSENTIAL OILS 

Essential oils, also known as essences or volatile oils, are complex mixtures of volatile 

substances located in the plant within distinctive oil cells (Lawrence, 1995). Resulting from the 

distillation essential oils are basically free of bacterial contamination and form the basis of a 

whole range of products for direct incorporation into food mixes. Moreover, some of them 

possess antimicrobiological activity (Rafiq-Siddiqui et al., 1996; Sivropoulu et al., 1997; Lis-

Balchin et al., 1998; Mazzanti et al., 1998; Delaquis et al., 1999). 

Constituents of essential oils include hydrocarbons and their oxygenated derivatives which 

comprise alcohols, acids, esters, aldehydes, ketones, amines, sulphur compounds, etc. Mono-, 

sesqui- and even diterpenes constitute the composition of a majority of essential oils. In addition, 

the phenyl propanoids, fatty acids and their esters are also encountered in a number of essential 

oils. These products give to the plant its distinctive and often diagnostic odour (Fisher and Scott, 

1997). Their nature and relative proportions are determined by the plant species and agricultural 

factors such as environment, climate, soil conditions, time of harvesting and post-harvesting 

handling prior to distillation (Heath, 1981; Hussien, 1995; Chalcat et al., 1997; Chang-Hwan-

Cho et al., 1997; Mallavarapu et al., 1999; Miraldi, 1999; Sefidkon et al., 1999; Schaller and 

Schnitzler, 2000). 

Essential oils used in flavourings can be categorised as follows (Lawrence and Shu, 1993): 

• Common herbs (sage, rosemary, marjoram, basil, oregano, thyme, parsley, 

spearmint, peppermint) 

• Spices (black pepper, nutmeg, clove bud, ginger, cardamom) 

• Aromatic seeds/fruit (anise, caraway, cumin, coriander, carrot, celery, dill, parsley) 

• Aromatic roots (angelica, lovage, valerian) 

• Citrus (orange, lemon, lime, grapefruit, bergamot, mandarin) 

• Conifers (balsam fir, pine needle, cedar leaf) 

• Fragrant herbs (lavender, melissa, hyssop, geranium, tagetes, Roman camomile) 

• Tree leaves (clove, cinnamon, laurel, eucalyptus, lemon, mandarin) 

• Bark (massoia, cascarilla) 

• Wood (rosewood, sandalwood, cedar) 
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• Florals (rose, jasmine, mimosa, cassie) 

• Grass (lemongrass, palmarosa, citronella) 

• Buds/seeds/fruits and other organs star anise, clove stem, juniper berry, 

blackcurrant bud, hop) 

Another way of looking at these oils is to categorise them according to whether they are rich or 

poor in monoterpene hydrocarbons, sesquiterpene hydrocarbons, oxygenated constituents, 

phenols or phenol esters. Finally they can be grouped together according to their major 

component (Lawrence and Shu, 1993): 

• 1,8-cineole rich oils 

• Eugenol rich 

• Anethole rich 

• Linalool/linalyl acetate rich 

• Carvone rich 

• Methyl chavicol rich 

• Carvacrol/thymol 

They define four classification systems depending on the application: 

• Botanical (depending either upon plant form or on botanical family associations) 

• Agronomic (based on the nature and extent of cultivation) 

• Physiological (based on the tradition and widespread use of natural plant materials 

as remedies) 

• Organoleptic (based on sensory attributes which are related to the prime aromatic 

constituents or in some cases non-volatile components,) 

Table 1.1 shows a selection of raw materials used for natural flavours. They are obtained by 

physical or fermentative methods. 

Among the traditional raw materials, the isolates are growing increasingly more important. Table 

1.2 shows some examples of isolates from essential oils. These are single chemical substances. 
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Table 1.1. A selection of raw materials for natural flavours (Arctander, 1960; Pollock, 1984). 

Raw materials Remarks 

Essential oils 

Extracts 

Oleoresins 

Tinctures and percolates 

Concretes 

Absolutes 

Concentrates 

Distillates 

Isolates 

Terpene-free or terpene- and 
sesquiterpene-free oil 

Terpenes 

Recombined essential oils 

Biotechnologically produced 
substances 

Complex mixtures 

Single chemical substances 

CO2 extracts 

Pressing or distillation (steam distillation) of plant/ 
vegetable matter 

Extracts from plant / vegetable matter containing essential 
oil and resin as well as exudates from plants 
Ethanolic extracts 

Extracts with organic solvents 

Ethanolic extracts of concretes and other extracts 

Concentrated extracts and juices 

Distilled extracts and plant/vegetable matter 
(e.g. ethanolic distillation) 

Essential oils from the majority of terpenes and 
sesquiterpenes obtained by distillation, extraction or 
chromatography 
By- product of obtaining terpene-free oils 

Recombination of various fractions of essential oils 
obtained by physical methods 

Produced by micro-organisms, enzymes, plant cell cultures 
or by storing foodstuffs in atmospheres containing flavour 
precursors 
Produced by enzymes or physically isolated from the above 
mixtures 
Extraction from vegetable matter with supercritical carbon 
dioxide 

Among the novel raw materials that can be produced biotechnologically, currently only those 

obtained by using enzymes are of any practical importance. However, the essential oils remain 

the main material for the preparation of natural flavourings. 

Table 1.2. Examples of isolates from essential oils (single chemical substances). 

Isolate Original substance 

Eugenol 

Linalool 

Geraniol 

Methyl-methyl anthranilate 

Oil of cloves 

Rosewood oil 

Palmarosa oil 

Petitgrain mandarin oil 
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Apart from the advantages of being hygienic, free from enzymes, and possessing good flavour 

quality consistent with the source raw material; the essential oils also exhibit some 

disadvantages such as difficult handling because of their concentrated, liquid and often viscous 

state, their tendency to oxidate too readily, and not being easily dispersible, particularly in dry 

products. To avoid these problems and facilitate better handling, the essential oils can be further 

processed in order to obtain dry, free-flowing solid state products. This requires that the liquid 

flavour chemicals are either adsorbed on a dry carrier or encapsulated in inert edible polymers. 

The most common way of obtaining solid flavourings is by encapsulation. 

ENCAPSULATION 

Many food products for which development was thought to be technically unfeasible are made 

possible today because of the wide availability of encapsulated ingredients. Such ingredients 

are products of a process that totally envelops the ingredient in a coating or "capsule", thereby 

conferring many useful and otherwise unusual properties to the original ingredient. In a broad 

sense, encapsulation technology includes the coating of minute particles of ingredients (e.g. 

acidulants, fats, and flavours) as well as whole ingredients (e.g. raisins, nuts and confectionery 

products), which may be accomplished by microencapsulation and macro-coating techniques, 

respectively. It can also be defined as a physical process where thin films or polymer coats are 

applied to small solid particles, droplets of liquids or gases (Bakan, 1973). The material coated 

or entrapped is referred to by various names, such as core material, payload, actives or internal 

phase. The material forming the coating is referred to as the wall material, carrier, membrane, 

shell or coating. Excellent reviews of microencapsulation technology have been written, as 

applied to foods (Balassa and Fanger, 1971; Dziezak, 1988; Jackson and Lee, 1991; Gibbs et al., 

1999) and to food flavours (Reineccius, 1989,1991; Benczedi and Blake, 1999). 

Aromas, as a rule, are complex mixtures of more or less volatile substances and labile 

components which can change as a result of oxidation, chemical interactions or vaporisation. In 

order to minimise the danger of this happening, microencapsulation processes are widely used in 

the flavour industry to entrap liquid flavouring substances in a carrier matrix and convert them 

into dry, free-flowing materials. In addition, protecting against external influences (oxidation, 

water, light and so on), reducing the volatility of the flavouring substances (better storability), 



Chapter 1 

microencapsulated dry products facilitate easier handling in the application and, by selection of 

the correct carrier matrix, they play a crucial role in making some applications possible at all. 

With some encapsulation techniques, the product can be designed to either release slowly over 

time or to release at a certain point (Reineccius, 1995; Tuley, 1998; Benczedi and Blake, 1999). 

Encapsulation can be also used to separate components of a flavouring that react with each other 

such as acetaldehyde and methyl anthranilate. 

Overall flavouring costs can be reduced in comparison to "liquid applications" as a result of 

clearly improved storability and a certain amount of control over the release of flavour in the 

application. 

To select the "right" microencapsulation process, the following points should be examined and 

taken into account from the outset (Eckert, 1995): 

• type of raw materials employed (natural, nature-identical, artificial) 

• what auxiliary substances are incorporated (solvents, carrier substances) 

• solubility of the liquid flavour (water soluble, oil soluble) 

• world-wide legislation, food regulations, requirements and legality; application-

specific processing parameters which the microencapsulated flavour must withstand 

• when and how aromatisation takes place 

• flavour-release mechanism 

• requirements regarding particle size, bulk density and storability 

• dosage guidelines for the selection of the optimal flavour loading 

• price guidelines/aromatising costs. 

Principles and techniques 

There are many techniques that can be used to microencapsulate food ingredients. The selection 

of the method depends on economics, sensitivity of core, size of microcapsules desired, 

physical/chemical properties of both core and coating, applications for the food ingredient and 

the release mechanism. 

10 
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While the encapsulation techniques used in the industry are numerous, spray drying and 

extrusion are the two major commercial processes in terms of product volume. Minor techniques 

would include freeze drying, coacervation, fat or wax encapsulation and inclusion in 

cyclodextrins. 

Spray drying 

Spray drying is the oldest commercial technique for producing encapsulated flavourings 

(Reineccius, 1988). Food ingredients entrapped by this method also include fats, oils and flavour 

compounds (Re-Mi, 1998). In addition to being an encapsulation process, spray drying is also a 

dehydration process and is used in the preparation of dried materials such as powdered milk. The 

spray-drying process involves three basic steps: 

1. Preparation of dispersion or emulsion to be processed 

2. Homogenisation of the dispersion 

3. Atomisation of the mass into a drying chamber. 

A typical system used in spray drying is displayed in Fig. 1.2. 

Homogenizer 

^J^VUo 
Mix tank Surge 

tank 
Feed 
pump 

Fig. 1.2: Typical system used in spray -drying. 

11 
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The material to be atomised is prepared by dispersing an active (core) material, usually a flavour 

or oil, into a solution of the coating (wall) with which it is immiscible. The most generally used 

wall materials for the encapsulation of food flavours by spray drying are vegetable gums (gum 

acacia, gum traganth), starches, modified starches, dextrins, proteins and sugars (Balassa and 

Fanger, 1971). A typical ratio of carrier to core material is 4:1; however, in some applications 

higher flavour loads can be used. 

Following the addition of an emulsifier, the mixture is homogenised to give an oil-in-water type 

of emulsion and to create small droplets of flavour or ingredient within the carrier solution. 

Risch and Reineccius (1988) have shown that there is a direct relationship between degree of 

homogenisation and the retention of orange peel oil during spray drying and shelf-stability of 

spray-dried products (Table 1.3). 

Table 1.3. Influence of emulsion size on the retention of orange oil during spray drying (from Risch and 

Reineccius, 1988) 

Sample Total oil content (g oil/ 100 g powder) 

Coarse 13.8 

Medium coarse 17.3 

Medium fine 18.6 

Homogenised 19.1 

Microfluidised 20.0 

The results of this study indicated that there are advantages to creating smaller emulsion droplets 

when preparing solutions for spray drying even though larger or coarser emulsions are much 

easier to prepare and require less sophisticated equipment. The main advantage of smaller 

emulsions is a better retention of citrus oil in the spray-dried powder. A second advantage is that 

smaller emulsions also yield dried powders which have less extractable surface oil. A third 

advantage of producing a finer emulsion is that the emulsion is more stable (Risch and 

Reineccius, 1988). This is particularly important for beverage applications where viscosity 

cannot be increased to help in stabilising the flavour emulsion. 

12 
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The core/wall material is fed into a spray dryer in which it is atomised through a nozzle or 

spinning wheel into a heated airstream supplied to the drying chamber. As the atomised particles 

fall through the gaseous medium, they assume a spherical shape with the oil encased in the 

aqueous phase. This explains why most spray-dried particles are water-soluble. The rapid 

evaporation of water from coating during its solidification keeps the core temperature below 

100°C. The particles are exposed to heat for a few seconds at most. Thus, the main advantage of 

this method is its ability to handle many heat-labile materials. However, because any material 

such as a flavour may contain as many as 20-30 different components (alcohols, aldehydes, 

esters and ketones) with boiling points ranging from 38°C to 180°C, it is possible to lose those 

aromatics that have a low boiling point during the drying process (Taylor, 1983). The choice of 

drying inlet and exit air temperatures is determined primarily by the carrier matrix and flavour 

being dried. Some natural flavouring materials (e.g. cheese, tomato puree) may suffer from heat 

damage when dried using high exit air temperatures. In terms of flavour retention, high exit air 

temperatures have been found to be beneficial to the retention of water-soluble flavours 

(Reineccius and Coulter, 1969). 

The advantages of spray drying include low processing costs and readily available equipment. It 

generally provides good protection to the core material and there is a wide variety of wall 

material available. One main disadvantage is that it produces a very fine powder which needs 

further processing, such as agglomeration, to instantise the dried material or to make it more 

readily soluble if it is for a liquid application (Risch, 1995). Due to the heat required for 

evaporation of water from the system, spray drying is not good for heat-sensitive materials (King 

1990; Jackson and Lee, 1991). 

A modification of the spray drying process that is suitable for encapsulating highly volatile or 

thermolabile substances is called the "cold dehydration process", which was proposed by 

Zilberboim et al. (1986a). Here, an emulsion of core material in coating material solution is 

sprayed into a dehydrating liquid such as ethanol or polyglycols at room temperature or below. 

The microcapsules are recovered by filtration and vacuum dried at a low temperature. 

Additional work by Zilberboim et al. (1986b) studied the microcapsules produced by this 

technique in an attempt to determine the effects of different process parameters on retention and 

13 
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shelf life. This method does provide an alternative to the high temperatures encountered in spray 

drying; however, the lack of easily available equipment to accomplish it in a continuous flow 

instead of as a batch operation makes it much more costly than spray drying. There are no 

significant commercial applications of this procedure; however, it does provide an alternative for 

expensive, heat-labile materials where the additional cost might be justified. 

A modification of spray drying - the Leaflash spray dryer - has been proposed by Bhandari et al 

(1992). In this drying technique, the hot air flowing at a very high velocity in the converging 

section of the dryer head atomises and simultaneously dries the resulting atomised droplets. The 

vibration and turbulent rotational motion of the droplets caused by impact of whirling hot air 

during atomisation enhances the transfer rate. Thus, drying time is reduced and it is possible to 

use a much higher inlet air temperature (i.e. 450°C). The enhanced drying rate also permits the 

use of a dryer chamber of reduced volume. Moreover, this atomising system is capable of 

atomising the liquid at relatively high viscosities, which permits an increase in the total solids 

content in the feed (Bhandari et al., 1992). 

Extrusion 

Extrusion is the second most frequently used process, after spray drying, for encapsulating 

flavours (Reineccius, 1989; Gunning et al., 1999). Encapsulation by extrusion involves 

dispersion of the core material in a molten carbohydrate mass (Risch and Reineccius, 1988). 

This mixture is forced through a die into a dehydrating liquid which hardens the coating to trap 

the core material. The strands or filaments of hardened material are broken into small pieces, 

separated and dried. A typical process involves mixing flavour materials with hot corn syrup or 

modified starch (120°C) and extruding the mixture as pellets into a cold solvent bath such as 

isopropanol. The cold solvent solidifies the syrup into an amorphous solid and washes residual 

flavour oil from the surface. Capsules obtained by this technique give a good protection of the 

flavour, which usually represents 10-25% of the product mass 

Coacervation 

Microencapsulation by coacervation is not extensively used by the food industry since it is 

complicated and expensive. However, most scientists consider it the true microencapsulation 
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process in that the wall material completely surrounds the core with a continuous coating of wall 

material (Soper, 1995). Very few food grade polymers are available (gum arabic, gelatin) for use 

as coatings. Microencapsulation by coacervation involves three steps. First, three immiscible 

phases: the continuous phase (water), the material to be encapsulated and the coating material 

are mixed (Blenford, 1986). In the second step, the coating is deposited on the core material. 

This is accomplished by changing pH, temperature or ionic strength which results in a phase 

separation (coacervation) of the coating and its entrapment of dispersed core (Bakan, 1973). 

Finally, the coating is solidified by thermal, crosslinking or desolvant techniques. 

Inclusion complexation 

Inclusion complexation is the only method of encapsulation that takes place on a molecular 

level. It uses p-cyclodextrin to complex and entrap molecules (Hedges et al., 1995; Bhandari et 

al., 1998, 1999; Yoshii et al., 1998). Cyclodextrins were used to stabilise emulsions and foams 

and to protect sensitive food ingredients from light, heat and oxygen. Cyclodextrins consist of 7 

glucose units linked 1-4 and are formed by enzymatic degradation of corn starch with alpha 

amylase, followed by treatment with the enzyme cyclodextrin transglycosylase. The functional 

properties of cyclodextrins are conferred by the difference in the hydrophobicities between the 

centre and outside of the molecule. The outer surface of cylodextrin is hydrophilic in nature due 

to hydroxyl groups. The centre of cyclodextrin is hydrophobic as it is lined with glycosidic 

oxygen bridges. Compounds able to form inclusion complexes with cyclodextrins are 

hydrophobic or have hydrophobic side groups. The hydrophobic portion of the guest molecule 

forms stable non-covalent interactions with the centre of the cyclodextrins. This complex 

becomes less soluble and will precipitate out of solution. (Saenger, 1980). 

Summarising the description of microencapsulation processes for flavours and their applications 

in the food industry, it becomes clear, that there are still many starting points for further 

intensive research and development in this field. These will be aimed at improving existing 

processes and making new ones available, thus being able better to adapt and optimise the 

additive "flavour" for both existing and new uses. 
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Table 1.4: Examples of applications of microencapsulated flavours 

Products Applications 

Lemon flavour emulsified 

Lemon compound 

Punch-cloudicol flavouring 

Strawberry flavour spray-dried 

Condensed milk flavour spray-dried 

Rum flavour spray-dried 

Red wine flavour natural spray-dried 

White wine flavour natural spray-dried 

Nutmeg extract natural spray-dried 

Black pepper extract natural spray-dried 

Thyme extract natural spray-dried 

Banana-Neorome fruit powder spray-dried 

Strawberry-Neorome fruit powder spray-dried 

Orange-Neorome fruit powder spray-dried 

Amaretto flavour vacuum dried 

Green soup vegetable extract mixture, 

vacuum dried 

Cyclodextrin products 

(e.g. garlic oil in cyclodextrin) 

Colouring foodstuffs 

Spray-dried spinach 

Spray-dried turbidifying solids (food colour) 

+Tang type orange-flavour, spray-dried 

Expanded sugar goods, gums 

Drinks 

Expanded sugar goods 

Desserts 

Instant sauces 

Instant sauces 

Instant soups 

Instant baby foods 

Diet products 

Waffle fillings 

Instant coffees 

Instant soups 

At present pharmaceutical products 

Pasta 

Drinks powders 

FLAVOUR ISOLATION AND ANALYSIS 

Normally the concentration of aromatic compounds in food is very low. Only in such aroma-rich 

products as spices, herbs, distilled alcoholic beverages and coffee does the sum of volatiles 

exceed 0.1% (Rothe, 1988). The techniques applied for the recovery of volatiles have to meet 

the following important criteria: (1) all compounds making an important contribution to a certain 

flavour should be extracted in the correct proportions, (2) the techniques applied should not alter 
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the structure of key aromatic compounds and (3) non-volatile compounds which could interfere 

with the gas chromatographic separation should be removed completely (Engel et al., 1999). 

The method most often applied to recover volatiles from plant material is distillation, which uses 

the high volatility of aromatic compounds and dates back to the ninth century. Although the 

actual process has not changed much over the centuries, the method used has been refined and 

modified to give optimum yields under conditions which can be controlled. Actual yields and 

quality depend on the nature of the feed materials, the methods used in their handling, pre-

treatment and speed of processing after comminution. Modern distillation techniques comprise 

water, steam, water and steam categories. Generally water distillation gives the finest quality oils 

as with this technique there is less chance of damage to sensitive components of the essential oil 

and giving a burnt character which can result from internal condensation and flowback of an 

aqueous extract onto the exposed steam injection coils (Heath and Reineccius, 1986). The 

advantage of distillation is complete separation of all non-volatile components. They are 

normally present in higher amounts than the volatiles, which would be expected to interfere with 

component isolation and subsequent identification (Lawrence and Shu, 1993). 

To ensure that all volatiles are recovered, the combined simultaneous steam and organic solvent 

distillation using Likens-Nickerson apparatus or similar can be used. However each distillation 

technique has its disadvantage. Steam distilled samples are boiling, so destruction of 

components as well as formation of artefacts is possible (Weurman, 1969; Fisher et al., 1988; 

Schieberle, 1995). Recently, a compact and versatile distillation unit has been developed for the 

fast and safe isolation of volatiles from complex food matrices (Engel et al., 1999). In 

connection with a high vacuum pump, the new technique, designated solvent assisted flavour 

evaporation (SAFE), allows the isolation of volatiles from either solvent extracts, aqueous foods 

or even matrices with a high oil content free from non-volatile matrix compounds. Thus, the 

method of isolating volatiles has to be chosen very carefully. 

Steam or water distilled essential oils do not necessarily reflect the composition of the actual 

odour of an aromatic plant. Essential oils are mostly artefacts formed during the distillation 

(Baser, 1995). The headspace technique aims at capturing the real odoriferous compounds of a 

plant material. It can be applied to live or cut flowers and to anything that smells. Static 
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headspace provides an equilibrium of compounds which are perceived by odour and contributes 

to the identification of volatile constituents which are detected by a human nose above the food 

(Guth and Grosch, 1993). However, the method is limited to the level of detection and 

identification of organic volatiles and especially semi-volatiles (Arino et al., 1999). Relatively 

low sensitivity is achieved with this method due to the limited volume of headspace gas to be 

injected into the gas chromatograph. The detection threshold capabilities of GC detectors and 

mass spectrometers prevent the detection of trace levels of odours often present in headspace 

despite the fact that these compounds are often odour-significant even at low concentrations. 

Attempts to increase sensitivity by injecting larger amounts of headspace gas result in loss of 

chromatographic resolution due to the inability to focus the large injection volume in a relatively 

narrow chomatographic zone. This invariably results in severe peak broadening and loss of 

sensitivity (Hartman et al., 1993). To concentrate volatiles prior to the injection into the gas 

chromatograph, the dynamic headspace technique DHS is currently being used. This technique 

is more sensitive and permits a wider range of analysis of volatiles. It involves sweeping of the 

volatiles released from the food with a stream of purified carrier gas such as helium or nitrogen 

and trapping them onto adsorbents such as Tenax, charcoal or by cryogenic means (Morton and 

MacLeod, 1982). The volatiles trapped onto adsorbents can be injected to GC by thermal 

desorption or by eluting them with proper solvent from the adsorbent. In this way, the sensitivity 

of recovering volatiles can be increased, permitting the analysis of volatiles present at the parts 

per billion (ppb) level routinely. 

The identities of many of the individual volatile components present in food aroma isolates 

can be established rapidly by GC-MS analysis. However, the complexity of the volatiles from 

many foodstuffs is such that important components, especially those present in trace amounts, 

are often either poorly separated from or totally masked by other compounds. Consequently, 

the interpretation of their mass spectra may be very difficult. It is possible to apply a variety of 

procedures, of which some serve to reduce the complexity of the sample and facilitate final 

identification by GC-MS while others provide a great deal of independent information not 

readily obtained by other means. 
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The GC technique is very important for aroma analysis and the power of both spectroscopic 

and chemical methods of identification is most effectively exploited when allied to its high 

separating power and sensitivity. 

Progress in instrumental analysis has led to a long list of volatiles. Unfortunately, the sensory 

relevance of these volatile compounds has not been extensively evaluated by identifying 

impact compounds. Therefore, one of the major problems in aroma research is to select those 

compounds, which significantly contribute to the aroma of a food. In general, the aroma of a 

food consists of many volatile compounds, and only a few them are sensorially relevant 

(Blank, 1997). GC in combination with olfactometric techniques (GC-O) is a valuable method 

for the selection of aroma-active components from a complex mixture (Grosch, 1993). 

Experiments based on characterising the odours of single compounds emerging from the GC 

sniffing ports by volunteers, are described as GC-O or GC sniffing. This technique helps to 

detect potent odorants without knowing their chemical structures. Experience shows that 

many key aroma compounds occur at very low concentrations; their sensory relevance is due 

to low odour thresholds. Thus, the peak profile obtained by GC-FID does not necessarily 

reflect the aroma profile of a food (Blank, 1997). In GC-O, the human nose is the detector 

used for evaluating the effluent of the GC. 

FLAVOUR RELEASE 

The driving force for the flavour release of volatile compounds is the deflection from the 

thermodynamic equilibrium between the product phase and the gas phase. Equilibrium exists if 

the concentration in the respective phases obey the relation: 

Kg, — Cg/Cp 

where Kg, is the equilibrium partition coefficient between gas and product phase, which is 

determined by the volatility and solubility of the flavour compound. Cg and Cp represent the 

concentrations in the gas and product phase, respectively. As flavour compounds are usually 

presented in highly diluted solutions, Cg and Cp are related by Henry's law when equilibrium 

19 



Chapter 1 

exists. If the actual partition coefficient is smaller than Kg,, flavour will be released (Overbosch 

etal., 1991). 

Besides the partition coefficient, the resistance to mass transfer is a major factor determining the 

rate and extent of flavour release. Partitioning of flavour compounds is affected by the 

composition of the food (Druaux and Voilley, 1997). Non-equilibrium is the driving force for 

mass transport and the rate at which equilibrium is achieved, is determined by the resistance to 

mass transfer (De Roos and Wolswinkel, 1994). Most studies in this area dealt with partition 

phenomena; in particular with the effect of medium composition on the equilibrium headspace 

concentrations, but they were limited to simplified food models. The first studies on the 

partitioning of volatile compounds between air and water were conducted by Buttery et al. 

(1969, 1971). They reported that, of all food components, lipids affect equilibrium headspace 

concentrations most. Consequently, the investigations on the threshold concentrations of 

aromatic compounds have showed that aroma efficacy is lower in a fat medium than in aqueous 

systems (Guadagni et al., 1972). A mathematical model developed by Harrison and Hills (1997) 

to describe flavour release from aqueous solutions containing flavour-binding polymers 

suggested that in most experimental situations, the rate-limiting step for flavour release is not the 

chemical binding step but the transport of aroma across the liquid/gas interface. Bakker et al. 

(1998) confirmed that transfer of diacetyl flavour molecules across the liquid-gas interface is 

rate limiting and is adequately described by the penetration theory of mass transfer. 

Tyszkiewicz and Jackowska (1982) have demonstrated a relationship between concentration and 

odour intensity of caraway extract in different media. They found large differences in the 

threshold values. In comparison with lipids, hydrophilic food components revealed frequently a 

limited effect on the concentrations of flavour compounds in the headspace over aqueous 

solutions. The presence of proteins (Overbosch, 1991) resulted in weak unspecific hydrophobic 

interactions only. Studies on the interactions occurring between volatile compounds and 

hydrocolloids showed that the addition of xanthan and guar gum lowered flavour release 

compared to that from water (Yven et al., 1998). 

It is clear that flavour release from certain products depends not only on the interactions between 

different aroma components but also on the medium of the product. So, one should expect that 
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products with a different state (dried herbs, essential oils, oils encapsulated to different media), 

even though they possess the same flavour constituents, will exhibit different dynamics and rates 

of flavour release. This aspect should be taken into account for prediction of odour perception 

and control of aroma in the final products. 

SCOPE OF THE THESIS 

The objective of the study described in this thesis was to evaluate the flavour of aromatic plants 

grown and cultivated in Lithuania and to examine some aspects of flavour release and 

processing, i.e. emulsification and encapsulation. 

For this purpose, a number of plants with different chemical composition were selected for the 

isolation and investigation of their volatile constituents. Furthermore, some factors such as 

harvesting time, fertilisation, variety and anatomical part of the plant were also investigated 

because of their influence on yield, and on the qualitative and quantitative composition of 

essential oils in plants. 

Investigations into the chemical composition of volatiles of different plants and the factors that 

have an influence on volatile composition are described in Chapters 2, 3 and 4. Two plants 

(lovage and caraway) were chosen for further examination: lovage because of conflicting data on 

its odorant characteristics; and caraway because of the suitability of its chemical composition for 

modelling studies. Chapter 5 deals with comparisons of flavour composition and release in 

different isolation conditions: the isolation of volatiles was achieved by DHS. In addition to gas 

chromatography and mass spectrometry, olfactometric analysis (gas chromatography-snifTing 

port) has also been used to determine the aroma of lovage. Chapters 6 and 7 present studies on 

the application of caraway essential oil for preparing and obtaining flavourings. The formation 

of oil-in-water emulsions with flavour substances and the properties of the caraway oil-in-water 

interfaces thus formed are described in Chapter 6. Finally, in Chapter 7, the complex 

behaviour and properties of encapsulated caraway oil products are described, together with the 

microstructural features of capsules. 
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CHAPTER 2 

CHARACTERISATION OF THE ESSENTIAL OILS OF SOME 

UMBELLIFEROUS PLANTS GROWN IN LITHUANIA 

This chapter is based on the following articles: 

1. Bylaite, E.; Venskutonis, R. Essential oils of parsley and celery from Lithuania. Scientific 
works "Food Chemistry and Technology", Vilnius "Academia", 1994, 69-74. 

2. Bylaite, E.; Venskutonis, R. Volatile constituents of dill. Proceedings of the conference 
"Maisto chemija ir technologija" , Kaunas , "Technologya", 1994, 15-18. 

3. Venskutonis, R.; Kvietkauskaite, D.; Bylaite, E.; Suliauskas, A. Characterization of 
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ABSTRACT 

The essential oils of parsley, celery, dill and caraway (family Umbelliferae) grown in 

Lithuania were characterised using GC and GC/MS analyses. The chemical composition of 

the aroma of locally grown parsley, celery and dill plants shows that the amounts of the major 

constituents are in agreement with the published data (Kasting et al., 1972; MacLeod et al., 

1985; Halva et al., 1988; Cu et al., 1989; Badoc and Lamarti, 1991; Bouwmeester et al., 

1995a,b,c). The most abundant components in locally grown parsley were found to be 0-

phellandrene (21%), myristicin (20%), myrcene (11%) and a, />-dimethylstyrene (11%). In 

terms of quantity, the main constituent of celery essential oil was limonene (63%) and 3-w-

butylphthalide (6%) was the major phthalide. The dill herb could be ascribed to chemotype II 

(dillapiole), which is distinguishable by its high concentrations of limonene (27%), dill ether 

(21%) and D-carvone (14%), and the absence of myristicin. 

The yield from seeds of different caraway cultivars, their essential oil content and chemical 

composition, were examined as well as the influence of fertilisers on those characteristics. 

Twelve batches of caraway fruits commercially produced in 1994, 1995 and 1996 in different 

regions of Lithuania were also characterised. Total concentration of essential oil in the fruits 

varied from 2 to 4 ml 100 g_1. The yield of caraway fruits grown in the experimental fields 

varied over a wide range (from 984 to 2673 kg ha ') depending on fertiliser content and 

cultivation area and on the cultivar itself. Percentage concentrations of the main caraway 

compounds, limonene and carvone, varied in the ranges of 38-52% and 45-59%, respectively. 

These two compounds constituted more than 96% of the total essential oils in all samples. 

Some minor compounds were also identified and assessed quantitatively. 

INTRODUCTION 

Parsley, celery, dill and caraway (family Umbelliferae) are most popular aromatic plants in 

Lithuania and are widely used for flavouring and seasoning various foods. They can be used 

as fresh or frozen herbs, dried (herbs and seeds) or processed into more concentrated products 
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like essential oils. The essential oils of these plants are used in baked goods, pickled products, 

confectionery, chewing gums, condiments and beverages. 

The chemical composition of the essential oil from parsley {Petroselinum sativum Hoffrn.) 

leaves has previously been reported (Kasting et al., 1972; MacLeod et al., 1985). Fifty 

volatile compounds were identified in the headspace vapours of concentrates obtained by 

steam distillation and isopentane extraction from parsley leaves (Kasting et al., 1972). The 

main constituents were found to be myristicin, 1,3,8-p-menthatriene, P-phellandrene and 

myrcene. MacLeod et al. (1985) identified 45 compounds, of which 14 were present in 

amounts exceeding 1% of the total peak area: a-pinene, P-pinene, myrcene, limonene, P-

phellandrene, ;?-cymene, a-terpinolene, 1,3,8-p-menthatriene, 4-isopropenyl-l-

menthylbenzene, a-terpineol, ^-methylacetophenone, a-elemene, apiol and myristicin. The 

presence of the unusual sesquiterpenes, crispanone and crispane, in parsley has been 

described by Appendino et al. (1998). 

The volatiles of celery (Apium graveolens L.) leaves and seeds were first studied by Wilson 

(1969). Using GC/MS, Cu et al. (1989) detected 50 compounds, 27 of which were identified. 

Phthalides have been considered as substantial celery flavour constituents, but there is some 

confusion about their identification and quantification, especially of sedanolide and 

sedanenolide. Bjeldanes and Kim (1977) isolated two major phthalides from celery essential 

oil: 3-w-butylphthalide and 3-w-butyl-4,5-dihydrophthalide (sedanenolide). Later 

butylphthalide, sedanolide and sedanenolide were separated by HPLC (Uhlig et al., 1987) and 

by two-dimensional capillary GC (Van Wassenhove et al., 1988). Nine phthalides were found 

and fr-aws-neocnidilide, sedanolide and butylphthalide were the main representatives. In 1997, 

Bartschat et al., using enantioselective multidimensional GC, achieved the simultaneous 

analysis of the three butylphthalide enantiomers, and their distributions in celery and celery 

seed extracts were elucidated. 

Aroma composition of dill (Anethum graveolens L.) has been the subject of numerous 

investigations which, however, have resulted in rather controversial conclusions (Baslas and 

Baslas, 1972; Gockeritz et al., 1979; Lawrence, 1980b; Schreier et al., 1981). The amounts of 

the three main constituents (D-carvone, a-phellandrene, limonene) were reported to vary 

widely. Dill ether (3,6-dimethyl-2,3,3a,4,5,7a-hexahydrobenzofuran) was found to be a key 
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