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INTRODUCTION 

This booklet has been compiled specifically for delegates of the AgEnt workshop on 
Herbs, Aromatic and Medicinal Plants (6 April 1995). 

The contents include abstracts of the presentations given on: 

1. The cultivation of aromatic crops with emphasis on culinary herbs. 

and 2. The changing market environment for aromatic and medicinal crop 
products. 

Some examples from the range of technical backup that can be provided through 
the AgEnt BIC to clients in this sectGr are also included. You should read this 
booklet in conjunction witi' other information packages provided by AgEnt at the 
workshop. 

Finally some possible warket contacts are listed for dried herbs, spices and 
essential oils. 
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ABSTRACT 

A brief introduction was provided to the scope of plants included and some end 
uses of aromatic crop products. An analysis of world production reports and 
principal importing countries was discussed. 

A description of popular herbs used in the major importing countries was given and 
some details of tile conditions under which these crops thrive. Distinctions were 
made between conditions that promote plant growth and those factors that 
maximise aromatic yield. 

Blueprints for herb species cultivation and the factors that influence the type of 
production system which may best suit individual company requirements were 
explained. 

Quality of production was described, first in terms of the impact from recent EU 
directives and legislation. Attention was drawn in particular to pesticide approvals, 
maximum permitted pesticide residue levels then food safety and handling 
regulations currently affecting aromatic crop products. The implications of non 
compliance were made clear. Then quality was reviewed as an opportunity for 
producers who comply and wish to enter these major markets. Another positive 
opportunity from improved quality was discussed as methods by which the 
grower/producer could increase quality standards above those required to satisfy 
legal levels. 

Finally a perspective was given on the opportunity producers in Sri Lanka currently 
have to enter the culinary herb arena. 

A short video describing some popular herbs, their cultivation and harvest followed. 
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ABSTRACT 

Some recent trends showing growth particularly in the flavour market were 
discussed including an introduction to some of the essential oils commanding the 
largest market share. Citrus oils and Mint oils were highlighted together with shifts 
in production areas of some other oils eg Eucalyptus. Trends in some oil sources 
were described eg substitution of Lemongrass oil and some reasons for these 
changes. 

Major essential oil products imported into the regional markets of the world (EU, 
USA and Japan) were discussed together with the growth in medicinal herbs 
imported in the EU. 

A summary of selective market trends in Japan (Aromatic oils) Singapore (Spice 
trade), US (Spices, Essential oil and Herb supplements) and Europe (New products) 
was provided. 

Attention was drawn to the increasing need and concern for quality in the Export 
Markets for aromatic products. This was described in some detail first as a vertical 
snapshot (from growing through harvest, post harvest, processing, packaging and 
storage elements) of quality. Secondly a horizontal snapshot was described across 
the industry and regulatory authorities (stretching from grower to customer, the 
trade level, country standards and legislation plus international standards). 

The point was made that future export market opportunities in the aromatic and 
medicinal plant product sectors were only likely to be available for producers that 
provided the highest quality products. 

A short video on post harvest handling of fresh herbs followed where emphasis was 
given to satisfying traceability and legal obligations of current food safety 
regulations affecting herbs in the UK. 
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Production and processing of culinary 
and aromatic herbs 

bYNi: lasVecel
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iq)ns, France
 

1. 	 General characteristics of the 
production and the consumption 
of culinary herbs 

Knovn under various names such as: "heris,
aromatic plants" or "culinty herbs", [ti 1.1plantshrbs,plans' 'cuin:.' I il~tt~continue 
covered by this presentation have specific techniciuenl, 
-	 hrom ic and e2d-use characerisics %Ii ,h 
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therefore, their large-sc;ile cultivathim in 

developing coITntries tluIst be htseil on the 
existence of potential expol narlets. 

Their cultivation is well adaptec to temperate 
climates; the major consuming countries (in 

North America, Eastern and Western Europe) are 
also the main producers of culinary herbs. 
Therefore new producers/exyorters of these 
products will face competiiion from the highly 
mechanized production of European countries 
anid 	 of a small nunmber of developing countrieswichofav alnumere f dvelopg c ies 
comnpetitive epord-oriented production. 

A low lalsour cst will not, inthis case, represcli 

a considerable advantage or have a strong 
influence on the production cost, as the large, 
industrial, or export-oriented cultivations have 
minimized their costs by high mechanization. 

These plants are crluivated for their leaves and 

tips. It is possible to iiechani!e aln05 wholly of 
lie production pr'ces' , from cuhivatill to the 

deliver) of tle Comm ercial pilodulct. lilyIlle quit 
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to a required quality cannot often be sold, not 

even at a very low, discounted price. 

Besides tie market for dr' culinary herbs, there 
exists a market forthe fresh products. The market 
for fresh pro.ucts is gloving fast, driven by the 

growving demand for deep-frozen herbs, at the 
expense of dried products. This trend willin thle future, especially ,,vitlt the 

te fte , spes wor t e 
development of riewprocesses for extraction of 
flavours (including biolechnologies), inorder to 
supply the inditiry with more sophisticated 

natural products. Agricultural production of 
culinary herbs wvill be influenced by these 
developments. 

Cultivation techniques for the 
production of dry leaves and tips 

0 	 Relationship between production 
techniques and the quality of products 

As already mentioned, cultivation and production 
techniques have a direct influence oi the quality of thecommercial products. Several factors determine the 

properties of the final products: 

Genetically inierited claracte'istics of the plants, 
int( --sting frcm the quality point of view,will 
influence the varietal selection of clones. Ctonal 
reproduction will allow the cultivation of the 

same chemotype and yield products with 

homogeneous quality, 

• 	 Climatic conditions, i.e., lypeof soil, altitude, day 
aid night temperatures, rainfall pattern, duration 
of sunliglt, influence the plant characleristic to 

acerain region; 
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Tihe moving bol×tom consist of melal bar, 01i '".n u Drying 
by chains: it allows the harvested crop to be eveny' Dryig determines the quality of thc final 

flavour and bacteriologicalpoduct. i.e., its eolour, 
distributed in the bin during the loading and unloading, 

can be also very expensive; for 
The machines can be driven by an eng'neorby atractor content. iTh process 

ca e al s ver Uxenive; orle pc s
well adapted to harvesing e ntmp
and are particularly 

tl: cost of dehydrating is over US$ I/kg of 
ic anid culinary herbs T7hey have acapacity (f examl.aron;3 3 dry leave, equivalent to the price of I kg of savoury.

10 m i and can harvest fields oia apa50t 
3 to 40 

U$ a 
Tecir price varies US$ 8,003 and US$ ,t0.00 dretween 
l0eir prI i alarariesstetween80 00a "Therefore. tie drying process should be optimized and 

dying techniques should be chosen depending on the 

(see figure I I. quality requested for the final product and ils selling 

Figure 1 Powered loader - harvester (Ribern - Italy) 

C 

B 

{ A: Circular mowing system 

A B: Conveyor 

C: Trailer 
D: Moving bottom 

E: Unloading door 

Other prototypes of harvesters have been built for 

large-scale harvesting, similar to harvesters used for 

vegetables lik(spinach, 

4. Post-harvesting processing 

Leaves are the pan of culinary and aromatic herbs 
which are generally commercialized. Leaves are 

therefore separated from the stems before or after 

drying, by one of the following three processes: 
of the fresh plant after. 

Cutvstingf tseapart othe 
tarvesting, separation of leaves from stems by air 

blowing and further drying of leaves (mint): 

Washing the harvested plants, fine cutting. 

drying, separation of stems by blowing (parsley. 

chives, chev-il. tarragon); 

Drying of the harvested aerial part of the plant and 

separation of leaves from stems by mechanical 

threshing (thyme, rosemary, savoury, marjoram. 

sage, oregano, basil). 

price. Several parameters have to be considered when 

identifying the best adapted drying equipment, such 

as: the reaction of the plant during the drying process, 

the duration and the drying temperature, the required 

capacity of the installation and its price. Several 
dryers are further described in increasing order of their 
price. 

Natural drying is still largely used for culinary 
and aromatic plants of Groups II and 111.The plants 
are simply spread on the ground in the open (plants less 
prone to decolourize) or in an aerated shelter labour 

is required to turn them over more than one time. The 

drying yield can be improved if the plants are spread 
on an elevated netting allowing a better circulation of 

air. This type of drying cannot be used for plants 

can be oied using 

this system but their quality if now. Natural drying is 

however the only economical method for plants of 

Group Ill and the very low-priced plants of Group It. 

The advantage of the method is its low cost, 

in Group I. Plants from Group II 

especially if labour is cheap: its main disadvantage is 

the long duration. The enzymic reactions in plants are 

only stopped when their moisture content is below. 

15%, i.e. at the end of drying process. Before this 



Primary Processing of Medicinal Plants 

The most valuable products can be prepared from the plant components whichcontain most of the active substances. One of the important conditions for improvingthe quality is gathering the plants when their active substances content is at amaximum. This time corresponds to the biological ripeness only for a few crops andseeds. For most of the medicinal plants the peak ofaccumulation ofactive ingredientsis around the period of flowering, while it is around the end of the vegetation periodfor the parts of plants in the ground. In these cases the harvest, the time of collectionis not the time of biological ripeness, but the period of technical or technological
ripeness.

At this time the water content of the harvested plant parts (leaf, stalk with leaves,flower, root) is still high; consequently, these parts cannot be stored without deteriora­tion even for a short period.
However, one of the common features of the medicinal plants is that they cannotbe consumed in a fresh state. That is why tie harvested plants should be prepared insuch a way that they become suitable for storing, and should be preserved in orderto prevent the occurrence of deteriorating biological processes.Generally, the first preservation (processing) operations after harvesting arecarried out by the producer himself. For this reason, these operations are calledprimary processing, so as to distinguish them from the subsequent industrial

processing.
The most frequent (and at the same time, the simplest) form of primary processingis the drying and the extraction of essential oil. 

Drying 

After drying, the water content is reduced to a degree where storage is feasible. Thewater content of the plant parts is classified according to the mode of water binding,in terms of drying technique, as follows: 

Chemically bound water has a high binding energy; its removal is possible only bydestroying the material: consequently, it cannot be removed by drying. 
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Drying methods 

In practice, the methods of drying are divided into two categories according to the 
heat source: natural and artificial. The artificial methods are further subdivided, 
according to the temperature of the air, into cold, warm and hot methods. All three 
methods are used for the drying of medicinal plants. 

Natural drying 

This is a method that has been used from ancient times. The simplest type is drying 
by sunshine at the growing area. It has the disadvantages of the risks of harm by 
extreme weather conditions. In order to exclude the influence of weather, airy barns 
and sheds have been used, and are also used today. This method is most frequently 
used for wild-growing plants. Another disadvantage of this method is the demand for 
large areas. 

Medicinal plants are placed on drying stands, on replaceable drying frames, in 
order to better exploit area and speed up the drying, to reduce the demand for manual 
turning, and to prevent any harm resulting from the turning operation. 

The plant components should be placed in layers of thickness corresponding to 
their size in order to achieve proper drying. On I m' area the amounts of fresh plants 
should be as follows: 0.5 kg of flowers, 1-2 kg of plants and leaves, 2-2.5 kg of roots. 
The duration ofdrying is mainly influenced by the weather. The air movement should 
be maintained carefully. 

Artificial drying 

Natural drying may take several weeks, depending on the weather conditions. The 
drying time may be reduced to hours by warm driers, and even to minutes by heat 
driers. For artificial drying the air is heated, its relative humidity content is reduced 
by intensive flow, and the demand for manual work is reduced. 

Cold-airdrying. In this method only the movement of the drying air is controlled. The 
air movement is maintained by machinery (fans). It is used for the drying of crops 
which are larger in volume than expected. The fan may only be operated during dry, 
warm weather, when the relative humidity content of the air is not above 50 per cent. 
The duration of the drying is 8-20 days, depending on the humidity content of the 
plant and the moisture content of the air. 

A transitional method, between cold-air drying and warm-air drying, is drying with 
forced ventilation. In this method there is a possibility olf warming the air as well as 
moving it. The requirement for manual work is also less. It is especially applicable to 
the drying of seeds and herbs without the risk of active substance loss. 

In the equipment (Fig. 29) a high-capacity fan forces a large amount (20 000-30 00 
m3/h) of low-moisture air into the fresh herb bulk via the duct system with high 
pressure. The system may also be operated in the case of a high humidity content of 
the outside air, as mobile thermal blowers may be incorporated in the system. With 
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Operations after drying 

After drying, the drugs are generally prepared as products for the wholesale or retail 
trades. The operations serving this purpose are called the manipulating operations. 
The most frequent operations after drying are as follows: sorting and cleaning, 
screening, stalk removal, crumbling, cutting up and grinding. 

Extraction Processes for Essential Oils 

The term 'natural essential oil' means or covers all aromatic extracts from vegetable 
matter (flowers, leaves, branches, roots, gums, fruits). The components of essential 
oils giving the scents of the plants are mostly terpenes and derivatives of terpenes 
(alcohols, esters, aldehydes, ketones, etc.). Among the other compounds the most 
important are sulphur compounds (in the essential oils of mustard, garlic, horserad­
ish, etc.), and several aromatic compounds (phenols, aromatic aldehydes, coumarins). 

The most widely used procedure for extracting the essential oil from the plants is 
steam distillation. With this method the volatile compounds and compounds insoluble 
in water, i.e. the essential oils, can be extracted. Steam distillation produces the 
essential oil in the purest form and requires relatively simple equipment and moderate 
labour even on an industrial scale. Three types of distillation are distinguished 
according to the method of execution; i.e. water distillation (Fig. 32a), water and 
steam distillation (Fig. 32b), and steam distillation (Fig. 32c). All three processes are 
based on the same principle, the so-called steam distillation or hydrodistillation; the 
different names refer only to the technological dissimilarities. 

Solvent extraction processes may be used for plants which contain small amounts 
of essential oil or which dissolve in water very easily (mainly the scent materials of 
some flowers), or for plants which are not volatile, but whose soluble ingredients are 
valuable. 

The third procedure of extracting the scent materials is cold pressing. This is used 
for extracting the essential oils from the fruits of citrus plants. 

Classic steam distillation 

The boiling points of the components of various essential oils differ significantly. For 
example, the boiling point of terpene hydrocarbons at atmospheric pressure is 160­
180 °C, while that of terpene alcohols is 200-300 'C, and that of sesquiterpenes and 
their derivatives is260-290 'C. Most of these materials have pleasant odours, as they 
evaporate even below their boiling points. Simple distillation is basically a process 
whereby the liquid is transformed into steam at its boiling point, and then the steam 
is condensed back into liquid with the help of cooling. 

Steam distillation (hydrodistillation) is a simultaneous distillation of two different 
fluids, generally water and a material insoluble in water (e.g. essential oils). The 
physical effects of steam distillation are not the same as those of simple distillation. 
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Temperature and daylength influences on the growth and 
germination of sweet basil and oregano 

Ily F. PUTIEVSKY
 
Division of Spices and Medicinal Plants, ARO, Newe Ya'ar Experiment Station, Post Haifa,
 

Israel
 

SUMMARY 

Oregano and sweet basil were grown in phytotrc cabinets at 18/121 , 24/12' and 
30/12'C (day/night) in either 10- or 16-h photoperiods. Only temperature had a 
positive inluence on plant height in both species. The fresh yield was signilicantly 
inlluenced by temperature and da'lcn-ith in all tie three harvest. examined for both 
species. The correlation between these results and field behaviour in different regions is 
discussed. The optimum temperature for the germination of oregano was a day/night 
regime of 24/1 °C; sweet basil was less sensitive and germinateu -ell at lemperature 
regines between I/13" and 30/25 C . 

ALTHOUGH much information has 
accumulated on the yield components of spice 
plants in eastern Europe, little has been 
published on spices in the Mediterranean 
region. In Israel the commercial cultivation of 
spices started in recent .ears, mainly the leafy 
spices of the Labiatae (Putievsky and Basker, 
1977). Most of these spices grow wild in the 
Mediterranean region, including Israel. 
Knowledge of the iofluences of temperature 
and photoperiod on growth and yield, would 
be valuable in planning future sites for cultiva-
tion and would indicate the adaptability of the 
spices in other regions. 

This report describes the growth of sweet 
basil, an annual, and oregano, a perennial. The 
germination, growth and yield of these two 
spices, from the seedling stage until the third 
harvest, was examined at three temperatures 
and with 10- or 16-h daylengtlis. 

MATEIALS AND MIETItODS 
Seeds of two species grown commercially in 

Israel, sweet basil (Ocirnurn basilicum L.) from 
California (Sunset Co.) and oregano 
(Origanum vulgare L.) collected from Greece, 
were tested at the CSIRO Canberra phytotron 
for: (a) the effect of temperature on germina-
tion, (b) the effect of davlengih and 
temperature on the yield componetts, and (c) 

the effect of spacing on the same yield compo­
nents. 

(a) The effects of temperature on germina­
tion were studied under eight regimes: 15/;0' , 

18/130, 21/160, 24/19', 27/22', 30/250, 
33/280 and 36/31 'C, day (8 h)/night (16 11). 
At each temperature there were four replicates, 
each of one petri dish containing 80-150 
s-eds. The dish was covered with alurninium 
foil. Germination was recorded every 1-3 days 
when the roots became visible. 

(b) The seeds were germinated on 20 
December 1978 with 21/18'C day/night 
temperatures. At the two-cotyledon stage the 
seedlings were planted in 18-cm diam. pots, 
containing a 1:1 mixture of perlite and ver­
miculite, one seedling per pot. 
Otn 20 January 1979 eight plants, one per pot, 
were placed at random in each of six BT 
phtytotron cabinets (Morse and Evans, 1962), 
where temperature and daylength were con­
trolled. Cabinets were allotted to the following 
six treatment combinations: 30/12', 24/120 
and 18/12*C day/night temperatures, each at 
101i and 16h daylength. The phytotrons 
allowed each photoperiod treatment to include 
an 8-h period of high intensity solar radiation, 
but low intensity light radiation with emission 
mostly in the red end of the spectrum was used 
for extending the photoperiod. 



DENMARK
 

CULTIVATION OF DILL
 

Dill may be grown for its leaves or its umbels. Leaf dill is
 
used for direct consumption or for freezing. Dill for freez­
ing is normally harvested earlier than usual as compared with
 
dill for direct consumption.
 

Soil
 

If the earliest-possible harvest is desired, the dill should
 
be sown in a light soil. If such an early harvest is -not re­
quired, dill develops better in a clayey (argilliferous) soil,
 
although not in hard clay. Dill should not be sown more than
 
once every 4 years in tne same soil.
 

Fertilizer
 

As dill needs phosphorus (P), the following amounts are recora­
mended:
 

700-800 kg per ha. of PK 15-30
 
400-800 kg per ha. of calcium nitrate
 

If the dill is grown only for leaves, all the nitrogen should
 
be applied before sowing. For combined cultivation, or growing
 
for umbels, half the nitrogen is to be applied as top dressing
 
before sowing and the remainder when harvesting the leaf dill
 
(if a later harvest of umbel dill is desired) or when the umbel
 
dill is 15-20 cm tall.
 

Amount of seed
 

For umbel dilI 20 kg per ha., for leaf dill 40 -80 kg per ha.
 
according to the distance between the rows. For late sowing, 
a larger amount of seed will be required than for normal' sow­
ing. In large areas a row distance of 45 cm is often used,
while in smaller areas it may be reduced to as little as 10 cm. 

Sowing date
 

Dill may be sown from the spring to the end of July, depending 
on the desired time of harvest.
 

Control of weeds and insect pests
 

In Scandinavia the following weed killers are often used:
 

when sowing, 0.5 kg per ha. of propazin (on harder soils) 
when weeds appear later, 3-4 kg per ha. of kloroxuron 

Watch out for aphids. The best means of control is an organic 
phosphorus compound such as:
 

Malation 1.0-1.5 liters per ha.
 
Dibrom 1.0-1.5 liters per ha.
 

Days to maturity
 

The normal germination period is about 3 weeks when grown out­
doors. Sowing about the 15th August normally means an October
 
harvest, but in Scandinavia dill sown at the end of August will
 
usually be ready for harvesting in November.
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ABSTRACT 

The objective of this review has been to provide an appraisal of the 
prospect for herb crops and their development in the EC. Special attention 
is drawn via some examples of the difficulties facing minor crop growers in 
the cultural practices which they can adopt. In particular, culinary herb 
cultivation is restricted by the range of pesticide products approved for use 
on these crops. Thus difficulties of seeking pesticide approval could limit 
the scope for future development of herb crops in Europe. Many of these 
problems would be common to most minor specialist crops proposed or 
currently grown in Europe. Proposals are presented for the extrapolation 
of pesticide products from nominated major crop uses to specified minor 
crops based on botanical associations, cultural technique, plant habit and 
morphology. Given this opportunity, small scale specialist crops may
continue to grow within integrated pest and weed management systems to 
meet their demand in Europe. 

1. INTRODUCTION 

Culinary herbs have formed part of the diet all over Europe for many centuries (Grieve, 1984).
Different herbs have been traditionally associated with particular regions; basil (Ocimum 
basilicum) with Italy, oregano (Origanum vulgare) with Greece (Kokkini and Vokua, 1989), 
rosemay (Rosznarimts officinalis) with the Mediterranean coast ('Boelens, 1985), dill 
(Anethum gravolens) with northern Europe (Savonius, 1987). Today, with improved
communication and dissemination of information, culinary herbs are required all year round 
(Houdret, 1990) throughout Europe. 

Over the past decade reports emerged of a surge in interest and demand for culinary herbs 
within Europe (Greenhalgh, 1979; Smith, 1982; Anon, 1986; Carruthers, 1986 a & b; Hay et 
al., 1986; Dumville, 1988 a & b; Verlet, 1990). However, the statistical data upon which 
these growth rates are derived can be dubious (Anand, 1985; Verlet, 1992 a & b) and the 
exact rate ofgrowth has not been established. 

Reputable authorities (e.g. Greenhalgh, 1979; Svoboda, 1984; Veriet 1992 a & b) have 
encouraged the opportunities fbr herb production in some European countries. However, 



THE CURRENT UK APPROACH TO SECURE 
PESTICIDE APPROVALS FOR I1ERBS 

T M Davi ,A.a thVeiv HALUK 

December 1994
 

In the medicinal and aromatic herb sector of the UK
 
considerable attention to pesticide approvals is given by
 
herb growers as represented by BHTA.
 

This attention to pesticide approvals is due to the UK
 
climate being generally more conducive to leaf herb
 
production than some other products, eg medicinal flower or
 
seed crops. However the UK is also possibly more prone to
 
herb disease attacks and weed growth than found in other
 
parts of the EU.
 

Although UK herb growers are looking for integrated pest
 
control systems with minimal pesticide use to ensure highest
 
quality products some use of chemical pesticides is
 
essential.
 

The UK herb sector all falls into the category of minor
 
crops. Minor crops in the UK have suffered from the
 
withdrawal of chemicals as the tighter,Europe-wide
 
legislation and regulatory processes have developed.
 

This,together with a national pesticide regulation scheme
 
that has adopted all the European directives, has meant that
 
minor r ys lobbying has needed to become highly organised.
 
This has been achieved by targeting various levels.
 

At national level the NFU and BCPC have organised a Minor
 
Crops Working Committee which includes pesticide
 
representatives from grower groups,PSDNFU,Departments of
 
Agriculture,chemical industry etc.
 

This committee includes herbs and forms a voice-box for
 
issues on pesticides use in herbs within the UK. The
 
committee is also trying to extend its effectiveness in
 
cooperation with similar committees in other EU
 
countries.
 

A network of bodies connected with pesticide approvals for 
herbs has emerged (Fig 1). At the industry level the BHTA 
recognised a need for greater in-depth vigilance in 
particular pesticide developments that affected UK herbs. 
This arose partly as a result of the stringent requirements 
of PSD for each individual herb species to be listed
 



Volatile Flavour Components of Coriander Leaf, 
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Using pre%iously reported litlthodsof sample preparation an essence of corianderleaf ,'as obtained which proved to contain over 25 components. Most of these havebeen identiied, with aliphatic aldehydes providing nearly 900 of the sample. C2
aldehydes are the most abundant. 

1.Introduction
 
The co riander plant (nt'
tl4ldtl
ntS'litiot) has been tecoenised froma ancient tlimes is :tmedicinalherb used n the reatmentitof minor adhnents aiud as a flavouring agent. Alt hough hot h tie leaf as\teli as the seed' (inote accurately, the fruit) are used as flavourine commodities, the latter is byfar tire more coimm)on.As a result, tich information is atailable concernine theidentitie of manvof the Nolatile tiayVour components of the seed oil,'.2 but to date ver, little has been positivelyrepoled about the Ma,our coi)polcnts of the leaf. This can be considered to be a deficiency wh ich
should be remedied, so 
 this paper reports a detailed s"stemai i)) stigation intothe nature of the,olatile flatour components of coriander leaf.Apart from this justification it should be pointedout that the leaf is %.idelyello\ed as a flasouring coniniodtv inceltain Lastetrn dishes, e.g. infish curry, various neat dishes and salad dishes. Itlfact, the leaf ha, a strong, pleasing fla+our andt%crvappetising arome, and it is likely that it could also be used to advantage with some European

foods.
 
Coriarder seed oil has an agreeable odour and the flavour of spice. Its main constituent islinalool
(sometimes even referled to as coriandrol) which is present to about 60or 70'.. Other terpenessuch as pinehtes, terpinenes, geraniol, etc. make up the bulk of the remainder of the oil.' The leaf,
or herb oil
has a pronounced fatty aldehydic aroma and not surprisingly it has not proved possibleto use leaf oil instead of seed oil in any flavour, perfume or pharmaceutical formula. In fact, theleaf oil isreputed to contain such a large amount of higher aliphatic aldehydes that it might almost
be considered as a commercial source of suchlcompounds.a The only reasonable chemical analysis
of the leaf oil was carried out by Carlblom in 1936 in which he noted the aldehyde content as about
95,.. Of this n-decanal was shown to contribute about 10",; dec-2-enal and 8-methvlnon-2-enal
 

"ere aso clainied to he present.
 

2. Experimental
A valid aroma extract of coriander leaf was obtained using an apparatus based on that originallydescribed by Likens and Nickersons but which was somesvhat modified to make it more efficientand more suitable for this type of work. This modified apparatus has been employed in this labora­tory in other similar studies,-' and already described in detail.7 

. b Approximately 400 g of freshcoriander leaves purchased from a local retailer were used for each extraction. The volatile organicsolveni chosen as best extracting medium was triply distilled 2-methylbutane (15ml).The extract thus obtained was in fact iot as dilut, as such arona extracts often are, but it wasstill leverthteless concelltrated to acertain extent using the lowktemperature/high vacuum distillation 

721 
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Postharvest Shell Life or Sweet Basil 

(Ocinnun basilicumn) 
l)i.tlslLattiger atltii Atihilll" C.. (iallietiOl1). 

)
 
D)ea rtnet ict ltr' ,, li'tr in "tlate1 Un iersitY, Ea t Lrttsllt , 

All 4S 4 

Additional index words. temperature, postharvest storage, packaging, chi!ling injury, diurnal 

res ponse 

Abr:ract.Shdflife(defined by visual quality) of freshly harvested greeihuuse-grnwitSNset 

basil was maintained forat average of -12days at ISC. Chilling injury symptoms were 

severeatstoragetemperaturesof5Ca nd below.Shelflifewasfoutnd tobeonly I and3days 

at 0 and 5C, respectively. Moderate chilling injury was noted at 7.5 and 10C.Harvesting 

sweet basil later inthe day (i.e., 1800 or 2200 tR) increased shelf life by almost 100% when 

harvested shoots were held at 10, 15, ard 20C,conmpared to harvesting at 0200 or 0600 HR. 

However, the time of day of harvest did tiot alter the development of visual chilling injury 

symptoms or improve shelf life at0 or 5C. 

Fresh-cut culinary herbs have become lit-

creasingly irpular in recent years. Although 
herb production is expanding tr meet this 
demand. hz quality of herbs at the retail mar-
ketis sotietities unacceptable. One problett 
is thatssme fresh herbs ate chilling-sensitive, 
yetare commonly handled with fruits and 
vegetables. Lirnittd information is available 

ott postharvest storage and handling practices 
for fresh herbs and on their tolerance to short-
term exposures to chilling temperatures 
(Ilardenburg et al., 1986). 

One of themost highlv consuied flesh 
herbs, sweet basil, is sensittve to chilling in-

jury (CI). Saltveit attd Moms (19901 repoted 
that basil is chilling-sensiLtre. but did not 
identify aspecific chilling temperature. Joyce 
et al. (1986) noted that Cl symptoms devel-
oped at OC and suggested that storage at 5 to 
7C was optimal for long-term basil storage, 

King et al. (1982) found thattomato 
(Lveopersron esculentun Mill.) seedlings 
exposed to chillin temperature insthe hours 

justbefore dawn "ere injired far more than 
seedlings exposed tochtlling temperatures 
between noon and nuditghtt. They proposed 
that diurnal changes in carbohlvdrates corre-
lated with chilling sensitivity (King et :., 

1088). To our knowledge, io one has yet 
dete,'mined if harvest time during the day 
could influence subsequent CI of basil. 

Retailers oftenhold sweet basil at root1 

ietreperature to avoidCl. althought these condi-
tions can poientiallV cause desiCcation or en-
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forpubicaaon 17Oct. 1993%lennoiot a trade-
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hance growth of decay organisms. No shelf 
life data for sweet basil at root temperatures 
have been reported. 

The purpose of this study was tocharacter-
izevisual shclflifeof sweetbasil asinfluenced 
by tetperatures frot i to25C. It addition. we 
wished to determine if harvest tittle during tite 
day would influence subsequent shelf life, 

development of Cl sytptotis, or both. It all 
were inspected for any noticeablecases, expeiments were conducted with basil cuttings 

packaged in perforated polyethylene to mint-
miTe the effect of desiccation on shelf life. as 

suggested by Joyce et al. (1986). 

Materials and Methods 

Sweet basil seeds (Sieger Seed. Ilay City, 
Mich.) were sown in I I-cnt (600-ml) plastic 

azalea pots with two seeds in each of three 
holes =1.5 cm deep using a commercial peat-
perlite-verticulite mix. The seedling; were 
thinned after 2 weeks to three equally spaced 
plants per pot This method of sowing and 
hinning had been found in preliminary ex-
perittents to produce more biotass than one 
or two plants per pot (data not shown). 

Plants were grown in aconipuer-controlled 
greenhouse under24f20Cday/night cycles. In 
allexperiments, plantsreceivedat least l2hof 

light either naturally or using 400-W high-
pressure sodium lamps, and were irrigated 

waekly with 225 rirm 20N-20P-20K. Basil 
shoots were harvested by cutting just below 
thesecond fullyexpanded node fron thegow-

tlg point after =6 weeks of growth. Each 
harvested shoot contained six to eightleaves 

and weighed 4 to 6 g. Unless otherwise stated. 
basil shoots with leaves were harvested at 
1,100t on sunny days. Hlarvested shoots 

wvere placed in unsealed plasttc bags attitte of 
harvest and tapidtly the labor ­transported t 


orv I :22C() or packalgii 

TsWr c,Nri0S('ixtoelghi lea' es etch) were 

,eai-rI w r 0 >c 2) cnt pack.kre rttio iucted 

titltt 127 -rtn-thtck. itw-density pol ethyl-

etrc tilin (LI_I:501 l)ow Chei cal Co ,"id-

land.Mich.) using a Magteta tio) heat sealer 
(Packanig AidsCorp San FraIctsco. Sho,(s 

vIli toarrIe tdI [carc, c cIcn )I ised.Ih erntr 
[:oiwl needle hode I -0A Im In'0 5-raut 

,heach pacl­diamter),wei Punched uol 
ag'e to lacilhtal 0, and CO, exchainge. The 

entire procedure ofharvesting and packagntg 
rok <90 in inall cpennents (harvesting, 
30 Hin; packasini, 6l Itt). Bamd packages 
were held it darkirness under black plastic to( 

l tt lC 
Fur p1r .ckar;csrchof lha';il placed in

lhizdur1alot-ill Ce It' 
were 

ralutecontrollcttil-tn chamlbers it0.5. 10. 
[5. 20.antd25C. allless than i IC. and covered 
with black plastic to matintun darkness. Basil 
ewasinspecied daily at dl-4)lo antirated 

visually for (lie presence ofnecrosis, surface 
molds, water soaking, chloiosis, and leaf ab­
scission. Shelf life was defined as the time 
until the first obvious sign of deterioration, 
based on visual analysis only. The entire ex­
periment was repeated weekly six tintes be­
ginning in July 198 andending in Aug. 1988:" 
The data were pooled and analyzed as asimple 
two-way atalysis of variance (ANOVA) with 

temperature x harvest da.e. The effect of liar­

vest date was not significant. 
In a second experiment, packaged sweet 

basil was held at 0, 2.5.5, 7.5,or 10C for 0,1, 
2, or 3 days before transfer to 20C,with five 
packages per treatment. Fourdays from pack­
aging, all basil shoots were analyzed visually 
for the extent and location of CI symptottts, 
such as tissue soaking and blackening. Basil 

lesions. Tltis entire experiment was -epeated 
three times. The data were analyzed as a two­
way ANOVA with temperature and duration 
as the ntiain factows. 

!n a third experiment, sweet basil shoots 

were harvested every 4 h beginning at 0200 Ho 

and ending at 2200 HR.Shoots were processed 
atid packaged after each harvest as described 
above. and four packages were placed imme­
diately in controlled chambers set at 0,5. 10. 
15.20,and 25C. The packages were handled 
and evaluated as described previously, except 
that observations were made daily at 1600 HR 

The entire experiment was conducted thret 
ttmesdunng Aug. andSept. 1988, andtleilat 
were analyzed as a three-way ANOVA will 
harvest titte, temperature, and harvest date a5 
thetain factors. 

Results and Discussion 

The average shelf life of packaged swe& 
basil was longesi at hiC (Table I),wlietl 

>95% of the packages lasted 7 days or molt 

(Fig. I).Eight packaged cuttitgs lasted logr,, 
than 13days, with one cutting lasting 29 da 

(Fig. 1).The shelf life was eventually Iitmtit 

by the development of surface molds and, 
chlorosis of the older tissue. Visual sheif li 
ran.gedfront 2 to 1,4days at 20C, with OA 

average ot >1 week (lTableI,Fig. I). At 20 C 

50) tf(lie packages reitained visually at 
ceptalile for7 iR 9 days.The average shelf 111 

was iearly I week (Table I ) at 25C. altiout 

0. 
tr) ; of the packages were visually acceptak" 

ti)r 6 days or less. 
<
 

Shelflife wasrethcetatteutpraiures 

comared to I 5C tiable I).Chilling mjiaq
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Asc !e hel lifeI. b~ased on ap511 e. ol, 
,aged sweet basil cuniigs as inftlunced by 

mcralure Cuuings were harvested at 16M(X) 

Mean ns based ott 24 iackoai, d 

Idatvh'C) .Shelle i 

32 .: 
S.3 

1255 
7.32C 

ere linited to the Vouigeires at I( wC 
unded leaves on sonle Of (lie sweet lii. 
e cases. CI was evidenced by waler-

regions that eventually became lie-

Shelf life rangoed from 3 to 14days at 
ig. 1) pnianlydeertiiedlis hiethier
Cl s1 itpnifS developed. Ther was 

• 
evidence of CI at sC, and 75 ,i the 

es was judged unsalable alter only 3 

:111i11nginjury sylmiptoi11. were severe at 

d the ,najonty of the issue evcntiallv 
black 
sisure to (C for only I day, followed by 

r to 20C for .1davs, caiused Ci sytpi 

in 10)'! of the packaged s'sect 1,:1,1 
.). Shor-term ecpostites iti 2.SC al") 
d Cl. althiiJOiethe rate ot stiptotil 
sion was less thatl at 0C (Fig. 2). lhr 
fexposure at 5C wee required betore 
)m deselopment limited the salability 
asil. Svmtponis developed only after ' 

fexposure to 7.5 or ICC. and affected 
,oof tile packages in both cases Fi 2) 
ther lesions developed after transfer to 
lowever. slightlv sunken or discolored 
s continued to degenerate until tile af-
area was completely necrotic, 
rvestitg sweetbastl in tie second halfof 
(sigiticantly unproved the visual shelf 
ly for storas, temperatures -210C (Fi 

ere Wasa nearly two-fold increase in 

, ,oC 
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ie 2. [b-elopreent of chilling In1jurySyrnipionliSOil 
packaeedsweetbasilwihtinciOtilmrne ote0xim­
sure at low teFamres wile und in tie dak 

11) 110shelf life of sweet basil iav(e Ied at HR 

compart d with (201 or 000 tll when held at 
10or 20C. Ibis effectof rime of day ofha-vest 

was also substantial at 15C, with an increase in 
shelf life of 170' 

kIlptinily, no allevtation of Cl sylnp-

tolit .1as iietsediishoits fol basil stoted 

at 0. 5o I IC when harvested at tites later in 
Ihe1i,11t period, as sas repored for ttoato 

sedltin,,,s (King ei al., 1982).'Ilehl(lt tetcnce in 
response may relate to the use of intact vs. 

detached plant material, or may represent a 
basic difference in plant response. In a sepa-
rate experiment. 24 out of 24 unprotected 
plants exposed to 5C developed CI sytoptotis 
within I day, compared to 3 days for packaged 
shoots. Protection front heat loss and water 
loss through the polyethylene packages may 
have affected the response. Wilson (1976) 
reported that CI on green bean (Phaseolus 
tilq.-ris L.) plants was prevented for 7 to 10 
days sitply by enclosing the plants in poly-
etIN ie bags The symptoms of Cl in green 
bear plats were wilting and pintting ( leaf 

tssue, which are enhanced by water loss. In 
our espertnnts, there was little nodification 
of 0 or CO. lit the packages (data not shown). 

Tlie observation that shelf life of cut sweet 
b 1haywas greatlybasil harvested later In tile 

changWsdidtakeplace. rhetherthesechanges 
were related to carbohydrate acctttulauon, as 
werggetd bing e a ccum188t.o, a~Su~g-2csted bv King et al. (1988). o- !,e fad 

ltots, was not determined. ',Vhatever the 
chaniles, tey did no enhance resistance to 

chijtltig ntijiry. 

I here was no evidence tha tile pakaged 

i,%eet basil lost an appreciable aniilit of 
-;" q]:,I oil du.n ite n trad er ! ; I ' 
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lig 3. The effect of little of day of harvest and 
telilieraiure oil tile average shelf life of pac.­
aed sweet basil stored in tile dark. Tie bars 

r 11n each ielINitoi. 1arvest times e e 

020) ft 2200 ti. 

Preharvest tetiperatures could alter the chill­
insetnsitivilty of harvested Nhoots. whichcould 

explain tile differences between tie current 
results and those of Joyce et al. (196) 

Perforaied po yely vene packages were 
used if: them: eXperitIIIs to 11lli[ watie loss. 

as suggestd by Joyce ccal. ( 1980) and piac. 
riced coititerctially. In separate experlnilts, 
we found thatsweetbasilreadilytookupwater 
whentlecuttstens were placedin water. At 15 

to 25C, root initials were observed on die 
lower portions of die basil stenis after holding 

them ii water or polyethylene packages after 
I to 2 weeks. 

The results front thisstudy suggestthat, for 

maximtun shelf life, sweet basil should be 
harvested near the end of the light period and 
stored alove IC with protection front water 
loss. When bruising and other damage was 
avoided, shelf life of sweet basil was nearly 2 
weeks. Shelf life was found to be longer at 20 

and 25C hain at 0 and 5C, although I - to 2-day 

exposures to 5C could be tolerated with no 
obser, able Cl S) itipols. 

1986 The commercial storage of fruits, veg­
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A selection ,ifcompanic, inolved in Ihe dried herbs and spices trade 

uropean Spice Association 
6 Cathcrinc Street 
London 

-..


WC2B 5JJ 

United Kitgom 4
 

British Pepper & Spice Company I.td 
Rhosily Road 
Northani pton 
NN4 OLD 

Blsh Iloake AIIcji 
[llackhorsc Lumc 
Walthainilow 

London F.17
 

Combined Shipping Hid Trading Co Lid 
36 Broadway 
London
 
9WI I I OBH
 

Fooks & French 

Tliamc House 

Paj k Street
 
ILoidLt1 SF I
 

Lionel I litchin 
Gravel Lane 
Barton Stacey 
Wim~hestcr 

Lion FhOds 
Astmoor 
Rincorn 
ClIcshire 

Schwartz Spices Ltd 
Castle I lo., e 
71175 Dcsborough Riiad 

High Wycorube 

Tel: 

Fax: 


Tel: 

Fax: 


Tel: 

Fax: 


'Il: 
Fax: 


Tel: 

Fax: 


lel: 

Fax: 

44 (0) 171 836 2460
 
44 (0) 171 836 0580
 

(0) 181 531 4211
 
(0) 181 531 7413
 

(0) 171 799 1030
 
(0) 171 222 6706
 

(0) 171 178 8575
 
(0)171 378 8582
 

(0) 1962 760815
 
(0) 1962 760072
 

(0) 1928 565221
 
(0) 1928 561172
 



France + 33 

1radimpex 
rip 23 
ZI St Nicolas 
La Queue en [ric 

Nethalands -+ 31 

Cat/ Internntional 
Blaack 22 
P>B I80 
31000 AD Rotterdam 

Man Producten 13V 
P) Box 253 
3000 AG Rotterdam 
Wevna 612-164 
3012 CN Roterdam 

(;ermany 1-49 

Jot HRmIui and Co.. 
Qucrstuecken "IA 
22851 Nordertedt 

Ubcna Gewurze GnlhH 
1lans.Bredow-Strasse 
2800 Brenicii 44 

E~l I. Worice and Co., 
Bcllcvuc 7-8
2100 Ihunburg 60 

Waner-Ge\%ur/c 
/um bodenhIfikc 17 
70/0 Schahisch Gmund-Re.iiprehts 

United Statcs +1 

Gilroy Fouds Incorponled 
PO Box 1088 
(jilroy 
CA 95020 

Kalsec hic., 
371 I West Main 
P) Box 511 
KalanivHIni 
MI 49005 

Tel: 145 93 02 32 
Fax; 1459308 10 

I'e; 1041 13440 
Fax: 104118913 

Tel: 104177377 
Fax: J94147550 

Tel: 405245071 
Fax: 40 524 8329 

Tel: 421 486 950 

Tel: 40 27 134 114 
Fax: 40 27 057 05 

Tel: 71 71 43237 
Fax: 71 71 40620 

TOl: 6163499711 
Fax: 6163823060 



.McConukk.k Inc.. 
\ picc Mil 
10901 (iilruq Road 
hmnt Valle, 
\laryland 21(3 1 

J. NMmihuimer Inc 

d7-22 Pearson lPlac 


L.mug Island City 
NY I1101 

\leer Corporation 
9500 Rilroad Aveiinu 

North Bergen NJ 0"047 

Anurican Spice trade Associated 1iC 

560 Sylvau Avenue 
P1.1 -Inln 
I-ail ,eoodCliffs 
N.J. 07632 

Siniuaporte 

sce Scpuruitu Shuul 

,TaaII + 81 

ill inn i'TAh,,iiiMiVI1 
5 23-28 Nislu-Gotanda 

Shinagawa-ku 
Tokyo 141 

See Separate Sheet 

Tel: 410771 7462
 
Fax: 410771 7301
 

Tel: 718 392 7800
 
Fax: 7183927985
 

Tel: 201 568 2163
 
Fax: 201 568 7318
 

rIl: 03? 493 6884 



MARKET CONTACTS
 

A selection ot'conpanies involved in ih.essential oil trade 

(noted Kingdoi +.14 

Bush Boake Allen Ltd 
Blackhorse Lane 
London E17 5QP 

ir'alhuinc Page Trading 
Unit 5, Prospect Business Park 
Langoton Road 
Loughton
 
[EscN IGI03JR 

H.E. Daniel Ltd 
Longfield Road 
Tunbridge Wells 
Kent 

Fuerst Day Lawson Ltd 
St Clare Ilouse 
30-33 Minories 
London EC3N IIN 

Iionel Hitchcn kEssenlial Oils) Ltd 
Giavel Lane 
Barton Stacey 
Vin. hester 

:rd Whites Internailonal 
Albcrt iclad North 
Piu I.~ 

Reigate 
Surrey 

K. Sarant and Co.Ltd 
Pricbtley Road 
B3asingstoke 
I lants RG24 91'.I 

R.(:. Trcatt and Co. Ltd 
Northem Way 
Bury St Edrnmtids 
Suffolk 

Tel: (0) 181 531 4211
 
Fax: (0) 181 531 7413
 

're: (0) 181 512 1022 
Fax: (0) 181 532 1023 

Tel: 171 4880777 
Fax: 171 4889927 

Fel: (0) 1962 760815 
Fax (0) 1962 760072 

Tel: 1256 29881 
Fax: 125664711 

Tet: 1284 702500 
Fax: 1284752888 



France +33 

Adrit S/% 
15 ruc de Cassis 
13008 Marseille 

( hauvet (Plierre) 
Seillan. - 83440 
Fit)Cce 

Florasynth France 
45 BD Marcel Pagnol 
06130 Le Plan De Grasse 

Mane Fils (S.A.V.) 
06620 BAR-sur-LOUP 

Reynauld & ils (S H.) 
2657(i Mmntbrun-les-Bains 

Reniy (Lab. Mnnique) 
Parc Industriel des Blois de Grasse 
06130 Grasse 

Robertut S.A. 
37 avenue Sidi l3rahim 
06133 Grasse Cedex 

Syndicat National Des Fabriants De Produits 
Aromatiques 

Prodarom 
,18 avtnuc Riou Blanquet 
0613(0 (ranse 

Sy.icins Bio Industric 
61 route dc Plan 
1(6332 Grasse Cedcx 

The Netherlandx 1 31 

lnternatioril Flavours and Fragrnnces 
(Ncderland) hv 
Zevenhetvelenweg 60 
5048 AN Tilburg 

Du Crocq ArumariCb Intcrnational by 
PO Box 6 
1270 AA I-fiizen 

Maschincijer Aromatics 
Po Box 4170 
Oinval 81 
1009 AD Ainsterlain 

Tel: 91 7991 81 

Tel: 94 76 96 03 
Fax: 947696 16 

Tl: 93 09 33 50 
Fax: 93 09 33 99 

Tel: 93 097000 
Fax: 93 42 54 25 

Tel: 75 28 86 00 
Fax: 75 28 8'4 66 

[eli: 93 09 (4 45 
Fax: 93 70 43 26 

'c: 93 40 33 66 
Fax: 93 70 68 09 

Tel: 33 93 360721/36 
Fax: 3193 365426 

Tel: 93 (19 30 00 
Fax: 93 70 82 39 

Tel: 2152 53742 
Fax: 215253741 



Flavodor hv 
PC Box 533 
5 I-0 ANI WaalwIjk 

S~iraul 41 

Firicnich SA 
(. H. 1211 (Jneva 8 

(Givaudan Dubendorf Ltd 
CH 8600 Dubendorf 

International C)rganisation of thc 
Flavour Industry (lOFI) 

litcrniational Fragrance 
Association (IFRA) 

8. Roe Charles-Humbert 
CH- 1205 Geneva 

I'ttressence Zuriuh 
[llumlisalpsira s.,c 3 
8033 Zurich 

Gurmany +49 

Coniehls und Bosse 
bei den Muhren 91 
2000 Hamburg I I 

Dragoco GmbH 
I)450 HoILminden 


I	laarmann und Rcimcr GmbH 

).3450 Ilol7mindcn 


'aul Kaders GmbH 
P'outfach II12 80 
2000 Haniburg II 

C,Mclchers and Co.
 
48-,1. Steindamm 
)-2820 Brewen 77 

Unit tte±Il 

Bcacon Ltd 
70 Floral Avenue 
Murray Hill 
NY 07974 

Tel: 4160 40405
 
Fax. 416041845
 

Tel: 18242424 
Fax: I 824 22 76 

Tel: 41 22213548 
Fax; 41 22 7811860 

Tel: 1 63 09 23 

Tel: 5531 704 213 
Fax: 5531 704 391 

Tel: 5531 701 995 
FAv: 5531 700927 

Tel: 908 464 5800 
lel: 908 464 0002 



Citrus and Allied Essence., 
05 S.Tyson Avenue 
Floral Park. 
N.Y. I1(01 

Durkee Foods Division 
(SCM Corporation) 
1001 Fighth Avenue 
Bethlehem
 
Pennsylvania 18018 

.1.Manheimer Inc. 
47-22 Pearson Place 
Iong Island City
 
N.Y. II101
 

Florasynth Incorporated 

410 Fast 62nd Street 

Nem York
 
NY 10021
 

Intemlional Flavors and Fragrances (US) 
600 Sttil Highway 36 
HIlet,New Jersey 07730 

Japnn + 8) 

F, I lasegawa Co. Ltd 
No 9 4-chonu
 
IlJncho 
Nihinnhnmhi 
C"hiin-kit 

'Iokyo 103 

Morimura Bros. hIc 
Morirura Builing 
1-3-I Toranormon
 
Minato-ku
 
fokyo 105 

Ogavva and Co. Ltd 
41 5Nihonbashi Ihncho 
Chuo-ku 
Tokyo 103 

T'akasago Co rporation 
3 19-22fTakanawa
 
Minarn-ku
 
Tokyo 108 

Tel: 753 890505
 
Fax: 753 890380
 



Singapore + 65 

Prod:aronq,[)c Ltd 
X7 Thas Avenue I 
Singapore 2263 

Tel: 4611106 

Tien Yuan Chemical Piv ltd 
1 Chin Bee road 
Jurong Town 
Singapore 2261 

lel: 652518/9 


