
D.R. McGaw and S. Maharaj: Supply Chain Evaluation for the Plant Extracts Industry in the Eastern Caribbean 
 

42 

Supply Chain Evaluation for the Plant Extracts Industry in the Eastern 
Caribbean 

  
David R. McGaw a,Ψ, and Sharad Maharaj b  

Department of Chemical Engineering, Faculty of Engineering, The University of the West Indies, St. Augustine, 
Trinidad and Tobago, West Indies 

aEmail: drmcgaw@gmail.com; 

bEmail: sharadmaharaj@gmail.com 

Ψ Corresponding Author 

 (Received 29 April 2020; Revised 12 October 2020; Accepted 22 February 2021) 

Abstract: Market research has shown that the demand for increasing essential oils, fragrances and flavours in 
aromatherapy, and food and beverages, is expected to remain a key driving factor in the global marketplace. This 
could effectively double to about US$15b by 2025 from about US$7b to US$8b as estimated in 2018.  Additionally, the 
Oleoresin market was estimated to be about US$1.2b in 2014, increasing to US$1.7b in 2025. The Eastern Caribbean 
has a long history of essential oil production, specifically bay oil in Dominica, nutmeg oil in Grenada and anise oil in 
Trinidad. Unfortunately, the bay oil and nutmeg oil operations have been negatively affected by hurricanes and the 
anise oil operation has been closed down. Due to the buoyancy of global markets in both essential oil and oleoresin 
markets, it is appropriate to bring these traditional industries back into full production, and to expand the range of 
products to be marketed. The potential of this expansion was investigated using an in-depth evaluation of the 5 stages 
of the complex supply chain in the small island states, namely: 1) Agricultural production of raw material, 2) 
Extraction of the crude essential oil/oleoresin by steam distillation/supercritical fluid extraction, 3) Transportation of 
the crude extracts to a separation plant to recover valuable components, 4) Transportation of the valuable components 
for final consumer products to be produced and packaged, and 5) Marketing of the final consumer products. The 
potential for introducing new products has identified the additional crops which could be considered for commercial 
exploitation: root crops (turmeric, vetiver), shrubs (basil, hot peppers), trees (ylang ylang). The analysis has led to a 
number of conclusions. Firstly, management of agricultural production is key to the success of the operation. 
Secondly, steam distillation extraction can only produce essential oils, whereas supercritical fluid extraction can 
extract both essential oils and oleoresins, but at a rather higher capital cost. Finally, there would be a move towards 
major production and distribution of commercial products after the new businesses are established. These new 
businesses would contribute to the fulfillment of a sustainable supply of crops to the process plant. 
Keywords:  Essential oils, oleoresins, supply chain, techno-economic feasibility

1.  Introduction 
Many plant species in the tropics secrete complex 
chemicals which are extracted and incorporated into 
various consumer products which may be classified 
under the following headings:  
● Food Flavours 
● Aromatherapy/Personal Care products 
● Nutraceuticals/Pharmaceuticals 
● Perfumes 
● Various uses, e.g. security sprays, insecticides, dyes 

and colourings. 
There are two basic types of plant extracts: essential 

oils and oleoresins. Essential oils are the volatile oils 
giving rise to the odour from the plant (Ríos, 2016; King, 
2006; Turek and Stintzing, 2013). Oleoresins are natural 
resins often termed the fixed oils due to having much 
lower vapor pressures than the essential oils, melting at 
higher temperatures (Moyler, 1991; King, 2006).  

Growing consumer preference for natural products 
has led to the development of novel applications in 
personal care and beauty products. Rapid 
industrialisation has resulted in increased disposable 
incomes, particularly in emerging economies such as 
China, India, Vietnam and Thailand. This is one of the 
macro factors steering growth (Maharaj et al., 2017). In 
addition, rising application scope on account of growing 
consumer awareness regarding health benefits, and 
negligible side effects associated with the use of essential 
oils and oleoresins, is expected to spur their demand in 
the medical industry. Growing demand for aromatic 
flavours and fragrances in cosmetics, perfumes, as well 
as spa and relaxation applications is also expected to fuel 
demand in the coming years. 

 
2. Essential Oils and Oleoresins Market Projections 
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A number of market research companies (e.g., Fortune 
Business Insights, 2019; Global Market Insights, 2019; 
Allied Market Research, 2020; Grand View Research, 
2020) have evaluated the current and projected global 
essential oils markets. There is reasonable agreement 
between their assessments indicating that the global 
market sales were $7.0b to $8.0b in 2018, with 
significant increases expected to give rise to a 
Compound Annual Growth Rate (CAGR) between 8.7% 
and 9.7% over the period to 2026, thereby projecting to 
virtually double the market size to about $15.6b in that 
period. 

In terms of the supply chain, the Observatory of 
Economic Complexity stated that the major importers of 
essential oils were the USA 24%, France 14% followed 
by Germany and the UK both with 6.3%, and the major 
exporters were France 16%, China 14%, the USA 10%, 
Indonesia 8.2%, and India 5.1% (OEC, 2018). The 
numbers quoted for exports will, however, include re-
exports of finished products particularly for the 
developed countries. The major production of basic plant 
extracts is from the developing countries, with Indonesia, 
India and Brazil being the major producers. In terms of 
the major market for essential oils. It was estimated that 
the United States essential oil market revenue would 
double from about US$2.0b in 2015 to more than 
US$4.0b in 2022, with breakdowns given for the top 10 
oils (Grand View Research, 2020). The European 
market, comprising about 40% of the total, was 
estimated to increase at a lower rate. 

As regards the specific essential oils which are 
commercialised, the top 10 in terms of output have been 
identified by the market research companies as oils from 
orange peel, eucalyptus, cornmint, citronella, lemon, 
lime, lavender, rosemary, tea tree and clove. Many of 
these are however not from tropical plants but, 
notwithstanding this, there are a large number of oils 
being produced from other tropical plants, which are 
marketed with lower volumes and often at higher unit 
prices (e.g. ylang ylang, jasmine, vetiver, bay leaf, basil, 
patchouli, and hot peppers). 

In terms of application, about 40% of the oils go into 
the Food and Beverage market, about 30% into Spa and 
Relaxation, with about 15%, into Pharmaceuticals, and 
another 15% into Cleaning and Home (Grand View 
Research, 2020). 

On the other hand, oleoresins have a high stability in 
storage with a reduced storage space (King, 2006). They 
are widely used as a natural means of lowering the risk 
of cancer, and also in treating stress and back pain owing 
to their natural antioxidants and anti-inflammatory 
properties (King, 2006). 

According to Markets and Markets (2018), the global 
oleoresins market was estimated to be valued at US$1.2 
billion in 2019 and is projected to reach US$ 1.7 billion 
by 2025, recording a CAGR of 6.0% from 2019 to 2025. 
The rising trend of using natural flavors in processed 
food and an increasing number of Quick Service 

Restaurants (QSRs) have led to a surge in demand for 
oleoresins. The rise in awareness regarding the side 
effects of synthetic products, and health benefits offered 
by phytomedicines and herbal extracts have significantly 
driven the growth of the market. Further, due to the 
increasing research and development (R&D) activities in 
the market and the rising popularity of health 
supplements, the demand for oleoresins in the 
nutraceutical industry remains high. The growing trend 
of offering "clean label" personal care products is also 
projected to drive the growth of the oleoresins market. 

Major sources have been identified by Markets and 
Markets (2018) as paprika, capsicum, seed spices, 
turmeric, ginger, cinnamon, and herbs with various other 
materials (such as nutmeg, cardamom and garlic). All of 
these could be grown in the tropics. Moreover, 
applications were identified as Food and Beverage, 
Pharmaceuticals and Nutraceuticals and Personal Care 
Products. Estimated geographic market distribution was 
42% the USA, 29% Europe, 18% Asia Pacific region, 
with 11% for the rest of the world.  

Market data summarised above for both the essential 
oils and oleoresins market, which shows that both 
markets are buoyant with significant growth projected in 
the short to medium term. Many of the plants from 
which the essential oils and oleoresins are extracted are 
produced in the tropics. There is a history of essential 
oils production in the Eastern Caribbean, but the market 
projection shows that the opportunities for consolidation 
and expansion are significant. This paper would: 

1) Evaluate the current situation for essential oils and 
oleoresin production in the Eastern Caribbean. 

2) Identify areas for consolidation and expansion for 
essential oils and oleoresin production in Eastern 
Caribbean.  

3) Analyse the Supply Chain Management with a view 
to identifying the issues which need to be 
addressed. 

4) Make specific proposals as to how the industry can 
evolve in the short, medium and long term to the 
benefit of the local economies. 

The overall market analyses summarised above relate 
to the total global situation. Much of the basic supplies 
are, however, from tropical sources. In terms of volumes, 
the major essential oils are from citrus peels as a 
byproduct from juice production, specifically orange oil, 
lemon oil and lime oil. 

McMillan et al. (1991) have provided a listing of 
thirty tropical plants, other than citrus, from which 
essential oils can be extracted. Those that may be 
exploited in the Eastern Caribbean are listed below, 
together with additional plants with extractable 
oleoresins. The listing is initially classified under Root 
Crops, Herbs/Grasses/Shrubs and Trees, as the 
agricultural system for production and supply chain 
management will vary with these particular different 
classifications: 
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● Root Crops – turmeric, ginger, and vetiver. 
● Grasses/Herbs/Shrubs – basil, lemongrass, jasmine, 

patchouli, hot peppers, and thyme. 
● Trees – bay, ylang-ylang, cinnamon, clove, neem, 

nutmeg, and annatto.  
In terms of final use, these plants have been 

reclassified by McMillan et al. (1991) in the areas below: 
● Spices – bay, cinnamon, ginger, nutmeg, and 

turmeric 
● Condiments and Seasoning – basil, lemongrass, 

thyme, and hot pepper 
● Aromatherapy and Perfumes – basil, bay, 

cinnamon, clove, jasmine, lemongrass, patchouli, 
vetiver, ylang-ylang 

● Drugs and Medicinal Plants – turmeric, hot pepper 
● Natural Insecticides - neem 
● Dyes and Tans – annatto 

 
3. Essential Oils Industry in the Eastern Caribbean  
3.1 History 
The Eastern Caribbean has a long history of essential oil 
production, albeit limited in the range of products. Thus, 
bay oil has been produced in Dominica since the 19th 
century, and lime oil was produced in a number of the 
islands for many years (Co-operative Development 
Division, 2018). More recently, nutmeg oil has been 
produced in Grenada, anise oil in Trinidad and bay oil in 
Tobago (Forbes, 2020). Even though these industries are 
small by international standards, they have contributed 
significantly to the economy in the small islands. The 
anise operation has however since been closed down, 
and the operations in Dominica and Grenada have been 
negatively affected by hurricanes (Forbes, 2020). 

In the Eastern Caribbean the leaves for bay oil 
extraction in Dominica and nutmegs for nutmeg oil 
extraction in Grenada were grown, harvested and 
processed through farmers' co-operatives. Apart from the 
production of small amounts of specific consumer 
products, the raw oils were then sold to brokers in North 
America and Europe, who sold them on to refiners and 
consumer product manufacturers. In the case of anise oil 
production in Trinidad, the production and initial 
processing of the raw material was carried out by the 
Pernod Company who took all the product for 
incorporation into its beverages. In each case, the value 
added was effectively exported. 

 
3.2  Potential 
Reference to Section 2 shows a significant number of 
potential plants which can be grown in the Eastern 
Caribbean from which high value products can be 
extracted in the form of essential oils and oleoresins. 
Markets are available and buoyant (CARICOM, 2007; 
Caribbean Export, 2019), with the expectation to expand 
significantly in the next 5 years. Reference to the history 
shows limited penetration by producers in the Eastern 

Caribbean. In fact, as all the process plants in the region 
employ steam distillation to extract the oils, only 
essential oils have been produced to date. Since there is 
much unused/underutilised land in the region, it is 
proposed that there be a significant expansion of output 
both in terms of the types of essential oils and oleoresins 
produced and also the quantum to be marketed. If labour 
costs are deemed to be excessive, however, it may be 
appropriate to concentrate on high value added products 
and materials, together with the introduction of a high 
level of mechanisation into agricultural production, 
where possible. 

In terms of production, processing and marketing, a 
number of additional essential oil products can be 
considered probably the most promising from the point 
of view of ability to produce, process and market at a 
relatively high price being: 
● bay (Laurus nobilis) 
● basil (Ocimum basilicum L.) 
● jasmine (Jasminum sambac L.)  
● patchouli (Pogostemon cablin Benth.) 
● vetiver (Vetiveria zizanioides) 
● ylang ylang (Canaga odorata) 

Orange oil is the most traded essential oil, this being 
produced by pressing the oil out of the peels, these being 
a by-product of orange juice production. Other citrus oils 
are similarly produced from grapefruit, lemons and 
limes.  There is some citrus production in the Eastern 
Caribbean but it is not at the level appropriate for 
extracting and marketing the oils commercially at this 
time. 

In addition, however, it may be appropriate to expand 
the plant extract offerings to include oleoresins, the most 
promising being: 
● ginger (Zingiber officinale) 
● turmeric (Curcuma longa) 
● hot peppers (Capsicum annum) 

It must be recognised however, that whereas the 
production of essential oils may be carried by the simple 
process of steam distillation, the production of oleoresins 
will necessitate the introduction of either solvent 
extraction or supercritical fluid extraction.   

The implications for consolidation of the current 
production and expansion into the production of new 
products is examined in the following Sections, with 
special reference to supply chain management; along the 
full supply chain from agricultural crop production to the 
marketing of consumer products. This will include the 
concept of producing more than one product from a 
single process plant, as well as the implications of 
moving down the supply chain to market final consumer 
products. 
 
4. Supply Chain Management in the Plant Extracts 

Industry 
Towards the realisation of this potential, it is important 
to have an in-depth understanding of how the industry 
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works starting from crop production, through delivery to 
the extraction site and finally to the global distribution of 
the product. An understanding of various aspects of the 
supply chain is essential in ensuring that the continuation 
of existing businesses and the introduction of new 
businesses is organised to maximum benefit. The full 
supply chain is complex, as shown in the diagram of the 
supply chain which is specific to the flavour and 
fragrance industry by Hunter (1996), as quoted by Weiss 
(1997), and shown in Figure 1. 

This supply chain analysis excludes certain products 
for other markets, particularly the nutraceuticals/ 
pharmaceuticals, insecticide, pepper spray, dyes and 
colourings markets, which will have similar structures, 
but varying in detail. They will also have their own 
controlling international bodies, particularly the 
pharmaceuticals markets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keys:  
NFDA – National Food and Drug Administration 
IFEAT – International Federation of Essential Oils and Aroma Traders 
IFRA – International Fragrance Association 
RIFM – Research Institute for Fragrance Materials 
IOFI – International Organisation of Flavour Industries 

Figure 1. Structure of the International Flavour and Fragrance 
Industry 

 
As regards the analysis of the potential for expansion 

of the plant extracts industry in the Eastern Caribbean, 
the supply chain may be conveniently simplified to the 
following major steps: 

1) Agricultural production of raw material and its 
delivery to the process plant. 

2) Material preparation prior to extraction. 
3) Extraction of the crude essential oil/oleoresin. 

4) Transportation of the crude extracts to a separation 
plant where the valuable components are recovered. 
This may happen through an intermediary broker. 

5) Transportation of the valuable components to the 
site where the final consumer products are 
produced and packaged. 

6) Marketing of the final consumer products. 
This is depicted in block diagram format in Figure 2. 

In fulfilling the above, it is recognised that all products 
must conform to the relevant international standards, as 
implied typically in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Block Diagram Format for the Supply Chain 

 
5. Agricultural Production and Supply to the 

Process Plant 
The aim of the agricultural supply system is to produce 
the appropriate plant materials to supply the extraction 
process plant. In essence, its establishment and 
management are key to developing a viable and 
profitable commercial operation, since it is at the front 
end of the Supply Chain. All the extraction processes are 
batch operated, generally on a 24 hour a day basis. There 
will be specific turn round times involving charging to 
the process, start up, extraction for a specified period, 
finishing with shut down and emptying of the spent 
charge. Typically, for a turn round time of 6 hours, there 
will be 4 batches processed per day per extraction unit. 
On-field loading of steam distillation vessels is also 
possible. However, the agricultural enterprise must of 
necessity have sufficient material available to keep the 
process plant operating throughout the year. This would 
therefore require planned storage of a few days' supply 
awaiting processing, and for high-moisture material, pre-
drying to a moisture content of 75% or less is 
recommended to prevent mould growth.  

Management of the different potential crop materials 
will vary significantly from crop to crop. Brief 
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background to the selected crops within the 
classifications listed (see Section 2) is given below. 
 
5.1 Crop Types  
Three different crop types shall now be discussed 
namely, root crops, herbs/shrubs/grasses and trees. 
 
5.1.1 Root Crops 
Potential root crops that can be exploited for their 
extracts are: 
● Essential oils – turmeric/ginger/vetiver 
● Oleoresins – turmeric/ginger 

Of these, both turmeric and ginger can be harvested 
mechanically, whereas vetiver has to be dug out 
manually because of the extent and depth of its root 
system. Since the agricultural system for ginger is 
similar to that of turmeric, only the background to 
turmeric and the summarised agricultural practices 
would be presented. 

 
1) Turmeric – Curcuma longa (Zingiberaceae) is an 
erect herbaceous perennial which grows to a height of 
~1m. The leaf sheaths form a pseudostem, but unlike 
ginger, has a distinctive thin petiole so that the leaf 
lamina is at a distance from the pseudostem. The 
rhyzomes which have a characteristic colour and taste, 
develop as a dense clump and are covered in scales, but 
are bright orange inside (Bhat, 1995; Prasath et al., 
2018). Turmeric thrives on fertile soils with a loose 
texture. Well-drained alluvial sandy loams are ideal for 
growing turmeric (Das, 2016). It is very sensitive to 
waterlogging. Preparation of the land is to obtain a fine 
tilth that is essential for growing a good crop of turmeric. 
It requires heavy application of fertiliser. The crop is 
ready 7-9 months from planting.  Extract composition 
from commercial turmeric grown in Trinidad has been 
reported to be ~11% of which around half is essential oil 
and half oleoresin (Maharaj et al., 2017). Yields are 
reported to be in the 10-20 tonnes per hectare under 
average conditions, although it has been shown that 
yields of up to 45 tonnes per hectare can be achieved 
with some high yielding cultivars. Mechanical harvesting 
can be achieved by a simple powered tiller or by use of a 
suitable device driven by a tractor. 
 
2) Vetiver – Vetiveria zizanioides (Gramineae) is a 
densely tufted narrow leaved, perennial grass which 
grows to a height of up to 2m. The dense lacework of 
spongy aromatic roots is concentrated in the top 20-30 
cm of soil, but individual roots can reach 100 cm in the 
soil profile. Luxuriant vegetative growth with moderate 
oil content is attainable when cultivated on well-drained 
sandy loam soils (Weiss, 1997). The highest oil yields 
are however obtained from crops grown on red laterite 
soils. Although plant multiplication by nature occurs 
both vegetatively and by seed dispersal, under cultivated 
systems it is usually propagated using slips obtained 

from the previous crop. The recommended spacing under 
tropical conditions is 60 cm by 30 cm. In the tropics the 
optimum stage of growth for harvesting of the roots is 
reached 15-18 months from planting. Oil quality is 
reported to be the best at this stage when a large 
percentage of the roots are thick, fleshy and carry fine 
rootlets. Oil contents from roots from cultivated crops 
reported in the literature vary widely from 0.1% to 4%.  
The oil content of vetiver grown in Trinidad has been 
reported to be 1.75% (Maharaj et al., 2020). During 
harvesting, the clumps are first cut or mowed at a height 
of 15-20cm above the ground and the clumps are 
uprooted manually from a minimum depth of 50 cm. 
 
5.1.2 Herbs/Shrubs/Grasses 
Potential herbs/short plants that could be exploited for 
their extract are: 
● Essential oils – basil, coriander, lemongrass, 

jasmine, patchouli, thyme 
● Oleoresins –hot peppers, paprika 

Of the essential oil plants, jasmine flowers have to be 
hand-picked for perfume base extraction, whereas the 
other plants can be harvested mechanically. In terms of 
the oleoresins, the fruit has to be separated from the plant 
before forwarding for extraction. One example of each is 
chosen for summarising the background to agricultural 
production, specifically basil and hot peppers. 

 
1) Basil – Ocimum basilicum (Labiatae) grows and 
thrives as a perennial in tropical climates. Generally, the 
plants have leafy stems, thin branching roots and reach a 
height of 60 cm at maturity (Weiss, 1997). It grows in 
well-drained loamy soils and should be harrowed as 
smoothly as possible, since the seeds must be drilled 
uniformly to obtain a good stand of plants. The plants 
should be placed 0.5-1.0 m between rows and 3 to 6 cm 
within 2 rows. Basil plants are unable to tolerate 
moisture stress and should be provided with a regular 
supply of water. When growing plants for oil production, 
large producers cultivate about 70,000 plants per hectare. 
Oil of high quality is obtained when the plants are at the 
flowering stage and are usually ready for harvest about 
95 days after seeding. Leaf yields range from 15 to 25 
tonnes per hectare. They should be trimmed frequently 
as this helps them remain bushy. A sickle bar type 
mower with an adjustable cutting height can be used to 
harvest the plants. They should be cut at least 15 cm 
above the ground to ensure a good second crop. Oil yield 
for the common variety grown in Trinidad has been 
determined to be about 0.3% (Maharaj, 2012). 
 
2) Hot peppers -  Capsicum annum sp. L is a variable 
herb, or sub-shrub, sometimes woody at the base, erect, 
much branched, 0.5 to 1,5m high, which is grown as an 
annual. The fruit is an indehiscent many-seeded berry, 
pendulous or erect, born singly at nodes and very 
variable in size, shape, colour and degree of pungency 
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(Weiss, 1997). Light loamy soil, rich in lime is best for 
their cultivation, but they can be grown on a variety of 
soils provided they are well drained. Spacing is usually 
up to 1 m apart. Flowering begins 1-2 months after 
planting and it takes a further month to the first picking 
of green peppers; and ripe fruits are picked at intervals of 
1-2 weeks.  After harvesting they can be dried in the sun 
to a quarter of their wet weight. The yield of dried 
peppers per hectare in India has been reported to be from 
250 kg per hectare for rain fed crops to 2,500 kg per 
hectare for irrigated crops. There are a number of 
different varieties grown in Trinidad varying in the 
capsicum content. A typical capsicum content for scotch 
bonnet pepper has been measured to be ~2%. (Holder, 
2008). Hot peppers are usually harvested daily by hand, 
but mechanical harvesters are available for a once-over 
harvest (Penn State Extension, 2020). A comprehensive 
Production Manual for hot peppers in Trinidad has been 
published by CARDI which can be utilised across the 
Eastern Caribbean (Adams et al., 2011). 
 
5.1.3 Trees 
Potential tree crops that could be exploited for their 
essential oils are: 
● Essential Oils – bay, ylang ylang, nutmeg 
● Oleoresins – cinnamon, clove, nutmeg 

The three most promising tree crops for essential oil 
production are bay, nutmeg and ylang ylang. Since bay is 
already well exploited in Dominica and there is an 
unutilised bay tree plantation on Tobago, there is no need 
for additional production in the region. Similarly, 
nutmeg has already been exploited in Grenada. However, 
the essential oil from the flowers of ylang ylang does 
represent a significant opportunity. 

Ylang Ylang – Cananga odorata (Annonaceae) is a 
fast growing medium to tall evergreen tree attaining a 
height of up to 35m in the wild state (Weiss, 1997).  For 
ease of cultivation, the tree is kept at a height of 3m by 
topping as well as bending the branches downward, 
giving the tree a distorted appearance. Large yellow-
green strongly scented leaves hang in clusters of 2-20 or 
more from the axils of alternate leaves. The flowers, 
found on the tree year round, spend 20-25 days maturing 
from smaller greenish-white flowers to larger flowers 
exhibiting a deep yellow colour. The tree thrives in a 
moist tropical climate near the sea coast and in rich 
volcanic or fertile sandy soil. It is propagated usually by 
seed rather than cuttings which may be sown directly 
into prepared pits where the tree is to be grown. The first 
flowers appear in sparse amounts after 1.5 to 2 years 
with full harvests produced by the third year. If properly 
attended and sheltered from the wind a plantation can 
last up to 25 years. On average, each tree can produce 6-
8 kg per year in industrial plantations. The oil is usually 
extracted via steam and hydro-distillation with yields up 
to 2.0 to 2.5%. Oil from sources in Trinidad has 

produced yields of about 1.8% using Supercritical Fluid 
Extraction (Watson, 2005). 
 
5.2 Ownership and Control of Agricultural 

Production 
Turmeric, vetiver, basil, hot peppers and ylang ylang are 
probably the best five opportunities that worth 
investigating for commercial development. Similar 
backgrounds to those given above can be obtained from 
Weiss (1997). Reference to the summarised background 
data of the five identified exploitable crops shows 
significant differences between the agriculture, growing 
times, harvesting times, harvesting procedures, crop 
yields and extraction yields. In order to maximise the 
output from the extraction plant, management of 
agricultural output and supply to the process is crucial, in 
order to ensure a sustainable business. Thus the planting 
process has to be coordinated months, to even years, in 
advance to the time of harvesting, such that the process 
capacity is fulfilled on a daily basis, without too much 
time in prior storage. 

This is a crucial factor in the supply chain 
management process. Crop production and supply to the 
process plant can be carried out in the following ways: 
● from a plantation close to the extraction site and 

probably with the same ownership as that of the 
process plant. 

● by a Cooperative of farmers who own the process 
plant. 

● by farmers who supply their own small-scale still. 
● by farmers who are contracted to supply to the 

process plant. 
The background on the five specific crops shows a 

time lag between planting for each, starting from 3 
months (hot peppers) through 18 months (vetiver) to 3 
years (ylang ylang). Thus, start-up of any new business 
will require close synchronisation between agricultural 
supply and process plant commissioning, which will 
entail a delay of about 12 months after placing the order; 
and thereafter during subsequent production.  

In terms of creating a sustainable supply thereafter, if 
the supply is from a plantation close to the process plant, 
management of the supply should be relatively straight-
forward to plan and control. One such case in Trinidad 
was in anise oil production at the Orange Grove Estate. 

Examples of Farmers Cooperatives in the Eastern 
Caribbean are the Dominica Essential Oils Cooperative 
Society (DEOCS) and Grenada Cooperative Nutmeg 
Association (GCNA). In the case of DEOCS, farmers 
supplied bay branches to their steam distillation plant at 
Petit Savanne, this having two stills. The supply often 
involved farmers placing their harvested branches on the 
side of the road to be picked up by the Co-Operative 
truck. Plant supply in the case of Co-Operatives was 
coordinated by the Factory Manager. The operation 
however was seasonal and the plant was unfortunately 
destroyed by a hurricane. In addition, around 100 small 
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farmers process their own bay leaves in small crude 
stills, the oil being marketed through the Cooperative. 

Supply by farmers contracted to supply to the process 
plant will be the most difficult to manage. Whatever 
system is used, daily operation of the plant requires an 
organised, sustainable, quantum of suitable raw 
materials, to supply the process.  
 
6. Material Preparation and Extraction 
The core of the supply chain is the extraction of the high 
value oils from the plant material. There are a number of 
extraction processes available (Lawrence, 1995; 
Tongnuanchan and Benjakul, 2014; Asbahani e al., 2015; 
Stratakos and Koidis, 2016; Aziz et al. 2018) in the 
context of the specific use in the Caribbean. 
 
6.1 Pressing  
The process of pressing is mostly applied to the 
production of citrus oils. In the process following juice 
extraction, either the spent fruits or peels are placed in a 
device that mechanically pierces it to rupture the 
essential oil sacs located on the underside of the rind. 
This is then centrifuged to separate the solids from the 
liquids and the immiscible oil is separated from the 
oil/water mixture by settling and siphoning off (Weiss, 
1997; Tongnuanchan and Benjakul, 2014; Aziz et al., 
2018).  

Cold pressing is an inefficient process impractical for 
large-scale commercialisation in terms of the percentage 
of oil extracted, which can only be applied satisfactorily 
to peels, typically citrus peels. It is however a continuous 
process and suitable for high throughputs. It would only 
be utilised in the Eastern Caribbean if the citrus industry 
expanded to be able to incorporate oil extraction. 
 
6.2 Steam/Hydro-distillation 
Until towards the end of the 20th century (Guenther, 
1961), separate batch operation technologies had to be 
used to extract essential oils and oleoresins. Thus, the 
extraction of essential oils was carried out mainly by 
either steam distillation or hydro-distillation. 

A flow diagram of a typical steam distillation 
operation is shown in Figure 3. In steam distillation, the 
material to be extracted is charged into a basket, which is 
placed inside the distillation still, where it sits on a 
perforated grid. The top lid of the still is then clamped 
down and steam from the boiler is passed though the bed 
of material. The essential oil in the material vapourises 
and is carried off with the steam into the condenser 
where the oil/steam mixture condenses (Lawrence, 
1995). This mixture then passes down into the separator 
where the immiscible oil and water separate. Once the 
bulk of the oil has been extracted, the supply of steam is 
shut off, the top lid opened and the basket removed. The 
spent material is then taken out of the basket, which is 
then refilled with fresh plant material from agricultural 
production for the next batch. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Steam Distillation 
Source: Based on Weiss (1997) 

 
An alternative to steam distillation is hydro-

distillation, whereby the plant material is mixed with 
water and boiled to release the vapour/steam mixture to a 
condenser/separator system, similar to steam distillation 
(Lawrence, 1995). In terms of a standard operating 
procedure, the material is charged into the extraction 
chamber and covered with water. The system is then 
brought to the boiling point after which the bubbles of 
steam/vapourised oil mixture rise into the condenser 
section. When the bulk of the oil has been extracted, the 
supply of steam is shut off and the water/spent plant 
material is released from the base of the vessel. The 
vessel is then prepared for the next batch.  

Steam/Hydro distillation are batch process which 
have been well established as the process for extracting 
essential oils from plant materials for well over 100 
years. The major disadvantages in their use are that they 
use an elevated temperature of ~100°C causing potential 
degradation of the extracted oils, and relatively long 
distillation times up to 6 hours, in some cases (Lawrence, 
1995). 

The capital cost however is relatively low, this being 
offset by a high-energy requirement to produce the 
extracting fluid, steam. It cannot be applied for 
extracting oleoresins, which have much lower vapour 
pressures than the more volatile essential oils. They do 
however, have the versatility to process different 
materials at different times of the year. The main issue in 
that respect is in cleaning out the process plant between 
products to eliminate contamination. 

One approach which can be applied where the crop is 
produced in the vicinity of the extraction process, 
involves transporting the distillation vessel into the fields 
where a mechanical harvesting system loads the vessel. 
Once full, the distillation vessel is returned to the process 
plant where it is connected to the steam supply for 
extraction (Lawrence, 1995). Once all of the essential oil 
is extracted, the spent charge is taken out of the 
distillation vessel and the cycle is repeated. This system 
was used very effectively for a number of years for 
Anise Oil production at the Orange Grove Estate in 
Trinidad. 
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6.3 Solvent Extraction 
Oleoresins are not volatile, and have traditionally been 
extracted by solvent extraction using a suitable liquid 
solvent. Typically, the plant material is charged to a 
vessel containing the solvent e.g. ethanol which is then 
agitated to allow for thorough mixing (Watson, 2005; 
Tongnuanchan and Benjakul, 2014). After a suitable 
period of time, the vessel is discharged and the 
solvent/oleoresin solution is separated from the spent 
plant matrix. The solution is then distilled to separate the 
oleoresin product from the solvent which is then 
recycled. 

Solvent extraction is a complex process with more 
processing steps than steam distillation. It relies on the 
preferential solubility of the product in an added organic 
phase (Weiss, 1997). Since a solvent is used to extract 
the oleoresin, the solvent/oleoresin mixture has to be 
subsequently separated by fractional distillation for 
product recovery and solvent recycle. This is not only 
expensive but it means that the oleoresin product will 
always be contaminated with the solvent. This can limit 
its use to a certain extent, particularly for food products.  

 
6.4 Supercritical Fluid Extraction 
In the last decade of the 20th century, the concept of 
supercritical fluid extraction (SFE) was promoted as a 
viable and more flexible alternative to both steam 
distillation and solvent extraction (Brunner, 1994; 
Mukhopadhyay, 2000). The extraction is effected by 
passing carbon dioxide at high pressure (up to 500 bar), 
and just above room temperature through a packed bed 
of the plant material charged to the extractor. The 
essential oil/oleoresin dissolves in the supercritical 
carbon dioxide and passes to the separator where the 
pressure is let down to release the extract. The carbon 
dioxide is then re-compressed to extraction pressure and 
recycled through the extractor.   

A typical flowsheet for a three-extractor (Maharaj et 
al., 2017), two-separator commercial process is shown in 
Figure 4. Extractor volumes are usually limited to 1,500 
L because of the high pressures involved. The critical 
temperature and pressure for carbon dioxide is 31.1°C 
and 73.8 bar.  Such units usually operate in the range 
30°C to 70°C and up to 500 bar pressure. The higher 
pressures will extract both essential oils and oleoresins as 
a mixture, but it is also possible to operate the system at 
sub critical conditions whereby only essential oils are 
extracted. 

As shown in Figure 4, it shows that SFE, at the 
current state of development, is still a batch process. It is 
however usually operated with multiple vessels such that 
during a production operation, two of the vessels would 
normally be in their extraction mode with the third vessel 
being emptied after extraction and refilled for its next 
extraction. The extracted oil is collected from the base of 
the separators. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Flowsheet for Commercial Supercritical Fluid Extraction 

 
The major advantage of SFE is that it can extract 

both essential oils and oleoresins, making it much more 
flexible in a multiproduct environment (Lee et al, 2020). 
The process also operates at temperatures not much 
above ambient, so that the chemistry of the extracted 
product is not modified significantly by the process. 
Extraction times are also shorter than those using the 
traditional techniques. The major disadvantage is capital 
cost. It is much more expensive than Steam Distillation. 
Its use however does necessitate a major supply of 
carbon dioxide. Carbon dioxide is recycled, but there 
will be small losses to replenish after the 
discharge/recharge operation. 

 
6.5 Choice of Process 
If the extracted product is to be an essential oil, there is a 
choice between steam distillation and SFE. Because of 
the elevated temperature associated with steam 
distillation, the extracted oils may have slightly different 
compositions than those from SFE. If the distillation 
product is commercially acceptable, the significantly 
lower capital cost will make the steam distillation 
process more economically viable. 

If, however, the extracted product is an oleoresin, 
SFE would normally be used in preference to Solvent 
Extraction as the product is not contaminated with 
solvent. In addition, one of the major advantages of the 
use of SFE is that it can produce both essential oils and 
oleoresins. For instance, to produce both from a single 
source (e.g. turmeric), the initial extraction pressure is 
set near the critical pressure to extract the essential oil 
with little oleoresin contamination. Once the essential oil 
is depleted (usually after an hour of extraction), the 
pressure can be increased to about 200 bar to extract the 
oleoresin (Maharaj et al., 2017). SFE is therefore much 
more flexible than steam distillation, but at an increased 
capital cost and the need for a supply of carbon dioxide. 
 
6.6 Material Preparation  
Whichever extraction process is chosen, some form of 
preparation will often be necessary prior to charging the 
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raw material to the process. This may involve washing, 
pre-drying and size reduction.  
1) Washing – Root crops need to be washed to remove 

earth prior to processing. 
2) Pre-drying – Most of the materials charged to the 

chosen process plant will require some pre-drying. 
Reducing the moisture content can have the 
following benefits (Vikaspedia, 2020; Jayas and 
Singh, 2011): 
● Increase in dry matter for each batch charge, and 

hence increase productivity. 
● Breakdown of internal cell structure to release 

oils for ease of extraction. 
● Excessive moisture in the charge can inhibit 

gas/particle contacting, thereby reducing 
extraction rates. 

● Ease of handling and size reduction. 
Pre-drying of flowers for perfume products however 
is not recommended. The major problem associated 
with pre-drying is the potential for oil loss during 
drying, such that over-drying must be avoided. The 
most appropriate pre-drying technique is natural or 
low temperature air drying, both of which will 
minimise oil losses (Dev and Raghavan, 2012). Pre-
drying could be effected on a field site close to 
agricultural production, or close to the process plant. 

3) Size Reduction – Many materials e.g. flowers, small 
leaves, will not require size reduction but others are 
typically milled on the process plant site to a size of 
less than 1 mm to increase extraction rate and reduce 
batch times.  

 
6.7 Waste Disposal Issues 
All of the processes described above require waste 
management, especially with respect to disposal of the 
spent plant material after removal of the valuable 
components. Operation of a composting operation close 
to the plant is an environmentally sustainable option. The 
space requirement will be significant but if designed and 
managed efficiently, the compost produced can be 
incorporated directly into the agricultural production 
system, or alternatively can be marketed separately.  

Condensed water from steam or hydro-distillation - 
hydrosol - is also increasingly being recycled for 
irrigation or sold as hydrolats for aromatherapy (Price 
and Price, 2004). Carbon dioxide emissions from the 
SFE system emit only small amounts of carbon dioxide 
between batches and would not cause any major air 
pollution problem. 

 
7. Distribution of Extracted Oils 
The extracted essential oils/oleoresins are not generally 
appropriate for marketing directly as consumer products. 
It is therefore normal for the crude extracts to be further 
processed to extract specific components which are 
subsequently incorporated into the final products such as 

sophisticated perfumes, food flavourings or 
nutraceutical/pharmaceutical products.  

Reference to the basic supply chain flowsheet in 
Figure 2 shows that the next link in the chain to be where 
the crude oils are introduced into the marketing system 
by selling to a broker. Brokers are intermediaries who 
buy crude oils from a wide range of producers and sell 
them on into the trade, or act as liaison between buyers 
and sellers. It is generally convenient for crude oil 
producers in developing countries to use this route, as the 
capital requirement and technological capabilities are 
inadequate to incorporate the process extension to the 
separation of the valuable components. Brokers are 
mainly located in Europe (like the UK, France, and 
Germany) and North America. They have very close 
relationships with the trade thereby facilitating the 
onward distribution towards the manufacturing of 
consumer products. 

Besides, brokers will normally supply the next step in 
the supply chain whereby the crude essential 
oils/oleoresins are further processed to separate the 
various valuable components for product formulations. 
This process is usually one of fractional distillation, 
which could be carried out by the consumer product 
manufacturers or by an intermediary company.  

The last stage in the supply chain is the blending of 
the isolated components, often with bulk fillers for 
specific user-applications prior to packaging for sale to 
consumers. There is considerable value added in by-
passing the latter end of the supply chain, so it may be 
possible for companies involved in crude essential 
oil/oleoresin extraction to by-pass the broker system and 
carry out the subsequent steps on the main extraction site 
(see Figure 2). 

In terms of the historical operations in the Eastern 
Caribbean to date, nutmeg oils from GCNA, and bay oil 
from DEOCS were mainly distributed through brokers, 
with the two cooperatives packaging and selling smaller 
amounts of consumer products that were formulated with 
the crude extracts. Anise oil production in Trinidad, by 
Pernod, involved direct transport and incorporation of 
the product into their beverage line in France, thereby 
bypassing the brokers.   

 
8. Economic Feasibility 
Notwithstanding the buoyant markets, the businesses 
must be financially viable. In 2004, an economic 
feasibility in respect of setting up a 200 hectare 
monocrop system geared towards the production of basil 
oil using steam distillation, showed that, with predicted 
yields and   a conservative market price, an internal rate 
of return (IRR) of about 16% was possible (McGaw, 
2004). Similar sized monocrop systems for patchouli, 
lemongrass and ylang-ylang were not viable. However, a 
multicrop system operating on more land (600 hectares) 
with mainly basil and shorter processing times for 
patchouli and ylang-ylang gave an IRR as high as 41%. 
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More recently, two economic feasibilities have been 
carried out to look at the feasibility of a SFE plant with 3 
x 1000 L vessels. The first looked at the possibility of 
installing such a plant in Trinidad to process turmeric 
supplied by farmers to a mixture of essential oil and 
oleoresin (InvesTT, 2016a). The capital cost implication 
was determined to be about US$7.5m with an estimated 
payback of 5 years and an IRR of 21%. However, a 
sensitivity analysis on this economic feasibility showed 
that if the agricultural supply to the plant is reduced to 
75%, i.e. 275 days per year, the IRR reduces to zero. 

The second feasibility related to the installation of 
such a plant in Tobago to produce bay oil from an 
established 40 hectare plantation, this to be 
supplemented by processing vetiver from farmers 
(InvesTT, 2016b). The capital cost would be similar to 
that of the turmeric plant i.e. about US$7.5m again with 
an estimated payback time of 5 years and an IRR of 
17%. These examples demonstrate that such ventures are 
worthy of further investigation towards investment and 
operation. 

  
9. The Role of Research, Testing and Continual 

Business Analysis  
If the plant extracts industry is to expand and thrive in 
the Eastern Caribbean it is essential that there be a R&D 
capability established to ensure that the industry remains 
at the cutting edge of technology, and is competitive in 
the global markets. This should involve: 

1. Background research on the optimum growing 
conditions for the selected crops. 

2. Research towards modifying the crop 
characteristics to maximise quality and/or yield of 
extract.  

3. The capability to extract essential oils/oleoresins 
from trial plots of selected crops and crop varieties 
for quality evaluation and submission of samples to 
brokers for their evaluation. 

4. Selection and testing of crop materials from which 
Nutraceutical/Pharmaceutical products could be 
extracted. 

5. Determination of optimum extraction and other 
process conditions for both steam distillation and 
supercritical extraction for all of the selected 
products, both in terms of yield and quality. 

6. Evaluation of the various techniques which may be 
used for separating the high value components from 
the crude extracts e.g., fractional distillation, and 
supercritical fractionation. 

The Extraction Laboratory situated at the Department 
of Chemical Engineering at The University of the West 
Indies (UWI) has the capability of carrying out items 3 to 
6 above with both bench scale and small pilot plant 
facilities for steam distillation and SFE in conjunction 
with product characterisation via Gas Chromatograph 
Mass Spectroscopy (GCMS). It is also equipped to 

investigate the relevant preparation methods of drying 
and size reduction.  

The laboratory has had a successful research agenda 
with 5 Ph.D’s to date, 2 M.Phil degrees awarded, and 5 
M.Sc projects, together with a large number of B,Sc 
projects. Support was also given to the development of 
the bay oil industry in Dominica and in the initiation of 
the nutmeg oil industry in Grenada as well as the anise 
oil industry in Trinidad. 

It is imperative however that the agricultural research 
and development work identified in 1 and 2 above be 
initiated in order to maximise supply of appropriate 
crops to the process plant. This could be through the 
Faculties of Agriculture and the university sector (The 
UWI and University of Trinidad and Tobago), in 
conjunction with the relevant Government Ministries of 
Agriculture. 
 
10. Conclusions and Future Projections 
There is significant potential for consolidating and 
expanding the plant extracts (essential oils and 
oleoresins) industry in the Eastern Caribbean to the 
benefit of the respective economies of the various 
islands, and the provision of employment opportunities. 
It is suggested that the approach adopted should be 
flexible, such that systems could be utilised to process 
more than one crop during any calendar year. The issues 
which have to be addressed are; 
● The choice of crops to be exploited 
● The agricultural system to be adopted 
● Choice of extraction system 
● Crude oil marketing  
● Ownership 
● Funding mechanism 

Analysis of the supply chain shows that there must be 
a sustained and specified supply of the crop to the 
process plant for most of the year. The choice of 
extraction system will define the products for sale. 
Moreover, the marketing of products through brokers 
may be convenient, but bypassing the crude extract 
distribution chain through to producing consumer 
products can provide significant value added.  
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