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1. Administrative Data 
 
Name of applicant:   John K King & Sons Ltd 
Address of applicant:   Coggeshall 
     Colchester 
     Essex CO6 1TH 
 
Name of manufacturer:  John K King & Sons Ltd 
     The Silo 
     Skellingthorpe Road 
     Lincoln 
 
Person responsible for dossier: Phil Nicholls  
     John K King & Sons Ltd 
     The Silo 
     Skellingthorpe Road 
     Lincoln LN 6 0EL 
 
2.  General Description 
 
Echium Oil is a complex triglyceride of plant origin. It is produced by a combination of 
known extraction techniques used in the production of edible oils suitable for human 
consumption.  
 
Seeds from the plant Echium plantagineum are crushed, solvent extracted using food 
grade hexane and the oil isolated by removing solvent by vacuum distillation. The level 
of residual solvent is below that stipulated by current food legislation.  
 
Echium plantagineum and its products have not hitherto been used for human 
consumption to a significant degree within the Community. Echium plantagineum is a 
naturally occurring plant and has not been genetically modified. 

Therefore Echium Oil falls under category (e) of Article 1(2) of Regulation (EC) No 
258/97 [Ref. 2] and SCF class 2.2 [Ref. 3]. 
 
3. Identification of essential information requirements 
 
The index to the structured schemes to be followed for each class of novel food 
identifies the following essential information requirements for novel foods assigned to 
SCF category 2.2 [Ref. 3]: 
 
I Specification of the novel food  
II Effect of the production process applied to the novel food 
III History of the organism used as the source of the novel food 
IX Anticipated intake/extent of use of the novel food 
XI Nutritional information on the novel food 
XII Microbiological information on the novel food 
XIII Toxicological information on the novel food 
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4. Consultation of structured schemes 

I. Specification of the novel food 
 
Echium oil is a complex triglyceride obtained by extracting the oil from the seeds of 
Echium plantagineum. An optimum temperature continuous flow extraction process 
using food grade hexane is employed to obtain the oil, for which approval is sought in 
this application. The product specification for Ambient Temperature Solvent Extracted 
Echium oil can be found in Appendix 3. 
 
Kings have used oil extracted from this method in all of the analyses that will follow in 
this section. The fact the Echium plantagineum is in the early stage of commercial 
development means that only two production batches were available for use (1124 and 
1124-A). These two batches represent the entirety of Kings 1999 production. The lipid 
profiles from these two batches can be found in Appendix I / Table 1. 
 
Supporting Data 
 
In order that the results be based on more sample numbers, Croda Oleochemicals have 
kindly allowed Kings to use data obtained by testing their Super Refined® Oil. While the 
production process differs to that of unrefined Echium oil, the oil is derived from the 
same species of plant and, therefore, we believe that the data serves a useful purpose in 
supporting claims made from data based on tests performed on the 1999 samples. 
 
The values for the level of each fatty acid found in Echium oil are based on data 
obtained from the following sources: 
 
• Lipid profiles of natural oils from seed accessions from Scotia (Appendix 1 / 

Table 2), Croda (Appendix 1 / Table 3) and Kings (Appendix 1 / Table 4). 
• Lipid profiles for Super Refined ® Echium plantagineum oil (Crossential SA14) 

from Croda. (Appendix 1 / Table 5) 
• Lipid profiles from 1999 production batches of Kings ambient temperature solvent 

extracted unrefined Echium plantagineum oil. (Appendix 1 / Table 1) 
 

It can be seen from these data that the lipid constituents of Echium plantagineum do not 
vary significantly between the natural oil, the Super Refined ® and the unrefined oil. It is 
concluded that, because these data are based on samples from several different years 
covering a number of variables such as weather and geographical location of the crop, it 
provides an accurate reflection of likely parameters for each fatty acid. 

 
A full lipid profile for the two 1999 production batches are included in Appendix I(Table 
5). All fatty acids at a percentage composition of 0.1 and above have been identified 
conclusively. All the fatty acids have been accounted for and so it can be assumed that 
cyclopropenoid, epoxy or other unusual fatty acids are absent from the oil. 

 
Due to the undesirable nature of cyclopropenoid and epoxy fatty acids, tests were 
performed to confirm their absence from Echium oil. A GC-MS analysis was carried out, 
the results of which can be found in Appendix 11. They show that in the two production 
samples from the 1999 harvests neither cyclopropenoid nor epoxy fatty acids were found 
to be present in the oil. 
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Erucic acid is found in small quantities in Echium oil, typically at levels of less than 0.5%. 
It can be seen in Appendix I (Table 3) that the majority of samples from the 1999 harvest 
had an Erucic acid content of seed of 0.1%.  The product specification (Appendix 3) 
stipulates an upper limit of 1%.  
 
Gel permeation chromatography (GPC) analysis of a laboratory sample of Super 
Refined ® oil batch CW/014 identified the levels of triglyceride as 99.7% and oligomer as 
0.3% of the oil. The oligomer may be defined as oxidised triglyceride, this is not a natural 
component of the oil. Oxidation of the triglyceride is initiated during processing and 
storage and is kept to a minimum by storing in drums under nitrogen.  
 
The levels of unsaponifiable matter in the two 1999 production samples 1124 and 1124-
a were 1.1% and 1.2% respectively. The unsaponifiable matter is a natural component of 
the oil and could contain hydrocarbons, sterols and other non-fatty compounds. These 
levels are not untypical for unrefined oils. 
 
To confirm the absence of any harmful or unusual unsaponifiable matter in Echium oil an 
analysis was performed. The identity of the two components, campesterol and ß 
sitosterol, was deduced by their retention times in Gas Chromatography compared to 
known standards. We could not attempt the identification of any other components in the 
unsaponifiables as known standards are not readily available. The product specification 
stipulates an upper limit of 2% for unsaponifiable matter. These results can be found in 
Appendix 12. 
 
Tests to determine the levels of heavy metals; arsenic, lead, iron and copper were 
performed. Levels of these heavy metals were all found to be below the lowest 
detectable level. Previous results gathered by Croda on a Super Refined ® oil show the 
levels of heavy metals to be less than 10ppm. Copies of the contract laboratory’s test 
report can be found in Appendix 5. The product specification (Appendix 3) stipulates that 
the heavy metal content must be below the lowest detectable limit, which varies between 
substances.  
 
A peroxide value of 10 maximum is included on the product specification. The peroxide 
value of 1999 production batches 1124 and 1124-A were 2.65 and 2.01 respectively. 
 
Pyrrolizidine alkaloids are known to occur in certain species of the family Boraginaceae 
and have been isolated from Echium plantagineum [Ref. 4][Ref. 5]. Pyrrolizidine 
alkaloids are of concern because they cause acute and chronic liver disease [Ref. 6]. In 
addition to the liver they may damage the lung, kidney and other organs, they also 
possess mutagenic, teratogenic and carcinogenic properties [Ref. 6]. Chronic liver 
disease was observed at dietary levels of 2ppm with the pyrrolizidine alkaloid 
monocrotaline [Ref. 6]. A “no-effect” level of 1ppm in the diet has been hypothesised for 
mono-gastric animals such as pigs, poultry and rats [Ref. 6]. 
 
Pyrrolizidine alkaloids are not lipophillic and, therefore, would not be expected to be 
present in any substantial quantity in the oil. Tests carried out on several samples of 
both Super Refined ® and unrefined Echium oil shows that levels of Pyrrolizidine 
Alkaloids were either extremely low (<15ng/g) or below the lowest detectable level of 
4ng/gram.  
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The product specification stipulates that pyrrolizidine alkaloids should not be greater 
than 15ng/gram which is considered to be well below levels that would cause harm 
[Ref.6]. There are other plants that are known to contain pyrrolizidine alkaloids in their 
foliage, one such example being Borago officinalis. Borage oil is currently widely used as 
health supplement. 
 
Cytochrome C allergens have been isolated from the pollen of Echium plantagineum 
[Ref7]. In a rural area of Australia 60% of subjects with respiratory allergy were found to 
give positive skin test reactions to Echium plantagineum pollen extract and a similar 
number gave positive radioallergosorbent test (RAST) test [Ref8].  

 
The filter process used in the processing of Echium will act to remove any pollen or 
particulate plant debris in the oil. To confirm the absence of Cytochrome C allergens in 
the oil a total protein test has been performed using Bradford reagent. The absorbance 
at 595nm of the coloured product of the reaction of protein and Bradford Reagent was 
measured. Cytochrome C allergens isolated from the pollen of echium plantagineum 
were characterised as proteins with a molecular weight of 12,800 [7]. 
 
It can be reasonably assumed that the maximum Cytochrome C allergen content is no 
more than the total protein content. Using standards, a total protein content of less than 
19.85µg/gram of SuperRefined oil was determined. However problems associated with 
the low solubility of Echium oil in the aqueous reagent meant that the aqueous reagent 
phase and Echium oil (dissolved in hexane) phase had to be mixed vigorously before 
measurement of the sample solution using UV spectrometry at a wavelength of 595nm. 
This is not ideal and therefore a visual inspection of the sample, standards and blank 
was carried out. A total and recordable protein content (and therefore a Cytochrome C 
allergen content) of less than 1ppm in the SuperRefined oil and less than 2ppm in the 
unrefined oil was determined by this method. 

 
With the recent review and subsequent revision of the “long term arrangements for the 
extension of use (2000)” the Pesticide Safety Directive, in consultation with the Advisory 
Committee on Pesticides and relevant Government Departments, have now included 
echium (see appendix 8). This development has two significant consequences, firstly it 
legally allows the field application of any pesticide with “on label” approval for use in 
oilseed rape (i.e. has a MAFF approval number and the product label on the pesticide 
container refers to oilseed rape). Secondly it demonstrates that all relevant agencies are 
confident that the extrapolation of safety data supplied to gain approval for use of these 
products on oilseed rape is valid and that their use on echium poses no threat to the 
consumer, environment or sprayer operator. 
 
The field production of echium is not heavily reliant on pesticide applications, indeed it 
can achieve satisfactory yields with no pesticide usage (depending on climatic conditions 
and crop rotation). However, there are areas where selective and appropriate use of 
pesticides will enhance both crop yield and quality. 
 
The first easily definable area is that of herbicides and the requirement to control weeds. 
As a matter of principle all growers adopt all measures of Integrated Crop Management 
possible to minimise weed seed burdens and develop “stale seedbed” practises as much 
as possible. This in practical terms means that as many weeds as possible are 
controlled prior to the planting of the Echium crop so that the final seedbed has a 
minimal number of potential weeds that may grow i.e. it is “stale”. There are times when 
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this is not sufficient and selective use of herbicides will be required, it must be stated that 
any herbicides used will be trialled before hand to assess both efficacy and residue 
levels to reaffirm the confidence shown by the agencies mentioned above. 
 
The second easily definable area is that of disease prevention, in particular powdery 
mildew and sclerotinia; both of these have the potential to cause significant loss of both 
yield and quality. Again fungicides will be applied in line with all aspects of ICM and on a 
strictly “as required” basis. As these applications will be made by strictly following the 
product label guidance then there is no more risk attached to applying them to echium 
as to oilseed rape. More detailed information on the toxicology of these pesticides can 
be obtained from the PSD.  
 
The simultaneous occurrence of gamma-linolenic acid (cis-6, 9, 12-octadecatrienoic 
acid) and stearidonic acid (cis-6, 9,12,15-octadecatetraenoic acid) has so far only 
reported in seed oils of the Boraginaceae, Primulaceae and Saxifragaceae families [Ref. 
10]. 
 
Kings was attracted to the Boraginaceae family since we had accumulated several 
years’ experience growing Borago officinalis. Borage officinalis does not, however, 
contain Stearidonic Acid and so Kings started to examine other members of the 
Boraginaceae family. 
 
The genus Echium contains about 30 species distributed across Europe, the 
Mediterranean region, Madeira, the Canaries and the Azores [Ref 11]. 
 
The main sources of viable germplasm for cultivation are producers of ornamental flower 
seed. Kings selected one such source for seed multiplication in the UK. 
 
The species plantagineum can be distinguished from other members of this genus by 
the presence of two exserted stamens, distinctly bifid stigmae, and ovate basal leaves 
with prominent lateral veins [Ref. 11]. Corolla up to 18-30mm, blue becoming pink 
through purple, subglabrous, hairy on veins and margins only [Ref. 11].Effect of the 
production process applied to the novel food 
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II. Effect of the production process on the Novel Food 
 
The seed is extracted at John K King & Sons Ltd extraction facility in Lincoln. This facility 
is used to process other seeds that currently have food approval status in the EC, 
including Borage and Evening Primrose Oil and for this reason the production process is 
not considered to be novel. 
 
Seed can be received in either bulk or bulk bags, depending on requirement, and is 
transported to the silos using an air handling system. This air system has been 
purposely designed to reduce any risk of possible contamination between the various 
seed types that can be handled, as it is a totally self-cleaning system. 
 
To ensure a successful extraction of the oil, the Echium seed is first cracked which, by 
gently rupturing the cell walls of the individual seeds, makes the oil more accessible. 
This is a standard procedure employed to prevent excessive degradation of product due 
to mechanical attrition.  
 
The Echium seed is then conveyed into a continuous flow extractor where it is brought 
into contact with food grade hexane solvent. As the seed is conveyed through the 
extractor fresh solvent is washed through it in a counter current direction, resulting in the 
solvent becoming increasingly enriched with oil. The extraction process works on the 
principle that oil is soluble in a solvent, in this case food grade hexane that is a non-polar 
solvent. As the fatty acids on the triglyceride are also non-polar the oil is soluble in 
hexane. The Echium seed is gently bathed in hexane over a period of ninety minutes in 
order to remove the highest yields possible of good quality oil. The extraction process is 
carried out at room temperature in an oxygen free atmosphere. The oil enriched solvent 
then passes through a distillation system where the solvent is removed from the oil to 
leave less than 1 part per million in the oil. 
 
A flow diagram of this production process is presented in Appendix 8. 
 
It should be noted that this production process differs from standard hexane extraction in 
that the whole process is performed at ambient temperature of up to 35oc. Another 
difference is that a ‘continuous flow’ hexane is employed. The end result is that the 
quality of unrefined oil is higher than refined oil due to the presence of natural anti-
oxidants that are retained in the oil.  
 
Rigorous quality assurance and control procedures are followed before, during and after 
the production process to ensure that the product meets specification.   
 
Prior to delivery, representative samples of seed are forwarded to the fully accredited 
laboratory at the Lincoln Extraction facility for Lipid profile and Acid Value analysis. If 
seed is of unsuitable quality it will not be despatched for oil extraction. 
 
During the production process continuos checks are performed on the Moisture and 
Hexane level of the oil. If oil is found to be out of specification adjustments are made to 
the procedure to ensure that the bulk oil remains within specification. 
 
Once production is completed the oil is tested against the product specification by the 
fully accredited laboratory at Lincoln. In the event that the oil is found to be out of 
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specification it will not be released by Quality Control. It will either be rejected outright or 
it could be re-processed until it passes the product specification.  
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III. History of the organism used as the source of the novel food 
 
ECHIUM OIL is a complex triglyceride oil obtained by extracting the seeds of Echium 
plantagineum. 
 
Echium plantagineum has not been genetically modified. 
 
Taxonomy: 
Division: Spermatophyta 
Subdivision: Angiospermae 
Class: Dicotyledonae 
Family: Boraginaceae 
Genus: Echium 
Species: plantagineum 
 
The Boraginaceae are a large plant family with approximately 100 genera and 2500 
species that are widely distributed throughout the Northern Hemisphere [Ref. 10]. The 
family is well known to herbalists and gardeners because it includes many ornamental 
and medicinal plants [Ref. 10]. 
 
The genus Echium contains about 30 species distributed across Europe, the 
Mediterranean region, Madeira, the Canaries and the Azores [Ref. 11]. 
 
Echium plantagineum is an erect biennial 20-60cm high, softly hairy, with one or many 
flowering stems [Ref. 11]. The basal leaves are ovate with prominent lateral veins and 
soft appressed setae [Ref. 11]. The cauline leaves are oblong to lanceolate, the 
uppermost being more or less cordate at the base [Ref. 11]. Inflorescence, usually 
branched [Ref. 11]. Calyxes are 7-10mm at anthesis and up to 15mm in the fruit [Ref. 
11]. Corolla 18-30mm infundibuliform blue becoming pink through purple, hairy on veins 
and margins only [Ref. 11]. Two stamens exserted from corolla tube, the remaining 
stamens included or only slightly exserted [Ref. 11].  The stigmae are distinctly bifid [Ref. 
11]. Echium plantagineum is also known by the common names of Purple Vipers 
Bugloss, Paterson’s Curse and Salvation Jane. 
 
Echium plantagineum and its products have not hitherto been used for human 
consumption to a significant degree within the Community. Human exposure to the plant 
does occur by ingesting honey produced by bees foraging on wild Echium. Evidence is 
available on the effects in animals of ingestion of Echium plantagineum. 
 
Echium plantagineum occurs over significant areas of farmland in Australia [Ref. 6]. The 
young growth is eaten readily by livestock [Ref. 6]. The plant is considered a weed in 
good pastures while on poor country it is considered as a reserve fodder [Ref. 5]. 
Measurements of herbage dry matter content, nitrogen content and digestibility of 
Echium plantagineum indicate that it would be nutritious forage for grazing animals [Ref. 
13]. However the presence of pyrrolizidine alkaloids in the plant means that there is a 
risk that grazing animals will be poisoned [Ref. 6]. The level of pyrrolizidine alkaloids is 
normally between 0.1-0.3% of the dry weight of the whole plant but levels as high as 
0.9% have been reported [Ref. 14]. Field evidence strongly indicates that horses, pigs 
and to a lesser extent sheep are all affected [Ref. 6]. 
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 Experimental evidence includes an unpublished study in which young pigs were fed 
15% Echium plantagineum in the diet [Ref. 6]. All developed the typical chronic liver 
damage within 5 months and one animal died within 4 months [Ref. 6] 
 
Echium plantagineum was fed as the sole diet to crossbred sheep with or without a 
history of previous access to the plant in a pen feeding trial [Ref. 15]. Compared to a 
control group receiving a diet of Lucerne chaff and oats, sheep on the Echium diet lost 
weight and several animals died [Ref. 15]. Histological examination produced evidence 
of excessive copper accumulation in the liver and biochemical evidence of liver toxicity 
and was usually accompanied by pyrrolizidine alkaloid damage [Ref. 15]. It was 
concluded that Echium plantagineum alone was not suitable fodder for sheep [Ref. 15]. 
 
There was no mortality involving pyrrolizidine alkaloid poisoning in crossbred sheep 
grazing pasture for 19 months where Echium plantagineum constituted a considerable 
portion of the available forage [Ref. 16]. Histological evidence of moderately severe liver 
damage associated with high liver copper concentrations was found in at least one 
sheep [Ref. 16]. Sheep on the Echium plantagineum diet were significantly lighter and 
grew less wool compared with sheep on Echium free pasture [Ref. 16]. 
 
Young rats fed 40% Echium plantagineum for two weeks suffered 70% mortality within 
5-13 weeks [Ref 17]. Young rats fed 20% Echium plantagineum for alternate two-week 
periods with a control feed had 50% mortality in 21 weeks [Ref. 17]. Adult rats fed 
Echium plantagineum continuously all died within 7-16 weeks at the 40% level and 37-
40 weeks at the 20% level [Ref. 17]. The rats died with a mixture of acute and chronic 
liver damage [Ref. 17]. Tumours, 3 benign and I malignant, of a type observed in 
carcinogenesis experiments with other pyrrolizidine alkaloids developed in survivors of 
the study on adult rats fed 20 % Echium plantagineum [Ref. 6]. The number of tumours 
was below the significance level [Ref. 6]. 
 
Echium plantagineum is known to secrete nectar that is gathered by bees and it is used 
extensively by apiarists [Ref. 6]. It is estimated that honey from Echium plantagineum 
constitutes about 10-15% of total Australian production [Ref. 6]. The honey is sold 
mainly as blends with other honey. Honey prepared from Echium plantagineum has 
been shown to contain between 0.27 – 0.95ppm alkaloids [Ref. 18]. The possible intakes 
of pyrrolizidine alkaloids from this source are considered to be very low [Ref. 6] 
 
All the toxicological findings reported are consistent with pyrrolizidine alkaloid poisoning. 
Pyrrolizidine alkaloids are not oil soluble (lipophillic) and therefore they would not be 
expected to be present in Echium plantagineum oil. An analysis of the alkaloid content of 
the crude and refined oil and the Echium plantagineum meal has been carried out. The 
meal contained 0.1mg/g total alkaloids. The tests determined that pyrrolizidine alkaloids 
were either not detectable or were present at extremely low levels (<15ng/g) in the oil. 
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IX Anticipated intake/ extent of use of the novel food 
 
Anticipated use: 
ECHIUM OIL is a vegetable oil rich in both omega-6 and omega-3 polyunsaturated fatty 
acids. It is anticipated that as a result it will be incorporated into dietary supplements and 
functional foods. 
 
The potential for functional foods is estimated to grow to 5% of the world food market 
[Ref. 19]. So far omega-3 rich oils have been incorporated into breakfast cereals, milk, 
margarine, spreads, bread, cheese, yoghurt, cocoa, soft drinks, tea, confectionery, 
cookies and infant foods [Ref. 19][Ref. 20][Ref. 21]. Omega-3 enriched products are 
currently marketed in Japan, Korea, Taiwan and Europe including the United Kingdom 
and Scandinavia [Ref. 21]. 
 
In addition a docosahexaenoic acid enriched product has been fed to chickens in order 
to produce DHA enriched eggs [Ref. 19][Ref. 20]. The eggs are marketed in Germany, 
Spain, Portugal, Belgium, Luxembourg, Norway and Andorra [Ref. 19]. 
 
Dietary supplements of omega-6 and omega-3 fatty acids are normally offered in the 
form of gelatine capsules or oral emulsions. The addition of Vitamin E to these 
formulations is recommended in accordance with guidance offered by the UK committee 
on medical aspects of food policy [Ref. 22]. Vitamin E has been demonstrated as 
preventing the oxidation of polyunsaturated fatty acids (omega-3 and omega-6). A dose 
of 400-800IU of Vitamin E per day is recommended dependent on the total amount of 
polyunsaturated fatty acids in the supplement [Ref. 23]. 
 
We do not intend to sell Echium oil direct to consumers. Echium oil will be sold to food 
and health food manufacturers throughout Europe as an alternative to existing oils and 
fats rich in omega-6 or omega-3 polyunsaturated fatty acids.  
 
Several oils containing triglycerides rich in omega-6 fatty acids are currently available on 
the market include blackcurrant seed oil, borage oil, evening primrose oil, soybean oil 
and safflower oil. Additionally oils containing triglycerides rich in omega-3 fatty acids 
currently available on the market include herring oil, mackerel oil, menhaden oil, sardine 
oil and tuna oil. 
 
We consider that the main application for Echium oil will be as a dietary supplement. We 
also envisage that Echium oil will be used as a source of essential fatty acids in other 
application areas including sports drinks, nutritional bars and dairy products such as milk 
and yoghurts. Echium oil will be marketed as possessing the benefits of both omega-3 
and omega-6 essential fatty acids. 
 
Anticipated intakes: 
North Americans, Europeans and people of other industrialised nations are estimated to 
consume fats and oils at a level of 42% or more of their daily calories [Ref. 24]. The 
average number of calories consumed per person per day is 2500 [Ref. 24]. Since 1 
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gram of fat produces 9 calories this amounts to 110 grams of fat per person per day 
[Ref. 24]. 
 
Levels of fat consumption reported for developed countries include, Denmark 160 grams 
per day, New Zealand 155 grams per day, United Kingdom 142 grams per day and 
Canada 142 grams per day [Ref. 24]. The 1979 figures for the United states estimated 
fat consumption to be around 168 grams per day of which 34% was saturated, 40% 
monounsaturated and 15% polyunsaturated [Ref. 24]. 
 
The average western diet contains lower quantities of omega-3 than omega-6. Data from 
1985 on the US national food supply indicates a level of 50mg per capita per day of 
eicosapentaenoic acid and 80mg per capita per day for docosahexaenoic acid [Ref. 22]. 
The dietary intake of total omega-3 fatty acids in the United Kingdom was estimated to 
be 250mg per capita per day in 1992 [Ref. 21]. 
 
In comparison a diet in which Echium oil provided all the fat content would consist of 
11.1% saturated, 17.3% monounsaturated and 70.4% polyunsaturated fatty acids of 
which 43.5% would be omega-3 fatty acids. However it is highly unlikely that Echium oil 
would represent the sole source of dietary fat. 
 
Although the potential for functional foods is estimated to grow to 5% the current market 
share is low [Ref. 19][Ref. 20]. In particular a yellow table spread enriched with 3% 
omega-3 fatty acids has been on the British market for over two years but only has a 
market share of 0.3% [Ref. 20]. 
 
An analysis of seventeen brands of encapsulated fish oil products purchased in the 
USA, UK and Canada during 1984-1988 identified eicosapentaenoic acid levels of 
between 80 - 302mg/g and docosahexaenoic acid levels of between 78 - 254mg/g [Ref. 
25]. 
 
A similar analysis of encapsulated evening primrose oil products identified gamma 
linolenic acid levels of between 1.9 – 10.5 expressed as percentage weight of total fatty 
acids and linoleic acid levels of between 60.1 – 75.8 [Ref. 26]. 
 
An omega-3 / omega-6 fatty acid blend which is currently marketed [Efamarine™] in the 
form of capsules and an oral emulsion provides 68mg of gamma linolenic acid, 34mg of 
eicosapentaenoic acid and 22mg docosahexaenoic acid per daily intake. The daily 
intake of 2 gelatine- based capsules contains in addition 20mg of vitamin E (as D alpha 
tocopheryl acetate). The daily intake of 1 teaspoon (5ml) of oral emulsion based on high 
oleic acid sunflower oil contains in addition 10mg vitamin E (as DL-alpha tocopheryl 
acetate) The omega-3 / omega-6 fatty acid blend is provided by combining evening 
primrose oil and a marine fish oil. 
 
In comparison 500mg capsules based solely on Echium oil would provide 58mg of 
gamma linolenic acid and 64mg of stearidonic acid. 
 
We do not intend to sell Echium oil direct to consumers. Echium oil will be sold to food 
and health food manufacturers throughout Europe as an alternative to existing oils and 
fats rich in omega-6 or omega-3 polyunsaturated fatty acids. We consider that the main 
application for Echium oil will be as a dietary supplement. This will be in capsule form 
with a likely level of consumption of between 1000mg and 250mg per day. 
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We also envisage that Echium oil will be used as a source of essential fatty acids in 
other application areas including sports drinks, nutritional bars and dairy products such 
as milk and yoghurts. Echium oil would be added to such products at very low levels, 
less than 500mg per item. 
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XI Nutritional information on the novel food 
 
Total fat & oil consumption: 
Dietary fat is essential for health and the FAO/WHO expert consultation on fats and oils 
in human nutrition have recommended that fat should constitute between15% - 35% of 
energy intake [Ref. 27]. Adequate dietary fat intakes are considered particularly 
important prior to and during pregnancy and lactation [Ref. 27]. The FAO/WHO joint 
expert consultation recommended that women of reproductive age should consume at 
least 20% of their energy from fat [Ref. 27]. A calorific fat intake of approximately 20% is 
normally used clinically in hospitalised patients who are infected or at risk of becoming 
so [Ref. 28]. It is recommended that saturated fat should not exceed 10% of energy [Ref. 
27]. 
 
It is intended that Echium oil will replace existing fats and oils in food and therefore total 
fat consumption should not increase. The amount of saturated fat may be reduced 
depending on the fat or oil that Echium oil is intended to replace. 
 
Echium oil contains on average 11.1% of saturated fatty acids. This compares to levels 
of saturated fatty acids in omega-6 rich vegetable oils of 8.3% blackcurrant seed oil, 
13.6% borage oil, 9% evening primrose oil, 16% soybean oil and 10.1% safflower oil 
[Ref. 29]. The level of saturated fatty acids in herring oil is 26.1% and in mackerel is 
27.5% [Ref. 29]. 
 
Omega-6 fatty acids: 
About 1% of daily calories (an average of 3 grams) linoleic acid is enough to relieve the 
symptoms of deficiency of this essential fatty acid and therefore represents a minimum 
daily requirement [Ref. 24]. 
 
The optimum dose of linoleic acid is considered to be between 3-6% (9-18 grams on 
average) [Ref. 24]. The FAO/WHO expert consultation on fats and oils in human nutrition 
has recommended that linoleic acid should provide between 4-10% of energy [Ref. 27]. 
 
Echium oil contains on average 15.4% of linoleic acid and 11.5% of its metabolite 
gamma linolenic acid. Omega-6 rich vegetable oils such as blackcurrant seed oil, borage 
oil, evening primrose oil, soybean oil and safflower oil all provide significantly higher 
levels of linoleic acid. Gamma linolenic acid levels vary greatly in edible vegetable oils 
from 0% for safflower oil to approximately 10% for evening primrose oil and 
approximately 20% for borage oil [Ref. 29]. 
 
Omega-3 fatty acids: 
The daily requirement and optimum dose of alpha linolenic acid is not known [Ref. 24]. A 
level of 0.54% of daily calories was required to reverse symptoms of alpha linolenic acid 
deficiency in a 6 year old girl [Ref. 24]. 
 
An optimum dose is hypothesised for alpha-linolenic acid of 6 grams per day [Ref. 24]. It 
is estimated that 95% of affluent people would benefit from dietary supplementation with 
omega-3 fatty acids [Ref. 24]. 
 



John K King & Sons Limited 

 15 Echium Oil Food Application 

Echium oil contains on average 30.7% of alpha-linolenic acid and 12.8% of its metabolite 
stearidonic acid. In comparison the total omega-3 fatty acid content of fish oils is 7.46% 
in herring oil and 19.83% in mackerel oil [Ref. 29]. Although vegetable oils on the market 
such as corn oil and sunflower oil contain high levels of omega-6 fatty acids they usually 
have very low levels of omega-3 fatty acids [Ref. 30]. Blackcurrant seed oil is an 
exception in that it contains 11.4% of alpha-linolenic acid and 3.02% of stearidonic acid. 
 
Omega-6: omega-3 ratio: 
The � 6 Desaturase step is considered to be the rate limiting step in the conversion of the 
essential fatty acids to their more highly unsaturated metabolites (gamma-linolenic acid 
and stearidonic acid). Incorporation of high levels of linoleic or alpha-linolenic acid does 
not seem to raise the levels of their corresponding metabolites [Ref. 30]. However 
administration of those metabolites of linoleic and alpha linolenic acid usually raises the 
levels of that metabolite and its elongation products in human plasma [Ref. 30]. 
 
Dietary supplementation with oils rich in linoleic acid, such as safflower oil, did not 
increase omega-6 fatty acid content of human milk [Ref. 30]. Whereas oils rich in 
gamma linolenic acid such as evening primrose oil and black currant seed oil increased 
the levels of di-homo gamma linolenic acid in human milk two fold [Ref. 30]. 
 
The occurrence of eicosapentaenoic acid in the liver and plasma was two fold higher for 
rats whose diet was supplemented with the ethyl ester of stearidonic acid than with the 
ethyl ester of alpha-linolenic acid [Ref. 31]. 
 
In a comparison of various combinations of omega-3 and omega-6 methyl ester mixtures 
it was demonstrated that gamma-linolenic acid and its metabolites were incorporated 
more favourably into liver phospholipids than stearidonic acid and its metabolites [Ref. 
32]. Switching the omega-6 content from linoleic to gamma-linolenic increased the 
omega-6: omega-3 ratio two fold [Ref. 32]. Whereas switching the omega-3 content from 
alpha linolenic to stearidonic acid decreased the omega-6: omega-3 ratio by 30% [Ref. 
32]. 
 
The enzymes that convert omega-6 and omega-3 fatty acids are slower by a factor of 
four in the case of omega-3 fatty acids [Ref. 24]. However, detailed kinetic analysis of 
prostaglandin biosynthesis from omega-6 and omega-3 fatty acids indicated a four-fold 
difference in favour of omega-6 [Ref. 33]. 
 
A ratio of linoleic to alpha-linolenic acid of between 5:1 and 10:1 is recommended in the 
diet [Ref. 27]. The FAO/WHO expert consultation on fats and oils in human nutrition has 
recommended that linoleic acid should provide between 4-10% of energy [Ref. 27]. 
Therefore alpha-linolenic acid should provide between 0.4%-2% of energy depending on 
the amount of linoleic acid in the diet. 
 
The average western diet contains lower quantities of omega-3 than omega-6. The 
dietary intake of total omega-3 fatty acids in the United Kingdom was estimated to be 
250mg per capita in 1992 which represents only 0.09% of dietary energy [Ref. 21]. 
Analysis of the diet of healthy 40 year old men in Edinburgh indicated that linoleic acid 
intake was low but still represented 3% of energy levels [Ref. 30]. It is estimated that 
95% of affluent people would benefit from dietary supplementation with omega-3 fatty 
acids [Ref. 24]. 
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ECHIUM OIL offers high levels of both omega-6 (43.5%) and omega-3 (26.9%) fatty acids 
in a single vegetable oil of plant origin. 
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XII Microbiological information on the novel food 
 
Echium oil is an anhydrous system and therefore will not support microbiological growth. 
In addition the processes used in manufacturing Echium will act to filter out any microbial 
organisms. The absence of microbiological contamination has been confirmed by testing 
a sample of the oil; a copy of results appears in Appendix 13. 
 
Echium oil is extracted from seed in a totally sealed environment achieved either by 
vacuum or by nitrogen capping. The Lincoln Solvent Extraction Facility operates in 
accordance to Good Manufacturing Practice (GMP) and so it is highly unlikely that 
microbiological contamination could occur during the production process. In addition, the 
moisture level of the oil is constantly checked throughout the production process to 
ensure that levels remain below 1000ppm, further reducing the possibility of 
microbiological contamination 
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XIII Toxicological information on the novel food 
 
1.0 Component fatty acids: 
The lipid profile for Echium oil is similar to that of borage oil and blackcurrant seed oil 
[Appendix 9]. Both borage oil and blackcurrant oil are widely used as ingredients of 
cosmetics, pharmaceuticals, foods and food supplements [Ref. 34][Ref. 35]. 
 
The major fatty acids found in Echium oil are as follows: 
 
1.1 Palmitic acid 
Palmitic acid is the most widely occurring saturated fatty acid and is present in most 
commercial oils [Ref. 29]. It is found in large quantities in fish oils (10-30%) and tropical 
fats such as coconut oil (6.9%), palm kernel oil (6.5–11%) and palm oils (32–59%)  [Ref. 
24][Ref. 29]. Echium oil contains on average 7.1% palmitic acid. 
 
1.2 Stearic acid 
Stearic acid is found in abundance in tallow (5-30%), cocoa butter (30-36%) and shea 
nut butter (44%) [Ref. 24] [Ref. 29]. Echium oil contains on average 4.0% stearic acid. 
 
1.3 Oleic acid 
Oleic acid is the most widely occurring natural fatty acid and is found in practically all 
lipids [Ref. 29]. It is found in large quantities in olive oil (43.7-83%), almond oil (65-70%) 
and peanut oil (37.9%) oils [Ref. 24]. Oleic acid is also produced endogenously in the 
body [Ref. 24][Ref. 29]. Echium oil contains on average 17.3% oleic acid. 
 
1.4 Linoleic acid (LA) 
Linoleic acid is found in safflower oil (75.3%), sunflower oil (68.5%), soybean oil (53%) 
and sesame oil (45%)  [Ref. 24][Ref. 29]. Echium oil contains on average 15.4% linoleic 
acid. 
 
1.5 Alpha linolenic acid (ALA) 
Linolenic acid is the major fatty acid found in plant leaves, stems and roots and other 
photosynthetic organisms [Ref. 29]. Flaxseed is one of the richest sources of ALA with 
over 50%, Chia and kukui (candlenut) contain about 30%, hemp seed around 20% [Ref. 
24]. Pumpkinseed oil may have up to 15%, canola oil up to 10% and walnut oil between 
3-11% [Ref. 24]. Soybean oil normally contains 5-7% [Ref. 24]. Echium oil contains on 
average 30.7% ALA. 
 
1.6 Gamma linolenic acid (GLA) 
The richest source of GLA is borage oil (20%) followed by black currant seed oil (15%) 
and evening primrose oil (9%) [Ref. 24]. Echium oil contains on average 11.5% GLA. 
 
1.7 Stearidonic acid (SA) 
Stearidonic acid is found in most fish oils such as sardine oil, herring oil and pilchard oil 
[Ref. 36][Ref. 37]. The most well known plant source of stearidonic acid is black currant 
seed oil [Ref. 24]. Echium oil contains on average 12.8% stearidonic acid. 
 
2.0 Omega-6 & omega-3 fatty acids: 
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Echium oil is considered to be substantially equivalent to existing oils and fats on the 
market which are rich in essential fatty acids. Essential fatty acid (EFA) is a term used to 
describe fatty acids that are needed in order to manufacture body lipids, biological 
membranes and hormone like substances such as prostaglandins. EFA cannot 
themselves be synthesised in the body and therefore must be obtained from the diet [Ref. 
38][Ref. 39]. Only two fatty acids are truly essential, linoleic acid and alpha-linolenic acid, 
the remaining polyunsaturated fatty acids are derived from these by a sequence of 
desaturation and elongation steps. Linoleic acid is the precursor for the omega-6 series of 
fatty acids, which are found primarily in plant oils, whereas alpha-linolenic acid is the 
precursor for the omega-3 series of fatty acids which occur mainly in green leafy 
vegetables and oily fish [Appendix 10] [Ref. 39]. 
 
Both series of essential fatty acids are the starting materials for the manufacture of a 
group of complex hormone like compounds known collectively as eicosanoids which 
include the prostaglandins, leukotrienes, prostacyclins and thromboxanes. The 
eicosanoids have profound physiological activity even at extremely low concentrations. 
They are implicated in the functions of the nervous, cardiovascular and immune systems 
and can also affect the function of both the endocrine and exocrine glands. 
 
A correct balance between the various eicosanoids is required in order to maintain good 
health. The ratio of omega-6: omega-3 in the body is about 1:1 in the brain, 5:1 in fat 
tissue and 4:1 in other tissues [Ref. 24]. The levels of the eicosanoids can vary during 
different stages in the development of the body, with age and during the menstrual cycle. 
In addition the activity of � 6 desaturase, an enzyme system involved in the metabolism of 
essential fatty acids, is known to be inhibited by a number of factors, including diabetes, 
stress, excess saturated fats, high alcohol intake, smoking and viral infections. This can 
lead to undesirably low levels of EFA metabolites [Ref. 40]. In this situation fatty acids 
such as gamma-linolenic acid and stearidonic acid become conditionally essential. The 
same enzymes are used to metabolise both the omega-3 and the omega-6 series of 
essential fatty acids and it is believed that the metabolites of alpha-linolenic acid will 
compete for these enzymes with the metabolites of linoleic acid. 
 
2.1 Summary of efficacy of Essential Fatty Acid’s in Disease Management. 
 
A number of diseases exhibit deficiencies in the various essential fatty acids and this has 
led to considerable research into the pharmacological effects of Omega-3 and Omega-6 
fatty acids. 
 
Essential Fatty Acids and their derivatives have been shown to have either a preventative 
or beneficial management effect in Cardiovascular disease, osteoporosis, diabetes, 
arthritis and numerous skin disorders. 
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5.  Evaluation and Conclusion by the applicant 
 
Echium oil is a complex triglyceride obtained by extracting the oil from Echium 
Plantagineum. This oil has not hitherto been widely consumed in the European 
Community but recent research into its fatty acid composition have led to an interest in 
utilising Echium oil as an ingredient for dietary supplements and other nutritional 
products. 
 
The production process employed to extract the oil from Echium Plantagineum is not 
novel; the same process is currently used to process several lipids with food approval 
status in the EU, such as Evening Primrose, Borage and Wheat Germ oil. It is, therefore, 
considered that the production process employed will not have any detrimental effect on 
the suitability or safety of using Echium oil for human consumption purposes. A 
summary of the production process can be found in Section 2 of this document. 
 
Echium oil contains many constituents that are common to plant-derived oils. Its 
component fatty acids include significant levels of Palmitic, Stearic, Oleic, Linoleic, 
Alpha-Linolenic, Gamma Linolenic and Stearidonic Acid. All of these fatty acids are 
found, in varying degrees, in either vegetable or fish oils currently consumed for food 
use in the EU. Oleic acid, for example, is found in Olive oil whilst Stearidonic Acid is 
found in most fish oils. A full breakdown of the fatty acid components of Echium oil can 
be found in Section XIII of this application. 
 
Echium oil also contains very small levels of Erucic Acid, which has been shown to 
exhibit anti-nutritional properties. Erucic Acid is typically found at levels of 0.l% in 
Echium oil although it sometimes can be slightly higher. The product specification 
stipulates an upper limit of 1%, which is considerably lower than the 5% upper limit that 
EU regulations currently stipulate for food products. 
 
Echium oil contains many minor constituents which are not unusual in plant derived oils. 
The product specification of Echium oil contains an upper limit of 2% for the 
unsaponifiable content. The unsaponfiable content contains a mixture of sterols, 
hydrocarbons and other non-fatty acid compounds and analysis shows (see Appendix 
11) that the unsaponifiable content of Echium oil does not contain any unusual or 
unknown compounds. Tests have also been carried out to prove the absence of 
cyclopropenoid and epoxy fatty acids and heavy metals such as Arsenic and Lead. 
 
Pyrrolizidine alkaloids are known to occur in certain species of the family Boraginaceae 
and have been isolated from Echium plantagineum [Ref4][Ref5]. Pyrrolizidine alkaloids 
are of concern because they cause acute and chronic liver disease [ref6].  In addition to 
the liver they may damage the lung, kidney and other organs and they also possess 
mutagenic, teratogenic and carcinogenic properties [Ref6].  
 
Tests were carried out (see Appendix 6) to determine whether or not pyrrolizidine 
Alkaloids were present in Echuim oil samples. Pyrrolizidine Alkaloids are not lipophillic 
and, therefore, would not be expected to be present in the oil in any great quantity. Two 
of the four samples were found to be below the lowest detectable limits of 4 ng/g, whilst 
two other samples recorded results of 9ng/g and 11ng/g.  
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The product specification stipulates that Pyrrolizidine Alkaloids should not be greater 
than 15ng/gram which is considered to be well below levels that would cause harm 
[Ref.6]. There are other species that are known to contain pyrrolizidine alkaloids in their 
foliage, one such example being Borago officinalis. Borage oil is currently widely used as 
health supplement. 
 
Cytochrome C allergens have been isolated from the pollen of Echium plantagineum 
[Ref7]. The filter process used in the processing of Echium, however, will act to remove 
any pollen or particulate plant debris in the oil. To confirm the absence of Cytochrome C 
allergens in the oil a total protein test has been performed using Bradford Reagent. A 
total and recordable protein content (and therefore a Cytochrome C allergen content) of 
less than 1ppm in the SuperRefined oil and less than 2ppm in the unrefined oil was 
ascertained by this method. 
 
Echium oil is a vegetable oil rich in both Omega-3 and Omega-6 polyunsaturated fatty 
acids. It is anticipated that as a result it will be incorporated into dietary supplements and 
functional foods.  
 
The functional food market is rapidly growing and it has been suggested that there is 
potential for it to grow to 5% of the world food market. Echium oil, as a rich source of 
essential fatty acids, is likely to be used as an ingredient in sports drinks, nutritional bars 
and dairy products. Echium oil would be added to these products at very low levels, 
typically less than 500mg per item. 
 
The main uptake of Echium oil is likely to be for use as a dietary supplement. Dietary 
supplements of omega-3 and omega-6 fatty acids are normally offered in the form of 
gelatine capsules or oral emulsions. Echium oil has the potential to replace existing 
sources of these fatty acids such as Borage, Evening Primrose and Blackcurrant Seed 
Oil, consumed for their omega-6 fatty acid content, and tuna, sardine and menhaden oil, 
consumed for their omega-3 fatty acid content. When used in capsule form the likely 
level of consumption will be between 1000mg and 250mg per day. 
 
Echium oil, due to its inherently high production cost, is highly unlikely to be utilised as a 
replacement for cooking oil s such as Canola, Sunflower and Olive oil. We, therefore, 
consider that the proportion of an average person’s daily fat intake derived from Echium 
oil will be very small.  
  
In conclusion, we consider that Echium oil shares many characteristics with oils derived 
from both plants and fish that are currently consumed for food purposes and that these 
characteristics pose no toxicological or anti-nutritional threat to consumers. Furthermore, 
the production of Echium oil, from the growing of the crop to the extraction of oil, 
complies with all current food legislation and, again, can be considered to be as safe as 
reasonably possible.  Other areas of possible concern, that would relate to all oil 
products, such as peroxide value, unsaponifiable matter content and heavy metal 
content, have an upper limit stipulated in the product specification. 
 
We believe that the main areas of concern relating to Echium oil is the fact that Echium 
plantagineum is known to contain pyrrolizidine alkaloids and an allergen to cytochrome 
C in the leaves and external seed coating. The possibility exists therefore that these may 
also be present in the oil. Tests have been carried out that show that both pyrrolizidine 
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alkaloids and cytochrome C allergen are either absent in the oil or are present in such 
negligible quantities as to be well below accepted 'no-effect' levels." 
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Summary of Echium Oil Food Approval Application 
 
Specification of food approval application 
 
Echium oil is a complex triglyceride obtained by extracting the oil from the seeds of 
Echium plantagineum. An optimum temperature continuous flow extraction process 
using food grade hexane is employed to obtain the oil. 
 
The product specification for Ambient Temperature Solvent Extracted Echium oil can be 
found at the end of this summary. 
 
The values for the level of each fatty acid found in Echium oil are based on data 
obtained from samples grown in several different years covering a number of variables 
such as weather and geographical location of the crop. Therefore, it is considered that 
they provide an accurate reflection of likely parameters for each fatty acid. 

 
Due to the undesirable nature of cyclopropenoid and epoxy fatty acids, tests were 
performed to confirm their absence from Echium oil. A GC-MS analysis was carried out, 
which determined that in the two production samples from the 1999 harvests neither 
cyclopropenoid nor epoxy fatty acids were found to be present in the oil. 
 
Erucic acid is found in small quantities in Echium oil, typically at levels of less than 0.5%. 
The product specification stipulates an upper limit of 1%.  
 
The levels of unsaponifiable matter in the two 1999 production samples 1124 and 1124-
a were 1.1% and 1.2% respectively. The unsaponifiable matter is a natural component of 
the oil and could contain hydrocarbons, sterols and other non-fatty compounds. These 
levels are not untypical for unrefined oils. Analysis has confirmed that no unusual or 
unknown compounds are present within the unsaponifiable matter of Echium oil. 
 
Tests to determine the levels of heavy metals; arsenic, lead, iron and copper were 
performed. Levels of these heavy metals were all found to be below the lowest 
detectable level. The product specification stipulates that the heavy metal content must 
be below the lowest detectable limit, which varies between substances.  
 
A peroxide value of 10 maximum is included on the product specification. The peroxide 
value of 1999 production batches 1124 and 1124-A were 2.65 and 2.01 respectively. 
 
Pyrrolizidine alkaloids are known to occur in certain species of the family Boraginaceae 
and have been isolated from Echium plantagineum. Pyrrolizidine alkaloids are of 
concern because they cause acute and chronic liver disease. In addition to the liver they 
may damage the lung, kidney and other organs, they also possess mutagenic, 
teratogenic and carcinogenic properties.  
 
Pyrrolizidine alkaloids are not lipophillic and, therefore, would not be expected to be 
present in any substantial quantity in the oil. Tests carried out on several samples of 
both Super Refined ® and unrefined Echium oil shows that levels of Pyrrolizidine 
Alkaloids were either below the lowest detectable limit of 4ng/g or were very low 
(<15ng/g). 
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The product specification stipulates that pyrrolizidine alkaloids should not be greater 
than 15ng/gram, which is considered to be well below levels that would cause harm [C C 
J Culvenor, Patersons Curse and toxic alkaloids]. There are other plants that are known 
to contain pyrrolizidine alkaloids in their foliage, one such example being Borago 
officinalis. Borage oil is currently widely used as health supplement. 
 
Cytochrome C allergens have been isolated from the pollen of Echium plantagineum. 
However, the filter process used in the processing of Echium will act to remove any 
pollen or particulate plant debris in the oil. To confirm the absence of Cytochrome C 
allergens in the oil a total protein test has been performed using Bradford reagent. The 
absorbance at 595nm of the coloured product of the reaction of protein and Bradford 
Reagent was measured. Cytochrome C allergens isolated from the pollen of echium 
plantagineum were characterised as proteins with a molecular weight of 12,800. 
 
It can be reasonably assumed that the maximum Cytochrome C allergen content is no 
more than the total protein content. Using standards, a total protein content of less than 
19.85µg/gram of SuperRefined oil was determined. However problems associated with 
the low solubility of Echium oil in the aqueous reagent meant that the aqueous reagent 
phase and Echium oil (dissolved in hexane) phase had to be mixed vigorously before 
measurement of the sample solution using UV spectrometry at a wavelength of 595nm. 
This is not ideal and therefore a visual inspection of the sample, standards and blank 
was carried out. A total and recordable protein content (and therefore a Cytochrome C 
allergen content) of less than 1ppm in the SuperRefined oil and less than 2ppm in the 
unrefined oil was determined by this method. 

 
With the recent review and subsequent revision of the “long term arrangements for the 
extension of use (2000)” the Pesticide Safety Directive, in consultation with the Advisory 
Committee on Pesticides and relevant Government Departments, have now included 
echium (see appendix 8). This development has two significant consequences, firstly it 
legally allows the field application of any pesticide with “on label” approval for use in 
oilseed rape (i.e. has a MAFF approval number and the product label on the pesticide 
container refers to oilseed rape). Secondly it demonstrates that all relevant agencies are 
confident that the extrapolation of safety data supplied to gain approval for use of these 
products on oilseed rape is valid and that their use on echium poses no threat to the 
consumer, environment or sprayer operator. 
 
The taxonomy of Echium Plantagineum is: 
 
Division:  Spermatophyta 
Sub-Division:  Angiospermae 
Class:   Dicotyledonae 
Family:   Boraginaceae    
Genus:  Echium  
Species:  plantagineum 

Effect of the production process on the Novel Food 
 
The seed is extracted at John K King & Sons Ltd extraction facility in Lincoln. This facility 
is used to process other seeds that currently have food approval status in the EC, 
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including Borage and Evening Primrose Oil and for this reason the production process is 
not considered to be novel. 
 
Seed can be received in either bulk or bulk bags, depending on requirement, and is 
transported to the silos using an air handling system. This air system has been 
purposely designed to reduce any risk of possible contamination between the various 
seed types that can be handled, as it is a totally self-cleaning system. 
 
To ensure a successful extraction of the oil, the Echium seed is first cracked which, by 
gently rupturing the cell walls of the individual seeds, makes the oil more accessible. 
This is a standard procedure employed to prevent excessive degradation of product due 
to mechanical attrition.  
 
The Echium seed is then conveyed into a continuous flow extractor where it is brought 
into contact with food grade hexane solvent. As the seed is conveyed through the 
extractor fresh solvent is washed through it in a counter current direction, resulting in the 
solvent becoming increasingly enriched with oil. The extraction process works on the 
principle that oil is soluble in a solvent, in this case food grade hexane that is a non-polar 
solvent. As the fatty acids on the triglyceride are also non-polar the oil is soluble in 
hexane. The Echium seed is gently bathed in hexane over a period of ninety minutes in 
order to remove the highest yields possible of good quality oil. The extraction process is 
carried out at room temperature in an oxygen free atmosphere. The oil enriched solvent 
then passes through a distillation system where the solvent is removed from the oil to 
leave less than 1 part per million in the oil. 
 
Once production is completed the oil is tested against the product specification by the 
fully accredited laboratory at Lincoln. In the event that the oil is found to be out of 
specification it will not be released by Quality Control. It will either be rejected outright or 
it could be re-processed until it passes the product specification.  
 
History of the organism used as a source of the novel food 
 
The Boraginaceae are a large plant family, of which Echium plantagineum is a member, 
with approximately 100 genera and 2500 species that are widely distributed throughout 
the Northern Hemisphere. The family is well known to herbalists and gardeners because 
it includes many ornamental and medicinal plants. 
 
The genus Echium contains about 30 species distributed across Europe, the 
Mediterranean region, Madeira, the Canaries and the Azores. 
 
Echium plantagineum and its products have not hitherto been used for human 
consumption to a significant degree within the Community. Human exposure to the plant 
does occur by ingesting honey produced by bees foraging on wild Echium. Evidence is 
available on the effects in animals of ingestion of Echium plantagineum. 
 
Echium plantagineum occurs over significant areas of farmland in Australia. The young 
growth is eaten readily by livestock. The plant is considered a weed in good pastures 
while on poor country it is considered as a reserve fodder. Measurements of herbage dry 
matter content, nitrogen content and digestibility of Echium plantagineum indicate that it 
would be nutritious forage for grazing animals. However the presence of pyrrolizidine 
alkaloids in the plant means that there is a risk that grazing animals will be poisoned. 
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The level of pyrrolizidine alkaloids is normally between 0.1-0.3% of the dry weight of the 
whole plant but levels as high as 0.9% have been reported. Field evidence strongly 
indicates that horses, pigs and to a lesser extent sheep are all affected. 
 
Echium plantagineum was fed as the sole diet to crossbred sheep with or without a 
history of previous access to the plant in a pen feeding trial. Compared to a control 
group receiving a diet of Lucerne chaff and oats, sheep on the Echium diet lost weight 
and several animals died Histological examination produced evidence of excessive 
copper accumulation in the liver and biochemical evidence of liver toxicity and was 
usually accompanied by pyrrolizidine alkaloid damage. It was concluded that Echium 
plantagineum alone was not suitable fodder for sheep. 
 
Young rats fed 40% Echium plantagineum for two weeks suffered 70% mortality within 
5-13 weeks. Young rats fed 20% Echium plantagineum for alternate two-week periods 
with a control feed had 50% mortality in 21 weeks. Adult rats fed Echium plantagineum 
continuously all died within 7-16 weeks at the 40% level and 37-40 weeks at the 20% 
level. The rats died with a mixture of acute and chronic liver damage. Tumours, 3 benign 
and I malignant, of a type observed in carcinogenesis experiments with other 
pyrrolizidine alkaloids developed in survivors of the study on adult rats fed 20 % Echium 
plantagineum. The number of tumours was below the significance level. 
 
Echium plantagineum is known to secrete nectar that is gathered by bees and it is used 
extensively by apiarists. It is estimated that honey from Echium plantagineum constitutes 
about 10-15% of total Australian production. The honey is sold mainly as blends with 
other honey. Honey prepared from Echium plantagineum has been shown to contain 
between 0.27 – 0.95ppm alkaloids. The possible intakes of pyrrolizidine alkaloids from 
this source are considered to be very low. 
 
All the toxicological findings reported are consistent with pyrrolizidine alkaloid poisoning. 
Pyrrolizidine alkaloids are not oil soluble (lipophillic) and therefore they would not be 
expected to be present in Echium plantagineum oil. An analysis of the alkaloid content of 
the crude and refined oil and the Echium plantagineum meal has been carried out. The 
meal contained 0.1mg/g total alkaloids. None or very small quantities of alkaloids were 
detected in the crude or refined oils, all results being below 15ng/g (equivalent to 
0.015ppm) 

Anticipated intake/ extent of use of the novel food 
 
Anticipated use: 
ECHIUM OIL is a vegetable oil rich in both omega-6 and omega-3 polyunsaturated fatty 
acids. It is anticipated that as a result it will be incorporated into dietary supplements and 
functional foods. 
 
We do not intend to sell Echium oil direct to consumers. Echium oil will be sold to food 
and health food manufacturers throughout Europe as an alternative to existing oils and 
fats rich in omega-6 or omega-3 polyunsaturated fatty acids.  
 
Several oils containing triglycerides rich in omega-6 fatty acids are currently available on 
the market include blackcurrant seed oil, borage oil, evening primrose oil, soybean oil 
and safflower oil. Additionally oils containing triglycerides rich in omega-3 fatty acids 
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currently available on the market include herring oil, mackerel oil, menhaden oil, sardine 
oil and tuna oil. 
 
We consider that the main application for Echium oil will be as a dietary supplement. We 
also envisage that Echium oil will be used as a source of essential fatty acids in other 
application areas including sports drinks, nutritional bars and dairy products such as milk 
and yoghurts. Echium oil will be marketed as possessing the benefits of both omega-3 
and omega-6 essential fatty acids. 
 
Anticipated intakes: 
North Americans, Europeans and people of other industrialised nations are estimated to 
consume fats and oils at a level of 42% or more of their daily calories. The average 
number of calories consumed per person per day is 2500. Since 1 gram of fat produces 
9 calories this amounts to 110 grams of fat per person per day. 
 
The average western diet contains lower quantities of omega-3 than omega-6. Data from 
1985 on the US national food supply indicates a level of 50mg per capita per day of 
eicosapentaenoic acid and 80mg per capita per day for docosahexaenoic acid. The 
dietary intake of total omega-3 fatty acids in the United Kingdom was estimated to be 
250mg per capita per day in 1992. 
 
An omega-3 / omega-6 fatty acid blend which is currently marketed [Efamarine™] in the 
form of capsules and an oral emulsion provides 68mg of gamma linolenic acid, 34mg of 
eicosapentaenoic acid and 22mg docosahexaenoic acid per daily intake. The daily 
intake of 2 gelatine- based capsules contains in addition 20mg of vitamin E (as D alpha 
tocopheryl acetate). The daily intake of 1 teaspoon (5ml) of oral emulsion based on high 
oleic acid sunflower oil contains in addition 10mg vitamin E (as DL-alpha tocopheryl 
acetate) The omega-3 / omega-6 fatty acid blend is provided by combining evening 
primrose oil and a marine fish oil. 
 
In comparison 500mg capsules based solely on Echium oil would provide 58mg of 
gamma linolenic acid and 64mg of stearidonic acid. 
 
We consider that the main application for Echium oil will be as a dietary supplement. 
This will be in capsule form with a likely level of consumption of either 500mg or 250mg 
per day. We also envisage that Echium oil will be used as a source of essential fatty 
acids in other application areas including sports drinks, nutritional bars and dairy 
products such as milk and yoghurts. Echium oil would be added to such products at very 
low levels, less than 500mg per item. 
 

Nutritional information on the novel food 
 
Total fat & oil consumption: 
Dietary fat is essential for health and the FAO/WHO expert consultation on fats and oils 
in human nutrition have recommended that fat should constitute between15% - 35% of 
energy intake. It is intended that Echium oil will replace existing fats and oils in food and 
therefore total fat consumption should not increase. The amount of saturated fat may be 
reduced depending on the fat or oil that Echium oil is intended to replace. 
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Echium oil contains on average 11.1% of saturated fatty acids. This compares to levels 
of saturated fatty acids in omega-6 rich vegetable oils of 8.3% blackcurrant seed oil, 
13.6% borage oil, 9% evening primrose oil, 16% soybean oil and 10.1% safflower oil 
[Ref. 29]. The level of saturated fatty acids in herring oil is 26.1% and in mackerel is 
27.5% [Ref. 29]. 
 
Omega-6 fatty acids: 
About 1% of daily calories (an average of 3 grams) linoleic acid is enough to relieve the 
symptoms of deficiency of this essential fatty acid and therefore represents a minimum 
daily requirement. Echium oil contains on average 15.4% of linoleic acid and 11.5% of its 
metabolite gamma linolenic acid.  
 
Omega-3 fatty acids: 
The daily requirement and optimum dose of alpha linolenic acid is not known [Ref. 24]. A 
level of 0.54% of daily calories was required to reverse symptoms of alpha linolenic acid 
deficiency in a 6 year old girl. Echium oil contains on average 30.7% of alpha-linolenic 
acid and 12.8% of its metabolite stearidonic acid.  
 
Omega-6: omega-3 ratio: 
The � 6 Desaturase step is considered to be the rate limiting step in the conversion of the 
essential fatty acids to their more highly unsaturated metabolites (gamma-linolenic acid 
and stearidonic acid). Incorporation of high levels of linoleic or alpha-linolenic acid does 
not seem to raise the levels of their corresponding metabolites [Ref. 30]. However 
administration of those metabolites of linoleic and alpha linolenic acid usually raises the 
levels of that metabolite and its elongation products in human plasma [Ref. 30]. 
 
Dietary supplementation with oils rich in linoleic acid, such as safflower oil, did not 
increase omega-6 fatty acid content of human milk. Whereas oils rich in gamma linolenic 
acid such as evening primrose oil and black currant seed oil increased the levels of di-
homo gamma linolenic acid in human milk two fold. 
 
A ratio of linoleic to alpha-linolenic acid of between 5:1 and 10:1 is recommended in the 
diet. The FAO/WHO expert consultation on fats and oils in human nutrition has 
recommended that linoleic acid should provide between 4-10% of energy. Therefore 
alpha-linolenic acid should provide between 0.4%-2% of energy depending on the 
amount of linoleic acid in the diet. 
 
The average western diet contains lower quantities of omega-3 than omega-6. The 
dietary intake of total omega-3 fatty acids in the United Kingdom was estimated to be 
250mg per capita in 1992 which represents only 0.09% of dietary energy. Analysis of the 
diet of healthy 40 year old men in Edinburgh indicated that linoleic acid intake was low 
but still represented 3% of energy levels. It is estimated that 95% of affluent people 
would benefit from dietary supplementation with omega-3 fatty acids. 
 
ECHIUM OIL offers high levels of both omega-6 (43.5%) and omega-3 (26.9%) fatty acids 
in a single vegetable oil of plant origin. 
 

Microbiological information on the novel food 
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Echium oil is an anhydrous system and therefore will not support microbiological growth. 
In addition the processes used in manufacturing Echium will act to filter out any microbial 
organisms. The absence of microbiological contamination has been confirmed by testing 
a sample of the oil. 
 
Echium oil is extracted from seed in a totally sealed environment achieved either by 
vacuum or by nitrogen capping. The Lincoln Solvent Extraction Facility operates in 
accordance to Good Manufacturing Practice (GMP) and so it is highly unlikely that 
microbiological contamination could occur during the production process. In addition, the 
moisture level of the oil is constantly checked throughout the production process to 
ensure that levels remain below 1000ppm, further reducing the possibility of 
microbiological contamination 

Toxicological information on the novel food 
 
Component fatty acids: 
The lipid profile for Echium oil is similar to that of borage oil and blackcurrant seed. Both 
borage oil and blackcurrant oil are widely used as ingredients of cosmetics, 
pharmaceuticals, foods and food supplements. 
 
The major fatty acids found in Echium oil are Palmitic, Stearic, Oleic, Linoleic, Alpha-
Linolenic and Gamma-Linolenic acids. These fatty acids are all widely found in natural oils 
currently consumed for food use in the EC. 
 
Omega-6 & omega-3 fatty acids: 
 
Echium oil is considered to be substantially equivalent to existing oils and fats on the 
market which are rich in essential fatty acids. Essential fatty acid (EFA) is a term used to 
describe fatty acids that are needed in order to manufacture body lipids, biological 
membranes and hormone like substances such as prostaglandins. EFA cannot 
themselves be synthesised in the body and therefore must be obtained from the diet. Only 
two fatty acids are truly essential, linoleic acid and alpha-linolenic acid, the remaining 
polyunsaturated fatty acids are derived from these by a sequence of desaturation and 
elongation steps. Linoleic acid is the precursor for the omega-6 series of fatty acids, which 
are found primarily in plant oils, whereas alpha-linolenic acid is the precursor for the 
omega-3 series of fatty acids which occur mainly in green leafy vegetables and oily fish. 
 
Summary of efficacy of Essential Fatty Acid’s in Disease Management. 
 
A number of diseases exhibit deficiencies in the various essential fatty acids and this has 
led to considerable research into the pharmacological effects of Omega-3 and Omega-6 
fatty acids. 
 
Essential Fatty Acids and their derivatives have been shown to have either a preventative 
or beneficial management effect in Cardiovascular disease, osteoporosis, diabetes, 
arthritis and numerous skin disorders. 
 
Evaluation and Conclusion by the applicant 
 
Echium oil is a complex triglyceride obtained by extracting the oil from Echium 
Plantagineum. This oil has not hitherto been widely consumed in the European 
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Community but recent research into its fatty acid composition have led to an interest in 
utilising Echium oil as an ingredient for dietary supplements and other nutritional 
products. 
 
The production process employed to extract the oil from Echium Plantagineum is not 
novel; the same process is currently used to process several lipids with food approval 
status in the EU, such as Evening Primrose, Borage and Wheat Germ oil. It is, therefore, 
considered that the production process employed will not have any detrimental effect on 
the suitability or safety of using Echium oil for human consumption purposes. 
 
Echium oil contains many constituents that are common to plant-derived oils. Its 
component fatty acids include significant levels of Palmitic, Stearic, Oleic, Linoleic, 
Alpha-Linolenic, Gamma Linolenic and Stearidonic Acid. All of these fatty acids are 
found, in varying degrees, in either vegetable or fish oils currently consumed for food 
use in the EU.  
 
Echium oil also contains very small levels of Erucic Acid, which has been shown to 
exhibit anti-nutritional properties. The product specification stipulates an upper limit of 
1%, which is considerably lower than the 5% upper limit that EU regulations currently 
stipulate for food products. 
 
Echium oil contains many minor constituents which are not unusual in plant derived oils. 
The product specification of Echium oil contains an upper limit of 2% for the 
unsaponifiable content. The unsaponfiable content has been analysed and it was shown 
contain a mixture of sterols, hydrocarbons and other non-fatty acid compounds. Tests 
have also been carried out to prove the absence of cyclopropenoid and epoxy fatty acids 
and heavy metals such as Arsenic and Lead. 
 
Pyrrolizidine alkaloids are known to occur in certain species of the family Boraginaceae 
and have been isolated from Echium plantagineum. Pyrrolizidine alkaloids are of 
concern because they cause acute and chronic liver disease.  In addition to the liver they 
may damage the lung, kidney and other organs and they also possess mutagenic, 
teratogenic and carcinogenic properties.  
 
Tests were carried out to determine whether or not pyrrolizidine Alkaloids were present 
in Echuim oil samples. Pyrrolizidine Alkaloids are not lipophillic and, therefore, would not 
be expected to be present in the oil in any great quantity. Two of the four samples were 
found to be below the lowest detectable limits of 4 ng/g, whilst two other samples 
recorded results of 9ng/g and 11ng/g.  
 
The product specification stipulates that Pyrrolizidine Alkaloids should not be greater 
than 15ng/gram which is considered to be well below levels that would cause harm. 
There are other species that are known to contain pyrrolizidine alkaloids in their foliage, 
one such example being Borago officinalis. Borage oil is currently widely used as health 
supplement. 
 
Cytochrome C allergens have been isolated from the pollen of Echium plantagineum. 
The filter process used in the processing of Echium, however, will act to remove any 
pollen or particulate plant debris in the oil. To confirm the absence of Cytochrome C 
allergens in the oil a total protein test has been performed using Bradford Reagent. A 
total and recordable protein content (and therefore a Cytochrome C allergen content) of 
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less than 1ppm in the SuperRefined oil and less than 2ppm in the unrefined oil was 
ascertained by this method. 
 
Echium oil is a vegetable oil rich in both Omega-3 and Omega-6 polyunsaturated fatty 
acids. It is anticipated that as a result it will be incorporated into dietary supplements and 
functional foods.  
 
Echium oil, as a rich source of essential fatty acids, is likely to be used as an ingredient 
in sports drinks, nutritional bars and dairy products. Echium oil would be added to these 
products at very low levels, typically less than 500mg per item. 
 
The main uptake of Echium oil is likely to be for use as a dietary supplement. Dietary 
supplements of omega-3 and omega-6 fatty acids are normally offered in the form of 
gelatine capsules or oral emulsions. When used in capsule form the likely level of 
consumption of between 1000mg and 250mg per day. 
 
Echium oil, due to its inherently high production cost, is highly unlikely to be utilised as a 
replacement for cooking oil s such as Canola, Sunflower and Olive oil.  
 
In conclusion, we consider that Echium oil shares many characteristics with oils derived 
from both plants and fish that are currently consumed for food purposes and that these 
characteristics pose no toxicological or anti-nutritional threat to consumers. Furthermore, 
the production of Echium oil, from the growing of the crop to the extraction of oil, 
complies with all current food legislation and, again, can be considered to be as safe as 
reasonably possible.  Other areas of possible concern, that would relate to all oil 
products, such as peroxide value, unsaponifiable matter content and heavy metal 
content, have an upper limit stipulated in the product specification. 
 
We believe that the main areas of concern relating to Echium oil is the fact that Echium 
plantagineum is known to contain pyrrolizidine alkaloids and an allergen to cytochrome 
C in the leaves and external seed coating. The possibility exists therefore that these may 
also be present in the oil. Tests have been carried out that show that both pyrrolizidine 
alkaloids and cytochrome C allergen are either absent in the oil or are present in such 
negligible quantities as to be well below accepted 'no-effect' levels." 
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PRODUCT SPECIFICATIONPRODUCT SPECIFICATION  

 
 
Product:Product:    Echium oil Cold Temperature Extracted 
 
Appearance:Appearance:  A clear yellow to green-yellow free-flowing oil, free from  

foreign matter and imiscible with water. 
  
Taste and Odour:Taste and Odour:Characteristic of oil – natural, bland taste and smell with 

no trace of rancidity or other abnormality 
organoleptically. 

  
Tocopherols:Tocopherols:  Tocopherols added at request of customer. 
  
  
Analytical Specifications:Analytical Specifications:  
 
SpeciSpecific Gravity at 20oC fic Gravity at 20oC   0.915-0.925 g/ml 

 
Peroxide ValuePeroxide Value  Not greater than 10.0 mEq 02 / kg 

oil. 
 

Acid ValueAcid Value  Not greater than 4.0 mg KOH/g oil 
  

Trans Acids (Trans)Trans Acids (Trans)  Not more than 2% 
 

NonNon--Saponifiable Matter:Saponifiable Matter:  Not more than 2% 
 

Heavy MetalsHeavy Metals  Lead <0.1mg/kg 
Arsenic <0.1mg/kg 
Copper <0.05ppm 
Iron <1ppm 
 

Anisidine ValueAnisidine Value  Not more than 20 
 

Moisture Content:Moisture Content:  Should be less than 0.1% 
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AgrochemicalsAgrochemicals  Should not be detected 
 

Residual SolventResidual Solvent  < 1ppm 
 

Pyrrolizidine Alkaloids Pyrrolizidine Alkaloids   Not more than  15ng/g (0.015ppm) 
 

 
 

Fatty Acid Composition 

  
Carbon LengthCarbon Length  NameName  %%  
C16:0 Palmitic Acid 6-8 
C18:0 Stearic Acid 3-5 
C18:1 Oleic Acid 15-19 
C18:2 Linoleic Acid 14-18 
C18:3 (n-3) Alpha-Linolenic Acid 28-33 
C18:3 (n-6) Gamma-Linolenic Acid 9-12 
C18:4 Stearidonic Acid 10.5-14 
C22:1 Erucic Acid Max 1 
 
 
 
Revision Number:Revision Number:  0000075/2 

 
Date:Date:  28/07/00 

Issued by:Issued by:  Phil Nicholls Approved by:Approved by:  Darren Keeler 

Reason for Reason for 
Revision:Revision:  

Added parameter for Erucic Acid. 
Reduced limits for Arsenic and Lead levels. 
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Appendix 1 
 

Lipid profiles of Echium Plantagineum. 
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Appendix 1 – Lipid profiles from trials work 
 
Table 1: Lipid profiles of optimum temperature extracted Echium oil. 
 
Year % oil2 Lipid constituents2 
  16.0 18.0 18.1 18.2 18.33 18.34 18.45  
 
1999  6.5 3.7 14.7 17.5 30.5 10.5 12.8 
  6.6 3.7 15.3 15.9 28.7 10.7 13.1 
 
Mean  6.55 3.7 15.0 16.7 29.6 10.6 12.95  
 
Notes 
1. Data provided by John K King & Sons Ltd, Lincoln 
2. The first number represents the number of carbon atoms in the fatty acid 

analysed, the second number represents the number of double bonds. Fatty 
acids not determined are left as blank entries. 

3. Alpha-Linolenic acid (ALA) 
4. Gamma-Linolenic acid (GLA) 
5. Stearidonic acid (SA) 
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Table 2: Lipid profiles of oil extracted from Echium plantagineum1 
 
Year % oil2   Lipid constituents3 
  16.0 18.0 18.1 18.2 18.34 18.35 18.46 
 
1991 28.0    14.0 37.0 9.1 14.6 
 
1992 24.7    14.7 38.8 10.2 7.5 
 23.1    13.1 34.9 9.8 16.2 
 23.9    14.9 37.2 10.5 9.4 
 
1993 25.5       14.4 
 22.5       15.9 
 28.9       14.5 
 28.0       12.8 
 27.0       13.8 
 25.3       14.3 
 27.2      9.5 15.4 
 24.8      9.2 11.7 
 
1995 24.6       11.2 
 28.6       10.8 
 37.8       11.6 
 35.3       9.9 
 39.8       11.7 
 33.4       12.0 
 41.5       11.5 
 29.0       11.8 
 28.4       10.8 
 
1996 29.9 6.4 3.6 14.5 13.8 36.0 9.7 14.9 
 28.7 6.6 2.6 13.6 14.8 37.3 10.0 13.8 
 
1997 24.6      12.1 11.7 
 
Mean 28.8 6.5  3.1 14.1 14.2 36.9 10.0 12.6 
± SE 1.06 1.41  2.19 0.45 0.29 0.54 0.30 0.45 
 
Notes 
1. Data kindly provided by Scotia Plant Technology Centre, Writtle College, Chelmsford, Essex 
2. The percentage of oil in the seed on a dry weight basis 
3. The first number represents the number of carbon atoms in the fatty acid analysed, the 

second number represents the number of double bonds. Fatty acids not determined are left 
as blank entries. 

4. alpha-Linolenic acid (ALA) 
5. gamma-Linolenic acid (GLA) 
6. Stearidonic acid (SA) 
Each row relates to the lipid profile for a single representative sample of unrefined oil extracted 
from echium plantagineum seed. Where there is more than one sample for a single year this 
relates to different seed accessions. The size of the seed accession varies from a few grams to 
several kilograms. 
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Appendix 1 – Lipid profiles from trials work (Continued) 
 
Table 3: Lipid profiles of oil extracted from Echium plantagineum1 
 
Year % oil2 Lipid constituents3 
  16.0 18.0 18.1 18.2 18.34 18.35 18.46 
 
1995 21.0 7.6 3.8 16.7 16.0 29.9 11.9 12.3 
 26.3 7.4 4.1 18.9 16.6 28.5 11.4 11.3 
 
1996 32.1 6.9 3.6 17.5 16.8 31.1 10.8 11.5 
 26.1 7.3 4.1 17.2 16.2 30.5 10.9 11.9 
 28.3 7.4 4.2 18.0 16.0 30.3 10.3 11.7 
 30.9 7.1 3.6 15.8 16.5 33.6  9.8 11.9 
 27.0 7.3 3.8 16.7 17.8 31.8 10.2 10.6 
 32.4 6.3 3.5 17.5 14.0 32.0 11.2 13.9 
 
Mean 25.5 7.2 3.8 17.3 16.2 31.0 10.8 11.9 
± SE  3.61 0.14 0.09 0.33 0.38 0.54 0.24 0.34 
 
Notes 
7. Data kindly provided by Croda Universal Ltd, Hull, East Yorkshire 
8. The percentage of oil in the seed on a dry weight basis 
9. The first number represents the number of carbon atoms in the fatty acid analysed, 

the second number represents the number of double bonds. Fatty acids not 
determined are left as blank entries. 

10. alpha-Linolenic acid (ALA) 
11. gamma-Linolenic acid (GLA) 
12. Stearidonic acid (SA) 
 
Each row relates to the lipid profile for a single representative sample of unrefined oil 
extracted from echium plantagineum seed. Where there is more than one sample for a 
single year this relates to different seed accessions. The size of the seed accession 
varies from a few grams to several kilograms. 
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Table 4: Lipid profiles of oil extracted from Echium plantagineum1 
 
Year % oil2 Lipid constituents3 
  16.0 18.0 18.1 18.2 18.34 18.35 18.46 22.1 
 
1999  6.7 3.6 15.3 14.6 33.0 10.9 13.7 0.1 
  6.7 3.8 15.2 15.6 31.5 11.3 13.1 0.1 
  6.5 3.9 16.2 14.7 31.2 11.3 13.7 0.1 
  6.3 4.0 16.9 14.9 31.6 10.8 13.4 0.1 
  6.5 3.8 15.9 15.1 32.5 10.7 13.3 0.1 
  6.7 3.5 14.7 14.7 33.0 10.7 14.1 0.1 
  6.6 3.9 15.6 15.9 31.8 10.5 12.9 0.6 
 
Mean 25.5 7.2 3.8 17.3 16.2 31.0 10.8 11.9 0.17 
± SE   015 0.18 0.72 0.50 0.74 0.31 0.41 0.18 
 
Notes 
1. Data provided by John K. King & Sons Ltd, Coggeshall 
2. The percentage of oil in the seed on a dry weight basis 
3. The first number represents the number of carbon atoms in the fatty acid analysed, 

the second number represents the number of double bonds. Fatty acids not 
determined are left as blank entries. 

4. alpha-Linolenic acid (ALA) 
5. gamma-Linolenic acid (GLA) 
6. Stearidonic acid (SA) 
 
Each row relates to the lipid profile for a single representative sample of unrefined oil 
extracted from echium plantagineum seed. Each line represents a different crop grown 
in the UK in 1999 from the same seed accession. 
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Table 5: Lipid profiles of Crossential SA14 / Super Refined ® Echium 
plantagineum oil1 
 
Year % oil2 Lipid constituents2 
  16.0 18.0 18.1 18.2 18.33 18.34 18.45  
 
1996  7.3 4.2 19.0 16.5 27.8 11.6 11.1 
  7.1 4.2 18.6 16.4 28.7 12.0 12.2 
1997  7.1 3.7  15.8 14.3 33.1 11.2 13.9 
  6.8 3.8 15.9 14.5 33.2 11.1 13.8 
 
Mean 25.5 7.1 4.0 17.3 15.4 30.7 11.5 12.8  
± SE   0.10 0.13 0.86 0.59 1.43 0.21 0.67  
Notes 
1. Data provided by Croda Universal Ltd. Hull, East Yorkshire 
2. The first number represents the number of carbon atoms in the fatty acid analysed, 

the second number represents the number of double bonds. Fatty acids not 
determined are left as blank entries. 

3. alpha-Linolenic acid (ALA) 
4. gamma-Linolenic acid (GLA) 
5. Stearidnic acid (SA) 
 
Each row relates to the lipid profile for a single representative sample of Super Refined 
® echium plantagineum oil (Crossential SA14). Where there is no more than one sample 
for a single year this relates to different laboratory batches of the Super Refined ® oil, 
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Appendix 2 
 

Test method for the analysis of lipid profile. 
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Appendix 3 

 
Product specification for Echium Oil 
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PRODUCPRODUCT SPECIFICATIONT SPECIFICATION  

 
 
Product:Product:    Echium oil Cold Temperature Extracted 
 
Appearance:Appearance:  A clear yellow to green-yellow free-flowing oil, free from  

foreign matter and imiscible with water. 
  
Taste and Odour:Taste and Odour:Characteristic of oil – natural, bland taste and smell with 

no trace of rancidity or other abnormality 
organoleptically. 

  
Tocopherols:Tocopherols:  Tocopherols added at request of customer. 
  
  
Analytical Specifications:Analytical Specifications:  
 
Specific Gravity at 20oC Specific Gravity at 20oC   0.915-0.925 g/ml 

 
Peroxide ValuePeroxide Value  Not greater than 10.0 mEq 02 / kg 

oil. 
 

AciAcid Valued Value  Not greater than 4.0 mg KOH/g oil 
  

Trans Acids (Trans)Trans Acids (Trans)  Not more than 2% 
 

NonNon--Saponifiable Matter:Saponifiable Matter:  Not more than 2% 
 

Heavy MetalsHeavy Metals  Lead <0.1mg/kg 
Arsenic <0.1mg/kg 
Copper <0.05ppm 
Iron <1ppm 
 

Anisidine ValueAnisidine Value  Not more than 20 
 

Moisture Content:Moisture Content:  Should be less than 0.1% 
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AgrochemicalsAgrochemicals  Should not be detected 
 

Residual SolventResidual Solvent  < 1ppm 
 

Pyrrolizidine Alkaloids Pyrrolizidine Alkaloids   Not more than  15ng/g (0.015ppm) 
 

 
 

Fatty Acid Composition 

  
Carbon LengthCarbon Length  NameName  %%  
C16:0 Palmitic Acid 6-8 
C18:0 Stearic Acid 3-5 
C18:1 Oleic Acid 15-19 
C18:2 Linoleic Acid 14-18 
C18:3 (n-3) Alpha-Linolenic Acid 28-33 
C18:3 (n-6) Gamma-Linolenic Acid 9-12 
C18:4 Stearidonic Acid 10.5-14 
C22:1 Erucic Acid Max 1 
 
 
 
Revision Number:Revision Number:  0000075/2 

 
Date:Date:  28/07/00 

Issued by:Issued by:  Phil Nicholls AppApproved by:roved by:  Darren Keeler 

Reason for Reason for 
Revision:Revision:  

Added parameter for Erucic Acid. 
Reduced limits for Arsenic and Lead levels. 
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Appendix 4 

 
Test results for protein analysis of production batches of Echium Oil 
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Appendix 5 

 
Test results for heavy metal analysis of production batches of Echium Oil 
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Appendix 6 
 

Test results for pyrrolizidine alkaloid analysis of production batches of Echium Oil 
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Appendix 7 
 

Pesticides Safety Directive ‘ Long term arrangements for extension of use (2000)’ 
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Appendix 8 
 

Schematic diagram for extraction process 
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Appendix 9 
 

Comparison of lipid profiles of Echium Oil with Borage Oil and Blackcurrant Seed Oil 
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The anti-inflammatory activity of Echium oil has been investigated along with a number 
of other oils rich in essential fatty acids (see Appendix 11). Lipid profiles were 
determined for each of the oils prior to testing. For comparison the lipid profiles of 
borage oil, blackcurrant seed oil and echium oil (crossential SA14). 

 
Fatty Acid  Borage Oil Blackcurrant Oil Echium Oil 
C16:0 9.98 6.92 7.01 
C16:1 0.39 0.20 0.19 
C18:0 3.39 1.40 3.67 
C18:1 16.37 11.76 16.41 
C18:2 (LA) 38.79 44.68 14.96 
C18:3 (ALA) 0.49 11.44 28.98 
C18:3 (GLA) 20.68 16.27 11.83 
C18:4 (SA) 0.13 3.02 12.99 
C20:0 0.23 - 0.39 
C20:1 3.83 0.86 0.68 
C22:1 2.46 - 0.13 
C24:1 1.23 - 0.14 
Others 2.03 3.45 2.68 
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Appendix 10 
 

Biochemical pathways for Omega-3 and Omega-6 fatty acids 
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OMEGA-6: 
 
9,12-Octadecadienoic acid (linoleic acid) 
 
  ↓ � 6 Desaturase 
 
6,9,12-Octadecatrienoic acid (gamma-linolenic acid) 
 
  ↓ Elongase 
 
8,11,14-Eicosatrienoic acid (dihomo-gamma-linolenic acid)→Prostaglandin E1 
 
  ↓ � 5 Desaturase 
 
5,8,11,14-Eicosatetraenoic acid (arachidonic acid)  →Prostaglandin E2 

         + Leukotriene B4 
  ↓ Elongase 
 
Docosatetraenoic acid 
 
  ↓ � 4 Desaturase 
 
Docosapentaenoic acid 
 
 
OMEGA-3: 
 
9,12,15-Octadecatrienoic acid (alpha-linolenic acid / ALA) 
 
  ↓ � 6 Desaturase 
 
6,9,12,15-Octadecatetraenoic acid (stearidonic acid / SA) 
 
  ↓ Elongase 
 
8,11,14,17-Eicosatetraenoic acid 
 
  ↓ � 5 Desaturase 
 
5,8,11,14,17-Eicosapentaenoic acid   →Prostaglandin E3 

        + Leukotriene B5 
  ↓ Elongase 
 
7,10,13,16,19-Docosapentaenoic acid 
 
  ↓ � 4 Desaturase 
 
4,7,10,13,16,19-Docosahexaenoic acid  →Prostaglandin E3 

        + Leukotriene B5 
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Appendix 11 
 

Test results for analysis of Cyclopropenoid and Epoxy fatty acids in Echium oil.. 
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Appendix 12 
 

Test results for analysis of unsaponifiable matter in production batches of Echium oil. 
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Appendix 13 
 

 
Test Results for determining Microbiological Activity in Echium Oil 
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Appendix 14 
 

Method for determining protein levels in oil samples 
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