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Preface

Agriculture in the Netherlands and within the EC presently faces the problem of
surplusus, Consequently, new directions for agriculture and new outputs from agriculture
not only for food purposes but especially for the non-food industries are urgently
required. Better links are needed between agriculture as supplier of raw materials and
industry producing from these renewable materials. Such more market-oriented
agricultural production within the EC is expected to have various fields of opportunities.
The production of oleochemicals has, however, special promise because the wide
structural diversity of oils and fats makes them suitable for various industrial production
processes.

To highlight these opportunities in oleochemicals for Dutch and for EC-agriculture,

a discussion meeting ‘Biotechnology and fatty acids: new perspectives for agricultural
production?’ was organized by the Division of Industrial Microbiology of V\}égeningen
Agricultural Untversity and by the Agrotechnological Research Institute, Wageningen.
The aim of the meeting, held on 26 April 1989 in Wageningen, was to bring together
experts on fats and oils from industry, from research institutes and universities, and from
policy-making bodies in order to discuss the possibilities of an integrated tesearch
approach. Ten scientists with various backgrounds gave their views on specific aspects of
fatty acid production by plants and micro-organisms as well as on the utilization of fatty
acids both in the food industry and in the chemical industry.

The meeting attracted 150 participants, mainly from the Netherlands. It was opened with
introductory lectures by A.H. Eenink on behalf of the Agrotechnological Research
Institute and by J.A.M. de Bont on behalf of the Division of Industrial Microbiology.
The closing address was by J.J. Groeneveld of the Dutch Ministry of Agriculture and
Fisheries.

The present proceedings contain abstracts of the lectures of the expert speakers.

The abstracts have been prepared by students attending the meeting and subsequently

M. Trinn patiently corrected them. M.J.E. Boleij-Schuijt deserves special thanks for her
work in preparing the manuscripts for this volume and J.H.W. van der Schild for his work
in co-organizing the meeting, .

J.A.M. de Bont

Division of Industrial Microbiology

Department of Food Science, Wageningen Agricultural University
P.O. Box 8129

6700 EV Wageningen

The Netherlands



QUTLOOK FOR OCLEOCHEMICALS IN EUROFPE

B. von Willerstorff
Camission of the Baropean Commmities, DG XII, Wetstraat 200,
PB-1049, Brussels, Belgium.

Actions in the field of bictechnology and agricultural related research
within the European Commmities are realized at three different levels
by the Directorate General XIT (Science, ressarch and development).

1. The basic research
Included in the basic research level activities are the "Biotechnology
Action Program” (BAP) and its follow wp programme Biotechnology
Research for Innovation, Development and Growth in Burope' (BRIDGE)
vhich is now prepared.

2. The precompetitive research

The precompetitive research level is represented by the programs ECIATR
ard FIAIR. The latter is mainly concerned with food, whereas ECIAIR is
more intended for industrial applications. If we consider the oleochemi-
cal industry, the precompetitive research program includes research and
development work in the field of rerewable resources with the cooperati-
on of universities, institutes amd alsc agro-industrial companies. A
list of approximately fifty oil plants has been campiled to be conside—
red in these programmes, In Table 1 eame of the most important plants
are given together with the typical fatty acids they contain.

3. The demonstration
The purpose of the work at the demonstration level is to carry out

actions aimed directly at applications. Therefore, it is performed on a
much larger scale ard it mainly includes cooperations between industri-
al and agricultural compenies. It should also comprise rentability and
reliability studies for new products and/or new technologies., Some of
the more promising oil plants involved in the working programmes at this
level are given in Table 2.




Table 1. Important cleagincus plants and some typical fatty acids

Plant

Typical fatty acids

Alliaria peticlata
Brassica alba
Brassica juncea
Calendula officinalis
Camelina sativa

Carthams tinctorius
Coriardrum sativum
Cucurbita pepo
Cuphea

Eruca sativa

Euphorbia
Foeniculum vulgare
Iesquerella
Limnanthes alba
Innaria annua

Madia sativa
Papaver somniferum
Raphanus sativus
Stokesia laevis
Thlaspi arvense

erucic and linoleic
oleic and erucic

erucic, oleic and linoleic
calendulic and linoleic
lincleic

oleic and linoleic
petrocelenic

oleic amd linoleic

laurie, capric and caprilic
erucic and oleic .

vernolic

oleic and petrocelenic
3-hydroxy fatty acids
erucic

erucic ard oleic

oleic amd lincleic

linoleic

cleic and erucic

epoxy fatty acids

erucic, lincleic and linclenic

New results obtained through plant breeding do not have to be demonstra~
ted like in the cases of rape and sunflower because of the existing high
levels of agrotechnology. In certain other cases as for instance with
flax or pea only same process engineering aspects have to be adapted,
but for many other plants the whole agricultural technology has to be
developed. In these cases demonstration projects are really needed. As
far as these programmes are concerned the Directorate is responsible for
the organization of cooperations, for selecting projects, for establish-
ing project groups, for deciding on financial support etc. Much epphasis



is placed on workshops and mestings to get together experts in different
fields.

Table 2. Important oleagincus plants for demonstration studies

Plant Industrial application
rape ard mustard erucic acid and animal feed
high oleic sunflower cleic acid and animal feed
castor castor oil

agricultural policy within the EC

The Directorate-General XIT is not responsible for the common agricultu-
ral policy, however same indications are necessary in order to allow a
general assesspent of the oleochemical sector. First it is useful to get
an idea about the total turnover (production and utilization) of fats
and oils within the 12 member countries (Scheme 1). Mumbers given in
scheme 1 are in million tons and are related to the year 1987. The
figures in the scheme show that more than 80% of the utilization is
based on imported products, mainly from ™third countries", for some of
them certain of the countries have recently taken measures to protect
their own industries. This of course creates some difficulties for the
EC industries. It needs also to be mentioned that oilseeds are available
to BC industries at world market level (no levy at entry) and that
therefore a deficiency payment is foreseen to farmers. The system
provides for maximal gquantities.

Exanmples for demonstration:

The production of Castor oil is very promising because there are good
results on small plots available, and the marketing possibilities seem
to be gocd.

A strong interest from the industry exists in high erucic rapeseed oil
which may lead to a doubling of the surface used for this purpose.

Apart from the evident benefits, the new developments in producing high
oleic sunflower oil raise some problems as well. The main point is that




the seed market in Purgpe is dominated at present by a U.S. fimm which
through a contracting system takes back all seed produced by the
farmers., Ancther problem might be the competition with tallow for the
parpose of obtaining oleic-acid and overmore the replacement of tallow
would lead to enwvirormental problems if no possibility of disposal can
be fourd.

CQultivation of linseed has strongly declined over the past decades
within the Camunity and the production of linseed oils is now nearly
fully based on imported quantities.

It can be concluded fram the above that there is a positive outlook for
oilplants on the condition that they are tailor-made for the needs of
industry and their price is competitive to the main concurrent-petrol.

Scheme 1. Turnover of fats and oils in the EC (million tons in 1987).

Production based on Production from
imported raw materials own raw materials
3.03 7.00

N/

Total production Total import
10.03 3.34

~ 7

TOTAL UTILIZATION
13,37

e

10.95

N

INDUSTRY  ANIMAL FEED - HUMAN CON-
SUMPTION
1.36 1.12 8.44 0.03

2.




COCRDINATION OF AN INDUSTRY-CRIENTATED ACRICUITURE IN THE FEDERAL
RERUELIC OF GERMANY

D. Wittmever
Verband der Chemischen Industrie (VCI), Karlstrasse 21, D6 Frankfurt,
FRG

The task of the German Association of Chemical Industries (Verband der

Chemischen Industrie, VCI) is to coordinate in the development of

renewable rescurces. This coordination includes twe main areas:

- production of oils and fats fram "home" -EC industrial crops

- utilization in larger quantities of carhohydrates originating from
starch and hopefully from cellulose in the chemical indust:ty./

In the present presentation, the production of oils and fats will be
discussed.

After the second o0il crisis in 1979, the VCI decided to form a committee

with the following goals:

- to look for alternative and supplementary resources for mineral oils

- to find new outlets for agricultural production that would be relevant
to industrial needs outside the food industyy

- to overcome envirormental problems by the use of oils from crops since
these plant oils are generally biocdegradable.

In order to be successful with the intended programme, the earlier frame
of coordination between universities, institutes, agriculture amd
industry had to be changed. A reorientation - now especially considering
the industrial aspects - had to be realized. Three main directions were
considered:

- Agricuitural policy and its market regulations.
These requlations are more important in the food sector than in the
industrial sector.




- Flant hreeding of crope to yield tailor made products for the
industry.
A very good example for the need of such a change in research and
development strategies is rapeseed. Earlier, plant breeding was
oriented exclusively to develop "zero-zero" rapeseed for food purposes
whereas now, high erucic rapeseed is aimed at for applications in the

- Formuilation of new subjects for research and development.
At this point cooperation with universities is important. New ideas
for the conversion of material derived from new, industrial plants
are necessary. Therefore, the VI has to coordinate cooperation
between research institutes, universities, the chemjcal firms,
agricultural organizations and the oil mill industry.

As a first result, projects between several companies were established
for the conwversion of traditional vegetable oils to new preducts in the
oleochemical industry. These projects, the “German oleochemical research
program® are fully financed by the Federal Ministry of Research and
Development. This programe invelves very precise and concrete projects
to be carried ocut in universities for fundamental research on new
processes based on oils ard fats to evaluate chemicals with new
gualities in direction of biocdegradability, bioactivity and biocompati-
bility. A second programme was established on the plant breeding side
with as participants apart from the plant breeders the chemical
industries and farmers associations. This programme is also discussed
with the BEC Commission and with the national ministries of Agriculture
and of Research and Develcpment.

The oleochemical research programpe

The start of the coordination work may be traced back to a symposium on
oclecchemicals held in the autumn of 1985 where the state of the art,
gaps in research and development, and interests on the sides of
universities institutes and industries were discussed. It was concluded
that both the industry and the university sides did need considerable
research and cooperation was considered to be urgent. 'The working group
Furdamental Research Oleochemicals was set up with the participation of
the chemical companies Henkel, Schering, Hoechst, Unichema ard Stockhau-



sen and from the university side the Technical University of Braunschw—
eig, Society of Biological Research Braunschweig, University of
Olderburg, Technical University of B3achen, University of Mimnster,
University of Duisbury, and the University of Bayreuth were ready to
participate. Project teams were set up and these teams suggested to
perform research to be supported financially by the Federal Ministry of
Research and Development in the following areas:

~ bictechnological processes

- catalytic processes

- functionalizing and C-chain linking

- oleochemical analytics.
Croups were set up in order to streamline the projects in the sense of
the policy of the Ministry of Research and Development and to fit the
research in general schemes of work on renewable resources. Regularly,
symposiums have been organized to discuss results and problems in detail
ard further on to decide on continuation, medification or ~ evetually-
on finishing a project or on starting new ones.

The plant breeding programmne

The VCI is also responsible for cooperation in the field of industrial
plant breading for new oil products and for the connected marketing. The
most important areas are:

-~ high erucic acid rapeseed oil

-~ high oleic acid sunflower oil

-~ high lincleic acid linseed oil

~ high lincleic acid castor oil oil.

The varicug projects are summarized in Table 1. Below, two examples on
erucic acid and on oleic acid, respectively, will be discussed in more
detail.

1. "High erucic" rapeseed

Interests in the past for research and development and connected
subeidies were in the direction of "zero—zero" rapeseed. At present-
because of industrial applications - a high erucic acid content together
with a high yield and a low glucoseinolate concentration is desirable.
The development 1is based on "old" crop species imported mostly from
Eastern Euwropean countries having an erucic acid content of approximate—
1y 45 %. An increase up to 60 or 80 % (60 % is a more realistic 1limit)
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might be achieved. For this purpose, the Ministry of Agriculture
promotes the cooperation between the oil mill industry, the chemical
industry and agriculture, In a three year test programme cultivation is
done to study harvest techniques and processing methods.

The chemical industry is now ready to make contracts with agriculture
and the oil mills for the delivery of about 10 000 ton/year high erucic
acid rape seed oils. Prices are based on the world market prices for
rapeseed oil plus a premium of 8 IM/100 kg for every percent of erucic
acid up till 47 %. This system is of interest to all partners. The
industry is interested in tailor made crops, the agriculture has the
impression that they do not just get subsidy but are now in a new kind
of partnership betwesn agriculture and industry to produce products with
additional value.

2. "High oleic" sunflower ’

The oleochemical industry is very much interested in products based on
oleic acid. Until now, tallow containing about 30 % of oleic acid is
imported from elsewhere for industrial purposes. Although its price is
quite low, the processing costs greatly contribute to the total
production costs of oleic acid from this source. "High oleic" sunflower
species have already beenh develcped ~ reaching an oleic acid content of
about 80 % - which may serve as economic substitutes of tallow. The
right prices for this sunflower 0il is presently a matter of discussion
but a similar stimulation system as that for high erucic acid rapeseed
is goirg to come into existence.

These two exanples on erucic acid amd oleic acid show that the coordina-
tion for an industry-orientated agriculture in the Federal Republic of
Germany is successful. However, this work is not restricted to Germany.
Similar strategies with similar tasks have been worked out within the EC
countries to eventually arrive at new processes and new products based
on EC hane made, tailor made oleochemicals.

Mr. Wittmeyer irnwvites the Wageningen Agricultural University to
cooperate with CEFIC-Commisgion Renewable Resources go that these
results can be introduced to the activities of the EEC-Cormission.




HEALTH FFFECTS OF DIETARY FATTY ACIDS

M.B. Fatan
Department of Hman Nutrition, Agricaltural University Wageningen,
Bomerweg 2, 6703 HD Wagehingen, The Netherlands

More than 80% of fats and oils is used for human consumption. The health
effects of fats and oils are becoming a more and more important determi-
nant of consumers purchasing behaviour and in that way nutritional
properties alsoc determine production. During this presentation three
aspects will be dealt with. The basic structure of fatty acids, the
health effects of fatty acids and averwes for futuve yegearch in the
field of edible oils. )

1. The structure of fatty acids

Fatty acids are consumed in esterified form, usually as triglycerides.
The position of the fatty acids on the glycercl is a neglected area in
dietary and mutrition research buat future research in this field may be
promising. The fatty acids can be classified according to the lergth of
their C-chain (n) and the number of double bonds (Table 1). It should be
noted that because elongation of fatty acids occurs at the 00CH termimus
mitritionists use a numbering system opposite to that usual in chemis-
try: the methyl terminus is counted as No. 1.

The human body is able to convert fatty acids in two different ways:

- shortening and elongation of the chain length

-~ addition of double bords but only from the n - 7 position

upwards.

This means that the food of hmans has to contain certain fatty acids
with double bonds below the n-7 position beceuse they are precurscors of
the prostaglardins. The geometry of the double hond (Fig. 1) is also
important because it determines the metabolic properties. In nature most
unsaturated fatty acids ocour in cis-isomeric form but hydrogenation
(hardening) of oils often leads to isomers with the trans-isameric form
that have fully different physiological effects.



Table 1. Important fatty acids.

Fatty acid Schematic structure chain length and no. amd
position of double bonds

13 69 121518 22 (n)
HCH COOH

Saturated

lauric acid fm—# c12:0

myristic acid it C14:0

palmitic acid L e Cl6: 0

stearic acid # # ci18:0

Monounsaturated

oleic acid # # C 18 : 1(n—9)

erucic acid # # C22: 1(n9)

Polyunsaturated
limoleic acid

2(n-6,9)

=t

# c H
«-linolenic acid  # C 18 : 3(n-3,6,9)
arachidonic acid # # C 20 : 4(n-6,9,12,15)
eicosapentaencic # # C 20 : 5(n-3,6,9,12,15)
docosahexaenoic # # C22:6(n3,6,9,12,15,18)

¢i5 double bond : oleic acid

— NoH
trens double bond: eilaidic acid

Fiqure 1. Structure of cis and trans fatty acids.

2. Health effects

2.1. ¢holesterol and coronary heart disease

The major cause of death in most developed countries is myocardial
infarction as the result of blocked coronary arteries, The cbstruction
in the arteries contains a yellowish material consisting mostly of
cholesterol. Cholesterol (Fig. 2) is not a fatty acid but a sterol, but
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for reasons that are not quite clear the fatty acids that we eat
strongly influence the cholesterol concentration in the blood. Since
cholesterol is very poorly soluble in water, it is transported in the
blood in special particles lipoproteins, the major one being IDL (low
density lipoprotein).

Figure 2. The structure of cholesterol.

-

Most of the cholesterol in lipoproteins is esterified with fatty acids,
mostly limoleic acid. These cholesteryl esters form a hydrophobic core
which is coated with phospholipids and amphophilic proteins and so it is
transported to the place where it is needed. If the concentration of IDL
in the blocd is too high, cholesterol is deposited in the arteries which
leads to obstruction and causes coronary heart disease. From experimen-—
tal work, it is known that certain fatty acids raise the chance of
getting a myocardial infarction because they enhance the concentration
of cholesterol in blood.

The effect of certain fatty acids in the diet on the concentration of
cholesterol in blood serum may be predicted according to an empirical
formula derived by Keys from a large mmber of experimental cbservati-
ons:

A Serum cholesterol (mmol/L) = 0.03 (2 AS - AP)+ 0.08 A (chol)9-5

chol : cholesterol consumption (mg/megajioule)

s . : lauric + myristic + palmitic acid (% of eneryy)
P : polyunsaturated fatty acids (% of energy)

The three saturated fatty acids and especially palmitic acid are the
main food components that increase the serum cholestercl concentration

12



and thus endanger the arteries. Average consumption of these three
saturated fatty acids in the Netherlands is 30-40 g/day. They are wainly
obtained from dairy fat, other animal fats and plant fats. Fatty acids
with shorter chain length (C-6, C-8, C-10) or with a longer C-chain (C-
18, stearic acid) do not influence the serum cholestercl level. There is
now a strong tendency in U.S.A. and elsewhere to reduce the amounts of
lauric, myristic and palmitic acid in foods. This trend causes of course
major problems for the dairy amd livestock industry, and in agricultural
sectors such as the tropical oil plants, for they must find alternative
products to replace these undesirable fatty acids.

2.2. Chesity

Cbesity is a major social and health problem, and the feeling that it is
mainly caused by fatty food, is rather widespread. In fact, experimental
evidence in this field is very limited, The guestion whether a high fat
diet (40 % of the daily calories as fat -~ the usual amowrt ih affluent
countries) causes more cbesity than a low fat, high carbohydrate diet
(30 % daily calories as fat - generally advised as more healthy) is
still not settled.

2.3. Essential polyunsaturated fatty acids and prostaglandins
This is a new and challenging field. The substances playing a crucial
role here are called eicosanpids which are substances with 20 carbon
atoms. Eicosanoids, as for instance prostaglandins and leucctrienes,
form a class of physiologically active substances. They are hormone-like
compounds produced ard acting locally. All eicosanoids are derived from
dietary polyuncaturated essential fatty acids., According to their
origins, they form two series (cf. Table 1):

- the n - 6 series is derived from arachadonic acid

- the n - 3 series is derived from eicocsapentaenovic acid
Since the human organism camnot introduce double bords at the n - 3 or
the n - 6 position, a deficiency in these essential dietary fatty acids
causes deficiency in these essential local hormones. But their overpro-
duction may alzo lead to negative physiological effects.

The main effects of prostaglandins and leucotrienes are:
- Pain and inflammation. Taking Aspirine for example reduces the
production of prostaglandins and thus reduces pain.

13
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Figure 3. Prostoglandins from unsaturated fatty acids.
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- Changes in the tension of smooth muscles. The tensicn of the arteries
is effected, thus causing changes in the blood pressure. Prostaglanding
influence the uterus, and thus they may be used as abortion pills to
drive cut the foetus. They also affect the lungs leading to asthma-like
reactions.

— Blood clotting and blood platelet aggregation. This phenomenon is
influenced Ly fatty acids in the food. Fish oils might reduce the risk
of heart disease by stimalating the production of certain prostaglandins
that inhibit blood ¢lotting and thrombosis.

- Immmological reactions. These may also be affected by prostaglandins.

about avermes for on oils
In addition to the well known diet and cholesterol field, there is a
whole new field where various exotic fatty acids become interesting from
a pharmacolegical and pharmaceutical point of view. The fish oils
mentioned above are one example; evening primrose oil, rich in Ci8:3 n-6
(y-linolenic acid) is another. Progress is limited by the availability
of interesting fatty acids (as triglycerides) in sufficient amounts and

14



purity for human experimentation. Interesting camounds that came to
mind are palmitoleic acid (C 16 : 1 (n—7)}) and various n - 3 polyunsatu-
rates.

Factors to consider for further research for successful food oils:

- 0ils low in saturated C 12, C 14 and C 16 fatty acids have a marketing
advantage because they do not raise serum cholestercl. For instance, low
erucic acid rapeseed oil is already a great success.

- 0ils high in a balanced mixture of wvaricus unsaturates may become
prefered to oils that are high only in linoleic acid. Again, the new
rapeseed o©oil containing all three classes: n - 9 {oleic), n - 6
(linoleic) and n - 3 (x-linolenic) is attractive from a nutrional point
of view.

- Certain oils high in specific exotic fatty acid may have applications
in the mutritional and/or pharmaceutical field. 0Oils with relatively
high v-lirnienic acid content (e.g. Evening Primrose oil) are marketed
with great success for the prevention and treatment of variocus ailmwents,
even though hard evidence for effectiveness is lacking.

- The replacement of cholesterol-~raising satwrated fats and oils puts
the food industry in a difficult position because saturated fats provide
certain properties (structure, melting range, mouth feel) needed for the
product. Any solution here that fulfills both technological and
nutritional requirements could turn ocut to be very profitable.

- Fats and cils low in caleories such as sucrose polyester are considered
very promising; however, their consumer acceptance may be hampered by
real or perceived side effects.

All in all, upgrading of edible oils so as to improve their mutritional
properties is a promising area for the oil industry.

15




EDIELE OTIS: REFINING AND MODIFICATION PROCESSES

A.M. Trompelen
Unilever Research Iaboratory, P.O. Box 114, 3130 AC Vlaardingen,
The Netherlands

Edible cils are extracted or expelled from seeds (e.q. sunflower seed or
soya bean) or rendered from animal fat tissues as tallow or lard. The most
important aspects of properties of crude ¢ils in view of further proces-
sing are:

- taste (positive in native form in the case of olive oil,

negative in most other cases)

- taste stability (mostly ]'.nflue.tngd by oxidation)

- colour :

- safety factors (pesticides or polyaromatic compounds)

- physical properties (melting range, consistency)
To obtain oils with desirable properties, it is necessary to submit them
to further processing. This processing includes: (1) refining and (2)
modification.

1. Refining

Refining processes are used to purify oils from various impurities mostly
present as minor camponents. Several of these components are listed below
together with the problems they may couse:

Inpurities to be removed Problems caused by impurities
phosphatides difficulties in processing
sugars and sugar esters
metals oxidation (pro-oxidators)
oxidised components negative taste, bad smell
pesticides safety
polycyclic aromatics safety
colouring substances colour should be almost absent
volatile components negative taste, bad smell
fatty acids negative taste in some cases
partial glycerides effect on crystallization, frying

properties

16



Most refining processes are rather old. Traditional oil refining consists
of four steps:

1.1. Degunning
Aim of the treatment:
- removal of phosphatides, sugars, and metals.
Execution of the process:
- addition of water to make phosphatides insoluble
- separation of the lecithin thus formed by centrifugation
- further reduction of phosphatides by treatment with phosphoric or
citric acid
Developments:
— Merbrane filtration may be applied instead of centrifugation. How-
ever, the flux rate in this process is rather low making the process
too expensive. P
~ The "superdequmming process® ends up with a very low phosphorus con-
tent by using citric acid and in some cases a degumming ald in a
special procedure.

1.2. Neutralization
Aim of the treatment:
- Removal of free fatty acids, further partial removal of phosphati-
des, sugars, oxidised components and colouring substances
Execution of the process:
- addition of caustic or soda ash/silicate
-~ batch or continiocus cperaticn

diluted

phospheric
caustic

acid
caustic

water

stock

I
|
|
i
[}
1
]
1
|
|
1
1
1
\
|
[}
[}
]
]
1
1
i
1
[}
I
1
1

Figure 1. Continucis neutralization process.




Problems:

- high amounts of oil lost

~ soap present in the effluent has to be splitted again
Developments:

~ liguid-liqguid extraction process with methanol applicable to oils

with a very high fatty acid content (approse. 10 - 20 %)

- "physical refining" (see later)

An example of a continuous neutralization process is shown in figure 1.

1.3. Bleaching
Aim of the process:
- removal of colouring substances, oxidised compounds, metals, and
polyarcmatic hydrocarbons
Execution of the process:
- 80-110 € in the presence of 0.25-1.00 % diatomacecus earth;
sanetimes active carbon .
Problems:
- oil losses (approx. 1% oil / 1% bleaching earth)
- disposal of spent bleaching earth
solutions:
- use of synthetic earth (e.q. silica, alumina) effective at lower
concentrations <
- regenerating of the bleaching earth by a "wet oxidation process"

1.4. Deodorization process
Aim of the process:
- removal of volatile components, partial glycerides, fatty acids,
colouring substances, and pesticides
Execution of the process:
~ Steam destillation carried out at 0.3-1.0 kKPa and 180-240 °C

During the last decade, the “physical refinihg process" has been developed
and applied by many refineries. In this process the degumiing is dore more
thoroughly and the neutralization step is oamitted. The fatty acids are
removed in the deodorisation step. Although this procedure has lower costs
and better yields, it camnot be applied for all types of oils. Palm oil is
the best known example for its successful application.
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2. ificati

Modification processes are applied to provide the required components for
products such as margarine, bakery fats and confectionary fats out of
various crude oils with differenmt compositions and prices. Modification
changes the composition of the fatty acids and triglycerides and therefore
the consumer properties. The triglyceride camposition determines mainly
the physical properties of the oil, like melting behaviour, crystal-
lization rate, consistency. The fatty acids are the main components giving
the nutritional value, taste and taste stability. Minor components alsc
contribute to the mutritional value, taste and taste stability both in a
positive (e.g. vitamins) ard in a negative manner (e.g. metals, pestici-
des). A schematic overview of oil modifications is presented in figure 2,
while oil modification technigques are summarized in fiqure 3.

fatty aclds ’
triacylglycerols

COMPOSITION

SUFPLY of DEMAND for
fats and ocils fat products
""""""" variable constant  foTo oo
vegetoble margarines

composition characteristics
o #{ MODIFICATION F ———————————— pof Dokery fats
animal quantity & price controlled coenfectionery

fluctuate prices fats
frying cils
marine table cils

CONSUMER PROPERTIES

nutriticnal value

fiovour and flavour stability
crystailisation, consistency
meiting

Figure 2. 0il medifications.

2.1. Fractionation

Because an oil or fat consists of many triglycerides with different
melting properties a hidher melting fraction and a lower melting fraction
can be obtained by partial crystallization. The two fractions may be
separated using several procedures. Dry fractionation is the most simple,
batch technique where the crystals are seperated from the oil by filtrati-
on (e.g. drum filtration, membrane filtration or membrane filter press}.
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The yield of this procedure can be increased by washing the oil out of the
fat crystals with a detergent sclution. A very powerful fractionation is
achieved by applying this technique in a solvent (most often acetone).
This results in a much sharper separation.

An irdustrial example is the fractionation of palm oil. Fiqure 4 gives the
melting curve for palm oil and fractions,

melting point/C melting point/<C

80 80
® —— B
0

6 PN
/? interesterify

40 fractionate — =

- hydrogenate :> _—

20+ ' i—:-——- @
N L interesterify

Figure 3. 0il modification techniques.
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Figure 4. Melting curves for palm oil.
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2.2. Interesterification

Interesterification is used to redistribute fatty acids over the triglyce-
rides in order to influerce the melting behaviour and the consistency.
Depending on the starting materials the melting range is either raised or
lowered ag shown in fiqure 5. A new develogment in this field is the
application of enzymes vhich - in contrast to the random interesterifica-
tion products dbtained by the traditional chemical procedure - result in
very specific, new fats anx oils; in many cases the enzymes are specific
for the 1 and 3 position in the triacylglycerol.

sclids (%)
PO + CN
before
after
%* ’
after
before
T T T ¥ T 1 T ]
0 20 40 0 20 40

temperature ('C)

Figure 5. Effect of interesterification on the melting range.

2.3. Hydrogenation

Hydrogenation of triacylglycerols is often desired to make the fatty acid
less unsaturated and thus lowering its melting point as well as its
sensitivity to oxidation which causes an improvement in taste and taste
stability. Hydrogenation is for example unavoidable in the case of fish
oils in order to get rid off their fishy smell and taste.

The reaction is usually carried out in batch reactors in the presence of
hydrogen and a solid catalyst (usually nickel) at a temperature between
100 - 200 9C. The process conditions stongly influence the oil quality.
Therefore, process control is very important for getting the right end-
copditions. A nice exanple for the need of process optimization is the
hydrogenation of soyabean oil where the selective corwersion of linolenic
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to lincleic acid is required but where any further hydrogenation would be
disadvantageous. The main influencing factors are:

- the concentration of hydregen in the bulk of the oil

- the quality and

- the pore size of the catalyst.
The selectivity of the process is determined wainly by the pore size of
the catalyst what means that by choosing a catalyst with narrow pores, we
get total hydrogenation whereas a catalyst with wide pores results in
partial and selective hydrogenation. Various reactor types used for
hydrogenation are schematically shown in figure 6.

_-@_P

oil
pump

stirrer +
compressor

Figure 6. Reactor types used in hydrogenation.

In conclusion it may be stated that although refinary and modification
processes have already been applied for about a hundred years, they still
have a scope for improvements in certain directions.

I'd
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SEPARATTCON PROCESSES OF FATTY ACIDS

K. van ‘t Riet amd J.T.F. Karerntjes
Food and Bicengineering Group, Agricultural University Wageningem,
P.0. Box 8129, 6700 EV Wageningen, The Netherlands

Fatty acids are produced by splitting different fats and oils, mostly
triglycerides, whith glycerol as the other important product. Fatty
acids and a great mmber of their derivatives - like esters, dimer
acids, salts, fatty nitriles (used as fatty nitrogens), fatty acid
methyl esters and fatty alcohols - have a broad industrial application.
Because of their surface active properties, these fatty materials are
mainly used as socaps and detergents and fatty nitrogen chemicals. But
they are also important additives in paints, pharmaceutiéals and
lubricants. For these purposes different, special fatty acids are needed
in a pure form. Specific polymers can be produced based on unsaturated
fatty acids, whereas the absence of these compounds is desirable in many
cther application areas. In the food industry, certain fatty acids are
reconverted to new fats and which then have the right composition,
better processing qualities and good nutritional values.

The separation of fatty acids, especially the separation of unsaturated
from saturated fatty acids, in an industrial process is often based on
the differences in melting or boiling points, Therefore, a crystalli-
zation or distillation operation is comsonly used. Usually, saturated
fatty acids have higher melting point than their unsaturated homolog. By
decreasing the temperature, the saturated fatty acids will crystallize
first and can be separated from the unsaturated ones. In the case of
distillation, particularly when highly unsaturated fatty acids are
concerned, the high temperature may cause polymerization and cother side
reactions.

The following separation procedures are carried on an industrial scale:
1. Pamning and pressing

Decreasing the temperature results in ecrystallization of the saturated

fatty acids, while the ungaturated fatty acids remain in an oil form.
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Consequently, the oil fraction (the unsaturated fatty acids) is forced
out of the crystals. The main disadvantages of this method are that
significant amounts of oil remain between the crystals, resulting in a
partial separation of the fatty acid fractions and the large vessel
volume required for this operation.

2. Hydrophilization process
Here also, a crystallization is the first step. By the addition of a
surfactant solution, the unsaturated fatty acid phase is solubilized in
the water phase, forming an emulsion. After phase separation, the
unsaturated fraction is dbtained. The crystalline fraction is heated to
obtain the saturated fatty acid fraction in a separate oil phase.

3. Solvent crystallization
Thiz method is also a well known industyrial procedure in which the
separation is achieved due to differerces in solubility in a suitable
solvent, however, the selectivity is not very high, resulting in rather

The advantages and disadvantages of these classical industrial processes
are given in Table 1.

Table 1. Characteristics of the most important classical separation

processes.

Hydrophilization Crystallization Distillation

*works on most FA *works on most FA *mainly saturated FA
*low operation costs *highly automated *good quality all FA*

*good olein quality *good stearin quality

*high investmwent costs  +high investment c:osts *difficult separation
for small capacities *high operation costs between hamologs
*high operation costs
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New developments to improve selectivity include:

1. Mambrane techniques

2. Use of specific reactions

3. Affinity processes
The corbination of these three techniques may further enhance the yield
ard selectivity of separation processes. Some examples will be given to
illustrate this.

1. Integration of reaction and membrane separation.

Lipases are capable to hydrolyze fats and oils under mild corditions,
This can especially be an advantage in the case olls are used that are
very susceptable for oxidation reactions, This process is based on the
use of a lipase immobilized on the surface of a membrane. The reaction
can be specific in the case selective lipases are used. The specificity
of the enzyme may be oriented to the site of the hydrolysis (site
specific lipases) or to the fatty acid (fatty acid specific 1ipases).
For the application of these enzymes two routes can be envisaged.
Firstly, using an aspecific lipase the oil can be hydrolized completely.
This requires a fat/fatty acid separation and consequently a separation
between the fatty acids. Secondly, the use of specific lipases results
in a partial hydrolysis, and only the fatty acids formed have to be
removed from the oil, resulting in the fatty acids reguired. In this
route no further separation is required. The prices of these enzymes are
of course quite high, making an effective reuse of the enzyme necessary.
This can easily be achieved in a hollow fiber membrane reactor, as has
been developed in our department. The membrane device also provides an
effective phase separation.

The membranes used are hydrophilic, and are therefore permeable for
water and glycerol kut not for the glycerides and fatty acids. The
diameter of the fibers and the wall thickness is approximately 200 m
and 6 m, respectively. The lipase is immcobilised on the ihner surface of
the fibers. The cil flow is inside the fibers ani the water phase is
circulated cutside. A schematic view of a contimicus comtercurrent flow
reactor is given in figure 1. The half life time of the enzyme in this
type of reactor appears to be more than 1000 hours, which ensures a
rather effective reuse of the enzyme.
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Figure 1. Immcbilized lipase hollow fiber mermbrane bioreactor for the
hydrolysis of oil.

It appears that the hydrolysis rate strongly decreases as the concentra-
tion of free fatty acids (FFA) increases. For this reason, the continu-
ous removal of the FFA from the oil is necessary to maintain a suffi-
ciently high reaction rate. Conventionally, sodium hydroxide is added to
the oil to saponify the fatty acids. Consequently the thus obtained
soapstock can be removed by centrifugaticn, The major drawback of this
method is the inclusion of triglycerides into the soapstock. The amount
included usually eguals the amount of fatty acids removed and have to be
considered as a loss. For this purpose a membrane process has been
developed in our department, not having the inclusion problem. The
addition of 2-propanol together with the usual sodium hydroxide solution
to the FFA rich oil (FFA content 10-20 %) results in the formation of a
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dispersion. Consequently this dispersion is separated by two membranes
in series. The hydrophilic part of the dispersion (water, 2-propanol and
the soaps) permeates through the hydrophilic membrane. The hydrophobic
il is capable to permeate throcugh the second, hydrophcbic, membrane. In
the permeate of the hydrophilic membrane no triglycerides and in the
permeate of the hydrophcbic menbrane no fatty acids can be detected,
indicating that the separation is complete. If a specific lipase is
used, the desired fatty acid can then be dbtained directly from the
water phase. The remaining oil can be recirculated to the enzymatic fat
splitter. This process is schematically depicted in figure 2.
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Figure 2. Combined enzymatic hydrolysis and downstream process.

A mumber of commercially available membranes, both hydrophilic arnd
hydrophobic, have been tested for their capability to separate this
dispersion. From the data given in Table 2, it is clear that the
combination of the hydrophilic polyacrylonitrile membrane with the
hydrophobic polysulfone or PVDF merbrane will give a good separation for
FFA oil mixtures.
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Table 2. Properties of several commercial membranes.

Type of menbrane ' cut off flux [1/m2.h.bar]
hydrophilic membranes

polyacrylonitrile (PAN) 30,000 30

Cellulose 10,000 3
Cellulose-acetate 200,000

Polyamide 0.2 m *

hydrophobic membranes

Polysulfone 30,000 5 -
Polypropylene - 0.2 m *
PVDF 0.14 m *
EVDF 0.2 m 16(Pmax=0.3 bar)
PVDF 10,000 *
PIFE 0.2 m *

* Permeation of both phases

2. Affinity separations.

Specific binding of a desired compound to an adsorbent is the basis for
affinity separations. Unsaturated fatty acids are capable to foom a -
bond with silver ions. If the silver ions are connected to an inert
carrier like silica, the unsaturated fatty acids can be separated from a
fatty acid mixture. A selectivity of about 10 is obtained as shown in
figure 3. The application of siljca on a large scale is difficult,
however, this technigue can be useful for the separation of small
amounts of unsaturated fatty acids from a mixture.

It is also possible to remove saturated fatty acids from the mixture.
For this purpose, cyclodextrins can be used. Cyclodextrins are cyclic
water-soluble oligosaccharides with an apolar cavity. Alfa-cyclodextrins
can form inclusion products with saturated fatty acids, whereas the
unsaturated fatty acids are not included. Here also, the cambination
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Figure 3. Adsorption of fatty acid mixtures onto silver/silica in the
presence of acetic acid to avoid aspecific bimding.
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Figqure 4. System for the removal of saturated fatty acids from a
mixture by membrane extraction using cycledextrins

with a menbrane is very useful. The unsaturated fatty acids are released
from the cyclodextrin complex by a back extraction with an appropriate
organic solvent. In the system as depicted in figure 4 it is possible to
recircunlate the cycledextrins, whereas no rphase separations are
required, since the membrane keeps the two phases separated. These
results show that selective and mild processes may be developed o
cbtain fatty acids in a pure form both for the chemical industry and for
the food industry. The application on an industrial scale, however, will
take some time but will offer interesting cpportunities in the future.
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OLEOCHEMICAIS VERSUS PETROCHEMICAIS IN THE CHEMICAL INDUSTRY

K.D, Haase
Unichema Chemie BV, P.0O. Box 2, 2800 AA Gala, The Netherlands

Until the middle of this century, natural oils and fats have been used
extensively for the manufacturing of different products in various
industries. Since that time, this situation has changed considerably in
favour of petrochemicals because of the low cost of raw materials and
due to the enormous investments in research and process development for
this industry. The future situwation might change as the oleochemical
industry is trying to regain some shares in special market niches. 1In
this presentation, basic characteristics and future pmspects of the
oleochemical industry will be compared.

1. RAW MATERTALS

Raw materials for both branches originate from biomass produced by
photosynthesis. The difference is, that mineral oils were created
millions of years ayo, whereas oils and fats from plants are armually
renawable rescurces {Fig. 1).

Crude-mineral off S Falty acid trigiyeeride

Size: 2950 x 105t

95% anergy
4% peotrochamicais
1% lubricants

Figure 1. Size and application of the world oil warket (1987).
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The worldwide production of crude mineral oils is approximately 3
milliard tons/years, which is used for the following purposes:

- 95% for energy, causing a lot of envirommental problems by

increasing the carbon dioxide content of the atmosphere

- 4% for petrochemicals

- 1% as lubricants
The total production has been more or less constant over the last
years. Volume for oils and fats (triglycerides) is 72 million tons,
vhich is approximately 2.5% of the crude mineral oil tonnage. The
production of triglycerides has strongly increased over the years due
to large investments in for instance palm oil plantations. Triglyceri-
des are used for the following purposes:

- 86% for food and feed

- 8% for the productiocn of soaps

- 4% for oleochemichals

- 2% for paints and lubricants

2. BASTIC PROCESSES

The petrochemical industry starts with oil fractions which are converted
to smaller molecules in huge crackers. The basic intermediate products
are olefins, especially ethene, propene and aromatics. These intermedi-
ates are sold in the market, for exanple aromatics as octane boosters in
unleaded fuels. Most intermediates are, however, chemically converted
into polymer products.

The structure of the petrochemical industry is based on very large
miltinational companies which are integrated backwards and forwards to
other industrial branches (from exploration of crude mineral oil or
production of consumers goods). At the same time there is also a
tendency to develop naticnal policies and to protect own energy sources.

The oleochemical industry is completely different, being mich smaller
in size and with less complicated processes. 3Although some multinatio—
hal companies as for instance Unilever or Henkel have a considerable
share in this market, smaller companies with production capacities
below 30.000 tons/year exist. The basic processes are also quite
different from the petrochemical industry.
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The initial step is the splitting of the esterbonds in the triglyceri-
des, resulting in glyocerol and —depending on the splitting agent used-—
fatty acids, soaps or methyl esters. (Fig. 2).

o,
n-t.’-o-p-

l aplitling

Soap

amines 10%
giycorol 15%
fatty aclds 55%

alcohols 20%

Fiqure 2. Basic olecchemical reacticns

Most commercial reactions with fatty acids take place at the carboxylic
group. This is remarkable if we consider that more than 80% of the
mainly used C18 fatty acids available in nature are unsaturated. Most
of the reactions performed are:

- fatty acids + H2 - fatty alcohols‘

- fatty acid + ammonia fatty amides, fatty nitriles

- fatty nitriles + H2 ————a fatty amines
The main oleochemical products are fatty acids (55%), fatty alcohols
(20%), fatty amines {10%) and glycerocl (15%).

3. OLEOCHEMICATL, CHARACTERTISTICS
The olecchemical industry has certain advantages compared to the

a) Raw materials
- Renewable sources

- Growing market

~ Relatively low priced

- Constant composition

- Interchangeability between rescurces
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b) Processes

- Envirormental friendly

- Medium investment costs

- Mature for standard products

<) Endproducts

- Nentoxic

- Biodegradable

- Linear, clearly defined chainlength (CB - C22)
- Clearly defined position of functional groups

4, FUTURE POSSIBITITTES FOR QIFOCHEMICATS

In addition to the advantages given above, new developments will offer
good possibilities for future growth. The exploitation of new results
of biotechnology brings tremendous new opportunities. In the field of
raw materials good results have already been achieved by plant breeding,
resulting in a higher content of certain fatty acids as for instance
high oleic sunflower, better harvesting properties, resistance against
pesticides, and less climate dependency. With regards to oleochemical
procegses, possibilities are open for process optimization, computeriza-
tion, and the use of special techniques as for example reactions under
influence of ultrasonic waves. The introcduction and further develop-
ments of new biochemical reaction processes are also very promising.

Such reactions have several advantages over the usual chemical routes,
including better selectivity, less by-products resulting in higher
yields, milder conditions, less energy demand, and possibly new
products. The exploitation of different reactions at the double bound
will open completely new opportunities.

Much work has already been started in many of these fields, even on
industrial scale. One example is the enzymatic esterification of fatty
acids with alcchols at low temperatures resulting in esters with colour
and odours wmatched by standard chemical reactions. These products
are presently distributed in the cosmetic industry but other applicati-
ons will follow soon.
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5. ATTRACTIVE END-MARKETS FOR QLFOCHEMICALS
Oleochemicals have certain advantages against petrochemicals in a
mmber of applications:

a) Food and Fecd

More and more food is processed on large industrial scale. Emialsifiers
ard many other additives are used in these processes and products based
on natural raw materials have dgvious advantages.

b) Cosmetics

A clear move is seen in the direction of ‘back to nature’ in which two
main tendencies may be cbserved. Oleochamical raw materials are
preferred against petrochemicals and products based on vegetable oil
are preferred over animal origin. A new development of theé oleochemical
industry, esters of branched fatty acids and alechols, which resemble
the skin grease of waterbirds, are going to have interesting applicati-
ons. These compounds form a film on the skin which -in contrast to the
fatlayer formed by the usual lotions— is permeable for water, vapour and
air. This opens the realisation of campletely new concepts in cosme—
tics.

¢) Surface active reagents

'Away from petrochemicals’ - that is the tendency in this field. The
main reason is enmvirommental protection and biodegradability. The
biodegradability of the detergents based on aromatic petrochemicals
causes problems, products based on oleochemicals ate much better in
this respect. They offer a great diversity to fulfil various applica-
tion demands. Sulphonated alcoholz, a-sulphomethylester, socaps and
guarternary ammonium salts are the mest important groups of products.

d) Iubricants

Parallel to technical developments, the den:':lrxi for lubricants has shown
quite big changes. In earlier times natural oils were used, later,
with the development of different engines, lubricants based on mineral
oils got strong preference. Today, the two main aspects in choosing
the right type of lubricants are energy improvement and biodegradabili-
ty. Fatty acid esters are becoming more important now since they are
completely biodegradable and allow both much higher and lower operation
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temperatures compared to mineral oils. These low operating temperatu-
res, combined with a much better viscosity temperature relationship,
reduce the energy consunmptions and allow much higher operation tempera-
tures coampared to nineral oils. These high operating temperatures
reduce the ehergy consumptions.

The size of the Furopean lubricant market is 5.5 million tons p.a. As
the wmarket chare for the fatty acid esters is presently only 0.2%,
lubrication is one of the highest growth potentials for oleochemicals.

e) Plastics

A large part of the fast growing ‘Engineering Plastics’ consist of
traditional polycondensates like polyamides, polyesters and polyuretha-
nes. Properties such as flexibility and hydrolytic stability of these
products are drastically improved by replacing the mainly” used €6
dicarboxylic acid (adipic acid) by longer chain dicarboxylic acids that
are mainly produced from oleochemical raw materials. (Fig. 3).
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Figure 3. Important dicarboxylic acids for polycondensates.

The longest chain dicarboxylic acids commercially available, which also
exhibit the highest purity are the 36 and C44 discarboxylic acids
(dimer acids). These acids allow a new dimension in the design of
modern engineerirg plastics. In addition to these available C36 and
C44 dicarboxylic acids several new biochemical routes for dicarboxylic
acids are under study.
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INTRODUCTION AND BREEDING OF NEW COIL CROFS

L.J.M. van Soest.
Cantre for Genetic Resources, (OSN/CRO), Wageningen, The Hetherlands.

1. Introduction

Vegetable oils of only ten crop plants are presently utilized in a
variety of industrial products. Important non-food oil-seeds are
linseed, castor, tuny, soybean, rape sead, coconut and palm Kernel.
However, there is an increasing interest worldwide in novel oil-seed
crops which can produce specific fatty acids such as unique long-chain,
hydroxy, conjugated and epoxy fatty acids. Same of these renewable oils
can be altermatives for petrochemicals, for the production of lubri~
cants, plastics, surfactants ard polyniers. Various novel oil-seed crops,
producing these uwmusual fatty acids have been introduced and evaluated
since 1986 at Wageningen.

2. Objectives and economic benefits of new oil crops
The objectives and econamic benefits of new oil crops can be divided
into three major categories.
Agricultural aspects:
~ broadenirng the present narrow crop rotation;
Especially in the Netherlamds, there is a real need for an increa-
se in the nurber of crop types. The present way of agriculture
cannct be continued because of the intensive utilization of agro-
chemicals.
- providing alternative non food crops for the present crops with
overproduction.
Industrial aspects:
-~ oleochemicals may compete with petrocliemicals, they can have
better performance in some applications;
- novel oils of different chemical structure will allow development
of new and useful products;
- damestically produced oils would both increase stability of
supply, dquality and price of the industrial feedstock.
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Genetral aspects:

~ Substitution of fossil fuel reserves used for petrochemical
products by renswable oleochemical feedstock means a less rapid
depleticn of these reserves (ervirormental benefit);

~ oleochemicals are generally known for their good blodegradability
(e.g. lubricants);

- rehewable socurces "damestically" produced will reduce imports in
the Eurcvpean Fconcmical Market;

- new enployment opportunities may occur particularly in the
agrotechnical sector.

3. Introduction of hew oil crops

Between 1986-1989 more than 40 different novel oil crops have been
introduced in Wageningen. In scome cases several species of one genus,
e.g. Cuphea, Crepjs, Dimorphotheca, Liymanthes and Oencthera have been
introduced. First introduction of a crop starts always on a limited
scale. Only a few accessions of one particular crop are introduced,
grown in single plots of 3-10 m2, depending on the amount of seed
available and preliminary evaluated. Both an agricultural and chemical
evaluation is oconducted. For the agricultural evaluation a standard
descriptor-list including important properties is used. 0il content and
fatty acid analyses are corducted by the ATO, Wagenhingen. The introduced
material originates mainly from botanical gardens and gene banks all
over the world, After an initial evaluation of one or two years a
selection of the most promising crops based on agricultural and chemical
performance is made. To assess the chemical feasibility of the novel oil
crops close cooperation has been set up with a mumber of industries. The
gene pool of the most promising crops will be broadened according to the
availability of the material. Table 1 presents a number of crops
introduced up to 1989.

4. Selected ojl crops of interest in the near future
4.1. General characteristics

*Crambe™ (Crambe Abyssinica)

General aspects:
Gene centre: Mediterrean, Ethiopia, Central Asia
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Table 1. Novel oil crops introduced in Wageningen between 1986 - 1989

type of fatty acid Ccrop species

short and medium chain length (C8 - €14) Cuphea spp.?

Cl6 - C18 fatty acids Euphorbia lathyris3

- €18:1 Camelina sativa’

- C18:3 lallemintia jberica3

- (18:1/C18:2 Helianthus anmms?

long chain fatty acids (C20 - C24)

- particularly erucic acid Crambe abessinical
Eruca vesicariac
unaria annua®

- unique fatty acids - Limenthes spp.!

hydroxy fatty acids Dimorphotheca spp.
Lescuerella spp.2
Cardamine inpatiens?
Osteospermum spp. 2

epoxy fatty acids Crepis biennis?

orbi e?

Yernonia spp.3

conjugated fatty acids Calendula spp.2

Ostecsperimum spp. 2
other unique fatty acids
- petroselenic acid Coriandnm sativm?
Foeniculum vulgare?
- -linolenic acid genothera spp.?
Borago officinalig?
- crepenynic acid Crepis alpina?
1. promising novel oil crops, further introduction will be conducted
2. crops still under consideration, further introduction planned
3. crops dropped from the intreduction programme
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Gene pool: limited (100 - 150 nrs.)
some varities and wild forms
Alternatives: rape seed (specially “high erucic"),
Eruca vesicaria, mustards
Agronomical aspects:
yields: 1000 - 2000 kg seed/ha
cultivation: clay/sandy soils form april to aungust, winter
cultivation not yet feasible
rotation: susceptible heet cyst nematode (BCN)
Chemical composition:

oil content: 28 - 45 % (35 %)
C22:1 (erucic acid): 47 - 62 % (60 %)
protein: 17 - 35 %

glucosinolates present

Applications:
erucarides (polyethylene films)
Iubricants (esters)
printing inks
meal as byproduct (protein)
Limitations:
yields too low, therefore competition with rape seed
(yields above 2800 kg/ha)
low prices of erucic acid
glucosinolate content (4 %) for utilization in meal
Expectations:
The increasing demands of industrial applications of erucic
acid, the tendency to grow more ‘double zero' rape leaves
good possibilities for alternative erucic acid crops.

African Gaisy (Dimorphotheca pluvialis)
General aspects:
Gene centre: South Africa, Arngola
Gene pool: small (50 - 100 nrs.)
Alternatives: Ricinus commnis
Agronomical aspects:
vields: 500 - 1500 kg seed/ha
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cultivation: clay/sandy soils form april to august,
rotation: very susceptible to M. hapla
Chemical composition:
oil content: 15 -2 %
dimorphecolic acid: 256 - 60 %
protein: 20 - 35 %
Applications:
surface coatings
plastic foam
Iubricants
surfactants
Limitations:
low yields (irregular seed ripening and pocr seed retenti
cn, harvest/cleaning technigues) influence of climate on
0il content, in general low in N.W. Burope
industrial applications still not exactly known
Expectations:
Dimorphecolic acid imparts chemical feabures of bty and
castor oils.
Technical-chemical applications in medium short future by
seed yields above 2500 kg/ha.

Meadowfoam (Limnanthes alba)
General aspects:
Gene centre: N.W.America
Gene pool: very small (10 - 20 nrs.)
limited genetic diversity
Alternatives: I, douqlasii
Agronomical aspects:
yields: 500 - 1500 kg seed/ha
cultivation: clay/sandy scils

winter -
rotation: partly susceptible beet cyst nematode (BCN)
hostplant M. hapla

short cycle (e.9.-100 days)
chemical composition:
oil content: 20 - 30 %



unique long chain fatty acids: a5 %
C20:lw 15 53 - 64 %
C22:1 17 9 -20 %
C22:2 9, 17w 19 - 31 %
Applications:

Iubricants

cosmetics

plasticizers

meal (20 - 25 % protein)
paints (drying problems)
Limitations:
low yields (poor seedset, seed retention)
low oil comtent
glucosinolate content (4 %) for utilization in meal
Expectations:
Olecchemical and lubricant industry are interested.
0il price determine feasibility.
Perhaps bicdegradable products and cosmetics may bring
about a hreak-through.

4.2. Economic aspects

The average realized yields of the three selected crops together with
their estimated potential yields after 5-10 years of breeding and crop
improvement are given in Table 2. A cost calculation for the three
selected novel oil crops is presented in Table 3. These calculations in
Dutch guilders are based on the following assumption for the 2000:

Production cost of farmer per ha 200
Nett return farmer per ha 800
Cost of cleaning and drying / ton 200
Cost of oil extraction and refining / ton 400
Seed meal benefit / ton 350

The estimated cost to produce these oils without EEC subsidy is at
present too high to consider commercial cultivation in The Netherlands.
However, the cost of Limmenthes oil withcut EEC subsidy is in the range
of the price of the Oregon Meadowfoam Growers Association, U.S.A. and
far lower than the price of Jojoba oil. Both oils are therefore mainly
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Table 2. Realized and potential yields of novel oil crops.

Species % oil seed yield oil yield
{wain fatty acid) [kg/ha) [kgy/ha)
a b a b a b

Crambe _abyssinica

{60 % erucic acid)
Dimorphotheca pluvialis
(60% dimorph. acid)
Linmpanthes alba

(90-95% unicue long
c¢hain fatty acids)

35 42 2000 3000 700 1260
22 27 1560 2500 330 675

23 28 800 1500 184 420

a: average realized yields

b: potential yields

Table 3. Cost calculations of novel o0il crops.

Species oil yield estimated cost (Dfl.) of oil per litre
[ka/hal I 1T IIT

{main FA) a b a b a b a b
c, ssinica 700 1260 3.50 2,30 2.45 1.70 1.2¢ 0.56
{60% erucic acid)

D._pluvialis 330 675 6.60 3.80 4.40 2.70 3.10 2.50
(60% dimorph.acid)

L. alba 184 420 11.0 5.30 6.60 3.60 8.80 1.65

(90-95% unicue long
chain Fa)

I : no subsidy

II : with EEC subsidy of Dfl. 750 / ha
IIT : With EEC subsidy of Dfl. 580 / ton (as ‘double zero’ rape)
a : average realized vields

b : potential yields
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utilized in cosmetics. The costs of the oils are becoming more realistic
for industrial utilization when the present EEC subsidies will be
applied. Realization of potential yields together with EEC subsidy would
make a camrercial cultivation of these oils for certain industrial
applications feasible. It 1s encouraging that the EEC is at present
considering to subsidize high erucic rape seed in the same way as
'double—zero’ rape seed.

5. Breeding of new oil crops
To improve the oil yields per ha, to achieve optimal oil compositions
and thus increasing the marketing possibilities, the following aspects
with respect to breeding activities have to be considered.
5.1. Genetic aspects
- extention of gene pool and
-ga\etichrpravenentofthecmpsmthedirectionofneyard
better varieties
5.2. Selection criteria to dbtain crops with improved yields
- "yinterhard” types (e.q. L. alba)
- syhchronization of flowering and subsequent seed ripening
(e.g. Dimorphoteca)
- improved seed retention (all crops)
- design of ideal crop idectypes
. increased harvest index of all crops. The harvest index of
the novel oil crops are much lower than those of cereals
and some existing oil crops
selection for vigorous plants (e.g. L. alba)
- hybrld vigour, heterosis by crossing gene pools of different
origine (e.g. Crarbe abvssinica)
~ higher oil content
5.3, 0il camposition
- changes into desired fatty acid composition
- searching for unique types of fatty acids
Same unigue types of fatty acids that have been detected are given in
figure 4.
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Figure 1. Unigque fatty acids in oleaginous plants.

6. Conclusions

- The introduction (e.g. broading gene pools) and preliminary
evaluation of possible novel oil-seed crops containing fatty acids
with molecular variations should be continued;

- limited quantities of these oils should be distributed to oleoche-
mical and final processing industries in order to encourage
industrial evaluation and possible application;

- a nurber of selected oil-seed crops need further crop and genetic
improvement with the aim to increase oil yields/ha;

- presently, scme selected novel oil-seed crops can only be conside-
red for cammercial cultivation when they will be subsidized
according to rape seed requlations of the EEC.
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PIANT BREEDING FOR THE IMPROVEMENT OF FATTY ACID CCMPOSTTION OF SEEDOITS

G. Ribbelen
Institute of Agroncmy and Plant Breeding, University of Gottingen,
Von Siebold-Strasse 8, D-3400 Gittingen, FRG

Several general principles have to be considered when breeding for the
improvement of fatty acid composition of seed oils. It is important to
realize that a strict correlation exists between the yield of a
particular oil crop ard the price of the oil produced from such crop.
With only slight variations the lowest oil prices are associated with
the highest yielding crops. Rapeseed and sunflower for example belong to
this latter category whereas for instance mustard yields a more
expensive oil. This correlation holds for whatever purpose the seed oils
are used and is also indeperdent on whether the oil is used as such or
as a specific oil. Specific oils will also have higher prices whenever
the vield of the crop is lower.

Another very important aspect is the yield potential of various crops.
Yield vary considerably between the different species ranging from 500
to 3000 kg/ha or more. But the guestions is to what extent this yield is
a specific characteristic of a species and how much it depends on the
input already given to the crop. For instance the yield of rapeseed has
increased considerably over the last 30 years. In general, however, oil
crops have not had such a long history of breeding as for instance wheat
which has heen planted since over 2000 years. This also means that
cultivation techniques for oil crops are less well developed than those
for wheat. Conseguently, it deperds on what level of genetic and
agroncmic  improvement two species are compared and connected with that,
vhat input is necessary for one species to arrive at an equal level with
the other species,

For industrial cils the cquality recuirement is of course ancther very
important aspect and it differs very much from those for food oils. The
latter - produced by traditional oil crops - have a rather uniform
molecular composition consisting of fatty acids of mainly 18 carbon
atoms and one or two double bonds at the A9 and Al2 positions (Table 1).
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Table 1. Fatty acid composition (%) of same traditional oil crops.

Fatty acid Palm Palm Olive Sun- Soja Rape- Zero
kernel flower seed rape
Tauric 12:0 54
Palmitic 16:0 8 44 10 7 11 3 4
Stearic 18:0 2 5 2 3 3 1 1
Others 16 2 2
Total saturated 80 49 12 10 14 [+ 7
Oleic 18:1 17 40 80 30 26 12 &0
Linoleic 18:2 3 11 8 60 53 13 21
Linolenic 18:3 7 9 Y11
Erusic 22:1 K 50 1
Others 10
Total unsaturated 20 51 a8 a0 86 94 93

Industrial utilization of fatty acids and derivatives (Table 2) needs a
mich broader diversity. It requires unusual, specific fatty acid
campogitions as well as the presence of the target fatty acid in a high
perventage in total. Requisites for meking an oil umusual are firstly
variation in chain length and secondly variation in functional groups.

Table 2. Industrial use of fatty acids with varying chain lengths.

long chains (> C16) Medium chains (C8-C16) Short chains (< CB)

-

coatings surfactants plasticizers
plastic additives detergents alkyds
stabilizers emilsifiers lubricants
Plasticizers soaps

fabric softeners

adhesives
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An idea about the variation in chain length reguired may be dotained by
a camparison of the world supply of fats on the one hand ard the demand
by a large Eurcvpean producer of fat derivatives on the other hand (Table
3). Fatty acids with varying chain lengths occur in various plants and
even within one gemus the fatty acid composition may be quite different
as shown for CQuphea seed lipids (Table 4). Variation in structure and
position of functional groups is also available in nature. Examples of
such urmsual fatty acids with special functional groups famd in some
annual plant species are summarized in figure 1.

Table 3. Supply and demand of fatty acids.

Chain length ~  Supply [%] =~ Demand [3%]
.
>.C 18 5.9 0.8
C 18 68.4 37.9
C 16 17.5 17.0
C 14 3.2 10.8
c 12 3.7 25.3
< ¢ 12 1.3 8.2

Table 4. Variations in fatty acid composition (%) in Cuphea.

Species Fatty acid
8:0 10:0  12:0 14:0 16:0 18:1 18:2

C. racemosa - - 0.1 0.2 15.3 17.4 58.8
C. palustris 19.7 1.4 2.0 63.7 6.7 3.0 2.9
C. tolucana - 23.0 63.3 4.5 1.8 1. 5.0

C. paucipetala 1.2 87.4 2.0 0.8 1.9 1.8 4.0
C. painteri 65.0 24.0 0.2 0.4 2.8 3.3 3.9
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Elaeostearic acid

centranthus macrosiphen / \V NAA= NN COOH

Calerdic acid

Calendula officinalis NN "NAANNNACOOH
Parinaric acid

Impatiens balsamina N NANA=" NN CO0H
Dimorphecolic acid

Dimorphoteca pluvialis \/\/\/\/\/\/\/\/\ COOH

Densipolic acid

Lesquerella lescurii \/"_"W\=/\/\/\/\COOH

lesguerclic acid

IﬂﬂquerP_lla grac:Ll:Ls /\/\/\/\__/\/\/\/\/\COOH

Vernolic acid

Euphorbia lagascae \/\/\_/E/\/\/\/\ COOH

Crepenynic acid 0 .
Crepsis alpina NANS NN cooH
Petroselenic acid .
Coriandrum sativum AT CO0H

Figure 1. Unusual fatty acids in seed oils of anmual plant species.

In respect to breeding damands three categories of plants may be distin—

guished: ‘

1) a wild plant species with high quality oil which regquires, however, a
complete domestication program

2) intermediate situation consisting of a plant species with the desired
seedoil quality which bhas so far been cultivated for other reasons
only, and

3) a high performing oil crop species lacking the desired oil quality

One example will be given for each of these three categories to

illustrate the necessary work. .

1. Domestication of a wild plant species

lLarge screening programs for new industrial oils led to the discovery of

high qualities of special fatty acids in seeds of some wild plant

species. The gemus Cuphea for example - including a large mumber of

" anmual herbacecus species - shows a broad capacity of fatty acid

synthesis resulting in a wide array of fatty acids with the desired
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medium chain length (Table 4). However, all the available Cuphea species
exhibit wild plant characteristics severely impeding agricultural
production, such as seed dormancy, slow and non-uniform growth of the
seedlings, sticky glandular hairs onh stems and flowers, a contimicus
flowering and unequal ripening, and in particular early seed shattering.

Presding programs were started with the aim to identify useful genetic
variations and to develop genotypes better adaptable to agricultural
production. Matation experiments have been effective in promoting the
damestication program and several useful mutants have been dbtained with
for instance noh-sticky hairiness or improved growth habit. But other
desired mutations for e.g. fruit shedding have not yet been discovered
within the selected productive Cuphea species, This problem of early
seed dispersal may however be coped with using alternatiwvely technical
solutions. Mearmhile a vacum picking machine for maltiple harvest has
been developed. g

2. Adaptation of other cultivated species
Several species which have so far been cultivated for other than seedoil

uses have been found to contain unusual fatty acids and thus, have good
perspectives for the production of specific oils. These species have
undergone earlier domestication, but a "secomd cycle of breeding" is
still necessary to achieve economic oil yields from them.

A first example is Calendula officinalis which has been cultivated as a
medicinal plant used in ostecporosis; it is also well known by hobby
gardeners as a hice orhamental plant.

A second example is Coriandrum sativum the seeds of which are produced
for spice uses, Both these plants have a dominating fatty acid of
unusual chemical nature and therefore may be very useful. In Géttingen
Coriander was successfully grown on a 5 ha scale although in one year
same problems were met with a bacterial disease, the socalled Coriander
wilt. These two species are sufficiently preadapted to cultivation and

ready to go as "industry oil crops'.
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3. changing qualities of a hich performing crop plant

Finally, the high agronamic performance of a traditional oilseed species
can well be exploited in principle. Here, just a sirgle mutation may be
needed to change the biosynthetic pathway into the desired direction.
For instance in Cuphea, the ancient taxa exhibit the normal C18 fatty
acids in their seedoils, while the taxoncmically more derived types
synthesize shorter fatty acids only. This indicates that mutations may
have ocourred stepwise, inhibiting the elongation of the fatty acids. In
a similar way, mutations are known in rapeseed blocking the erucic acid
synthesis,

Other prominent examples of oil quality improvement by simple mutation
are high oleic sunflower and high linoleic linseed. Evidently there iz a
good chance to find single genes in high performing crop plants
responsible for an important improvement of and to oil quality. It is a
common experience though that mutants frequently vield less than the
original parents and that due to pleiotropic effects or essential
physiological correlations disorders may occur, which necessitate an
intensive genetic recombination work in appropriate plant breeding
programs,

Because of the genetic difficulties and of the many years that the
finalization of a new better cultivar takes, plant breeders have always
been wotivated to apply recent scientific progress at the earliest
possible date. No wonder that modern bictechnologies and gene technolo—
gies have also attracted active interests to cbtain results in a shorter
time and by a more directed approach than with traditional plant
breeding procedures. Already now plant breeding programs are benefiting
greatly from modern bictechnologies. This is very true for instance for
using in vitro culture methods. But one can also imagine, to identify a
relevant gene and to transfer it into an interesting recipient crop.
Especially rapeseed is a very good material because you can cobtain
protoplasts for samatic cell fusions and fusion products can be
regenerated to plants. Asymmetric fusions are also possible and haploids
can be made from microspores. High mumbers of haploid embroids can
hepefully be induced to deposit their fatty acids already at this stage
allowing selections of the wanted gene at a very early stage. With a
native gene of rape it has been demonstrated already that it can be
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inserted back into the plant where it becomes active again. In short,
there i= any reason to expect that molecular transfer of identified

genes will soon be effective in rapeseed. But still a great many

problems will remain to be solved which undoubtediy are crucial in this
context. The oil storage process in particular is a very camplex process
and little is known on the conditions of cellular compartimentation.
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MICROBYIAL LIPINS: PROSFECTS FOR BIOTECHNOIOGY

C. Ratledge
Department of Applied Biology, University of Hull, North Humberside,
HJ6 7EX, Hull, U.K.

Microbial technology as it is understood today principally deals with
high value products which are produced in small amxmnts. However, for
oils ard fats we are dealing with, for the most part, a large volume
market with concomitant low prices. What has then to he considered
therefore is whether microorganisms can meet and answer this c:hallenge
Although millions of tons of oils and fats are available frcm plants,
microbial lipids may have certain advantages in special areas. Novel
lipids not available from plants or animals are interesting. Polyhy-
droxybutyrate, a bicdegradable polymer produced by bacteria illustrates
this point to a certain extent. Although it is not a fatty acid-
containing lipid it is nevertheless classified as a 1lipid in view of its
solubility in chloroform and similar sclvents. Another more clear
example of a true bio-lipid would be biosurfactants which will be
discussed later. Micro-organisms should not be primarily considered for
producing oils and fats already available as they cammot cowpete with
its cheapness. Micro-organisms though are very useful for handling waste
materials such as starchy wastes, and the philosophy can be advanced
that under these conditions it would be better to consider producing on
0il, Single Cell 0il, instead of the much cheaper Single Cell Protein
which is well-known but is only used for cheap animal feeding.

Microbial lipids are produced in aburdance by a small group of oleagi-
nous microorganisms, Of the 500 species of yeasts that are known only
some 20 or so could be called ‘oleaginous’ by virtue of accumulating
more than 20-25% of their biomass as lipid. How many filamentous fungi
are also able to synthetise large amounts of oils and fats is unknown
ut probably are no more than a 100 or so. The structure of an oleagi-
nous yeast differs from a common yeast cell. In many of the oleaginocus
fungi, potentially interesting fatty acids can be formed and socme of
these aspects are discussed later. The oil content may reach 70 3 of the
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oell volume in same cases, most of it being accumulated in oil droplets.
To achieve such high amount of oil, the medium has to be designed very
carefully. The nitrogen source has to be exhausted at an early stage of
the growth cycle and the sugar which remains in excess is then converted
to triacylglycerol (triglyceride) oil. The predominant fatty acids are
in most cases the same as found in plants with oleic acid and palmitic
acid being predominant and usually being some C18:2 and C18:3 acids in
addition (Table 1). Same organisms are able to produce a relatively high
amount of a certain fatty acid but in many such cases the lipid comtent
is wusually rather low., Baker’s yeast, for example, specifically
accumilates palmitoleic acid (C16:1) but it does not produce much lipid
and consequently deoes not allow an economic production.

-

Table 1. Lipid contents and fatty acids of sone cleaginous organisms,

Lipid Relative % of major fatty acids
content
(% w/w)  16:0 16:1 18:0 18:1 18:2 18:3 22:0

Yeasts

Candida gurvata 58 32 - 15 44 8 1 -
Cryptocoocus albidus 65 16 1 3 5 - 3 12
Lipomyces starkeqi 63 3 6 5 51 3 - =
Rhodotorula glutinis 72 37 1 3 47 8 - =
Trichosporon cutaneum 45 13 - 22 5 13 - -
Moulds

Aspergillus terreus 57 232 = - 14 40 21 -
Fusarium oxyspornum 34 17 - 8 20 48 5 -
Mortierella isabellinal 53(2) 27 1 6 44 12 B+
Mucor javanicus? 20-22 24 1 6 40 11 18% -
Pellicularia filamentosa 18 7 - 2 7 719 1 =

1 production organiams used by J.S.E. Sturge (U.K.)
2 " " " 0 Idemitzer (Japan)
* GLA; other entries in this colum are for a-linclenic acid
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If a conparison is made between micrabial oils and same commercial plant
oils, a similar composition may be observed. In view of prices of for
instance palm oil and other plant oils the conclusion has to be drawn
that microbiologists have to identify and produce special, more valuable
oils and fats in order to be able to compete with traditional products
on the market. Three examples of such valuable oils are jojoba oil,
cocca butter, and the oil from Evening Primrose. Other examples include
bicsurfactants to be discussed towards the end of this presentation.

1., Jojcba _oil

Jojoba 0il is not a triacylglycerol but a wax and, with a certain degree
of success, attempts have been made to produce a similar material using
bacteria. However, it was soon realized that the bacterial product could
not be sold as jojoba oil, simply because it was not jojcka ¢il. So no
matter how good a substitute may be produced if the product you are
canpeting against sells partly because of its name then there will be
great difficulty selling something similar but without using that
particular name.

2. Cocoa butter.
Cocoa butter owes its property - when it is incorporated into chocolate
mainly because its high content of stearic acid. It has a corbination of
stearate, oleate and palmitate approximately in the combination 1:1:1
which gives the characteristic triacylglycercl. Now, the stearic acid
content of most yeasts is fairly modest (5-10%) whereas in this instance
a high content of stearic acid (25-35%) should be aimed at. So, the task
is to increase the stearic acid content of the micro-organism. This task
may be realized by:
- selection for a better producing micro-organism
-~ changing the cultivation conditions, e.g. substrate, pH, oxygen
supply, temperature, etc.
- feeding stearic acid to the cells
- blecking the conversicn of stearic acid to cleic acid either by
selective inhibition or by mutation.
The first two approaches have so far not really been succesful in
pushing up the amount of stearic acid in a micro-organism. The third
strategy seems to be brilliant until it is realized that the stearic
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acid has to come from somewhere and that its price will be high. The
last approach - with both variations ~ seems to offer a better solution.

selective inhibition of the key ecnzyme, the A9 desaturase has been
achieved by Moreson in 1985, by using the natirally occwrring cyclopro-
pene fatty acid, sterculic acid. When sterculic acid was added in the
form of sterculic oil having a 50 % sterculic acid content at a
concentration of 0.5 mg/l the content of stearic acid in several yeasts
was increased enormcusly (up to 35-40%) and conseguently, the amount of
oleic acid diminished. It is interesting to note that the synthesis of
polyunsaturated fatty acids was hardly influenced and this was conside-
red disadvantagecus to the production of a satisfactory oil. Even so,
the high level of stearic acid achieved was a tremendous break through
and established that there was no intrinsic reason why a microorganism
could not produce lipids with a very high content of saturated fatty
acids.

The other strategy to produce a cocoabutter substitute is to delete by
mutation the A? desaturase. This work was accomplished by a Dutch group
headed by Nijkawp in Amsterdam with a Candida species. Many mutants were
obtained and there were two that showed much higher levels of stearic
acid (Table 2). But in these cases, the acaumlation of stearic acid
unfortunately led to a triacylglycerol with some of the stearic acid in
the central 2 position which was not wanted. In spite of this, the
poterntial seems to be very promising here, and it is probably just a
matter of further inwvestigation of these mutants in order to isolate
successinl organisns.

Table 2. Stearic acid levels in Candida.

Strain Level of stearic acid (18-0) Other acids

(2 of total lipids) 16:0 18:1 18:2
Cardida wild type parent 14 28 44 10
Candida mutant [1] 52 22 10 7
Candida mutant partial 41 26 16 8

revertant from putant 1
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The potentials of this yeast Candijda curvata (=Apiotrichum curvatum),
are now starting to be exploited in New Zealand for converting whey to
single cell oil which has a much higher price than the ethanol which is
produced at the moment using an alternative fermentation process. A
process has been elaborated on based on a natural strain of this veast
with increased stearic acid content of up to 20%. According to present
calculations, only a slight improvement in the yield is needed in order
to achieve a sound return on capital investment.

3. Gamma-linoleic acid {GLA)

GIA (6,9,12-octadecatriencic acid) is found in the seeds of Oencthera
(Evening Primrose) and Ribes species. Various human disorders respond
benificially upon daily intake of this GIA-rich oil. Finding alternati-
ves for the econamic preduction of GIA in the microbial kingdom would
therefore be very useful. Some moulds have been known for over 40 years
to produce GIA and thus would seem to be good candidates for investiga-—
tion, Here there is a similarity in the composition of mould oils to
those of plant sources. Preferred species of moulds are from the genus
Mucer, Rhizopus, Mortierella and from a few other related organisms, In
some strains, a very high GIA content was found but it was associated
with a low level of lipid, while on the other hand, some strains showed
very high 1lipid levels but with a low GIA content. The aim of our
research at the University of Hull was to find a strain that could grow
rapidly in submerged culture and would give at least 20% of total lipid
and a minimmm content of 20% GIA in that lipid. The systewatic work
showm schematically in Table 3 was successful and Mucor javanicus was
identified as a production micro-organism fulfilling these criteria.

Table 3. Selection of GIA-producing species.

Method Muber of species after selection
scresning 300 species (1 liter fermentor) 30

small scale fermentation (5 liter)
large scale fermentation (5000 liter) 1
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The composition of the oil produced by Mucor javanicus has all the
characteristics wanted as a substitute for the plant c¢ils and moreover
it is free of herbicide and pesticide residues which may not always be
the case with the plant olls where the crops in the field are frequently
sprayed with chemical control agents. The GIA content of the oil is 18%
and may be pushed up to 22% and reaches thus the highest value found in
plant cils.

This mould oil is now produced in 220 m° fermenters and the product,
0il of Javanicus, is marketed and sold in the U.K. and is available for
distribution throughout the world. The meaild product has some advantages
over the plant products:

-~ the 0il can ke made on demand any time of the year:

- no storage and no deterioration has to be considered:

- the composition of the oil is unvarying amd thus the quality

and quantity can be absolutely guaranteed. ’

Other polyunsaturated fatty acids such as arachadonic acid (20:4),
elcosopentaencic acid (20:5) and docosahexaenoic acid (22:6) have also
good prospects for comeercialization. Mould technologies are being
elaborated for these acids mainly in Japan. A huge potential market
exists for these products but the take up will depend on whether cheaper
alternatives (and non-technological) routes can be found.

4. Extracellular lipids

Extracellular lipids, e.g. glycolipids, are also under consideration for
biotechnological production. Surfactants are the most important
conpounds belonging to this category. Many of these compounds have been
isolated from various types of microorganisms but still a large mmber
of them is expected to be found since the nmmber of cowbination of
sugars and fatty acids is almost erdless. Their properties could be much
different and very interesting for the commercial market.
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| Further reading:
C. Ratledge: Biotechnology of oils and fats.
| In Micrebial Lipids {eds C. Ratledge & S.G. Wilkinson)
Vol. 2, (1989) pp. 567-668. Academic Press, London.
C. Ratledge: Micrcbial Technology of Lipids.
| Lipid Technolooy (1989), 1, 34-39.
‘ A. Kendrick and C. Ratledge: Micrcbial formation of polyunsaturated
| fatty acids. Lipid Technology 1990, 2 issue no. 2 (in
press) . ’
N. Kosaric, W.L. Carins and N.C.C. Gray (eds).
‘ Biosurfactants and Biotechnology. Marcel Dekker, New York
(1987) .
\ R.5. Moreton (ed.) Single Cell 0il.
Iongmans, Harlow, Essex (1988} .
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ENZYMATIC AND CHEMTCAL MODIFICATION OF FATTY ACIDS

C. Laane ‘
Unilever Research Iaboratory, P.O. Box 114, 3130 AC Viaardingen,
The Netherlands

Fatty acid molecules are rather resistant to chemical or enzymatic

attack. They have a long hydrophobic tail with a carboxylic group on it.

Three regions on the molecule can be distinguished to be susceptible to
(bio)chemical modification. The sites and the types of reactions which

are feasible on these sites are schematically depicted in fiqure 1.

These reactions provide enormous possibilities to tailor fatty acids to
specific molecules of interest for industrial application. Some examples
of the routes where both enzymatic and chemical modifications are

possible will be shown.

{bio)oxidation
(biogreduction
(pio)dimerization
isomerization
sulfurization
phosphorylation

"—I -------- mmmmm e COOH
L bio~oxidction (bio)esterification
amidation
reduction

decarboxylation
saponification
o ~functionalisation

Fiqure 1. (Bio)chemical modifications of fatty acids.
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1. (Bio)oxidation

1.1. Main bioccxidation routes

The main bicoxidation routes involve enzymatic reactions with lipoxyge-
nases, alcohol dehydrogenases and oxidases, cytochrome P-450 systems and
hydratases.

Lipoxygenase reactions

A lipoxygenase converts a fatty acid with at least two double bonds in a

1, 4=-pentadiene system to hydroperoxy-acids according to the scheme shown
in fiqure 2.

TN

SOYBEAN ‘ LIPOXYGENASE
.

i
A VAN

Ho0 HYDROPEROXYACID

Figure 2. Lipoxygenase reactions.

Although not very stable, hydroperoxy-acids are important intermediates
for producing very specific fatty acid dimers, hydroxy-acids, aldehydes
or vinyl-ethers. The production of certain types of prostagilandins from
the appropriate polyunsaturated fatty acids is an other interesting
exanple.

Cytochrome P-450 sytems

'Ihese-systems can oxidize the hydrophobic el of a fatty acid molecule
or the double bond(s). In Bacillus megaterium either an epoxide or
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unsaturated hydroxy-acids can be formed in this way (Fig. 3). Only
limited work has been done on this route, but the results are very
interesting. In yeast, oxidation is performed by subsequent reaction
steps of the cytochrome P-450 system to vield dicarboxylic acids which
normally are further oxidized via beta-oxidation. By blocking this
route, the accumilation of dicarboxylic acid can be achieved up to 100
g/l. By chemical means w-oxidation is not yet feasible. The reacticon is
given schematically in figure 4. The dicarboxylic acids find many
applications in lubricants, plasticisers amd as esters. Epoxy fatty
acids as obtained_ by the Bacillus cytochrome P-450 system have wide
applications mainly as plasticisers.

L

NAYN/ NN SO

LY 4
~— 65%

w—1, w—2, w—3 isomers

Figure 3. Oxidation of a double bond or of a hydrophobic erd.

—-—m= hydroxy acids — —m= dicarboxylic acids

/N

S —oxidation accumulation

fotty acids

triglycerides }
alkanes

Figure 4. Accumlation of dicarboxylic acids.

Aleohol dehydrogenase and oxidases reactions

Secondary alcchol dehydrogenases and oxidases of several microorganisms
can oxidize hydroxy-fatty acids to keto-acids. The reaction may be
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perforred by two different types of enzymes (Fig. 5) where the oxidase
reaction using oxygen as cosubstrate iz more attractive than the
dehydrogenase reaction with NADF or methyl-viologen as cosubstrate.

CHS(CHz)n (|:H (CHZ)HCOOH
OH

2Mv¥or NaD® 0,

dehydrogenase \ oxidose
ZMv¥or NADH ‘/ H, 0,

+20t 4+ 1t
'

CHy (CH,), © (CHy ), COOK
o

Figure 5. Oxidation of secondary alcchols.

Hydratase reactions

Hydratases are capable of introducing a sterecspecifically hydroxo-
function to the double bond of a fatty acid. There are several types of
it in wvarious microorganisms e.g. in (laviceps, Pseudomonas and
Coryrebacterium species. The best studied enzyme is oleate hydratase
which forms the R-10-hydroxy product from oleic acid. Applications for
such hydroxy-fatty acids are quite broad - because of the additional
functional group - as greases, surface coatings, food thickeners amd
cross linking agents.

1.2. Main chemical oxidation routes

The main targets for chemical oxidation reactions are the double bond,
the allylic position which is slightly activated by the double bond, the
a—-carbon atam and in some cases also the p-carbon. The most freguent
reactions are given in figqure 6, while in figure 7 a scheme is given for
reactions performed at the double bond.
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double bond:
hydroxyation
epoxidaticn
ozonisdtion

allylie alpha
hydroxyation hydroxylation

Figure 6. Chemical oxidation reactions.

¥ CH—CH=CH—CH}*
OH Tbase

** CH—CH=CH—CH}"*
ér NBS

( CHges CH, — CH=CH—CH,,a# CH,— coorrl

/zon peruck\

CHyw+ CH,— COOH ## CH,— CH~—CH—CH g+
+
HOOC-~CH, »k CH— COOH l Hp O/h+

*x CH2*- CH~CH--- CHZM
OH OH

Figure 7. Chemical reactions at the double bond.

2. (Bio)reduction

2.1. Main bioreduction routes

Bioreductions are mainly performed by saturases in an NADH or NADFH
deperdent site specific fashion. Starting from polyunsaturated fatty
acids, rumen bacteria are capable of performing reactions given in
figure 8. Several interacting bacteria are known to be involved in the

pathways shown. The exact mechanism remains however obscure.

63



linoleie cefd a—linolenic ocid
{8—¢is, 12—cis—octadecadiencic acid) (9~cls, 12-gis, 15—cla—octodecatriencic ocld

l isomeri{zation

isomerization 8—cis, 11—trans, 15~cis—-cctadecatriencic acid
lZH
2H vaccenic acid 2H
9—cis 11-trans—octodecadiensle oold—w(11—irans—actadecendic acid)w—11—trans, 15—cis octadecadienocic acid
2H
stearic acid

P

oleic acid
{9—cis octadecenoic acid)

Figure 8. Bioreduction reactions by rumen bacteria.

2.2. Main chesmnical reduction routes

The chemical reduction of unsaturated fatty acids is relatively easy.
Either the double bond or the carboxylic group may be reduced in a
metal-catalyzed reaction. The bichydrogenation route offers some
advantages over the chemical one but it will probably take a long time
before such a process can be comercialized.

3. (Bio)dimerization

3.1. Enzymatic process

Dimer acids have a relatively low melting point and have a smooth feel,
They are used in cosmetic creams. Employing lipoxygenase activity it is
possible to obtain dimer acids from unsaturated acids. The route is

corwvenient for producing specific linear dimers. The yields are,
however, rather low.

3.2. Chemical dimerization

For chemical dimerization a clay catalysed reaction is applied by most
carmpanies, also by Unichema. This reaction leads to a whole range of
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Qifferent types of products. The structure of the branched fatty acids
formed show a great variety with the main type of branching occurring
around the site of the original double bond. In contrast to the
enzymatic way, here a lot of different dimers and also some trimers are
formed. They have aromatic, cyclic or linear structures, their ratio
deperding on the reaction conditions. The biclogical and chemical
dimerization reactiong are sumnarized in figure 9.

ENZYMIC PROCESS

lipoxygenose
unsaturcted fatty acid —————————= dimer acids
1h, 1atm, 30°C
CLAY PROCESS 4

branched fatty acids

la and lactones
unsaturated fatty acid Y
dimer acids

Figure 9. Biological and chemical dimerization reactions.

There are of course far more opportunities for enzymatic and chemical
modifications, i.e. reactions performed on isolated fatty acids. It
would be nice if the plant breeder could manage to let the plant itself
do the chemistry instead of the chemist.
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