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Introduction

The millennium year is a fashionable time to reflect on the changes that have occurred, and in the use of oils and fats in particular the last hundred years have seen a transition from empirical processes and traditional formulae to a science based food technology.

The respected English cookery book of Mrs Beeton in 1861 contains some 3,000 recipes. The only fats used were butter, beef fat and lard. These are the products of an animal-based agriculture in a temperate climate. Because these are semi solid at kitchen temperature a number of sophisticated food products were produced that depended on these physical properties. Some examples are layered puff pastry, cakes and whipped cream. In contrast, southern Europe depended much more on liquid oils, as did and still do many Asian countries.

The dependence on animal fats started to change when the rapid growth of the margarine industry (invented in 1869) outran the supplies of beef fats. The development of hydrogenation at the beginning of the 20th century increased the functionality of other oils. The idea spread that new raw materials, many imported from colonial countries overseas, could be processed to behave like the traditional ingredients, or even improve on them to yield equivalents with improved characteristics. 

The oils and fats available to us today are reviewed and their special characteristic discussed. A few topics, chosen to illustrate that oils and fats technology is dependent on the main biological and physical sciences, will be discussed in some detail.

The World Supply Situation

Fig. 1 shows the rapid growth in population during the 20th century, together with oils and fats production. Broadly speaking, oils and fats supply kept pace with population growth until 1960 and then started to grow more quickly. In fact increases in per capita consumption are occurring in India, China and other centres of population.

Let us look next at supplies of individual products, Table 1 shows those with a positive growth rate – the Winners.

In volume terms the first four dominate the supply situation. If we want to forecast the situation in 20 years’ time (the year 2020 is a fashionable one) then it is highly likely they will still dominate, probably more so than now. They are successfully grown and harvested by modern means. Each of the oils in the table has its peculiarities, which influence the growth rate and its market position.

Before World War II soya oil was imported into the USA from China for use in the paint industry. The oil forms only 18% of the bean. The tremendous growth in bean production since then was fuelled by the excellent properties of the meal for animal feed, especially for chickens. It so happens that chickens do not like as much as 18% oil in their food, and hence the development of the oil production. Soya oil has a rather

Table 1. Oils and Fats: The Winners – Disappearance (× 106 tonnes)

	
	1999
	1989
	Annual growth %

	Vegetable

Soya
	24.6
	15.6
	5.8

	Palm
	19.2
	9.6
	10.0

	Rape
	13.0
	7.9
	6.5

	Sunflower
	9.2
	7.3
	2.0

	Palm kernel
	2.5
	1.3
	9.2

	Olive
	2.4
	1.9
	2.6

	Corn
	2.0
	1.2
	6.6

	Cocoa butter
	1.1
	1.4
	2.7

	
	74.0
	
	

	Animal

Beef tallow
	8.2
	6.7
	1.8

	Lard
	6.6
	5.4
	1.5

	
	14.8
	
	


Table 2. Oils and Fats: The Losers – Disappearance (× 106 tonnes)

	
	1999
	1989
	

	Vegetable

Groundnut
	4.7
	4.2
	0.1

	Cottonseed
	3.8
	3.8
	Nil

	Coconut
	2.8
	2.8
	Nil

	Sesame
	0.7
	0.7
	Nil

	
	12.0
	
	

	Animal

Butter as fat
	5.8
	6.5
	-1.0

	Fish
	1.2
	1.5
	-3.0

	
	7.0
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                                Figure 1. World Population and Edible Oils and Fats Production

high linolenic acid content and initially did not have good flavour stability, but improvements in technology have overcome this problem. The market for soya beans is complicated by the fact that it depends on buoyancy in animal meat demand and in vegetable oil demand, in other words, the push and pull of two different markets.

Not much needs to be discussed about palm oil. Its exceedingly rapid growth rate in S.E. Asia depended on the availability of land for agricultural development into large areas of monoculture. While the plant originates in West Africa, land holding and usage there are mainly at the village level and much of the land is needed for cash crops. As a result, efficient estate formation is difficult. However for future growth large suitable areas are available in Indonesia and South America. The oil has a uniquely important property for the food manufacturer. It is the only one among the winners with a solid fat content. The other important property of the plant is its yield of palm kernel oil, which together with coconut oil has a mainly short chain saturated fatty acid composition. These oils therefore have special uses in the oleochemical industry as well as the food industry.

An important characteristic of rapeseed is its ability to grow in a wide variety of climates, for example hot and dry in Bengal, cold and wet as in Scotland, very cold as in Canada. It is the only oil seed successful in Northern Europe. Another interesting feature of the rapeseed is the ease with which it can be genetically modified, which may well result in a whole series of oils of different composition being marketed in the future.

Sunflower seed oil is a good quality oil. The plant flourishes in warm climates but is a somewhat more difficult crop to cultivate than rapeseed.
Olive oil is a very special product. It is a flesh oil from a small tree fruit. It is produced mainly in the hot dry climate of countries surrounding the Mediterranean. It was introduced by the Spaniards into the Americas and olives for eating continue to be a crop in California. The oil has been used in the Mediterranean for many thousands of years, and has a very special status there. It has acquired a reputation as a healthy part of the Mediterranean diet throughout Western Europe.

Corn oil is a genuine by-product of the production of starch from maize. This necessitates the removal of the germ from the seed, and the oil is extracted from the germ.

Cocoa butter is a very special product that does not appear in the usual oils and fats statistics, although it is a significant contributor to dietary fat. Its use is entirely confined to high class confectionery. 

Both the animal fats are by-products of meat production. A large part of the production is non-edible grades. In the case of beef tallow it is estimated that as little as 20% is edible, though this could be increased if the demand rises. 

Turning now to the Losers, each of them is in a different situation. Groundnuts are a difficult crop. This interesting plant of the pea family actually pushes its seed into the ground for it to ripen. This requires a light friable soil. It needs a tropical climate, and as a short term crop, rain at the right time, but later a dry spell to dry the ripe seed after it is dug up. Although whole groundnuts and groundnut oil are excellent quality food, it seems unlikely that it could become a growth product in the future.

Cottonseed oil is of course a pure by-product of the production of cotton fibre, which has not been a growth market for some time.

One of the biggest producers of coconuts is India, where however they are mainly consumed fresh. The world market for the oil is mainly supplied by the Philippines, where it is a smallholder crop. Replanting with more prolific hybrids is very slow and the region is subject to typhoons.

Sesame oil is a speciality oil, traditionally valued as a flavouring in Chinese cuisine. It has recently been discovered that some of its minor constituents, the sesaminol compounds, are transformed at temperatures above 160°C into antioxidants. A small proportion of sesame oil in a frying oil has a useful effect on the shelf like of snack foods.

The decline in butter consumption principally developed in the countries of the former Soviet Union is symptomatic of the political disorder prevailing there. Dairy products have always been held in very high regard there. Butter and olive oil are particularly valued for their flavour and are consumed without refining.

Fish oil is a by-product of the fish meal industry. The decline is due to reductions in catch. The market for fish oil has changed remarkably in recent years. Much less is hydrogenated for food use, while virtually new outlets have been established in the fish farming industry (about 650,000 tonnes/year) and in the direct use of high quality fish oil in food products. This latter use is for nutritional reasons and amounts to only 25,000 tonnes annually at present, but may grow. It requires special processing and handling technology.


Inedible Uses of Oils and Fats

It is generally estimated that 80% of world supplies are used in human food, with 6% going into animal feed and 14% into oleochemicals. Inedible grades and refinery by-products of the oils listed in Tables 1 and 2 go for the latter two uses. In addition castor oil, linseed oil and tall oil, a by-product of the paper industry are used for manufacture of oleochemicals.

The discussion of applications will focus on food uses.

Modification of Oils and Fats

As has been indicated earlier, the properties of the existing supplies are not always right for the application in mind, and the technologists have modification processes available.

The first to be developed was fractionation, already used to prepare the first margarine in 1869. Then came hydrogenation in 1900-1910, which now has a place in nearly every refinery in the world, and more recently interesterification, which is not as widely available at present.

These processes allow great flexibility and enable the food manufacturer to choose ingredient oils according to price, availability and consumer demand.

To illustrate this some well tried commercial bakery shortening formulae have been selected (see Table 3).

Table 3. Selected Shortening Formulae

	
	1
	2
	3
	4
	5
	6

	Palm oil
	50
	
	
	
	
	

	H. Palm oil (50°C)
	15
	
	
	
	
	15

	Rape or soya oil
	35
	40
	35
	
	15
	35

	Palm stearin (IV 43)
	
	42
	35
	
	
	

	H. Palm (42°C)
	
	18
	
	
	
	

	H. Rape (36oC)
	
	
	30
	
	
	

	H. Soya (IV 88)
	
	
	
	88
	
	

	H. Tallow
	
	
	
	12
	
	

	Beef Tallow
	
	
	
	
	35
	

	Beef Olein
	
	
	
	
	50
	

	H. Marine Oil (33°C)
	
	
	
	
	
	50


The first two are palm oil based; entries 3 and 7 are based on rapeseed oil and soyabean oil respectively. Number 5 uses beef tallow, still a major ingredient in Australia and New Zealand. The last formula is based on partly hydrogenated fish oil, which has been an economical and functionally useful ingredient. It is reduced in availability and its high trans fatty acid content makes it a less desirable ingredient today.

Trans fatty acid free formulae are best made using interesterification, with palm stearin or fully hardened oil as the hard stock.

Modification of the composition of oils by plant breeding has produced a number of important development, and using the techniques of genetic engineering it appears that most, if not all the properties required in a food fat could be produced direct by the plant, obviating the factory processes described. Plants or microorganisms can also be induced to produce high levels of specific fatty acids of value to the oleochemist or for nutritional requirements.

Some examples will be discuss to illustrate this.

1.  Modification by Plant Breeding
The most important development by traditional breeding and selection to date is undoubtedly the production of “double zero” rapeseed oil. Most of the annual world production of 13 million tonnes is of this variety. In the first place the results of animal experiments indicated that erucic acid, the main monounsaturated fatty acid of rapeseed, had negative nutritional properties. Using gas chromatography it was possible, by analysing the fatty acid composition of the depot oil in single seeds to find seeds with oil in which oleic acid replace most of the erucic. Sampling was done without damaging the viability of the seed and progress was rather rapid. To the envy of the oil palm breeder, annual crops can be taken through 2 or even 3 generations in a year using greenhouses. The rapeseed contains glucosinolates which are toxic and impede use of the meal for animal feed. When this was also bred out, “double zero” was achieved.

Sunflower oil and safflower oil have also been modified by breeding to yield oils rich in oleic acid instead of linoleic. The new sunflower oil is suitable for large scale frying, especially when improved by the addition of the antioxidant - generating sesame oil already mentioned. It is available commercially at a premium. The composition of these oils is shown in Table 4. A chemical mutagen has been used to induce mutation in linseed. From these mutations a new variety was selected for production, in which linolenic acid is largely replaced by linoleic acid. In effect an industrial oil was converted into a speciality food oil.

2. Modification by Genetic Manipulation
Genetic modification is the subject of current controversy and debate, not always well informed. Only one oil modification has reached the market place to date. This is a rapeseed oil containing about  40% lauric acid, achieved by introducing 2 or 3 new genes. The resulting oil, named laurical, is available for experimental work. The lauric acid molecule is exclusively placed in the 1 and 3 positions of the triacylglycerols and the oil is liquid. On partial hydrogenation it has properties of interest in confectionery coating and non-dairy emulsions.

A great many modifications are in various experimental stages, and one could visualise a future in which rapeseed or soyabean oil is available in forms directly suitable for processing into margarine or shortening, or even to produce a cocoa butter identical fat.

There are two question marks over the outcome of these activities.

Firstly, there is a significant consumer reaction against food produced by genetic modification in Western Europe. Will it spread or will it be smoothed over? Might it be proved to be justified in some respects? These questions are imponderable at present.

More pragmatic is the question, will it be possible to market the modified oils profitably for food use? By and large the food technologists’ requirements can now be satisfied by processing and blending of the main commodity oils. The new products will have to be priced to recover the costs of research and the increased costs of logistics from the harvest field onwards. The complications of segregation and separate handling of G.M. and traditional soya and rape have already been encountered and significant problems have occurred. How much more difficult (and therefore expensive) will be provision of the facilities to segregate reliably, say 6 varieties of rapeseed and oil, which may all look the same?

In the oleochemical field the outlook is more positive. The production of a rapeseed oil containing up to 80% lauric acid is in prospect. With a world market of the order of half a million tonnes/year that will be interesting, especially as present sources are tropical and rapeseed will grow in cool climates.

For political reasons Europe is looking to use more land for industrial crops. A very significant advantage of rapeseed is that farmers know it well, its agronomy is well understood. There are now many publications describing seeds with composition of interest to the oleochemist, but developing them into a successful agriculture crop takes many years.

Another biological science, that of nutrition has had a major impact on the oils and fats usage. Many of the findings have been positive.

In 1929 Burr and Burr discovered that a lack of the linoleic acid in the diet was associated with certain deficiency diseases. Linolenic acid can partially cure them. Neither of these acids can be synthesised by animals. These acids are constituents of membrane lipids and influence the properties of the membranes. They are precursors of the fatty acids of 20 and 22 carbons with 4, 5 or 6 double bonds. Some of these acids have important functions in nerves and the optical system and in the brain. They are in turn metabolised into a whole range of related compounds, the prostaglandins, thromboxanes, prostacyclins and leukotrienes, which have important physiological activities at concentrations as low as 10-9g per gram of tissue. It appears that in some people the activity of some of the enzymes involved in the synthesis is too low, and results in inadequate functionality. This is the rationale for supplementing the diet with, for example borage oil, to supply the intermediary γ-linolenic acid, and for using unhydrogenated fish oil in food products, as a direct source of eicosapentaenoic acid and docosahexaenoic acid.

The fungus Mortierella alpina has been used to produce lipid containing over 40% arachidonic acid while the alga Crypthecodinium cohnii produces high levels of docosahexaenoic acid. These two acids are being used to fortify infant foods.

Probably the most widely perceived nutritional concept about fats is that “saturated fatty acids are bad for you”.

In 1965 Ancel Keys published an equation linking dietary saturated fatty acids  (positive effect) and polyunsaturated fatty acids (negative effect) to the change in serum cholesterol level. Keys himself modified the equation to exclude stearic acid, because it has no effect on blood cholesterol, but this has never been conveyed to the public. It is also the case that saturated fatty acids with 10 carbon acids or less have no effect. More recently it has been shown that palmitic acid only raises blood cholesterol levels when the diet contains a rather low level of linoleic acid, a situation unlikely to be found in a normal diet. Logically we are left with lauric and myristic acid as the raisers of cholesterol level. These are present in significant quantities in butter, palm kernel and coconut oil. Butter has been a significant proportion of the fat in Western diets for hundreds of years during which time the life expectancy has increased very much. Palm kernel and coconut oil on the other hand are a minor component of Western food fats.  A study in a South Sea Island has shown that population there consuming about 50% of its calories as coconut oil has low levels of cholesterol and heart disease.

If all this information had been available before nutritional advice was promulgated might we not have said “There is evidence that some saturated fatty acids raise blood cholesterol levels moderately when compared with unsaturated fatty acids, but this should not be of concern to most people”. Why has no one published the moderate message that seems appropriate now?

A nutritional issue of increasing importance is the continuing increase in obesity mainly in USA and Europe, but also else where. It would be quite wrong to ascribe this solely to fat intake, since probably the major factor is the reduction of physical activity in our daily lives – a change mainly occurring in the 20th century. As a result a great deal of ingenuity has been devoted to developing reduced calories fats, such as Salatrim and a variety of fat replacers based on carbohydrates and/or proteins with fat-like functionality. The culmination is Olestra, a sugar ester of fatty acids which is indigestible and therefore has zero calories, but behaves just like fat at least in fried foods. It is clever and it seems to convince the consumer. Some research suggests that the subconscious is not fooled – the consumer fills up with something else or a little calories intake may in fact not be diminished. Is there any substitute for a little self-discipline?

The move from margarines, legally required to contain 80% fat, to reduced fat content spreads is another effort by industry to assist the consumer to reduce calorie intake.

In the USA spreads moved from 13% of the combined market in 1980 to 74% in 1995.

Any thought that a reduction in fat content would lower the price is negated by a recent survey in London supermarkets as shown in Table 4.

“Organic” spreads fetch even higher prices.

The Table makes no allowance for the presence and cost of the emulsifiers and stabilisers (probably about 5% of the product) used to create the textural properties, but clearly the cost of the main nutritional element, the fat, rises as the quantity diminishes.

Current nutritional opinion is that trans fatty acids have as much effect on blood cholesterol levels as the saturated acids and may have additional negative effects. As a result national and international bodies of experts have recommended reductions in the trans fatty acid content of processed fats. This has resulted in significant changes in processing technology, with an

Table 4. Fat Spreads – Value for Money?
	Product
	Fat Content %
	Price range £
	Average cost in £ of fat/kg

	Margarine
	80
	1.04-1.45
	1.56

	Spreads
	73
	1.70
	2.30

	
	72
	2.49
	3.45

	
	70
	1.08-1.98
	2.19

	
	69
	1.58-2.48
	2.94

	
	65
	1.50
	2.31

	
	63
	2.36
	3.76

	
	59
	1.98-2.18
	3.52

	
	38
	1.22-1.98
	4.21

	
	25
	2.36
	10.59

	
	23
	1.90
	6.33

	
	5
	2.44
	48


increased use of interesterification to introduce a solid fat content in place of hydrogenation. The European industry has largely removed trans fatty acids from table margarines and made major reductions in other products.

It is still not clear how serious the effects of trans fatty acids as a part of a normal diet are. Analysis has shown however that hydrogenation produces a whole range of cis and trans isomers, and specific studies on individual substances are lacking.

One specific trans fatty acid i.e. conjugated linoleic acid, 9c, 12t, 18:2, has been shown to have beneficial effects in cancer and other positive health effects. It is naturally present in the fat of dairy products and in beef fat. These are products somewhat out of favour with diet advisers. About 70% of liquid milk sales in England are in low fat or skimmed products which the public has been persuaded to believe to be healthier.

It is fair to say that the application of nutrition to public health has a somewhat mixed record, some good of course and some of doubtful value. As an example of the contribution of chemistry and physics to satisfying consumer demand a discussion of confectionery fats is appropriate. The very special physical properties of cocoa butter are the basis of the desirable behaviour of chocolate products and this together with its attractive flavour means that cocoa butter often costs about seven times as much as a commodity oil like soya bean oil.

The fatty acid composition of cocoa butter is very simple.

	FAC of Cocoa butter
	%

	16:0
	26

	18:0
	34.4

	18.1
	34.8

	18:2
	3.0

	Others
	1.8


This was already well known in 1913 to the consultant Dr. Lewkowitsch, of German origin, but established in London.

Dr. Lewkowitsch kept a notebook, his “Ideas” book, in which he jotted down ideas and elaborated them.

At the end of May 1913 he was thinking about a cocoa butter substitute.

Table 5. Lewkowitsch – Synthetic Cocoa Butter in 

Composition

	Say PO
	PO/Stearin
	Olein
	Cocoa

	Oleic 55
	36
	70
	36

	Palmitic 43
	60
	30
	25

	Stearic 2
	4
	30
	39


He tried to achieve the cocoa butter composition by various combinations of palm stearin with partially hydrogenated palm olein but failed to obtain the desired composition. He finally decided he would need to partially hydrogenate an oil containing 75% oleic and 25% palmitic acid. Such an oil was not available to him and clearly there were gaps in the knowledge of the hydrogenation process at that time. The theoretical basis for a synthetic cocoa butter was only provided 40 years later when a Unilever team established that the predominant glycerides of cocoa butter were di-saturated, mono-unsaturated with oleic acid in the 2-position of the glycerol. On this basis the familiar cocoa butter equivalent (CBE) fats were formulated using a mid-fraction of palm oil blended with seed fats having suitable glycerides with a higher proportion of stearic acid (see Table 6).

Table 6. Main Glycerides of Cocoa Butter and CBE 

Ingredients
	
	POP
	POSt
	StOSt

	Cocoa butter
	16
	38
	23

	PMF
	9
	29
	2

	Illipé
	9
	29
	2

	Shea nut stearin
	3
	29
	2

	Sal stearin
	2
	14
	44

	Kokum
	-
	5
	73

	Mango Stearin
	3
	15
	65


Current European legislation permits the use of cocoa butter containing 15% of CBE. Using PMF as the component and suitable proportions of one or more the other fats in the Table, a blend can be made that exactly conforms to cocoa butter behaviour, or one that has slightly higher melting point. In that case it can be used to improve the behaviour of a cocoa butter that is rather soft.

The physical behaviour of cocoa butter is not adequately described by its melting point. in fact most fats have multiple melting points. This behaviour is called polymorphism.

In general three polymorphic forms are seen.

The least stable alpha form has the lowest melting point and generally transforms into a beta prime ((1) form, which is characterised by small crystals and is important in margarines and bakery fats where a smooth texture is needed. However many fats are stable in the beta (() form of highest melting point. These 3 forms each show distinct X-ray diffraction patterns due to the different packing of the triglycerides in the crystals.

The behaviour of cocoa butter is much more complex. It shows variations on the 3 basic forms so that 6 forms have been identified. They are generally labelled in Roman numerals I-VI. These complexities are of great interest to the scientist, but they are also very important to the consumer, because of their effect on quality.

Good eating properties of chocolate are only obtained when the fat is in form V; this has reasonable stability, but is liable to transform into form VI, the most stable state, with the glycerides most tightly packed in the crystals.

Long before the scientific basis was understood, confectioners developed an empirical “tempering” process to obtain chocolate in form V.

Chocolate in form V has an attractive glossy appearance, a smooth texture and good flavour release. Chocolate in form VI is gritty on the palate and seems to have lost flavour. On the development of form VI the chocolate surface loses gloss, then becomes grey in appearance. Consumers often believe it has gone mouldy. This development is termed “chocolate bloom”. Microscopic studies show clearly that bloom on chocolate looks just like form VI crystals in cocoa butter. X-ray studies confirm this. Analysis of the fat crystals of bloom have sometimes shown minor variations from the cocoa butter composition, suggesting that some specific glycerides are involved.

The formation of bloom is encouraged by temperature fluctuation, as are liable to occur in shops and in the home, and also by the migration of other oils such as those in nuts or in the centres of enrobed products.

[image: image2.wmf] 

Research has produced several “anti-bloom” agents. The surfactant sorbitan tristearate inhibits the phase transformation from V to VI.

More recently the addition of the behenic acid glycerides BOB has been proposed. This high melting product is added to the molten chocolate as a finely divided solid. It seeds the cocoa butter, promotes the more rapid formation of form V and inhibits transition to form VI. Another ingenious development is the confectionery fat Prestine for use in chocolate centres such as pralines. Prestine migrates from the centre into the chocolate coating and there even has a bloom inhibiting action. It has the advantage that it is an ingredient of the centre and not of the chocolate and therefore does not have to be declared as a chocolate additive on the label.

The use of cocoa butter equivalent fats is limited, and they are still relatively expensive. More economical alternatives can be produced from palm kernel oil although they can not be mixed with cocoa butter.

Palm kernel oil itself has too low a melting point. Hydrogenated palm kernel oil has a high melting “tail” giving a waxy taste (see Figs. 2 & 3).

A better approach is via palm kernel stearin. When this is hydrogenated very good properties are obtained. A range of commercial products varying in price and quality is available. A cheaper confectionery fat can be made by hydrogenating soya been oil under conditions of high trans fatty acids formation and removing the high melting part by fractionation.  High trans fatty acid contents are not nutritionally desirable, however.

Another example of a polymorphic transition with practical impact is encountered in margarine manufacture. When margarines are formulated entirely with oils having mainly fatty acids of 18 carbon atoms, it is usual to blend 2 or 3 grades of partly hydrogenated oil. When manufactured, a (1 form is achieved but it transforms rather easily into the ( form. This is particularly a problem in Canada, with Canola (low erucic acid rapeseed oil) as an ingredient. After a period of storage the result is a margarine of awful appearance and unpleasant texture. The transformation can be retarded sufficiently for practical purposes by incorporating 10-15% palm oil in the blend, preferably before hydrogenation. (the work of Prof. J. Deman)

The various examples of the application of research have illustrated that food science and technology is a multi-disciplinary effort. They have also shown that research is a long-term process. The individual worker at the bench experiences many days of negative results, of apparent failure, before hopefully breaking through to success. He needs to know that management, whether industrial or government has faith in the process. I consider myself fortunate to have worked many years in an industrial concern which had that faith, and then to come to Malaysia where both the industry and government have consistently backed research and provided the funds. 

       Figure 2. Palm Kernel Oil and Cocoa Butter
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       Figure 3. Palm Kernel Stearin & Cocoa Butter
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