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ABSTRACT Because of its fatty acid composition, which includes 50% saturated and 50% unsaturated fatty acids, palm oil can readily be fractionated, i.e. partially crystallized and separated into a high melting fraction or stearin and a low melting fraction or olein. Three main commercial processes for fractionating palm oil are in use: the fast dry process, the slow dry process and the detergent proce~ All these processes lead to specific products of different quality with different yield and operating costs. The physical and chemical characteristics as well as the triglyceride compositions by high performance liquid chromatography (HPLC) of palm oil fractions from these industrial fractionation processes are given. Other varieties of products produced by specific fractionation are presented with analytical data: the superoleins, palm-midfractions and cocoa butter substitutes.
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FIG. 4. Triglyceride composition by HPLC versus iodine value from single stage fractions of palm og.



fatty acids, diglycerides, carotene, sterols, tocopherols, peroxides and oxidized products-remain preferentially in the olein except phospholipids and metals like iron, which migrate predominantly to the stearin. Main Characteristics of Fractionation Processes



The main characteristics of the fractionation processes may be summarized as in Table VI. The detergent process consists of a fast crystallization of



crude palm oil giving small crystals cleaned by detergent. As a result, the olein yield is high (77 to 83%). In dry processes, bigger crystals generally are required for the filtration, and as a result the crystals tend to group together in clumps which will occlude part of the liquid phase. This results in a lower yield (60 to 72%). This occlusion, which also is reflected in the SFC of stearins shown above (Fig. 3), is only partly responsible for a yield decrease of around 10%. A lower olein yield also should be
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FIG. 5. HPLC chromatograms o f palm oll stearins.



attributed to the intersolubility and the formation of mixed crystals (14). However, if the cooling is controlled properly at a stow rate, like in the slow dry process, the separation and the yield (68-72%) are found to be better, whereas a fast cooling will tend to crystallize the unsaturated molecules with saturated ones. Other parameters also play a role in the yield, such as the incoming oil quality and the type of refining treatment. When a high olein yield is of highest importance, which is occasionally the case for palm oil in exporting countries like Malaysia, the detergent process may be the best. In these cases, however, the use of membrane filter presses in conjunction with a dry crystallization process now seems to give yields comparable to those of the detergent process. However, production with these types of filters is still too small and samples too scarce to include results in this paper.



cool climates, the required specifications usually are a cloud point below 5 C and a minimum iodine value of 60. Such oleins also are blended with a more unsaturated oil such as soybean oil to improve the low temperature stability. The analytical data of three super oleins chosen for the study are shown in Table VII. Compared to an olein from single stage fractionation, the super olein is characterized by the absence of trisaturated glycerides (Ss), an increase of about 8% of the monosaturated triglycerides content (SU2) and a decrease of about 10% of the disaturated triglycerides content (S2 U). TABLE VII Super
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SPECIFIC FRACTIONS Two other types of products are produced by specific fractionation. The first range of products is that of super olein of lower cloud point. The second type is that of palm mid-fractions as cocoa butter replacers. These two ranges of products are generally obtained by double fractionation.
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Crude Triglycetide composition (area %) by HPLC
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Yield calculated on feedstock basis CPO oleins have lower SFC due to the FFA content.
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TABLE VIII Palm Mid-Fractions from Double Stage F r a c t i o n a t i o n NO
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SFC (%) by pulsed NMR 5C 10C 15 C 20 C 25 C 30C 35 C 40 C
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These tendencies are still amplified when the olein is fractionated in solvent as shown in Figure 6, but the cloud point is not necessarily better due to the higher concentration of diglycerides in solvent processed oleins.



Palm Mid-fraction Unlike super olein, palm mid-fraction is characterized by a high disaturated triglycerides S2U content-greater than 5 0 % - a n d a low monosaturated triglyceride SU2 content - l o w e r than 30% (Table VIII). A first remark, if we compare the diagram of Figure 6 with that of first fractionation (Fig. 4), we observe a total inversion of the distribution of the disaturated triglycerides (SzU), which increase towards low I.V., i.e. towards midfractions. Palm mid-fraction, which is used as cocoa butter substitute (C.B.S.) or as the main component (50-70%) of confectionery fat as the cocoa butter equivalent (C.B.E.),



should exhibit properties similar to those of cocoa butter. In other words, the fraction should be high in monounsaturated triglycerides as POP and should have a short melting range. The analytical criteria of a mid-fraction presently defined by PORIM (15) in conjunction with the industry in Malaysia are as follows: PMF criteria



Parameter



Value



Ratio



C 50 C48+C54 C 52



4 minimum



I.V. (WlJ's) Slip malting point C



43 maximum 32-55 23-40



If we look at the Figure 6, which shows the triglyceride
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fractionation should be done with the objective of concentrating oleodipalmitin (POP), oleopalmitostearin (POS) and oleodistearin (SOS) with a minimum amount of undesirable triglycerides like tripalmitin (PPP) which are difficult to eliminate in further solvent fractionation. On the other hand, unsaturated glycerides like paimitodiolein (POO) linoleooleopalmitin POL can be removed easily by solvent fractionation to give products such as C.B.S. These tendencies also are reflected in the solid content profiles shown in Figure 8. The C.B.S., having an SFC fairly similar to that of cocoa butter, is characterized by a big drop in solid content from 20 C to 30 C and is melted completely at 35 C (requisite characteristic of coating fats). Compared to palm oil, the three PMF analyzed have a steep solid content profde but, compared to C.B.S., their solid content is lower at low temperature especially when POO increases at the expense of POP. However, a high PPP content leads to a high melting tail, difficult to correct in a
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composition by unsaturation versus iodine value of three commercial PMF A, B, C made with a slow dry process, they fit in quite well with these specifications: the iodine value ranges from 40 to 50, the slip melting point varies from 33.5 to 28.6C and the C 5 0 / C 4 8 + C54 ratio is higher than 4. However, if we compare these fractions with two European CBS obtained by double fractionation of palm oil in acetone, we understand that these POP rich fractions require further processing to make them acceptable to the confectionery industry. These products must be treated by single stage solvent fractionation in order to eliminate the unsaturated triglycerides. When looking at the HPLC chromatograms displaying the triglyceride composition (Fig. 7), one can realize that
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FIG. 7. HPLC chromatograms of palm mid-fractions and CBS.
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later fractionation by solvent. To conclude, I would like to recall that the crystallization is a dynamic reaction where the molecules of triglycerides are in equilibrium. Many parameters such as the oil composition, the temperature, the polymorphism and the intersolubility may influence this equilibrium. Therefore, depending on the crystallization method used, the quality as well as the yield of the fractions will be affected. The availability of palm oil fractions has given opportunity for greater adaptability to specific requirements. The palm oil fractions from single and double stage, blended or not with other oils, followed or not by interesterification, may give new markets. As striking examples we find the superoleins and especially the palm mid-fractions where throughput and cost consideration are of less importance for the high value product. REFERENCES 1. Bernardini, M., and R. Sassoli, Palm Oil Fractionation with



2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 1Z 13. 14. 15.



C.M.B. Process, Palm Oil Technology in the Eighties, Kuala Lumpur, 1981. Bernardini, M., Technical literature, Rome, Italy. Athanassiadis, A., Refining and Segregation of Palm Oil, AOCS meeting, St. Louis, Missouri, 1978. Tirtiaux, F., Oleagineux 31:279 (1976). Tirtiaux, A., and E. Deffense, Tirtiaux Fractionation-lndustrial Application and Analytical Data, AOCS meeting, The Hague, The Netherlands, October 1982. Tirtiaux, A., Technical literature, Fleurus, Belgium. Braae, B., Detergent Fraetionation of Fatty Oils, Proceedings of the Symposium of the Belgian Filtration Society, Brussels, 1976, pp. 189-210. Haraldson, G., The Alfa-Laval Lipofrac Process for Fatty and Acids, Seminar in Kuala Lumpur, April 1977. Tan, B.K., and F.C.H. Oh, PORIM, Technology No. 4, 1981. PORIM Technical Brochure, Malaysian Palm Oil Refining Industry, 1981. Deffense, E., Rev. Franc. Corps Gras, 31 : 123 (1984). Jurriens, G., and A.C.J. Kroesen, JAOCS 42:9 (1965). Jacobsberg, B., Oleagineux, 30:271 (1975). Deroanne, C., Contribution ~ L'&ude de la Cristallisation des Glyc&ides, Dissertation ( 1975). Tan, B.K., F.C.H. Oh, S.H. Ong and K.G. Berger, Characteristics of Malaysian Palm Mid-fractions, PORIM report, 1981.



Fractionation of Lauric Oils J.B. ROSSELL, Leatherhead Food RA, Leatherhead, Surrey, England KT22 7RY ABSTRACT The different methods of edible oil fractionation are reviewed, and the applicability of these to the fractionation of palm kernel and coconut oils is discussed. Crystallization from solvents such as acetone, hexane or 2-nitro-propane, is the most easily understood and most convenient for small-scale laboratory trials, but the cost of solvents and the need to flameproof plants makes it uneconomical for an industrial undertaking. Dry crystallization is commonly employed, and there are several methods, described here, for subsequent separation of solid stearin from liquid olein. Chemical and physical properties of the separated stearins and oleins depend on fractionation conditions and on the yields sought. These are reviewed. The properties of the fractions may be further modified by hydrogenation, interesterification, blending or combinations of these techniques. Many sophisticated confectionery fats are manufactured from lauric stearins and their methods of manufacture and product applications are reviewed. A commercial operation must take care to find a good outlet for the secondary fractionation products (or byproducts) however, and useful outlets for these secondary fractions are therefore considered in addition to those of the main product.



INTRODUCTION Lauric fats are obtained from various species of palm tree,



the two main varieties being palm, which produces palm kernel oil, and coconut. There are in addition several minor varieties of laurie fat such as babassu, tucum and ouri-curi, but as these are seldom encountered except in the country of origin, and often have specific properties, they will not be considered in this paper. I will therefore concentrate on the fractionation of palm kernel and coconut oils. Palm kernel and coconut fats differ from nonlaurics in that they contain 47-48% laurie acid, together with smaller amounts of other medium- and short-chain fatty acids. This gives the fats a solid consistency at cool ambient temperatures, but they nevertheless melt below 30 C. Typical fatty acid compositions and melting properties are shown in Tables I and II. The natural fats thus have short melting ranges, which suits them to the manufacture of a variety of fatty foods. Laurie oils have therefore been prized for a wide variety of food stuff applications for very many years. Nevertheless, the fats' melting points and solid contents at room temperature are a little low for production of confectionery coatings and couvertures, a drawback that can be alleviated by fractional crystallization and separation of the harder and softer components. The advantages of fractionation were first appreciated



TABLE I



Typical Lauric Fat Compositions Fatty acids (wt %) Fat Palm kernel oil Palm kernel stearins Palm kernel stearin (IV = 7) hydrogenated to lower IV Palm kernel stearin (IV = 7) refractionated to lower IV Coconut oil Coconut stearin (25% yield) Hydrogenated coconut stearin Palm kernel olein Coconut olein



IV



Ce-Cao



Cx2



C|4



C16



C18



Cla:l



Cta:2



17.5 9 7 2 4 0.4 3



7 6 4 3 4 4 3



48 53 55 50 55 55 56



16 21 22 30 22 22 26



9 9 9 12 9 9 9



2 2 2 3 6 9 2



15 8 7 2 5 0.5 3



2 1 1 0 0 0 0.5



8.5 4 1.5 21 10
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48 55 55 45 46



18 22 22 13 17



8 9 9 9 7



3 2 5 3 3



6 3 2 19 7



2 0.5 0 2 3
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