






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Olive Oil

Olive transportation and storage should be considered as critical phases for con- ..... The design of the screw conveyor is therefore crucial. .... The following modified equation, for practical reasons, is used to calculate the oily flow leaving the ... a clarifier or settling tank, particles and liquid phases will fall to the bottom, but the. 

















 Télécharger le PDF 






 1MB taille
 81 téléchargements
 487 vues






 commentaire





 Report
























Part 3



Processing and Application



Copyright © 2006 by AOCS Press



OliveOil2.indb 1



3/31/2006 1:13:07 PM



9



Olive Oil Extraction Christos Petrakis



Mediterranean Agronomic Institute of Chania, P.O. BOX 85, GR-73100, Chania, Greece



Introduction Olive oil is the oily juice of the olive, separated from the other components of the fruit. Properly extracted from fresh, mature fruit of good quality, the oil has a characteristic sensory profile. Its fatty acid composition is characterized by a good balance between saturated, monounsaturated, and polyunsaturated acids. It is also unique among common vegetable oils in that it can be consumed in the crude form, thus conserving vitamin content and phenolic compounds of nutritional importance. According to the Codex Alimentarius, IOOC, and EC regulations: Virgin olive oil is the oil obtained from the fruit of the olive tree solely by mechanical or other physical means under conditions that do not lead to alteration in the oil, which have not undergone any treatment other than washing, decantation, centrifugation, or filtration, to the exclusion of oils obtained using solvents or using adjuvants having a chemical or biochemical action. The ideal objective of any extraction method is to extract the largest possible amount of oil without altering its original quality. However, if quality is not to be modified, it is essential to use only mechanical or physical methods for extracting the oil, avoiding chemical and enzymatic reactions that might change its natural composition. When treating the olive as prime material, one must consider two groups of phases: the solid elements of the skin, pulp, and kernel, and the liquid phases made up of the oil and the vegetable water. The preparation of olive oil is an industrial process, the purpose of which is to separate one of the liquid phases—the oil—from the other constituents of the fruit. Thus, beginning with healthy, whole, clean fruit, harvested at the moment of optimum maturity, it is necessary to make a paste preparation by means of breaking the vegetal structure; to liberate the oil from the cells and finally achieve the formation of solid and liquid phases. By means of pressure, percolation, or centrifugation, the solid and liquid phases are then separated. Finally, the liquid phases are separated into oil and vegetable water by decantation and/or vertical cen191 Copyright © 2006 by AOCS Press
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trifugation. The separation between the solid and the liquid phases is not complete: the mass of solids with varying percentages of humidity and oil content form the sub-product called olive pomace and the liquids with varying percentages of fine solid material constitute the oily must. Extraction methods became more effective with the use of hydraulic presses and transmission mechanisms. Over the years they became more and more mechanized, driven by the need to spare labor expenses in order to lower costs, but the whole process was discontinuous. The first tests conducted on continuous-flow facilities date back to the second half of the 1960s by Alpha Laval. Improvements enabled the oil to be extracted through the centrifugal effect produced by devices rotating at high speed; the use of stainless steel instead of ordinary steel raised the quality and hygiene standards of the oils produced. These facilities exploit the effect of centrifugal force, which operates by drawing off the liquids. When they came into use after years of testing, they helped to lower labor costs and raise processing capacity. The extraction of olive oil commences from the olive tree and ends with the storage of the product. There are limitations in a series of factors prior to the extraction process which influence the quantity and quality of the oils. The main factors (which are beyond the scope of this chapter) are: the varieties of the olives, the microclimatic conditions, the variability of soils, the systems of cultivation, which regulate the absorption capacity of terrains and retain rain or irrigation water (Montedoro et al., 1989, 1992; Inglese et al., 1996; Reiners et al., 1998; Gutierrez et al., 1999; Tovar et al., 2001; Romero et al, 2002; Morello et al., 2003; El Antari et al., 2003; Servili et al., 2004; Royo et al., 2005); and pest monitoring and control (Zunin et al., 1993).



Olive Ripening A very important factor is the maturity stage of the olives for harvesting. Recent analysis data show the great variability in the content and type of phenols present and of volatile substances, which influence the aroma of the oil, during maturation (Esti et al., 1998; Koutsaftakis et al., 2000; Aparicio et al., 1998; Ryan et al, 2002; Schiratti et al., 1999; Rovellini et al., 2003; Caponio et al., 2001; Skevin et al., 2003; Bouaziz et al., 2004; Morello et al., 2004; Angerosa et al., 2004). The most specific index to test the ripening is the oil accumulation in the olives. It is interesting to note that while the percentage of oil in fresh olive fruit continuously increases as the olive ripens, the percentage of the oil in dry substances reaches a maximum value and remains constant. This occurs because the triglyceride biosynthesis proceeds to a certain ripening stage after which it stops (Garcia and Mancha, 1992). Recent studies, by Beltran et al (2004), on three of the most important Spanish and Italian cultivars (Picual, Hojiblanka, and Frantoio) indicated that during ripen-
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ing the oil content on a dry weight basis increased in the fruit, but oil biosynthesis in flesh ceased from November. Each olive cultivar showed a different ripening pattern, “Hojiblanka” being the last one to maturate. Oil content, when expressed on a fresh weight basis, increased in all cultivars, although there are variations due to climatic conditions. Olive fruits presented lower oil and higher dry matter contents in the year of lowest rainfall. Therefore, fruit harvesting should be carried out from the middle of November in order to obtain the highest oil yield and avoid natural fruit drop. Traditionally, olives are harvested at the green-yellow or black-purple stage. Since all of the fruit does not mature simultaneously even on the same tree, harvesting should take place when the majority of the fruit are at optimum maturity. This is not always possible because other factors may also affect harvest time such as weather conditions, availability of farm labor, availability of olive oil mills, etc.



Harvesting and Transport The optimal harvesting time is when oil levels are high in the olive fruit. Harvest should begin before natural fruit drop. In normal-ripening varieties the time to start harvesting can be judged by the color of the fruit skin. When there are no green olives left on the tree, perhaps only some fruits at color-change, oil biosynthesis has ceased and harvesting can begin (Tombesi et al., 1996). Methods used to harvest olives depend on cultural techniques, tree size and shape, and orchard terrain. Most olives are harvested by hand and/or with shakers. Newly-planted orchards are more likely to be mechanically harvested. The high trees of some varieties are harvested with the aid of nets after the natural drop of the fruit. Precautions should be taken to avoid fruit breakage through mechanical damage and fruit contamination by soil material. Olive transportation and storage should be considered as critical phases for controlling both mechanical damage and temperature. Improper handling during these phases can result in undesirable enzymatic reactions and the growth of yeasts and molds. The best way to transport the olives is in open-mesh plastic crates that allow air to circulate and prevent the harmful heating caused by the catabolic activity of the fruit (Kiritsakis, 1998). When stored before processing, the olives must be spread in shallow layers and kept in well-ventilated, cool, dry areas. Storing of the olives in jute sacks has to be avoided. To ensure that the olives retain the quality characteristics they possessed at the time of harvesting they must be delivered immediately to the extraction plant for processing.



Olive Oil Extraction The flow sheet of the recently used extraction plants comprises four main operations:
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Fruit cleaning (defoliation, olive washing) Preparation of the paste (crushing, malaxation) Separation of the solid (pomace) and liquid phases (oily must and wastewater) Separation of the liquid phases (oil/wastewater)



Fruit cleaning Fruit cleaning entails two operations: leaf removal and washing. Defoliators suck the leaves, twigs and dirt through a powerful airflow generated by an exhaust fan. After that, the olives are washed in a current of water. This water is recycled after decanting and clean water is constantly mixed in pre-set proportions. To improve washer efficiency, the washing vat is equipped with a shaker that shakes any impurities through screens as well as with an air injection system to create turbulence in the mass.



Crushing This operation is designed to tear the fruit cells to release the droplets of oil from the inner cavity (vacuole). Not all the oil can be released because it is virtually impossible to lacerate all the cells. Moreover, the droplets are surrounded by an amphoteric pseudo-membrane that tends to keep the oil in a state of emulsion, the stability of which depends on the size of the droplets: the smaller they are, the more stable they are. Also, a small amount of oil remains caught in the colloidal system formed by the pectins in the paste. The latest version of stone mills consists of a metal basin of a suitable width (with a side shutter to allow the paste to be discharged) on which upright granite millstones (2 till 4) gyrate at 12-15 rpm. Millstones (grindstones) are cylindrically-shaped, have a 120-140 cm diameter and are 30-40 cm wide on their traveling edges. Stone mills do an optimal job because the combined pressing-and-pushing action of the millstones performs two functions: it crushes and partially mixes the paste. The drawbacks of stone mills are that they are expensive, crushing is slow and not continuous and they have to be carefully operated by skilled staff. When continuous-extraction facilities came into use, metal crushers—hammer or toothed-disc—were used to grind the olives. They consist of a metal part that throws the olives against a fixed or slowly gyrating metal screen by rotating at high speed. The screen size is 5 mm, 6 mm, or 7 mm and they must be chosen in connection to the extraction system and the maturation stage of the olives to obtain the most suitable stone particle size. Hammer (or toothed-disc) crushers have come into widespread use because they have a high handling capacity, they operate continuously and they are coupled with malaxing machines. However, there are still doubts as to whether they do the proper job. This is the reason why processors ask for traditional stone mills to be incorporated into continuous-extraction facilities.
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Hammer mills are the type of crusher in greatest use, but they have some drawbacks. • They facilitate the creation of emulsions because of the high speed rotation of the hammers, which is necessary to prolong malaxation. • They raise the temperature of the olive paste and produce oils with a pronounced bitterness. Recent research by Amirante et al (2002) has helped to arrive at a better understanding of the effects of the crushing mechanism on the size of the stone fragments (Fig. 9.1). Figure 9.1 plots the size distribution of the solid particulates obtained by three different crushing methods: stone mill and finishing toothed-disc crusher; toothed-disc crusher and hammer crusher regulated at two different settings. It can be seen from this figure that, in general, at the normal settings the hammer crusher produces a finer fragment size (curve A) although crushing is still quite rough due to the combined dynamic action of the hammers and the subsequent extrusion through the grating. This effect can be attenuated by positioning the hammers farther away from the grating, and by using a grating with a larger aperture size (curve B). When the stone mill and finishing crusher are used (curve C), the results obtained are in-between and characterized by a more uniform stone fragment size whereas the tootheddisc crusher on its own produces larger-sized particles (curve D). Consequently, it is not easy to say which is the best method for crushing olive fruits: the quality and cultivar of the olives should be the deciding factor. Generally, it is better to use stone mills to crush olive fruits that tend to give “bitter-pungent” oils while it is wiser to use hammer crushers for fruits that tend to give rather “sweet” oils. On the other hand, hammer crushers produce a smaller stone fragment size than disc crushers, leading to differing increases in paste temperature. When the paste is ground



Fig. 9.1. Stone fragment size using different crushers to prepare the olive paste. Amirante et al., 2002).
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using disc crushers, the keeping properties of the oils are better than those of hammercrushed oils. The oils obtained from de-stoned olive paste have a slightly higher total phenol content than oils obtained from mash that has been pounded by hammer crushers, although both types of oils give comparable stability results. When compared with crushing, de-stoning results in higher total phenol contents and higher induction times. Data obtained permit suitable criteria to be suggested for choosing the right machinery to produce top-quality virgin oils that keep well. Improvements in machinery manufacturing will make it possible to achieve greater dispersion of the thermal energy released in stone fragmentation and a large reduction in the absolute amount of energy produced by removing the whole stone.



Malaxation The oil in olives (about 20-25 %) is found in the mesocarp cells, for the most part, in the vacuoles and scattered to a lesser extent through the cytoplasm in the form of small lipid inclusions. The oil to be extracted by mechanical means has to be released from the tissues in such a way that the droplets can merge into larger drops until they form what are known as “pockets.” Malaxation (also mentioned as beating or kneading) is fundamental for increasing extraction yields. It is designed to enhance the effect of crushing and to make the paste uniform. The prime aim is to break up the oil/water emulsion, so that the droplets of oil join together to form larger drops. The percentages of differently-sized oil drops found in olive paste after crushing and beating have been discussed by Di-Giovacchino (1989, 1996). After crushing, only 45 % of the drops have a diameter of more than 30 microns, which is the minimum size for continuous-process separation of the oil, while this percentage rises to 80% after beating, with an accompanying large increase in the number of drops with a bigger diameter (Table 9.1). Not all the oil in the olives can be released: some remains enclosed in the unshattered cells, some is spread through the colloidal system (micro gels) of the olive paste, and some is bound in an emulsion with the vegetable water. The main difficulty in recovering this “bound” oil is that the droplets of dispersed or Table 9.1 Percentages of differently-sized oil drops in the paste after crushing and mixing. Source: Di Giovacchino,1996 oil drop diameter μm After Crushing After Malaxation 
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emulsified oil are surrounded by a lipoprotein membrane (phospholipids and proteins) which stabilizes the oil’s emulsification or dispersion. The smaller the size of the droplets the greater their degree of stabilization, which means that they are prevented from fusing to form larger drops. When millstones are employed to crush the olives, the oil emulsion is optimally broken up after 10-15 minutes of mixing at room temperature. In mills where continuous centrifugation is employed, which are normally equipped with metal crushers, malaxation, either in 2 or 3 stages, takes 60 to 90 min. Raising the temperature makes the olive paste less viscous and it is easier to separate the liquid phases by centrifugation. It is well known that an increase of the duration and temperature of the malaxing followed by direct centrifugation of olive pastes, results in higher extraction yields, especially in the case of “difficult” olives. Malaxing vats are made of stainless steel inside, and are semi-cylindrical or semispherical. They have upright or horizontal rotors and a heating system using hot water (45-50°C) running through an outer chamber. The rotating arms are fitted with specially designed stainless steel blades of varying shapes and sizes, which mix the paste by slowly spinning at 15-20 rpm. To protect against any oxidation of the olive paste during the malaxing process, machines are also designed to work with an inert gas (nitrogen) under light pressure, if required. Sometimes, malaxing can make the paste emulsify more and may have a negative effect on oil yields. This happens when the movement of the blades is too fast and the temperature and times are not properly adjusted to the rheological characteristics of the paste being processed.



Separation of the Solid and Liquid Phases (Pomace/Oily Must and Wastewater) Pressing Pressing is based on the principle that when a combined solid/liquid mass, like olive paste, is subjected to pressure, the volume of mass decreases because the liquid phase—the oily must—is forced out with the help of the drainage effect of the mats and the stone fragments and is separated from the solid phase. It is an operation that can be compared to filtration and, in fact, it shares the same kinetic properties; but it is more complex. In a normal filtering process, the volume of the filter bed is fixed, while the volume of the drainage channels gradually decreases as the solid matter is deposited there until it completely obstructs the channels, thus preventing the liquid from running through. When the paste is pressed, the filter bed is variable and the volume of the drainage channels decreases in exact proportion to the amount of liquid that is discharged and is only reduced to zero when all the liquid has been forced out. Automatic paste distributors are used to apply the paste on the mats in collaboration with a kneader batcher, which accepts the paste from the stone mills. Inox disc diaphragms
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Fig. 9.2. Extraction by the traditional pressing method



are placed among every five mats so that the charge is uniform for pressing. Pressure is applied to a large stack of mats spread with olive paste that is placed on a trolley with a central spike. The perforations in the central spike have been a decisive factor for improving the separation of the oily must (olive oil plus vegetation water) from the pomace because they allow the liquid phases to flow out from the middle of the stack. The large stack of the mats and discs is placed under the press formed by an open monoblock scaffolding and a piston (35-40 cm in diameter) that pushes the pile from the bottom. Today, pressure extraction is normally carried out in hydraulic super-presses with a service pressure up to 400 atm (which refers to the area of the piston). Super-presses work in single press mode with gradual increase of the pressure up to the maximum value within 45-60 min, remaining at that high pressure for an additional 10-20 minutes. After pressing, a little quantity of water is used to rinse the stuck material off the mats and transfer the oily must for clarification. In practice, a processing yield of 86-90% is obtained and the humidity of the pomace is about 28 %. This method therefore guarantees a top quality oil because of the short beating time and the low temperatures throughout the entire operation, provided that the quality of olives and the state of the mats are also good. The old drawback of vegetable fiber mats has now been altogether overcome through the use of inert polypropylene fiber mats that are more easily cleaned.
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Restraints on the practical suitability of pressing are, above all, the cost of the labor it requires, the fact that it is not a continuous operation, and that filter materials have to be used in optimum conditions. Pressure is the oldest method of extraction. It is still in use, though not widespread. Centrifugation The appearance of continuous-operating plants contributed to the reduction of costs and to the increase of processing capacity. These plants work on the basis of centrifugal force that operates by sucking out the liquid from the paste. This separation method is based on the principle that any combination of immiscible liquids with differing densities tends to split up spontaneously into its individual constituents. The reason is that the natural force of gravity affects liquids differently, depending on the density. If only gravitational force is applied, the speed of separation can be extremely slow but if the mixture is subjected to an artificial gravitational force the speed of separation can be increased. This is done with rotary machines whose speed and separation efficiency are directly proportional to the angular speed and rotation radius, as well as to the difference in the density of the liquids that have to be separated. The machines in use are horizontal centrifuges that operate at an angular speed producing up to 3000 times greater acceleration than natural gravitational acceleration. When



Fig. 9.3. Extraction by the centrifugation method
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subjected to such forces, the denser solid particles are pressed outwards against the rotating bowl wall, while the less dense liquid phase forms a concentric inner layer. Different dam plates are used to vary the depth of the liquid—the so-called pond—as required. The sediment formed by the solid particles is continuously removed by the screw conveyor, which rotates at a different speed than the bowl. As a result, the solids are gradually “ploughed” out of the pond and up the conical “beach.” Very important sections of any decanter centrifuge are: • Inlet zone The inlet zone accelerates the feed slurry up to the speed of the bowl. A properly designed inlet zone keeps any degradation of the feed solids to a minimum so that disturbance of the sediment in the bowl is avoided. • Screw conveyor The key to good decanter performance lies in the efficient and effective scrolling of the sedimented solids. The design of the screw conveyor is therefore crucial. • Solid discharge section Depending on the application, the consistency of the separated solids can vary from a dry powder to a paste. The configuration of the discharge zone is therefore chosen to enable such “cakes” to exit as effectively as possible. • Liquid discharge section In a two-phase decanter, the liquid level is regulated by dam plates. When operating in a three-phase mode, each phase discharges over a set of dam plates into separate baffled compartments in the casing. In certain applications, an adjustable pairing tube or a centripetal pump is used to discharge the oil. Obviously, by increasing the separation speed the mixture stays for a shorter time in the machine and so the amount of mixture that is separated per unit of time increases, i.e. processing capacity is raised. The churning effect that rotation produces on the water-diluted olive paste leads to the formation of an emulsion in the interface of the two oil/water phases as a result of which a small proportion of oil tends to be lost in the vegetable water. With the advent of improved centrifuges, this drawback has been considerably lessened. However, although very close to those of presses, centrifuge extraction yields are still slightly lower. The increased processing capacity of these types of plants has substantially cut the length of time that olives lie in the mill lofts waiting to be processed, thereby lowering the average acidity of the resultant oils and improving the quality from this aspect. As far as the other aspects are concerned, it has been acknowledged that the higher temperatures and longer beating times involved, coupled with the use of hot water to dilute the olive paste, partly remove the minor compounds that give the oil its stability and flavor. The continuous centrifugation involves the steps of: leaf removal and washing, crushing of the olives, malaxing the olive paste, and centrifuging with or without water addition according to the “three-phase” or “two-phase” mode, respectively.
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Three-phase Centrifugation. For many years, olive pastes undergoing centrifugal extraction had to be quite fluid to facilitate separation of the fractions with different specific weights; this was done by adding lukewarm water, equivalent to approximately 40-60% of the weight of the olive fruits. The water-thinned paste is centrifuged in the decanter. Three phases are obtained: an oily must, vegetable water mixed with the added water (OMWW), and olive pomace (stones and pulp residue). Disadvantages of this process include increased amounts of wastewater that is produced due to increased water utilization (1.25 to 1.75 times more water than press extraction), loss of valuable components (e.g. natural antioxidants) in the water phase, and problems of disposal of the Oil Mill Waste Water. To reduce this problem the water phase can be recycled as soon as it comes out of the decanter, to thin the olive paste by injection into the pump that delivers the paste into the decanter. This technique has made it possible to reduce the volume of wastewater by approximately 35% and to improve the total polyphenol content of the oil by approximately 30% (Khlif et al., 2003). However, the practice negatively affects the quality of the produced oil and it is hardly used anymore. Two-phase Centrifugation. The failure to develop a suitable end-of-pipe wastewater treatment technology gave the opportunity to technology manufacturers to develop the two-phase process, which uses no water process, delivers oil as the liquid phase, and a very wet olive pomace (humidity 60 ± 5 %) as the solid phase using a more effective centrifugation technology. This technology has attracted special interest where water supply is restricted and/or aqueous effluent must be reduced. When fresh olives are used, the paste is produced without addition of water, whereas, when dried olives are used, a small amount of water is added. The disrupted paste is centrifuged in the decanter from which two phases are obtained: oily must and a solid/water mixture (pomace). Decanters based on the two-phase process were developed by several companies. The performance of the two-phase decanters was evaluated in comparison to the traditional three-phase extraction process and was found to produce olive oil in similar yields to the three-phase process, but of a superior quality in terms of polyphenols and o-diphenols content and keepability. In addition, the two-phase process did not produce wastewater during oil extraction. The two-phase decanting reduces the water requirements. However, it creates a high humidity pomace, named in Spain “Alperujo,” which is difficult to handle. The application of a second three-phase centrifugation after malaxing and appropriate dilution of the paste obtained from the first two-phase centrifugation pomace decreases the humidity of the final pomace, but only a small percentage of oil is recovered. This oil is green and has a higher aliphatic alcohols, waxes, and triterpenealcohol content.
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Percolation (or Selective Filtration) in Combination with Centrifugation Olive oil extraction from olives by the percolation method is based on the difference of the surface tension between olive oil and vegetable water. Because of this difference, when a steel blade is plunged into olive paste, it is preferably coated with oil. When the blade is withdrawn, olive oil drips off and parts from the other phases, thus creating a flow of oily must. This is due to the fact that, in the presence of the solids of olive paste, olive oil has an interfacial tension less than vegetation water in relation to the steel blade. The first percolation extractor version (1911) was called “Acapulco,” the second version (1930) was called “Acapulco-Quintanilla,” and the third version (1951), which was manufactured in Spain was called “Alfin.” Continuous improvements have been accomplished in the equipment of percolation. In 1972 a processing system based on both percolation (Sinolea System) and centrifugation was introduced. Sinolea consists of a stainless steel semicylindrical



Fig. 9.4. Extraction by percolation-centrifugation method.
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grating and many small blades moving through the slits in the gravity. The movement of the blades is slow; therefore, when they plunge into the olive paste as it is continuously renewed, they are coated with oil. The oil drips off the blades when the blades are withdrawn. The following modified equation, for practical reasons, is used to calculate the oily flow leaving the extractor: 



Qr t log ––– = H – h log –––, 10 Q0 



where, Qr = the residual oil in the olive paste at a specific time t; Q0 = the oil contained in the initial paste and H and h are kinetic constants of process (Di Giovancchino, 1991_. In actual fact, operating over a suitable length of time (30 min until maximum 60 min) with Sinolea extractor, 50-70% of the oil is extracted from the paste. The yield depends on the variety of the olives, the duration of extraction and the rheological properties of the paste. The remaining oily paste, after an additional malaxation for 20-40 minutes, is thinned with water and then is farther centrifuged with a 3 phase decanter, in order to recover the main part of the remaining oil. The Sinolea oil is a high quality virgin oil (high polyphenol content and perfect organoleptic characteristics), because percolation takes place at ambient temperature, without the addition of water and without employing mats; thus any possibility of contamination is avoided. The combined process produces a quality oil in similar yields to those obtained by pressing, but it has the advantage that it is continuous, which reduces cost and increases capacity. Separation of the Liquid Phases The oily must obtained in the various extraction systems has to undergo one last operation for the separation of the oil from suspended solids and the vegetable water. With a clarifier or settling tank, particles and liquid phases will fall to the bottom, but the lack of control and the length of time required makes natural settling unsuitable for modern industrial processes. Today, disc stack centrifuges with a self-cleaning bowl do this job and they are known as clarifiers. Mainly a three-phase separation clarifier is used to separate two immiscible liquids including separating solids simultaneously. Rotating this unit rapidly means that effect of gravity is replaced by a controllable centrifugal force: the effect of which can be more than 10,000 times greater than gravity on solids suspended in liquids. When subject to such forces, the denser solid particles are pressed outwards against the rotating bowl wall, while the less dense liquid phases form concentric inner layers. The oily must obtained from many extraction systems is fed, with the addition of a small amount of water (25% - 35% of the oily must) to the disc stack centrifuge in which pure oil and separated water are obtained. Solids are discharged from the disc centrifuge
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periodically.



Main Manufactures of Olive Oil Extraction Plants Currently, main manufactures of olive oil extraction plants are (in alphabetical order): 1. Alpha Laval http://www.alfalaval.com 2. Amenduni http://www.amenduni.com 3. Flottweg GmbH http://www.flottweg.com



Table 9.2 Quality characteristics of oils obtained by pressing, percolation and three-phase centrifugation. Source: Di Giovacchino,1996. Determinations System Average Minimum Maximum Acidity, % 



Pressing Percolation Centrifugation 



0.23 a 0.23 a 0.22 a 



0.18 0.20 0.16 



0.28 0.27 0.28



Peroxide value, meq.O2/kg 



Pressing Percolation Centrifugation 



4.0 a 4.6 a 4.9 a 



2.8 3.9 4.0 



5.5 5.3 6.3



Total polyphenols, gallic acid mg/l 



Pressing Percolation Centrifugation 



158 a 157 a 121 b 



111 103 87 



197 185 158



o-diphenols, caffeic acid mg/l 



Pressing Percolation Centrifugation 



100 a 99 a 61 b 



66 62 32 



154 149 92



Induction time, hr 



Pressing Percolation Centrifugation 



11.7 a 11.2 a 8.9 b 



8.7 8.9 7.4 



16.6 15.0 10.9



Chlorophyll pigments, ppm 



Pressing Percolation Centrifugation 



5.0 a 8.9 b 9.1 b 



3.2 6.1 6.5 



8.1 18.5 13.7



K232 



Pressing Percolation Centrifugation 



1.93 a 2.03 a 2.01 a 



1.82 1.89 1.90 



2.11 2.27 2.16



K270 



Pressing Percolation Centrifugation 



0.120 a 0.124 a 0.127 a 



0.110 0.110 0.090 



0.132 0.132 0.153



Organoleptic rating 



Pressing Percolation Centrifugation 



6.9 a 7.0 a 7.0 a 



6.2 6.7 6.7 



7.4 7.4 7.2



Different letters indicate significant differences at P < 0.05
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4. Gea Westfalia Separator http://www.westfalia-separator.com 5. Hiller GmbH http://www.hillerzentri.de 6. Pieralisi Group http://www.pieralisi.com 7. Rapanelli Fioravante spa http://www.rapanelli.com, http://www.sinolea.net



Quality Characteristics of Oils Obtained by Different Extraction Systems The value of extra virgin olive oil, like every other product of agro-food processing, depends on the characteristics of the raw material. It is impossible to obtain an excellent product by starting with poor raw material, even if the most efficient extraction procedures are used. The cultivars and the harvest time must be selected carefully to correspond to the optimal level of fruit maturity (Amiot et al., 1986; Montedoro et al., 1989; Esti et al., 1998; Cortesi et al., 2000; Caponio et al, 2001). The effect of the extraction process on olive oil quality is well documented (Montedoro et al., 1992; Di Giovacchino et al., 1996; Ranalli et al., 1996; Koutsaftakis et al., 1999; Cert et al., 1999; Cortesi et al., 2000; Servili et al., 2004). According to Tsimidou (1998), Good Manufacturing Practices as well as decisions about the cultivation of certain olive varieties should take into consideration the factor of “polyphenols.” Enrichment of an olive oil with phenolic components has its limitations because very high concentrations of polar phenols affect the sensory quality of the oil (see also chapter on phenols). More bitter olive oils may not be acceptable by the consumers even if they contain nutritional components or have longer shelf lives. Unfortunately, there are different analytical methods for the estimation of the total polyphenol content varying in extraction and separation procedures as well as in the expression of results, which makes the comparison of the quantitative results obtained difficult; (Hrncirik et al, 2004). Blekas et al (2002) proposed that the colorimetric determination of total polyphenols with the Folin-Ciocalteu reagent is a good practical means to evaluate virgin olive oil stability. Sensory evaluation of virgin olive oil is directly correlated with the variety, ripeness (Aparicio et al., 1997), and extraction conditions (Morales et al., 1999). Sensory properties are largely affected by phenolic composition. In particular, these compounds were associated to the bitter and pungent sensory profile of the virgin olive oil. However, the relationships between individual hydrophilic phenols and sensory characteristics were not clearly defined (Servili et al., 2004). Recent research work by Andrewes et al (2003) and Mateos et al (2004) correlates virgin olive oil pungency and bitterness with individual phenols (see also chapter on phenols). Volatile compounds and their relationship with quality have been discussed by Aparicio and Morales (1998), Morales et al (1999) and Angerosa et al (2004). Another aspect which has not been extensively studied is the reliability of trials. Recently, it was indicated (Stefanoudaki et al., 1999; Angerosa et al., 2000) that oils
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from laboratory mills were clearly different from samples extracted industrially. This implies that results derived from investigations carried out using oils obtained from laboratory mills cannot be immediately transferred to oils from industrial plants. A comparison of the three processes for good quality olives easy in malaxing is given by Di Giovancchino et al (1996) (Table 9.2). After the introduction of the two-phase centrifugation the only published data of commercial olive mills by two-phase, three-phase centrifugation, and pressing process are given by Salvador et al (2003) for Cornicabra virgin olive oils obtained in five crop seasons (Table 9.3). Generally, centrifugation extraction in comparison to traditional pressing gives oils with higher chlorophyll content. The older technique to crush a small portion of olive leaves together with the olives is not recommended, because the organoleptic characteristics are altered, beside the increase of the chlorophyll pigments. In the presence of light, chlorophylls and their derivatives are the most active promoters of photosensitized oxidation (Fakourelis, et al., 1987).



Table 9.3 Quality indices of Cornicabra virgin olive oils from crop seasons 1994/1995 to 1998/1999 obtained by different extraction systems (n =140) Salvador et al., 2003 Extraction system Quality indices 



ANOVA F-ratio 



Number of samplesa Free fatty acid (% oleic) 1.8 Peroxide value (meq/kg) 0.7 K232 0.1 K270 1.0 Oxidative stability (h) 3.6* Total phenols (mg/kg) 4.8** ortho-diphenols (mg/kg) 3.1 α-Tocopherol (mg/kg) 8.3*** Chlorophylls (mg/kg) 5.7 Carotenoids (mg/kg) 4.1 Intensity of bitterness 6.5** Overall quality index 1.7 



C2 



C3 



P



68 0.58 a 10.2 a 1.619 a 0.139 a 65.8 b 160 b 9.2 a 178 c 11.4 b 7.6 b 2.0 b 6.4 a 



63 0.58 a 9.4 a 1.616 a 0.132 a 57.2 a 142 b 6.9 a 160 b 8.6 a 6.5 a 1.6 a 6.5 a 



9 0.86 a 11.1 a 1.653 a 0.140 a 46.3 a 100 a 134 a 11.4 a, b 6.8 a, b 6.1 a



Dual phase (C2), triple-phase (C3) decanter centrifugation and pressure system (P). a By crop season. C2: 12 samples from crop 1994/1995; 9, 1995/1996; 9, 1996/1997; 17, 1997/1998; 21, 1998/1999. C3: 11, 1994/1995; 6, 1995/1996; 9, 1996/1997; 19, 1997/1998; 18, 1998/1999. P: 4, 1994/1995; 2, 1995/1996; 3, 1996/1997. * P ≤ 0.05 (95%). ** P ≤ 0.0l (99%). *** P ≤ 0.00l (99.9%). Values with different letters are statistically different (P < 0.05).
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Other results obtained from more recent research work indicate that: Virgin olive oils from percolation (first extraction) compared with oils from centrifugation (second extraction) (Ranalli et al., 1999) are characterized by (i) higher contents of total phenols, o-diphenols, hydroxytyrosol, tyrosol-aglycons, tocopherols, trans-2hexenal, total volatiles, and waxes; (ii) higher resistance to autoxidation and turbidity; (iii) higher sensory scores; (iv) higher ratios of campesterol/stigmasterol, trans-2-hexenal/hexenal, and trans-2-hexenal/total volatiles; (v) lower contents of chlorophylls, pheophytins, sterols, and aliphatic and triterpene alcohols; (vi) lower alcoholic index and color indices; (vii) similar values of acidity, peroxide index, and UV (ultraviolet) spectrophotometric indices; (viii) similar percentages of saturated and unsaturated fatty acids, triglycerides, and diglycerides; and (ix) similar values of glyceridic indices. Stigmastadienes, trans-oleic, trans-linoleic, and trans-linolenic acid isomers were not detected in the two genuine oil kinds. Based on these parameters Ranalli concluded that the first extraction method (percolation) provides oil superior in quality. Lercker et al (1999) found that after crushing Italian olives the volatile fraction contained approximately 20% trans-2-hexenal and after 70 min of kneading, the percentage was increased to 50%. Hexanal content also increased, but its level remained significantly lower than that of trans 2-hexenal. When kneading was over, a different tendency was observed–an increase in hexanal and a decrease in trans 2hexenal. The authors concluded that strong enzyme activity and extended kneading periods generate desirable aroma compounds at the expense of stability through loss of antioxidants. Morales et al (1999) studied the conditions of extraction and showed that a temperature of 250C and a malaxing time of 30 – 45 min produce volatiles contributing to the best sensory quality. Higher temperatures (>350C) with minimum malaxing time ( 
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