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Abstract

:

Featured Application


The technology outlined here allows for the production of apple seed oil on an industrial scale. It solves the problem of separating seeds from dried apple pomace for oil pressing. The line combines a series of devices used in the processing of cereals, fruit, and vegetables, but its innovation lies in the combination of these devices into one technological line that is adapted to the specificity of the raw material. This is the first technological line for the separation of seeds from apple pomace on an industrial scale. The technology outlined here is in the conceptual phase and requires further research.




Abstract


(1) Background: The effective management of waste and by-products generated in the food industry helps development and implementation of ranges of health-promoting products. The manufacturing of apple juice and cider results in the generation of large quantities of apple pomace. (2) Methods: This paper outlines the concept of a technological process for industrial-scale production of edible oil with a health-promoting fatty acids profile using dried apple pomace as a raw material. (3) Results: Described approach allows for innovative and profitable industrial-scale utilization of the pomace generated from apple juice production. This paper presents a new technological line for apple seed separation intended for oil pressing. (4) Conclusions: The new technological approach could increase the production of apple seed oil. Because of the growing needs in managing post-production waste and by-products, apple seed oil produced from apple pomace on an industrial scale may become a new, attractive product in the functional food market. The fatty acids profile of apple seed oil is high in polyunsaturated fatty acids and can beneficially influence health. The technology outlined here is in the conceptual phase and requires further research.
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1. Introduction


Currently, new assortments of edible oils are being introduced to the food market, such as avocado oil, blackcurrant seed oil, herbs, and various nut oils [1]. These oils usually have health-promoting properties or specific sensory and technological properties. Oils with health-promoting properties include blackcurrant or evening primrose seed oil because of the significant content of polyunsaturated fatty acids (PUFA) from the omega-6 and omega-3 groups, which are essential for human health, and monounsaturated omega-9 fatty acids [2,3]. These acids have a beneficial effect on the functioning of the circulatory system, the structure of cell membranes, and the modulation of inflammatory reactions [4]. Oils with special technological properties include, for example, coconut oil, avocado oil, or grapeseed oil with high stability at high cooking temperatures. Oils with special sensory properties include, for example, black cumin seed oil, rose hip oil, or pepper seed oil, which are used to flavor food [5]. Although some of them are produced from waste and by-products of the food industry, such as grapeseed oil or pepper seed oil [1,2,5], these new oils on the market are usually more expensive than commonly used cooking oils.



A special example of market success is grapeseed oil [5,6,7]. Grape pomace is waste from the production of grape juice and wine. Grape seeds contain large amounts of oil (up to 20% dry matter, depending on the variety) and are used for the production of edible oil [6,8]. Grapeseed oil, the raw material for which is large amounts of grape pomace, is produced on an industrial scale mainly in Italy and Spain [6,9]. This oil has gained success in the market and is now used for frying, baking, and cooking not only in Italy and Spain but also in other EU countries. Similarly, it has been found that the annual production of significant quantities of apple pomace can be utilized as a raw material in the production of a novel edible oil from apple seeds [10]. Apple seeds contain anywhere from 15% to 22% fat in dry matter, which is characterized by a nutritionally beneficial composition of fatty acids: a high content of PUFA, mainly omega-6 linoleic acid, and monounsaturated acids, mainly omega-9 oleic acid [10,11,12,13,14].



There is a noticeable trend in the useful management of waste and by-products generated in the food industry. The industry can use them towards the development and implementation of new ranges of health-promoting food products. Because the world population is growing, and food resources are decreasing, this trend is also important in terms of food security. The aim of this paper is to outline the concept of a technological process for industrial-scale separation of seeds from apple pomace intended for production of an edible oil with health-promoting properties.




2. Raw Material


Apple pomace remains in high quantities after apple juice pressing and can be used in many industrial sectors as a raw material [15,16,17]. Apple juice is one of the most popular fruit juices in the human diet. Apple production in the world is constantly growing and currently amounts to over 90 million tons per year [18]. A similar volume applies to grapes, at approximately 85 million tons [18]. The largest producer of apples is China, providing nearly half of the world’s total volume [19], followed by the USA, Turkey, and Poland, with production of approximately 4.2–4.5 million tons per year each [19]. Apple production in the EU is approximately 12.5 million tons per year. Apple production in Poland has increased by over 30% over the last decade, and in 2022 it amounted to over 4.2 million tons, which is one third of the production of the entire EU [20]. Most of the apples produced in Poland are used to manufacture apple juice, apple juice concentrate, cider, and other apple products [19]. Currently, the largest producers of apple juice concentrate are China, the USA, and Poland [18,19].



After milling and pressing apples for juice, significant amounts of apple pomace remain (including peels, seed chambers, seeds, calyx, stems, and the rest of the tissue). Apple pomace constitutes approximately 25% of the weight of fresh fruit [17,21]. Drying pomace is a common practice enabling storage.



Wet apple pomace (just after juice pressing) can easily spoil during the fermentation and putrefaction processes. Therefore, to enable storage, transportation, and further processing, apple pomace is dried. Large-sized drum dryers with adjustable rotation speeds are commonly used for this purpose. Because of the high temperature of exhaust gases and the flammability of dry pomace, a countercurrent flow of gases is used. The temperature of the drying gases entering the drum is 700–900 °C, and the temperature of the gases leaving the drum is 100–120 °C. The most common uses for dried apple pomace are in the production of bio-renewable fuel as pellets and the production of pectins [17,21]. Apple pectin is a valuable by-product from both the point of view of food technology and human nutrition. Although most plant tissues contain pectin, the primary sources for industrial pectin production are citrus peels and apple pomace [17,21]. This is because of the availability of large amounts of citrus peels and apple pomace remaining after juice production. Apple pomace also has traditional uses, such as composting or as animal feed for dairy cows, sheep, or horses [22,23,24].



The new use of dried apple pomace described here is its use in the industrial scale production of apple seed edible oil. The direct raw materials used for obtaining this oil are seeds separated from apple pomace [25,26]. Like grapeseed oil, apple seed oil has the potential to become a valuable new by-product of apple juice and cider production. The new technological approach outlined here could increase production of apple seed oil.



In the example of Poland, we provide the volume of apple pomace and the potential yield of apple seed oil below. In Poland, approximately 80% of harvested apples, i.e., approximately 3.4 million tons, are used to produce apple juice and apple juice concentrate [19]. This scale of production results in a significant volume of apple pomace remaining, approximately 850,000 tons per year. The drying of apple pomace causes its weight to be lost by approximately 40%. As a result, approximately 510,000 tons of dried pomace are produced each year. Dried pomace contains, on average, approximately 4–7% seeds (depending on variety), which can be used for the production of apple seed oil. The oil content in apple seeds, depending on the apple variety, is 15–22% [4,7,14]. This amount of pomace contains approximately 25,000 tons of seeds, from which it is possible to obtain, depending on the method, 3.5–5 million liters of oil per year [25]. Drying the pomace and the seeds contained in it facilitates oil pressing and stabilizes the polyphenolic compounds in the seeds [27]. Pressing oil from seeds using only physical methods usually allows us to obtain about 80% of the oil contained therein [28]. Using ultrasound and solvents such as supercritical liquid CO2, we can increase the efficiency of the process by extracting the remaining oil in an expeller [25,29]. Hypothetically, we can assume that apples are used similarly all over the world. As Polish apple production is ca. 5% of world production, we can assume that on a global scale, the amount of oil produced this way might be approximately 20 times greater than in the example given above and amount to 70–100 million liters of apple seed oil per year. Such large amounts of edible oil with a high nutritional value can be important for business, as well as food security.



Currently, apple seed oil is obtained only on a small scale in the USA, India, and Australia, mainly for cosmetic use [21,30]. They extract the oil using cold pressing with mechanical extraction and low temperatures at 80–90 °F (26–32 °C). Researchers have demonstrated that apple seed oil can alleviate skin inflammation [28,31]. However, the majority of apple seeds go to waste. Apple pomace remains after seed separation and the pressed cake that remains after oil pressing can be used to produce pectin, fiber, feed additives, or pellets. Additionally, attempts have been made to use apple pomace to produce other value-added products such as enzymes, proteins, natural flavors, ethanol, organic acids, polysaccharide preparations, and even squalene [2,30,31].




3. Main Technological Problem


The technological problem of the wider use of apple seeds for oil production on an industrial scale is obtaining large amounts of purified seeds, which would ensure continuity and an appropriate scale of production [32]. There are only a few entries in patent databases and scientific publications regarding the extraction of oil from apple seeds on an industrial scale. They concern the pressing and chemical extraction of apple seed powder. Only two descriptions of a method for separating apple seeds are available, and they concern centrifugation of seeds from diluted apple pulp and manual separation of seeds intended for germination.



The technology presented in this paper is our own innovative concept for solving the problem of separating seeds from dried apple pomace for oil pressing. The proposed technological line combines a series of devices commonly used in the processing of cereals, fruit, and vegetables, but its innovation lies in the fact that, for the first time, these devices have been combined into one technological line adapted to the specificity of the raw material. This is the first technological line for separating seeds from apple pomace on an industrial scale. This technology differs from the technology used in practice to extract oil from grape seeds. In production practice, the separation of grape seeds from dried grape pomace takes place on vibrating sieves [33]. The common element in both technologies is pressing oil in a screw press. With apple pomace, such separation would be ineffective because of the structure of the pomace, which contains large fragments of seeds that do not occur in grapes. For this reason, the separation of apple seeds is the main technological problem when considering pomace as a raw material for oil production on an industrial scale. The proposed technology is in the conceptual phase and requires further research, especially the construction of a prototype line and its verification on a semi-technical and industrial scale.




4. Technological Line for Separating Seeds and Pressing Oil


To solve the technological problem, this paper outlines an idea of the technological line allowing the separation of apple seeds from the dried mass of apple pomace on an industrial scale and obtaining edible oil from apple seeds by cold pressing [32]. Cold-pressed oils contain health-promoting substances, such as tocopherols, polyphenol compounds, and carotenoids, which have strong antioxidant properties and help protect against the activity of free radicals in the human body [24,34]. Therefore, these oils have found recognition in the functional food market [34,35].



The essence of the proposed technological line for obtaining apple seed oil is the use of two sections for separating seeds from dried apple pomace (Figure 1). The first separation section (A) contains a drum-sieve separator (1), rotary beaters (3), a dried pomace dosing unit (2), and containers for small fractions such as fragments of skins, seed cores, and tails (4). At the outlet, the drum-sieve separator (1) couples with a blower section (B, 5) equipped with a fan (6), an outlet for light waste fractions (6′), and a cyclone filter collecting light fractions (7). The section is paired with a tank of pre-cleaned seeds (8). The tank (8) is a dispenser for the second separation section (C), equipped with a linear vibrating screen (9), sieve belt conveyors moved on rollers with two mesh diameters, larger and smaller than the size of the seeds (10, 11), and outlets for the separated two fractions of waste (12). At the output, the linear vibrating screener couples with a blower section (D, 13) that includes a fan (14), an outlet for light waste fractions (14′), and a cyclone filter (15). The section connects to the separated seed tank (16) through a connection node. This tank (16) is also a dispenser for the pressing section (E) equipped with a screw press (17), in which the cold oil pressing process is carried out. The press couples with a container for the expeller (18) and a container for raw oil (19). The container is connected to the filtration section (F) equipped with a filter press or other oil filtration system (20), which is then connected to the bottling section (G) equipped with an oil filler for bottles (21). The description of the line is illustrative, and its performance depends on the scale of the components used.




5. The Production Process


In the outlined technology, the raw material is dried apple pomace remains from apple juice production. The pomace goes to the primary separation section (A), which is a drum-sieve separator (1). The drum is made of steel mesh with a mesh size half of the transverse dimension (width) of the apple seeds, i.e., from 2 to 2.4 mm. It is equipped with rotating beater elements on the horizontal axis, driven by an engine. The rotating beater elements of the separator provide momentum to larger fragments of pomace and throw them towards the inner wall of the drum, which causes the crushing of dry lumps, fragments of seeds, and skins, as well as partial dehulling of the seeds from the husks. Fixed mesh dimensions prevent seeds from leaking out when thrown against the inner wall of the drum. Particles smaller than the mesh diameter escape from the drum and are removed. Then, the material passes through the regulated forced air blowing section (B) generated by the fan, which carries away light fractions, lighter than seeds, and the remains of seed sockets, stalks, etc. The pre-cleaned seeds pass to the final separation section (C), separating the remaining impurities. This section consists of two vibrating conveyors with a sieve deck made of steel wire with a square mesh shape running one above the other with an attack angle of approximately 30°. The sieve conveyors are driven by a vibration engine with adjustable throwing force and move on rollers mounted at different heights, thanks to which the conveyor vibrates, which causes the material to be thrown during the movement. We adjust the dimensions of the drum and sieve holes in both separation sections to match the dimensions of apple seeds. The dimensions of the seeds, depending on the apple variety, are length from 7 mm to 9 mm, width from 4 mm to 4.8 mm, and thickness from 2 mm to 2.5 mm [32,36]. The mesh diameter of the upper sieve conveyor is three quarters of the seed length, i.e., from 3.5 mm to 4.5 mm, and that of the lower sieve conveyor is half of the seed width, i.e., from 2 to 2.4 mm. The vibration movement and the diameter of the meshes enable the separation of fragments larger than the size of the seeds on the upper sieve, which fall through the meshes onto the lower sieves, through which fragments smaller than the size of the seeds pass. In this way, the cleaned seeds pass through the section of the blower with a fan (D), where the air blowing carries away the light fractions. Separated residues are remnants of pulp and peels that can be used to obtain pectin and fiber preparations [17,24]. The cleaned apple seeds are directed to the oil pressing section (E). The cold pressing process is carried out on a screw press. The obtained crude oil passes through a filtration section (E) to remove solid particles, residual moisture, and clarification. The entire process uses only physical processing at low temperatures to preserve sensitive bioactive ingredients without chemical treatments. The natural, filtered, cold-pressed oil is poured into dark glass bottles in the pouring section (F), which are then transferred to the warehouse for distribution. A by-product of oil pressing is cake, i.e., de-oiled, pressed seeds. Pressing usually allows for obtaining approximately 80% of the oil from the seeds. Solvent extraction can get the rest of the oil from the cake. For this purpose, e.g., the various grades of petroleum benzin or an inert solvent, such as liquid CO2, are in a supercritical state [20,25,28]. The cake is used for feed or protein-rich preparations. Apple seeds contain approximately 36% protein [31,36]. However, after de-oiling, the protein content in the cake is close to 45%.



Optimization of the process parameters should especially focus on the optimization of separator mesh sizes, blower force, and conveyor speed. These parameters should be optimized each time a production-scale line is tested.




6. Nutritional and Health Properties


A high content of PUFA—approximately 60%—characterizes apple seed oil. The composition of this oil contains the largest amount of linoleic acid (C 18:2, omega-6) in amounts ranging from 51% to 62%, followed by oleic acid (C 18:1, omega-9) from 28% to 38%, saturated acids from 7% to 9%, and erucic acid from 0.4% to 1.2% [11,12,14,32,37,38,39,40,41]. The content of α-tocopherol (vitamin E) ranges from 50 to 60 mg per 100 g of oil [14,25,41,42]. The physicochemical parameters of the oil are that the acid value is no more than 4.0 mg KOH/g and the peroxide value is below 15 mmol O2/g, which meets the requirements for cold-pressed oils [37,41]. This oil contains natural antioxidants such as tocochromanols (tocopherols and tocotrienols) as well as carotenoids and phytosterols [14,37]. This composition should be considered as health-beneficial because linoleic acid is one of the essential PUFAs that should be supplied through one’s diet. Moreover, oleic acid has a protective effect on the circulatory system and is the main fatty acid in olive oil. The ratio of polyunsaturated to saturated fatty acids PUFA/SFA (P/S) in apple seed oil is approximately 7, similar to that in grapeseed oil (7.3) [27,33]. Edible fats and oils with a P/S value ≥ 2 are considered hypocholesterolemic [43]. Because of the high value of the P/S ratio, apple seed oil can be also considered hypocholesterolemic. Increasing the P/S ratio in one’s diet is recommended for the prevention of cardiovascular diseases [43]. Because of favorable fatty acid composition, rapeseed oil is recommended in a healthy diet and is often indicated as a nutritional reference point for other edible oils [44]. The P/S ratio for rapeseed oil is 7, as is the case for apple seed oil [45]. The high content of polyunsaturated fatty acids in apple seed oil suggests its susceptibility to oxidation. However, the high antioxidant potential of this oil has been demonstrated, which protects it against oxidation. It results from the high level of natural antioxidants in the oil, such as tocopherols, tocotrienols, phytosterols, carotenoids, and squalene [30,46,47,48,49,50].



Animal studies indicate that the addition of apple seed oil to the diet of rats had a more beneficial metabolic effect on the body than rapeseed oil. It was shown in terms of the concentration of triacylglycerols and the atherogenic index of plasma, as well as the activity of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in plasma [43]. Furthermore, apple seed oil has been shown to have antimicrobial activity, inhibiting the growth of bacteria, molds, and yeasts at a minimum inhibitory concentration (MIC) of 0.3 g/mL to 0.6 g/mL [51]. Moreover, the cytotoxic effect of apple seed oil in vitro against specific cell lines has been described, demonstrating its potential as an anticancer agent [26,41]. This effect is probably caused by high levels of natural antioxidants [11,50]. Among these substances, the highest content was found for tocochromanols, among which alpha- and beta-tocopherol predominated, at a level almost twice as high as in cold-pressed rapeseed oil [52]. Some authors indicate the presence of small amounts of erucic acid in apple seed oil [32]. Erucic acid in excess may be harmful to health, especially to the heart muscle. For this reason, the presence of erucic acid in edible oils in the EU cannot exceed 20 g/kg of oil [53]. Apple seed oil is safe in terms of the presence of erucic acid. The erucic acid content was found to be approximately 7 g/kg of oil (from 4 to 12 g/kg of oil) [32]. For comparison, the presence of erucic acid in rapeseed oil available on the market ranges from 0.17 to 9.68 g/kg of oil [54]. The limitation of apple seed use in nutrition is the presence of amygdalin in them. When consumed significantly, amygdalin is toxic to humans due to the cyanogenic degradation products it undergoes in the gastrointestinal tract [55,56]. Amygdalin occurs in the seeds of all fruits in varying amounts. Apricot seeds contained the highest level of amygdalin, with an average of 86.0 mg/g [57,58]. In apple seeds, amygdalin occurs at an average level of 2.5 mg/g [56,57,58]. The extent to which amygdalin passes into the oil during the cold pressing of the seeds is small. Researchers investigated the phenomenon for apricot seeds and found that amygdalin was present in cold-pressed oil at an average level of 0.4 mg/g [59]. There are no studies available indicating the amygdalin content of apple seed oil. However, assuming the degree of amygdalin transfer from seeds to oil is Similar to apricot seeds, we can expect that apple seed oil has a level of amygdalin as low as 0.01 mg/g. These are small amounts that do not have a harmful effect and may even have a beneficial effect on the body because of their anticancer effects [57].




7. Conclusions and Future Perspectives


The idea of using apple pomace remaining after apple juice production outlined here is in line with current trends in the food industry. The new technological approach described here allows an increase in the production of apple seed oil. This suggests that apple pomace can serve as a raw material for industrial-scale production of edible oil that is rich in PUFA and has high nutritional value. In this way, large amounts of apple pomace resulting from apples juice manufacturing can be used innovatively and profitably. The main technological problem in producing apple seed oil on an industrial scale is separating the seeds from the remaining mass of dried pomace. However, the innovative technological line with two separation sections minimizes this limitation. The technological line outlined here allows the production of apple seed oil on an industrial scale. It solves the problem of separating seeds from dried apple pomace for oil pressing. The line combines a series of devices used in the processing of cereals, fruit, and vegetables, but its innovation lies in the combination of these devices into one technological line that is adapted to the specificity of the raw material. This is the first technological line for the separation of seeds from apple pomace on an industrial scale. The technology outlined here is in the conceptual phase and requires further research, especially the construction of a prototype line and its verification on a semi-technical and industrial scale. Because of the growing needs in managing post-production waste and by-products, apple seed oil produced from apple pomace on an industrial scale may become a new, attractive product in the functional food market.
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