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Abstract

:

As a result of agri-food production large amounts of organic waste are created in the form of press cakes. Until now, they were mainly used as animal fodder and also utilized for biofuels production. No other way usage has been found yet. A large quantity of these by-products is usually discarded in open areas, which leads to potentially serious environmental problems. The rich chemical composition of these waste products makes it possible to use them for producing other food products valuable for consumers. Based on the test results obtained, it can be stated that moisture content of press cakes is varied and depends on the input material. However, appropriately composed mixtures of various waste products and a properly conducted compaction process allows for obtaining a new product with functional properties. In addition, application of honey powder and starch tablet coating creates a product of resistant to compression and cutting. Results seem to have commercial importance, as they demonstrate that properly processed by-products can be used in food preparations as dietary supplements.
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1. Introduction


In the food industry, during processing of raw materials, waste products are generated. Their substantial amounts accumulated in a short time causes serious problems for processing plants, primarily due to the instability of these by-products, including the microbiological one. Therefore, they should be used as an intermediate for further processing. In general, around the world waste management is carried out to convert into useful components as much waste products as possible without endangering the natural environment [1,2,3,4,5].



A particularly large amount of waste is produced during cold-press edible oil extraction. A common method of using press cakes from rapeseed, flaxseed, and sunflower extraction, is their utilisation for animal nutrition as a high protein vegetable fodder or as a component for enriching the protein content in the production of maize silage, which is intended for high-yielding cows. The use of press cakes reduces the cost of animal nutrition products [6,7,8]. They can also be successfully used as organic fertilizer rich in minerals (Ca, Mg, P, Fe, and Mn) and organic compounds, as well as for energy purposes [9,10,11,12] after a compaction process that turns them into pellets [13,14]. Press cakes can be used for manufacturing formulated products such as functional foods. Compaction could be a particularly important method for processing press cakes in the areas where there is a surplus of them, there is no possibility for their fast processing into fodder, and transport over long distances is not economically viable [15].



Production of coconut oil also entails generation of waste. The research done by Ramachandran et al. [16,17] confirms that these press cakes are characterised not only by a clearly sweet taste, but also high content of amino acids (mainly arginine). They are also used as a potential raw material in bioprocesses, as they are an excellent substrate for growing microorganisms (substrates for the production of phytase based on the use of Rhizopus spp. strain).



Avocado oil, pressed from fruit pulp, is nowadays used as a dietary supplement reinforcing body resistance and improving skin appearance. Moreover, it is used for production of cosmetic goods [18]. At the same time avocado pit, until lately considered inedible, has recently been the subject of scientific interest. As reported by Soong et al. [19] and Wang et al. [20] this hard part of the fruit contains many more polyphenols, exhibiting intense antioxidant activity, than the pulp itself. According to the ORAC scale for determining the free radical absorbance capacity of antioxidants, the pit of the fruit has high antioxidant potential, equal to 428.8 µmolTE/g for the Hass variety. For comparison, the same quantity of pulp only has a potential of 11.6 µmolTE/g. Avocado extracts, thanks to their polyphenol content, expressed as gallic acid equivalents, are already used in cosmetic care [21], as well as a means to delay the oxidation of sunflower oil [22]. Moreover, many studies confirm [23,24,25,26] that avocado pit has cytotoxic properties, inter alia, against breast, lung, colon, and prostate cancer cells.



Individual types of waste are increasingly used in various industries [27,28]. In the scientific literature, however, there are no reports on their comprehensive use to obtain a valuable products intended for human consumption. In addition, there are difficulties in the proper preparation of this organic waste (ensuring adequate moisture content, disintegration and chemical composition) and their appropriate concentration [14,15]. Therefore, the aim of the study is to determine the potential use of organic waste and combine it in such a way as to obtain a new, stable product with pro-health properties.




2. Materials and Methods


2.1. Research Material


Materials used for the study consisted of flax, sunflower, pumpkin, and coconut press cakes, and powder avocado pit created during cold-press oil production. In order to obtain a uniform product all raw materials were mixed and subjected to compaction in a chamber equipped with a piston (Figure 1), where they were formed into a tablet. Before blending the compound press cakes were ground to a uniform size. The percentage share of particular components constituting the blend is shown in Table 1. The press cakes were sampled immediately after cold-press oil extraction using a screw press (model DUO Farmet, Česká Skalice, Czech Republic), while the avocado pit was cut into smaller pieces, dried in an SLN 15 STD type laboratory drying oven, manufactured by the POL-EKO Company (Wodzislaw Śląski, Poland), at a temperature of 40 °C for 1.5 hours, and then ground in a mill so that powder was obtained.



Shares of particular components were selected having in mind the possibility of obtaining value products in form of a stable tablet. To Compound no. 2 a 2% of dried honey was added. The purpose of this admixture was to obtain a stable tablet form by combining particles of honey with the remaining raw materials.



Then the tablets were divided into two groups and one of them was coated with a thin layer of starch solution. For this purpose a 40% solution of potato starch was prepared which was heated to the temperature of 40 °C in order to obtain lower viscosity. Surface of the tablets was coated using a spray nozzle. Afterwards, the tablets were left to dry at room conditions for 24 hours.




2.2. Measurement of Chemical and Physical Properties of Post-Production Waste


Fat content was determined in the obtained press cakes as well as in the fragmented and dried avocado pit using an automatic Soxhlet apparatus (Tecator Soxtec System HT 1043 extraction unit, Gemini, Apeldoorn, Sweden). Total protein content measurements were carried out according to the Kjeldahl method using a Kjeltec 8400 automatic distiller (Foss, Foss Anatytical AB, Höganäs, Sweden). The total protein content was calculated using a 6.25 conversion factor. Determination of the ash content in the press cakes was done in a muffle furnace according to PN-EN ISO 18122:2016-01 [29] standard. Analysis of mineral composition included the determination of the amount of: calcium, copper, iron, potassium, magnesium, and zinc by using ICP OES spectrometer (SpectroBlue, SPECTRO Analytical Instruments GmbH, Kleve, Germany). Analytical curves were prepared by dilutions of VHG SM68-1-500 Element Multi Standard 1 in 5% HNO3. Moisture content of the raw materials was determined using a laboratory drying oven with forced air circulation. Samples of raw materials were placed in the oven chamber and then dried at the temperature of 105 °C until constant weight was achieved, in accordance with PN-EN-ISO 18134-3:2015-11 [30] standard.




2.3. Methodology of the Tablet Forming Process


The tablet forming process was carried out with a ZO20/TN2S machine (Zwick.Roell AG, BT1-FR0.5TN.D14, Ulm, Germany) using the designed attachment shown in Figure 1.



The pressing force exerted by the piston was constant, equal to 20 kN. The head pressing the piston, allowed for the formation of a single agglomerate with the weight of 2 g. Compaction work and specific density of the obtained tablets was designated by means of testXpert software, which is used to operate the Zwick devices.




2.4. Methodology for Assessing Strength of the Tablets


The tablets (Figure 2) were analysed by examining the cutting force and hardness. The stress tests were carried out using a Micro Stable Pro TA.XT Plus system (Stable Micro Systems Ltd, Surrey, United Kingdom).



The method of placing a single tablet for the cutting force test and hardness test is depicted in Figure 3. In the cutting test a knife with the cutting edge angle of 45° was used. The test was run until the tablet was cut into half. The hardness test was made using a flat head and recording the compression force until reaching half the diameter of the tablet. The tests were performed in 10 repetitions.




2.5. Statistical Analysis


Results were statistically analysed with Statistica 10.0 software (Statistica 10, StatSoft Inc., Tulsa, OK., U.S.A.), using one-way analysis of variance. The significance of differences between the mean values was tested using Tukey’s procedure.





3. Results and Discussion


3.1. Characterization of Chemical Properties of Post-Production Waste


The results of carried out experiments are shown in Table 2 and Table 3.



By-products resulting from processing of pumpkin seeds had the highest protein content of 53.98%. In the flax and sunflower press cakes the value of this parameter ranged between 32.39 and 37.91%, while in the case of coconut press cakes its quantity was about half the amount. The avocado pit was characterised by the lowest protein content, equal to 4.78%.



Sunflower press cakes had the highest fat content of 31.415%. The coconut, pumpkin, and flax press cakes were characterised by a significantly lower fat content, i.e. between 15.02 and 11.52%. Ground avocado pit contained a negligible amount of fat equal to 1.30%.



The ash content in the analysed samples varied between 2.30% (for the avocado pit) and 8.09% (for the pumpkin seed press cakes).



As it can be seen in Table 3, the calcium content varied very significantly. Flax press cake contained the highest amount of this element, i.e. 3489 ppm. In the by-products of coconut oil extraction process, calcium content was about 74% lower. Copper content in the analysed production by-products was less varied and fell within the range from 6.378 ppm (for the pumpkin press cake) to 23.737 ppm (for the sunflower press cake). Iron content in the waste originating from flax and pumpkin processing was at a similar levels. The analysis showed that avocado pit was characterised by the lowest amount of this element. Potassium content was also determined in the tested by-products. Coconut press cake had the highest amount of this element, equal to 10017.355 ppm. Concentration of potassium in the waste resulting from flax seed oil extraction and in the avocado pit was lower respectively by approx. 20% and 29%. In the remaining by-products subject to the study amount of potassium was below limit of quantification. Magnesium content in the analysed samples varied within the range between 759.023 and 6707.143 ppm. The lowest content of this element was measured for the avocado pit. Pumpkin press cake was characterized by a several times higher magnesium content. For the entire studied material the highest zinc content was measured for the pumpkin press cake and sunflower press cake. In turn, the lowest amount of this element was recorded in the case of avocado pit.



The chemical composition of the press cakes can be highly variable, depending on the quality of seeds, method of oil extraction, storage parameters, and so on. As confirmed by the studies done by other authors these oil pressing by-products are characterized by high nutritional value. For example, the by-product obtained in the course of oil extraction from dried pumpkin seeds has a high amount of valuable protein and hydrolysates produced from it have antioxidant and functional properties [31]. Research conducted by Salgado et al. [32] shows that sunflower press cakes are also a source of protein with high solubility in water, good physicochemical properties, and high antioxidant activity. The data presented by Ramachandran et al. [17] demonstrate that coconut press cake contains a high level of residual oil consisting of saturated short-chain fatty acids. Moreover, it is characterised by a high content of protein and crude fibre. Literature on chemical composition of sesame press cake [33,34], rapeseed press cake [35], Camelina sativa, and flax press cake [36] also provides a lot of information about their high nutritional value, and confirms that in future by-products will be an important resource for use as a food ingredient for direct human consumption.




3.2. Analysis of the Compaction Process


Before the compaction process moisture content of individual components as well as that of the compound was measured (Figure 4).



Avocado pit press cake had the highest moisture content (22.63%). For the remaining raw materials moisture content varied within the range between 4.79% (for the coconut press cake) and 7.29% (for the sunflower press cake). The obtained compound had the moister content of 6.61%.



Moisture content of press cakes is varied and depends on the input material. As reported by research moisture content for oil press cakes ranges from 5 to 9% [13]. Wojdalski et al. [15] conducted research on the compaction process of apple pomace resulting from juice production, for which, at the temperature of 20 °C and relative humidity of the air equal to 31.7%, the total compaction energy in the case of unfragmented apple pomace ranged from 66.60 to 150.00 J/g, while for pellets made from fragmented pomace this parameter was between 34.79 J/g and 149.95 J/g. Specific density of the obtained tablets was respectively within the range of 1114.0-1166.3 and 1114.0-1168.1 g/dm3. In the case of examined here compounds a significantly smaller compaction work, i.e. of approx. 9.7 J/g, was necessary to obtain tablets. This is due to high fat content, which for compound 1 was equal to 18.1%, while for compound 2 to 17.1% (Figure 5).




3.3. Evaluation of the Obtained Tablets


In accordance with the accepted methodology the obtained tablets were subject to stress tests in order to determine the impact of adding honey and coating technology. Figure 6 and Figure 7 and Table 4 show results of respectively the cutting test and hardness test.



As confirmed by the study tablets with starch coating are characterized by greater resistance to cutting. The maximum cutting force was recorded for tablet 2, i.e. the one with honey powder admixture. Temperature increase caused by friction force resulting from compression transforms powdered honey into a viscous liquid which reinforces produced tablet. In order to obtain high quality agglomerate it is necessary to combine this raw material with other raw materials that provide appropriate strength properties [37,38].



A similar relationship was obtained during the tablet hardness tests. The tablets with addition of honey powder and coated with starch were characterised by highest hardness (26.11N). Statistical analysis of the results confirmed the significance of the differences between the tablets with honey powder admixture and those without it. This greater hardness of the tablets with honey results from its bonding with the other components constituting the compound, as well as with the applied starch coating. Tablets without coating were characterised by low hardness of 1.3–1.4 N, regardless of the admixture of honey powder. Studies on the impact of coating on the properties of final product were done for many sectors of the food industry. As demonstrated by the research done by Fijałkowska et al. [39] after applying a coating of thermally hardened starch on dried apple a slight increase in the hardness of dried apple was recorded as compared with the control sample [40]. Another advantage is extending the freshness of a variety of fruits by applying a coating and thus controlling the water content in the fruits, as well as their colour and firmness [41].



The presented diagram (Figure 8) illustrates the technologies of producing a new product that can be used in food preparations as dietary supplements.





4. Conclusions


The potential of some organic wastes is not always fully appreciated. They can be useful basic raw materials which can be sources of valuable, previously unknown or overlooked ingredients. The studies carried out suggest the possibility for using post-production press cakes in the manufacture of food products immediately after oil pressing (without the need of transport of post-production press cakes). The products obtained have a high protein content and significant amounts of minerals. An appropriate compaction process of the ingredients and application of a coating also allows for obtaining tablet of appropriate quality. Products with starch (40% solution of potato starch) coating and enriched with 2% honey powder are characterized by greater resistance to cutting and better hardness.



The proposal for organic waste compaction process resulting from cold-press oil extraction presented here can significantly increase profitability of processing raw materials. Moreover, manufacture of new products having the characteristics of pro-health food will also enhance the food market and make it more attractive. Through the admixture of various flavor coatings (honey, chocolate, caramel) they could become a product for direct consumption.
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Figure 1. Workstation for forming tablets out of the compound: 1—piston, 2—feed hopper, 3—base. 
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Figure 2. Tablets obtained out of the compound. 
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Figure 3. Method of placing the sample for the cutting force test: 1—sample, 2—cutting knife, 3—measuring table. 
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Figure 4. Moisture content of the individual press cakes and the compound. 
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Figure 5. Compaction work and specific density obtained after forming tablets out of the compound. 
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Figure 6. Maximum cutting force for individual tablets. 
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Figure 7. Hardness of the obtained tablets. 
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Figure 8. Prospects for using by-products of oil production. 
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Table 1. Percentage share of individual raw materials in the compound.
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	Type of Raw Material
	Compound 1
	Compound 2





	Flax press cake
	30
	29



	Sunflower press cake
	20
	20



	Pumpkin press cake
	30
	29



	Avocado pit
	5
	5



	Coconut press cake
	15
	15



	Honey powder
	0
	2










[image: Table] 





Table 2. Chemical composition of the press cakes and obtained compounds.






Table 2. Chemical composition of the press cakes and obtained compounds.





	

	
By-products

	
Compound




	
Discriminant

	
Flax Press Cake

	
Sunflower Press Cake

	
Pumpkin Press Cake

	
Coconut Press Cake

	
Avocado Pit

	
1

	
2






	
Protein [%]

	
32.47 ± 0.11

	
37.65 ± 0.36

	
53.98 ± 0.07

	
17.40 ± 0.41

	
4.78±0.06

	
36.2± 0.26

	
36.1± 0.23




	
Fat [%]

	
11.52 ± 0.07

	
31.42 ± 0.25

	
14.23 ± 0.05

	
15.02 ± 0.04

	
1.30±0.21

	
18.1± 0.04

	
17.1± 0.06




	
Ash [%]

	
5.56 ± 0.02

	
4.69 ± 0.01

	
8.09 ± 0.01

	
4.13 ± 0.01

	
2.30±0.01

	
5.75± 0.01

	
5.70± 0.01








Means of three determinations ± SD (standard deviation).
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Table 3. Content of selected elements in the press cake.






Table 3. Content of selected elements in the press cake.





	

	
Content of Selected Elements [ppm]




	
By-Products

	
Ca

	
Cu

	
Fe

	
K

	
Mg

	
Zn






	
Flax press cake

	
3489.355

	
11.808

	
135.916

	
8067.798

	
4035.281

	
69.089




	
Sunflower press cake

	
1421.465

	
23.737

	
66.131

	
<0.005

	
3708.333

	
111.364




	
Pumpkin press cake

	
602.551

	
6.378

	
134.694

	
<0.005

	
6707.143

	
155.102




	
Coconut press cake

	
394.628

	
20.661

	
75.000

	
10017.355

	
2021.694

	
32.645




	
Avocado pit

	
913.545

	
7.977

	
31.909

	
7143.500

	
759.023

	
8.568
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Table 4. Analysis of variance (ANOVA).






Table 4. Analysis of variance (ANOVA).





	Source Variables
	SS
	df
	MS
	F Value
	Probability





	Compaction work [J/g]
	0.1652
	1
	0.1652
	3.578845
	0.063046



	Specific density [g⋅dm−3]
	659.469
	1
	659.469
	1.038803
	0.311938



	Cutting force [N]
	570,115
	3
	190.038
	61.1161
	0



	Hardness [N]
	3598.742
	3
	1199.581
	117.406
	0











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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