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Abstract

:

Soybean can be easily digested and is a valuable substitute for animal protein in various applications. That is why soy products are a very important component of a vegan and vegetarian diet. During soymilk processing, large quantities of by-products are generated. Hardly anyone knows that every kilogram of dried soybeans processed into soymilk or tofu gives about 1.2 kg of soybean curd residue, namely, okara, often regarded as a waste. Acting in the spirit of zero waste, a soybean processing technology has been developed that does not generate waste. The developed technology consists of obtaining soymilk followed by filtration to remove the insoluble residues (okara), preparing okara and fermenting to obtain vegan soft cheese. Samples analyzed for physical, chemical, and organoleptic properties. Also, the microbial quality of the obtained products was tested. Soy products produced with the proposed zero waste technology were assessed by the sensory panel and received very good marks. Fermented soy products are characterized with high levels of Lactobacillus spp. (105–108 cfu/mL), thus consuming them can bring health benefits. Cheese made from okara can be an alternative to cheeses currently obtained from soymilk.
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1. Introduction


Agriculture is undeniably one of the most important branches related to human activity, due to ensuring global food security. Agriculture supplies the food and feed markets. It also supplies processing industries that use agricultural products to produce food ingredients, additives used in food industry and others like chemical or pharmaceutical industry, packaging material and so forth [1]. Agricultural production more than tripled between 1960 and 2015. During this period, we witnessed the transformation of the sector resulting in the industrialization and globalization of food and agriculture. Even if food supply chains have lengthened and processed, packed and prepared food are available everywhere, the agricultural and food industry is going to be challenged in 2050 if it is supposed to be capable of meeting the needs of nine billion people [2,3]. A growing need to feed the world’s population will manifest in expanding food production.



Agriculture is not environmentally neutral. The impact on global warming and climate change is enormous. Agricultural and food industry is responsible for a significant expansion in the use of land, water and other natural resources. This sector changes the natural environment and it is manifested in the decreasing of forest area or in the running out groundwater sources in the world [2]. Agricultural and food production creates a great amount of wastes, and to many, food processing is considered as a big polluter. It is estimated that about 38% of food wastes are produced by the agri-food industry [4,5].



Agricultural and food production by-products are virtually unused for further processing in the big scale. However, their chemical composition allows them to be used as sources of valuable food ingredients in the production of enriched and functional foods. Wastes generated by agriculture and related industries can be considered as a biomass resources [6,7]. Biomass can be defined as any hydrocarbon material that mainly consists of elements like carbon, oxygen, hydrogen, and nitrogen [1]. Wastes from agricultural primary production, such as woody resources (e.g., food crops, industrial crops, oil crops, and dedicated energy crops), agricultural residues (i.e., collar of sugar beet, straw of cereal crops, bran and other seed teguments, woody wastes, sawdust, etc.), and wastes from food and agro-industrial processing (e.g., organic waste from fruit and vegetable processing, spent malt, exhausted sugar-beet pulp, grape pomace, olive pomace, cassava pulp, and palm fibers) can be used in the production of energy and biofuels [1,8]. Also, by-products or residues from agriculture and food industry can be very valuable because of its composition, where bioactive compounds important for medical/pharmaceutical industry can be find. Not only compounds with antioxidant or health beneficial potential can be derived from food industry residues, but by-products from animal processing industries have the potential for conversion into useful products of higher value, such as protein hydrolysates, lipid fractions as well as vitamins and minerals [9,10,11,12,13]. The types of compounds in different food wastes and by-products are described in numerous papers [14,15,16,17,18,19,20].



In the past, the agricultural wastes were mainly discarded to landfills, and only a small amount of them were used as a source of energy, biofuels, feed for animals or compost. Today, residues or by-products from agriculture and related industries are seen as potential resources instead of waste. In recent years, a number of studies have been conducted to recover bioactive compounds or nutrients from agricultural wastes. A lot of research is about processing by-products to obtain innovative or improved food products. A very promising by-product with many uses and applications in food, feed and agricultural industries is okara, a by-product generated during the manufacturing process of soybean-based products.



The soybean is one of the richest and cheapest sources of protein and is a staple in the diets of people and animals in numerous parts of the world. Soy products are a very important component of vegan and vegetarian diets. Also, the soybean has gained much attention because of its health-promoting properties. Soybeans are characterized by beneficial components such as protein, dietary fiber, fatty acids, isoflavones, and other phytochemicals. Soy products, as plant-based products, became low-cost substitutes for traditional dairy products. Soy foods are also an ideal nutritional supplement in lactose-intolerant diets [20]. Soymilk and tofu have maintained wide popularity as food sources for thousands of years, and large quantities of their by-products are generated during the manufacturing process. Every 1 kg of dry soybeans processed into soymilk or tofu leaves about 1.2 kg of soybean curd residue, okara, often regarded as waste [21,22]. In the years 2022/2023, the United States Department of Agriculture (USDA) estimated that the world soybean production will be 391.17 million metric tons around the globe. About 7% of soy is used directly for human food products such as tofu, soymilk, edamame beans, and tempeh [23]. According to these data, in the season of 2022/2023, about 27 million metric tons of soybeans are going to be processed into soy products, which will generate over 32 million metric tons of wet okara. Because of the high moisture content, most of the okara is discarded to landfills [22].



The chemical composition of okara differs depending on soybean cultivar, the method of soymilk processing, and the amount of water-soluble components extracted from the ground soybeans [21]. Okara contains many beneficial components such as phytochemicals, e.g., isoflavones, crude protein with all essential amino acids or dietary fiber, which is mainly insoluble fiber [22,24,25,26]. That is why dumping okara to the landfills should be limited and transformation into novel food products should be considered. Although okara holds many nutrients, the biggest problem in okara processing is high moisture content, approximately 70–80%.



The major component of dry okara is dietary fiber, up to 60%. Okara is also a source of crude protein and even up to 40% of protein can be found in dry matter [23]. This makes okara a potential source of low-cost plant protein for human nutrition [11]. The general composition of okara as a scope of values found in literature is presented in Table 1.



Okara also contains anti-nutrient compounds, such as phytic acid, saponins, which can be reduced by fermentation [21]. The amount of carbohydrate is low at approximately 4.5%. Together with a lack of fermentable carbohydrates it makes the fermentation of okara inefficient and to improve microbial growth sugar addition must be considered.



The utilization of okara can be complicated due to the legislative issues. New technology of okara use should be a sustainable technology, so it can deal with okara as a waste and turn it into valuable raw material for food production. New technologies, including the one that uses okara, are required to limit the negative impact on the environment. The result of the technology of okara processing should minimalize the amount of soy by-product currently discarded. Also, this technology can be a solution to cover some part of the needs to feed the world’s population now and in the future. It is believed that developed technology of okara processing will care for the environment as well as be good to people, by providing new valuable food products.



Attempts are being made to introduce okara as an additive to enrich food products since soy-based products are known for their health beneficial properties [28]. Wickramarathna and Arampath [29] investigated the possibility of utilizing okara in bread-making to improve the nutritional quality of bread. Okara can be found in many food recipes to improve fiber and the protein profile. Studies showed that okara can be a substitute of gluten-free flour [30], an additive to growing medium for Lactobacillus and Bifidobacterium fermentation [31], an ingredient for fermented beverages [32]. In the literature, studies on preparing soy-based cheeses describe technologies with soymilk as a main ingredient [33,34,35]. Okara as a by-product is also a great source of nutrients, but okara’s processing into cheese is not happening currently.



The aim of this work is to develop soybean processing that does not generate waste. The first step of the technology is obtaining soymilk with a known method. The second step is the utilization of okara by transforming it into a soft cheese analogue.




2. Materials and Methods


2.1. Materials


For soymilk and okara preparation nGM soybeans genotype Ambella were used. The soybeans were grown without herbicides and with organic fertilizers (liquid manure) on a plantation located in the Kuyavian-Pomeranian Voivodeship, Poland. The soybeans were food grade and were characterized by the high protein content in grain.




2.2. Soybeans Processing


The soymilk was obtained according to soaking method described by Niyibituronsa et al. [36]. In this method, seeds weighing 25 g were flooded with 100 mL water at 15 °C and kept for 24 h at room temperature. After draining and rinsing with cold water, the seeds were ground with 200 mL of water using a Grindomix GM 200 laboratory knife mill (Retsch, Haan, Germany) and filtered through a muslin cloth. The filtrate (soymilk) was boiled for 10 min and the soy residue (okara) was pasteurized to preserve. The scheme of soybeans processing is presented in Figure 1.




2.3. Okara Processing


The pasteurized okara was ground in the Grindomix GM 200 (Retsch, Haan, Germany) with 15,000 rpm for 1 min to obtain smooth texture with small particles. Next, okara was mixed with sugar (3 g for every 200 g of okara) and starter culture of bacteria dedicated for fermentation of vegan soft cheeses MSY (L. lactis subsp. lactis, L. lactis subsp. cremoris, Streptococcus salivarius subsp. thermophiles, L. lactis subsp. lactis biovar diacetilactis) (Biochemical Research Center Roma, Italy). Optionally microbiological rennet (Biochemical Research Center Roma, Italy) was added. The mixture of okara, sugar, bacteria and rennet was transferred into an incubator with temperature of 36 °C set for 24 h. After, the fermentation okara was molded, salted and seasoned (if needed). The next step was chilling to a temperature of 2–4 °C and maturation of soft cheeses for at least 24 h. Matured vegan soft cheeses were ready to eat. The scheme of okara processing is presented in Figure 2.




2.4. Moisture Determination


The moisture of samples was measured by using the loss on drying (LOD) method with moisture balance (model MA 50.R, RADWAG, Radom, Poland) [37,38]. For each sample, three measurements were made.




2.5. pH Determination


A pH meter (model CP-505, Elmetron, Zabrze, Poland), with a glass probe (spear combo, Corning, NY, USA), was used for determining okara, soymilk and cheese pH. pH was measured by taking a sample from the okara or cheese block and inserting the pH probe into the sample. pH of soymilk was measured by inserting the glass probe into a beaker containing sample [39]. Three measurements were made for each sample.




2.6. Protein Determination


Approximately 1 g of the homogenized sample was weighted with an accuracy of ±0.1 mg in a digestion tube and 2 Kjeldahl tablets (mixture of heavy metal catalyst and sulfate salts) (10 g), and 20 mL of sulfuric acid (98%) were added. Digestion, alkalization, steam distillation and titration were performed in Büchi Kjeldahl Set (Flawil, Switzerland) consisting of Digestion Automat K-438 connect with the Scrubber B-414, Distillation Unit K-360 with Autosampler. The amount of nitrogen in the digested sample was determined using Kjeldahl method [40]. Each sample was measured in triplicate and a conversion factor of 6.25 was used to calculate the protein content [41].




2.7. Fat Determination


The sample (5 g) was extracted with standard Soxhlet method using petroleum ether, fraction: 40/60 °C in Universal Extraction System B-811 (Büchi, Flawil, Switzerland). Extraction time was 120 min. The amount of fat was calculated from the residue remaining after evaporating the petroleum ether layer according to standard [42]. Three measurements were made for each sample.




2.8. Particle Size Determination


The characterization of the particle size distribution of investigated okara samples was evaluated using a laser particle sizer Fritsch ANALYSETTE 22 (Idar-Oberstein, Germany) apparatus operated in the range of 0.08–2000 μm [43]. Three measurements were made for each sample.




2.9. Colorimetric Measurements


The color of okara was evaluated according to the Commission Internationale de l’Eclairage (CIE) through L*a*b* coordinates. The sample (approx. 10 g) was placed in a measurement dish. The L* (lightness), a* (red-green), and b* (yellow-blue) were recorded using a colorimetric spectrophotometer (Chroma Meter CR-410, Tokio, Japan). The sample (approx. 10 g) was placed carefully in the measurement dish, so that no free space was left. Total color difference (ΔE) was calculated as follows [44]:


ΔE = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2



(1)







Total color difference (ΔE) was used to evaluate the different treatments and composition influence between okara samples and vegan soft cheeses. Three measurements were made for each sample.




2.10. Microbial Analysis


For microbial population analysis of total number of microorganisms and lactic acid bacteria, 10 g okara or soft cheese sample was homogenized with 90 mL sterilized normal saline, and then serially diluted. Then, 100 µL of the selected dilutions was taken and surface inoculation was made on appropriate general and selective microbiological media. Plates with cultures were incubated under conditions depending on the type of microorganisms:




	
Total number of microorganisms on Standard Agar (Merck, Germany) at 30 °C for 24 h [45].



	
Lactic acid bacteria on MRS Agar medium (Merck, Germany) and Lactobacillus spp. bacteria on Rogosa medium (Merck, Germany) at 37 °C for 24 h [46].








The colonies were counted as the numbers of viable microorganisms in cfu/mL of freshmatter.




2.11. Organoleptic Tests


The organoleptic tests were carried out by 18 participants trained for this purpose. Selecting, training and monitoring individual panelists was guided by PN-EN ISO 8586:2014-03 [47]. The methodology of organoleptic tests was based on PN-ISO 4121:1998 [48]. Tests were carried out by using the point method. Quality features such as flavor, aroma, texture and color were evaluated.




2.12. Statistic Analysis


A one-way variance analysis ANOVA was used to evaluate significant statistical differences among the studied parameters and storage periods. The comparison of means was performed using Tukey’s method. Statistical calculations were performed in Microsoft Excel 2016. Significance was defined as p < 0.05.





3. Results


3.1. Chemical Composition


To characterize samples and to control soybean and okara processing, selected chemical features were measured. Table 2 shows the characteristics of soymilk, okara and soft cheeses. The pH of okara and soymilk samples were above 6.0, while soy soft cheeses were characterized with pH 4.5. The moisture of samples was in the range 76.0–89.4%, where the lowest water content was in soft cheeses, and the highest was in soymilk. The contents of protein in okara were 33.4 and 34.2 g/100 g DM, while in soft cheeses they were 28.3 and 28.0 g/100 g DM. The fat in okara was 8.23 and 8.47 g/100 g DM, while in soft cheeses was 6.71 g/100 g DM in the sample obtained without rennet and 7.97 g/100 g DM in the sample obtained with rennet.




3.2. Particle Size of Okara


Particle size of raw okara and okara dedicated to soft cheese production was measured (Table 3). Based on the cumulative curve, the average diameter of the okara particles (D50) was determined and it was 160.462 µm for raw okara and 123.122 µm for twice-ground okara.




3.3. Color Properties


The color parameters of soymilk, okara, and soft cheese samples are presented in Table 4. The color of samples was evaluated using CIELab color space, and the total color difference parameter (ΔE) related to the unprocessed reference sample (raw okara) and between cheese samples is presented.



The color parameters of all samples were similar in case of L* (lightness) and b* (yellow-blue) coordinates, and their amounts were in the ranges 78.20–84.24 and 15.54–17.75, respectively. In case of the a* coordinate, not preserved samples obtained a negative value while preserved samples obtained a positive value. This may be caused by thermal treatment of samples. In okara, thermolabile substances can be found and their decomposition products may influence the color.




3.4. Microbial Population


The number of bacteria of selected samples are presented in Table 5.



The LAB in two cheeses were both above 8 log cfu/mL FM. In okara samples, lactic acid bacteria were not present since those samples were not fermented and there was no starter culture added. The total number of microbes in okara samples were less than 3 log cfu/mL FM.




3.5. Sensory Properties


The sensory analysis results of soft cheese samples are presented in Table 6. Sensory properties in terms of flavor, texture, color, and aroma were rated in a five-point scale. In this method, each sensory feature result is subsequently multiplied by its weighting factor. The total of the weighted assessments for all test features is divided by the sum of all weighting factors.



The overall quality of soy cheeses obtained from okara did not differ significantly and were above 3.5. This describes a good quality of the product. Soy soft cheese with rennet that was characterized with very good and good color resulted in a 4.83 rating value, while the color of cheese without rennet received lower ratings with a mean of 4.44. The aroma of cheeses was assessed as 4.00 and 3.56 for cheese without and with the addition of rennet, respectively. The flavor of soy soft cheese was rated as 3.00 and 2.67, respectively. Panelists rated the texture of cheese without rennet as 3.33, while with rennet as 3.72.





4. Discussion


The characteristics of okara, especially the moisture and protein contents, are important factors in the processing of okara and determining its quality. Moisture content determines short durability and difficulty in preserving and processing [49]. One of the current directions of using okara is its application in animal nutrition. Okara can be used to feed animals as fresh, dried, and ensiled forms. It can be used as a sole source of concentrate or incorporated with other feed ingredients [24]. Drying or extraction okara may require significant financial outlays. That is why it is expected that in plants where soy products, especially soymilk, are made, the developed technology of okara-based cheese production will be implemented. According to the high value of protein presented in okara, a good way to soybean processing waste management is the use of okara for other food products processing as well.



The moisture of okara in the present study is in the range of 79.8% for raw okara obtained as a by-product in soymilk processing to 82.4% when okara was pasteurized and ground (Table 2). These results corroborate the ones reported by Jankowiak et al. [49] (79 ± 1%), Guimarães et al. [25] (80.25%), and Li et al. [27] (81.7~84.5%).



Soybean genotype Ambella used in research is known as a high protein content cultivar. This has been confirmed by the protein determination of okara samples. Okara is characterized by a protein content of 33.4–34.2 g/100 g DM. Okara generally contains between 15.2 and 39.1% DM proteins (Table 1), which depends on the soybean variety, how the okara is obtained and how it is processed. Fermentation of okara decreased the protein content and after processing into soft cheese it amounted 28.0–28.3 g/100 g DM. A similar conclusion of fermentation as a cause of lowering protein content in fermented okara was made by Tian et al. [50]. They reported that fermentation of okara using probiotics increased its free amino acids (FAA) compared with unfermented okara. This bioconversion by microbial fermentation has some advantages. The conversion of high molecular weight okara proteins to smaller ones may increase the solubility of okara protein isolates as well as generate bioactive peptides or amino acids [21]. Another reason for lowering the protein level in cheeses is that not all of the protein was coagulated and remained in the cheese. Some of the protein was removed with the whey.



Fat content in raw okara and processed by fermentation ranged between 6.71 g/100 g DM for soft cheese and 8.47 g/100 g DM for raw okara, and it did not differ significantly. The amount of fat in the samples was similar to the fat content presented by other researchers (Table 1). The content of okara’s total fat in the literature is very different. Our results showed low content and there are also studies reported by Stanojevic et al. [51] where raw okara had only 6.5% DM of total fat in okara. On the other hand, there are soybean genotypes that are characterized with high fat content that can amount to even 21.5% of DM [52]. A lower level of fat in samples of soy soft cheeses was caused by fermentation and this phenomenon was also observed by Tian et al. [50].



The pH of okara was above 6.1, while soft cheeses were characterized by a pH of 4.5. The decrease in the pH value after okara processing by fermentation is caused by microbial activity. During the fermentation, lactic acid is produced, resulting in a pH value increase. Studies reported by Tian et al. [50] showed that the fermentation of okara using probiotics increased lactic acid by 150% compared with unfermented okara.



The particle sizes of raw okara and okara dedicated to soft cheese production differed. A second grinding was used to improve the uniformity of okara. The application of the second grinding stage in processing okara to produce soft cheese caused a decrease in the average particle size of okara, as was expected.



Color parameters of the studied material are different than those found in the literature. Guimarães et al. [25] reported that raw okara obtained from soybeans cultivated in Brazil was characterized by color parameters as follows L* = 73.91, a* = 4.32 and b* = 29.82. There are many factors that are causing these differences. The main cause is the genotype of soybeans. Soybeans can have different hull colors and when the material for soymilk processing is not subjected for dehullization, the hull stays in residues obtained after processing, becoming a part of the okara and possibly affecting the color parameters.



The color parameters of okara and soy soft cheese were used to calculate ΔE, the total color difference parameter. This parameter tells if the difference in color can be seen by observers. It is assumed that when ΔE is below 3, differences in color are imperceptible to the observer. When 3 < ΔE < 5, the difference is noticeable, while at ΔE >5, one has the impression of two different colors. Comparing the color parameters of okaras, the difference can be seen when okara is only pasteurized. Grinding of okara changed the color, and the color difference is below 3 (Table 4). Comparing soy soft cheeses, the observer will not see the difference in color and the addition of rennet did not influence the color parameters significantly.



In case of the okara sample, no lactic acid bacteria were determined due to no fermentation being performed. Only soy soft cheeses were obtained by pasteurized and ground okara fermentation. That is why LAB and Lactobacillus spp. were presented in the samples. The soy soft cheese samples presented populations of LAB and Lactobacillus spp. ranging from 7 to 8 log cfu/mL. Bacteria determined in the samples are potential probiotic and products containing probiotic microorganisms should have a minimum population of viable bacteria, generally >106–108 cfu/g [28]. Therefore, the obtained soy soft cheese can be classified as a potentially probiotic, but to fully determine its probiotic aspects, detailed microbiological analysis should be carried out.



Panelists rated soy soft cheeses in a five-point scale in case of their color, aroma, flavor and texture. Sensory tests gave the info about the quality of vegan cheeses. The overall qualities of soy cheeses obtained from okara did not differ significantly and were above 3.5. This note describes a good quality of product. Soy soft cheese with rennet was rated with good (3.00–3.99) and very good (4.00–5.00) sensory properties in terms of color, aroma and texture. The soy soft cheese with rennet flavor was rated as satisfactory (2.00–2.99). Soy soft cheese obtained without adding rennet during the processing was rated with good and very good sensory properties in all rated terms. Even if ratings were not significantly different, it can be noticed that the texture received higher values in the case of cheese made with rennet. This might be caused by the fact that rennet is a coagulation agent and it is capable of aggregating proteins, so it influences the cheese texture [53].




5. Conclusions


The environmental policy has strongly increased interest in the valorization of by-products, residues and wastes. New products development takes all the aspects of reuse, recycle or use valuable wastes in agriculture and food production. Okara as a by-product and residue from soymilk processing is a great example of rethinking about wastes from agri-food processing. Many researchers proved that okara has a great potential for use in food production, and this paper also proves that discarding okara to landfills is a waste of material for new valuable products for humans. Okara processing is an answer for growing needs to feed the world’s population and it can be considered as a sustainable technology.



The developed technology is zero waste technology as it gives the opportunity to use whole soybeans for soymilk and okara. The first trials were not accepted by the sensory panel due to the texture of soy cheese (data not included). This caused a modification of the technology and introduced the second grinding. This step made okara more homogenous and smoother, which is proved by the distribution of particle sizes of samples. The developed technology is suitable for okara with 80 ± 1% content of water. The moisture of by-products of soy processing depends on conditions during soybean preparation, which is why it is required for moisture adjustment in okara, when the content of water in raw material for vegan soft cheese differs from assumptions.



The presented zero waste technology with okara processing fits in current trends and can provide a valuable nutritional product, which is soy soft cheese. Numerous studies reported that fermentation of okara using specific microorganisms can enhance its nutritive values. Soy vegan soft cheese obtained from fermented okara was characterized with high protein content (28.0–28.3% DM), and by fermentation it can be expected that the product was also characterized by free amino acids and peptides content. The fat content of soy soft cheese ranged from 6.71 to 7.97% DM and it was not high. Microbiological analysis proved that the obtained soy soft cheeses have the probiotic potential with the presence of 107–108 cfu/mL lactic acid bacteria.



The overall quality of soy cheeses obtained from okara was above 3.5. This note describes a good quality of the product. The texture was rated with higher notes in case of cheese made with rennet. The presence of rennet increased protein aggregating and it results in good texture features. Sensory tests proved that the developed product might be accepted by consumers. The obtained soy soft cheese can be used as a substitute of soft cheese made from cows milk.



The technology of okara processing into vegan soft cheese may be considered to be economically viable. The economic analysis was made by the method of valuation of discounted cash flow (DCF): neutral variant, which calculates the present value of future revenues. The analysis showed that the rate of return on the investment in the proposed technology is higher than the weighted average cost of capital (WACC).



The obtained soy soft cheese analogue has a potential to be used as the ingredient in further food processing incl. raw material for cheesecake, dumpling stuffing, cottage cheese analogue, smoked cheese analogue, ripening cheese analogue and others. However, it may require some modifications in the recipe or used technology and therefore extended research. The future development of the technology concerns not only the expansion of the product range obtained from okara processing, but also the use of other by-products from the food industry, e.g., protein-rich spent grain or oilseed cake.
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Figure 1. The scheme of soybeans processing. 
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Figure 2. The scheme of okara processing (* optionally). 
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Table 1. General composition of okara [21,24,27].






Table 1. General composition of okara [21,24,27].





	Nutrient
	Amount, g/100 g Dry Matter





	Carbohydrate
	3.8–5.3



	Protein
	15.2–39.1



	Fat
	4.9–21.5



	Dietary fiber
	12.2–61.3



	Ash
	3.0–5.3










 





Table 2. Selected chemical features of soymilk, okara, and vegan soft cheese.






Table 2. Selected chemical features of soymilk, okara, and vegan soft cheese.





	
Feature

	
Sample




	
Raw Soymilk

	
Raw Okara

	
Pasteurized Okara

	
Grounded Okara

	
Vegan Soft Cheese without Rennet

	
Vegan Soft Cheese with Rennet






	
Moisture, %

	
89.4 a

	
79.8 d

	
80.1 c

	
82.4 b

	
76.0 e

	
76.2 e




	
Protein, g/100 g dry matter

	
n.d. *

	
33.4 a

	
n.d.

	
34.2 a

	
28.3 b

	
28.0 b




	
Fat, g/100 g dry matter

	
n.d.

	
8.47 a

	
n.d.

	
8.23 a

	
6.71 a

	
7.97 a




	
pH

	
6.2 b

	
6.3 a

	
6.1 c

	
6.2 bc

	
4.5 d

	
4.5 d








* n.d.—no data. a–e—average values in lines denoted with the same letters do not differ statistically significantly at p < 0.05.













 





Table 3. Particle size of okara samples.






Table 3. Particle size of okara samples.





	Okara Type
	D10, µm
	D50, µm
	D90, µm





	Raw okara
	1.006 a
	160.462 a
	301.429 a



	Ground okara
	1.336 a
	123.122 b
	239.963 b







a,b—average values in columns denoted with the same letters do not differ statistically significantly at p < 0.05.













 





Table 4. Color parameters of soymilk, okara, and vegan soft cheese.






Table 4. Color parameters of soymilk, okara, and vegan soft cheese.





	
Parameters

	

	
Sample




	
Raw Soymilk

	
Raw Okara

	
Pasteurized Okara

	
Ground Okara

	
Vegan Soft Cheese without Rennet

	
Vegan Soft Cheese with Rennet






	
Color parameters

	
L*

	
84.24

	
80.81

	
78.20

	
79.65

	
80.36

	
79.97




	
a*

	
−1.25

	
−0.55

	
0.56

	
0.30

	
1.63

	
1.43




	
b*

	
16.59

	
17.75

	
16.04

	
15.52

	
15.71

	
16.68




	
The total color difference parameter

	
ΔE

	
-

	
-

	
3.32 *

	
2.65 *

	
-

	
1.06 **








*—ΔE related to reference sample—raw okara. **—ΔE related to reference sample—vegan soft cheese without rennet.













 





Table 5. Total number of microbes and number of LAB in okara and vegan soft cheese.






Table 5. Total number of microbes and number of LAB in okara and vegan soft cheese.





	
Number of Bacteria, cfu/mL

	
Sample




	
Raw Okara

	
Pasteurized Okara

	
Vegan Soft Cheese without Rennet

	
Vegan Soft Cheese with Rennet






	
Lactic Acid Bacteria

	
n.d. *

	
n.d.

	
3.2 × 108

	
3.9 × 108




	
Lactobacillus spp.

	
n.d.

	
n.d.

	
4.2 × 107

	
2.7 × 108




	
Total number of microbes

	
2.0 × 102

	
0.6 × 102

	
4.7 × 108

	
6.4 × 108








* n.d.—not detected.













 





Table 6. Sensory properties of vegan soft cheeses.
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Attribute

	
Weighting Factor

	
Sample




	
Vegan Soft Cheese without Rennet

	
Vegan Soft Cheese with Rennet






	
Color

	
0.2

	
4.44

	
4.83




	
Aroma

	
0.2

	
4.00

	
3.56




	
Flavor

	
0.35

	
3.00

	
2.67




	
Texture

	
0.25

	
3.33

	
3.72




	
Overall quality

	
-

	
3.57

	
3.54
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