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Aquafaba and liluva are names used to define the processing water of food legumes. Large volumes of liluva are generated by frozen pea manufacturers (blanching water) and tofu producers (tofu whey). Studies have shown the potential of aquafaba and liluva in food applications as texture improvers and sources of bioactive substances and prebiotics. Nonetheless, no information on consumer perception of these new food ingredients is available. Therefore, this study investigated consumer expectations of steam blanching pea water (SBPW) and tofu whey (TW), correlating it with their actual sensory qualities and functional properties. Specifically, liluva was used as a source of prebiotics and hydrocolloids in 3D-printed mashed potatoes to enhance their rheology and printability. A preliminary survey showed a limited understanding of SBPW and TW as food ingredients, with only 43% and 38% of subjects willing to try TW and SBPW, respectively, with most subjects unsure on whether they wanted to or not (34% tofu whey and 49% liluva). Once the actual sensory test was conducted, TW-added mashed potato received favorable scores for all sensory attributes (appearance, aroma, taste, and texture). In contrast, SBPW-added mashed potato had a negative score on the color, as all nine focus group subjects described the color as gray. Overall, TW enhanced the printability of mashed potatoes due to its emulsifying ability and possibly coagulants derived from tofu making, and it was more appreciated sensory-wise, resulting in being the most preferred out of three samples (SBPW, TW, and control). Therefore, emphasizing consumer education may be key when expanding these innovative food ingredients to other food areas.
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1 INTRODUCTION
Food waste occurs at every stage of food preparation: production, handling, storage, processing, packaging, and distribution, and continues through to the consumers’ households (Thorsen et al., 2022). Food waste has gained the attention of organizations such as WRAP (the Waste and Resources Action Program) for action toward economic and environmental changes, including halving food waste in Europe by 2030 (WRAP, 2021). Upcycling food ingredients is a solution to minimize food waste. According to the Upcycled Food Association, upcycled foods use ingredients that otherwise would not have gone to human consumption, are procured and produced using verifiable supply chains, and have a positive impact on the environment (Upcycledfood.org, 2022). Legume water is a by-product that would usually be considered waste, but using it as an additive in other foods would limit wastage, positively impacting the environment and, thus, being an upcycled ingredient.
Two names have been used to describe legume water: aquafaba and liluva. The term aquafaba is specific to the cooking water of chickpeas. The term liluva is a comprehensive term including water from all food legumes (such as beans, chickpeas, peas, and lentils) and different processing types (soaking, cooking, sprouting, blanching, and tofu coagulation). Liluva, or the processing water of food legumes, is a functional ingredient emerging within the industry, known for being environmentally sustainable and having potential applications in emulsifiers, foaming agents, gelling agents, and anti-staling ingredients. Liluva is also known as and is closely related to aquafaba, which is the brine of chickpeas. Aquafaba is considered an emerging rheological additive expressing foaming, emulsification, and gelling properties. It consists of mostly water (92%–95%), protein, carbohydrates, and fiber (5%–8%) (He et al., 2021). Aquafaba has recently become a popular food additive or ingredient and is often used as a vegan or vegetarian alternative to eggs. Aquafaba’s functionality within the food industry is still yet to be thoroughly understood. However, there is growing interest in its commercial production and inclusion. Its prebiotic properties have also been investigated in a previous study, and thus, it demonstrates potential as a functional ingredient (Sun et al., 2022). However, to the best of the author’s knowledge, no studies have been performed on consumer expectations of aquafaba and liluva yet.
Potatoes are historically known to be a staple vegetable in the human diet. Potatoes provide a variety of micronutrients, including vitamin C, vitamin B6, thiamine, potassium, folate, and fiber (Robertson et al., 2018). Serving potatoes in the form of mashed potatoes is very common and can be found at grocery stores worldwide. Mashed potatoes often have a short shelf life, withstanding no longer than 3 to 5 days in refrigeration due to heat-resistant spore-forming bacteria such as Bacillus and Clostridium. Therefore, additives such as natural food preservatives nisin and salt are often added to enhance the shelf life and overall quality of the product (Thomas et al., 2002). Mashed potatoes are usually easily palatable, and common flavors are described by sensory panels as a food with high smoothness and mealiness, with mouthfeel and appearance being frequent sensory methods (Ooraikul, 1974; Ciccone et al., 2020).
Digitalizing food using 3-dimensional (3D) printing is an application used by many researchers within sectors such as architecture, education, textiles, industrial, and packaging and is slowly becoming more developed within the food technology sector. This is because 3D printing allows customized textures, tailored nutritional content, and food sustainability (Baiano, 2022). The process of 3D printing is rapid prototyping that produces pre-designed 3D objects using adhesive materials (Dankar et al., 2018; He et al., 2020). A previous study (Sun et al., 2022) showed prebiotic properties of this ingredient and determined its composition.
The liluva powder may enhance the quality and stability (taste and texture) of mashed potatoes. Thus, this study aimed to produce mashed potatoes incorporated with liluva using the 3D printing technique; investigate the functional, instrumental, and sensory qualities of liluva in mashed potatoes; and compare these internal properties to those of regular mashed potatoes. In addition, the foaming ability (FA), emulsifying ability (EA), emulsifying ability index (EAI), and water activity (WA) of liluva were also examined.
2 MATERIALS AND METHODS
2.1 Materials
Steam blanching pea water (SBPW) and tofu whey (TW) were obtained from Talley’s Group Limited (Ashburton, New Zealand) and Poseidon Organics Limited (Christchurch, New Zealand), respectively. The SBPW and TW were frozen at −18°C until use. Canola oil and potatoes were purchased at local supermarkets, Countdown (Christchurch, New Zealand), and New World (Lincoln, New Zealand), respectively.
2.2 Methods
2.2.1 Sample preparation
Upon collection from the manufacturers, samples were frozen at −18°C and then thawed in a refrigerator overnight prior to use. The samples were also heated in the microwave to return to room temperature and reach homogeneity. Freeze-drying of the samples was performed prior to the physicochemical analyses. A previous study investigated the microbial load of these samples. The SBPW and TW contained 4.8 x 103 and 8.12 × 106 CFU of Lactobacilli, respectively. No growth of yeast, mold, or Gram-negative bacteria was detected (Sun et al., 2022). Phytochemical analysis revealed low concentrations of saponins; 1.66 and 1.26 mg/mL for SBPW and TF, respectively (Sun et al., 2022).
2.2.2 Physiochemical analysis
The original SBPW and TW liquid samples were characterized for foaming ability. Freeze-dried powders were used to quantify water absorption capacity (WAC), EAI, and EA. To measure the FA of SBPW and TW, a volumetric method (Stantiall et al., 2018) was used. Briefly, a 100 mL aliquot of SBPW and TW was whipped for 7 min in a Brabantia BBEK109 electric mixer (Brabantia, Holland) at speed five. After whipping, the foams were transferred into a graduated cylinder and measured for volume. The FA was then calculated and expressed as a percentage (%) using the following equation, where Vf was the volume of the final foam after whipping, and Vi was the volume of the initial liquid in mL: [image: image].
SBPW and TW samples were freeze-dried to test their physiochemical properties of WAC, EAI, and EA. WAC was tested through a modified version of a previous method (Damian et al., 2018). Aliquots of 2.5 g of freeze-dried SBPW and TW samples were put into a 50-mL test tube with 20 mL of distilled water. This was vortexed for 1 min. The solutions were then centrifuged using the Heraeus Multifuge X1R (Thermo Scientific, MA, United States) for 10 min at 1,260 g. After the completion of the centrifuge, the supernatant was removed and discarded, and the pellet was weighted. WAC was calculated as a ratio of pellet weight over sample weight and expressed in g water/g sample.
[image: image]
EAI was determined using a one-to-one ratio of the sample and oil; 20 mL of the sample and 20 mL of canola oil were put into a 50-mL centrifuge tube and homogenized using an Omni Mixer Variable-Speed Homogenizer, model no. 17106 (Omni International, Kennesaw GA, United States), for 1 minute at speed four. Then, 20 μL aliquot of the emulsion was diluted in 5 mL of 0.1% aqueous solution and vortexed. The absorbance at 500 nm was recorded with the V-1200 spectrophotometer (VWR, Pennsylvania, United States). Calculations of EAI were performed using the following equation and expressed as m2/g:
[image: image]
DM is the dry matter content of tested samples, VF is the volume fraction of water, and DF is the dilution factor.
EA of the freeze-dried SBPW and TW was tested as described previously (Damian et al., 2018): 2.5 g of freeze-dried sample was weighed into a centrifuge tube with 20 mL of RO water and 20 mL of canola oil. The mixtures were homogenized using the Omni Mixer Variable-Speed Homogenizer, model no. 17106 (Omni International, Kennesaw, GA, United States), at speed four for 1 minute. The centrifuge was set at 1,000 g for 5 minutes to separate the emulsion from the rest of the mixed solution. The EA was calculated with the following equation expressed as a %:
[image: image]
2.2.3 Mineral profile
The mineral profile of SBPW and TW were determined following the method described elsewhere (Bhat et al., 2018) using an inductively coupled plasma optical emission spectrophotometer (Varian 720 ICP-OES, Melbourne, Australia). Parameters of mineral detection were set with plasma gas flow (15.0 L/min), Aux (1.5 L/min), nebulizer (0.9 L/min) with the SeaSpray nebulizer, and cyclonic spray chamber. Calibration and internal standards were diluted from Merck ICP standard solutions using MilliQ water in series. Calibration curves were created using four standards and a blank.
2.2.4 Mashed potato making
The formulation for making each batch of mashed potatoes consisted of 10 g of sample (SBPW, TW, or water), 4 g of salt, 8.42 g of canola oil, and 100 g of potatoes. The potatoes (approximately five) were peeled, diced, and cooked for 15 min in boiling water. They were then mashed with a hand potato masher, and the other ingredients were added. The mixture was then put into a NutriBullet 900W Blender (NutriBullet, New Zealand) and blended for approximately 5 s to reach homogeneity. The mixture was split into three different bowls, and the 10 g of one of the following: SBPW, TW, or water were weighed and mixed in manually with a spoon for 10 s. The samples have been treated as hydrocolloids, given their physicochemical properties. Therefore, a dosage of 0.3% (solids from these solutions in relation to the total weight of the recipe) was deemed in line with previous literature and industry standards.
2.2.5 3D printed mashed potatoes
The mashed potato mixture was placed into the Foodini 3D printer (Natural Machines, Barcelona, Spain) via the food syringes. The effect on viscosity and food structure has been investigated. Therefore, 3D printing settings were chosen to evaluate the printability of the ink (mashed potatoes) and structural stability of the food product (3D-printed mashed potatoes). Printability was assessed via a medium-sized syringe with a diameter of 40 mm, which allows for a large flow rate and requires stable flow (not runny, not thick). Structural stability was assessed via a multilayer flower shape. The printer was washed and dried before and after each sample to minimize contamination. Each batch was used to build one flower print on top of a sheet of baking paper. The samples were then labeled and stored in the kitchen refrigerator for 24 h before the sensory analysis.
2.2.6 Instrumental properties of mashed potatoes
2.2.6.1 Viscosity
The mashed potato samples (control, SBPW, and TW) were used to test and compare the viscosity of the mixtures. A digital rotational viscometer (1–100,000 mPa*s) (ATO, United States) was set with system 33, and a strain of 51.6 s-1 was used for 30 s. Each sample was tested in triplicates. The spindle and viscometer were washed after each use to limit contamination.
2.2.6.2 Color
The color of the mashed potato samples was analyzed using a CR400 Chromameter (Konica Minolta, Japan). CIE L*, a*, and b* values representing lightness/darkness, redness/greenness, and yellowness/blueness, respectively, were measured, and a total color difference (∆E) compared to the control sample was also calculated using the following equation, using the rule ∆E > 3 is different from control. [image: image],
where S is the sample, and C stands for the control.
2.2.7 Preliminary sensory survey
A survey was distributed and completed by 53 participants of mixed demographic to gauge how people generally feel about upcycled ingredients, liluva, and how people tend to make decisions about food and food sustainability. The survey was distributed online via a Qualtrics link and in-person to the focus group contributors. The survey consisted of 14 required questions.
2.2.8 Sensory analysis
The sensory analysis of mashed potato samples was conducted directly to gain information on consumer acceptance of the SBPW and TW within the mashed potatoes. The 14 question-survey was distributed to the panelists prior to the sensory test. Nine semi-trained panelists were recruited, consisting of two Bachelor students, six Master students, and one Ph.D. student. To prepare for the sensory analysis, the mashed potatoes were heated in a microwave for 40 s. Each 3D-printed sample, control, SBPW, and TW, were used and tested in a focus group setting in which the panelists were required to come up with describing words for the appearance, smell, taste, and texture of each sample. The words which retained more than four votes of agreement were highlighted. After this process, a preference was determined out of the three samples. Focus groups typically request that at least half of the participants agree on a descriptor to state statistical significance. Ethical approval to perform the tests on human subjects was reviewed and approved by the ethics committee at Lincoln University, application number 2020-35.
2.2.9 Statistical analysis
All measurements were conducted in triplicates for the instrumental analysis. The results presented in the tables express the means and standard deviation. Data were processed via Microsoft© Excel© 2012 and one-way ANOVA tests, which assumed equal variances for the data analysis and a significance of p < 0.05. ANOVA was also conducted with Tukey’s post-hoc test in Minitab©17.
3 RESULTS
3.1 Physiochemical properties of SBPW and TW
The results for the physiochemical properties of SBPW and TW liquid samples are shown in Table 1. EAI, EA, and WAC of SBPW were significantly higher than TW, while no difference was found in FA between these two samples.
TABLE 1 | Physiochemical properties of the foaming agents (SBPW and TW). Properties analyzed were EAI (emulsifying activity index), EA (emulsifying ability), FA (foaming ability), and WAC (water absorption capacity). Data in the same row that do not share the same letter are significantly different (α 0.05). NS means non-significant.
[image: Table 1]3.2 Mineral profile of SBPW and TW
The SBPW and TW were analyzed for mineral composition. Table 2 indicates that macro minerals, especially potassium (K), predominantly constitute the mineral profiles of SBPW and TW samples used in this study. Phosphorus (P) was the second-most abundant macro mineral in SBPW, followed by sodium (Na), sulfur (S), magnesium (Mg), and calcium (Ca). On the other hand, the contents of S, Ca, and Mg in the TW sample were much higher than those in SBPW, while Na in TW was low. The contents of trace minerals, including zinc (Zn), copper (Cu), iron (Fe), and manganese (Mn), were relatively lower than macro minerals in both samples. SBPW contained more Zn, Cu, and Mn but less Fe than TW.
TABLE 2 | Mineral content (mg/kg dry weight) of SBPW and TW. Data in the same row that do not share the same letter are significantly different (α 0.05).
[image: Table 2]3.3 Surveys (expectation)
To understand what matters most to consumers when choosing food products, survey participants were asked, “When it comes to making decisions around food products, what aspect matters MOST?” Among 53 participants, 68% regarded “taste” as being most important over other factors such as nutritional content (25%), food sustainability (3.7%), and price (3.8%) (Figure 1). With taste being most important, sustainability was of medium importance, with over 50% of people rating sustainability a three out of five on a scale from one to five (Figure 1). In addition to these results, people were not sure if sustainable food ingredients were to be tasty, with most respondents selecting “maybe” (45%) when asked if they expect sustainable food ingredients to be tasty (Figure 1). In terms of the current understanding of legume waste ingredients, more people were familiar with aquafaba (59% selecting “yes”) than liluva (79% selecting “no”) (Figure 1). When participants were asked if they would consume upcycled ingredients such as tofu whey, 43% were somewhat or extremely likely, and 34% were neither likely nor unlikely. However, when they were answering the question if they would consume food with upcycled ingredients such as cheese whey used in ricotta cheese, 66% of people were somewhat or extremely likely to consume it (Figure 2). When it comes to aquafaba and liluva, most people took a neutral attitude that they were neither likely nor unlikely to consume them. The other participants were likely to try food with aquafaba and liluva, and only a few participants (7.5% toward aquafaba and 11.3% toward liluva) tended to be unlikely to consume these food products (Figure 2).
[image: Figure 1]FIGURE 1 | Response from focus group panelists to questions related to food sustainability: “When it comes to making decisions around food products, which aspect is MOST important to you?”, “On a scale from 1 to 5, how important is food sustainability when it comes to food additives and ingredients?”, “Do you expect sustainable food ingredients to be tasty?”, and “Do you know aquafaba (the cooking water in chickpeas) or liluva (water from soaking, cooking, and blanching of food legumes)?”
[image: Figure 2]FIGURE 2 | Response from focus group panelists to an intention question: “How likely are you to consume food with upcycled ingredients (such as cheese whey used in ricotta cheese, tofu whey, liluva, and aquafaba)?”
3.4 Sensory analysis (reality)
The focus group consisting of nine trained panelists tasted and analyzed the 3D-printed mashed potato samples (control, SBPW, and TW) and found a common vocabulary within the group for appearance, smell, taste, and texture for all three samples. Attributes that received four or more votes within the group were visually recorded on a whiteboard. Table 3 demonstrates the sensory results. The panelists noticed that the control appeared more like a liquid than the other samples, whilst the mashed potato with SBPW seemed gray in color. With regard to smell and taste, “salty” and “starch” were used for all three samples. It is noticeable that the control sample tasted raw to most panelists. A legume smell dominated the SBPW sample compared to the TW one. All three mashed potato samples were accepted in terms of texture, with words such as “creamy” and “sticky.” The preference scores of the mashed potato samples are shown in Table 4. The panel preferred the TW sample the most (eight), then the control (five), and finally, the SBPW (zero).
TABLE 3 | Sensory descriptive word results from focus group panelists regarding 3D-printed products. Numbers in the brackets are the vote values each word received. Descriptors agreed by at least 5 panelists are bold.
[image: Table 3]TABLE 4 | Preference scores of mashed potato samples.
[image: Table 4]3.5 Instrumental properties (viscosity and color measurements) of mashed potato samples
Table 5 presents the results of viscosity values and color measurements of mashed potatoes made of control, SBPW, and TW. Figure 3 visually shows the 3D print of mashed potatoes. There was no significant difference in viscosity among the three samples. In terms of color, all three samples exhibited greenish and greyish colors visually. Control had the highest lightness (L*) value, whereas SBPW had the lowest. This was in accordance with Figure 3, where the control demonstrated higher lightness while SBPW was the darkest. The a* values for all samples were negative, representing the greenness in these three samples, where the control and TW mashed potato samples were greener than SBPW mashed potato. The b* values were all positive, indicating all the mashed potatoes had a shade of yellow. The highest yellow color was observed for the TW mashed potato, followed by the control with less yellowness, and SBPW had the least yellowness. Delta E, the total color difference based on the control sample, was larger in SBPW than in TW, demonstrating a bigger color difference between SBPW and control than that between TW and control, which was also visually proven, as shown in Figure 3.
TABLE 5 | Instrumental properties of mashed potatoes samples (control, SBPW, or TW).
[image: Table 5][image: Figure 3]FIGURE 3 | 3D-printed mashed potato samples. (A) depicts the control, (B) depicts SBPW, and (C) depicts TW.
4 DISCUSSION
Understanding consumers’ initial reaction to making a purchasing decision is crucial in food product development as it provides an indicator of whether it will succeed within the food market. Therefore, consumer acceptability is vital to upcycled ingredients such as Liluva to ensure it will be considered amongst other food options. To understand consumer expectations of product choice, surveys were conducted prior to sensory evaluation. “Taste” was considered the leading element of panelists when it came to food product selection. A published study (Liem and Russell, 2019) has stated that liking the food is one of the most important drivers of food consumption, and the taste preferences and subsequent food preferences that are built early play a major role in the food choices of people. Sustainability, however, was not the main concern of the panel. Likewise, research (Tuorila and Hartmann, 2020) has clarified that when it comes to a novel food product, disgust toward new foods (neophobia) could affect the mental disposition of customers. Disgust can be elicited by several aspects, including texture, appearance, and unappealing materials. If people perceive disgust toward a novel food product, consumers tend to reject the novel product.
On a scale from one to five in terms of the importance of food sustainability when facing food additives and ingredients, over 50% of participants rated it three out of five. The low rating is mostly due to the lack of individual awareness and knowledge about creating positive environmental impacts (Haghighian Roudsari et al., 2021). The concept of upcycling and sustainability is relatively less recognized and foreign in New Zealand despite the damages to ecosystems, depleted fish stocks, soil degradation, and loss of biodiversity are very evident (Jones et al., 2019). The literature has specified that many people tend to hold positive attitudes and actual purchase and consumption of more sustainable food products (Vermeir et al., 2020), which explains why taste is considered to be a high priority when choosing food products and why people find sustainability important, but not the primary factor. In addition, when asked if they expect sustainable food ingredients to be tasty, most participants selected “maybe.” People may think that sustainability implies less taste than a less sustainable option or perhaps not associate sustainability with taste satisfaction.
Furthermore, the result of the current understanding of legume waste ingredients shows that more people were familiar with aquafaba than liluva. This reflects people’s likelihood of trying or consuming aquafaba, but a minority of people are likely to consume upcycled ingredients such as liluva. Other upcycled ingredients, such as cheese whey used in ricotta cheese, have been shown to gain relatively more willingness from participants rather than tofu whey, although both proportions were not large. These data show that the knowledge of upcycled food is still foreign and that people may associate upcycling with waste or perhaps do not see its application in food sustainability. In a study conducted by researchers from Otago University, participants in a focus group were asked a series of questions regarding the upcycling of old supermarket shelf food and reincorporating it back for later consumption. The participants were asked what they like least about the concept of upcycled food, and they reported back with terms including “cheap” and “afraid.” The thought of old food turned into new was declared “fit for only poor people” partially due to its cheaper price (Goodman-Smith et al., 2021). Upcycled ingredients, such as liluva, are inclined to be associated with waste foods from the perspectives of consumers and also tend to be unsuccessful in preference over other ingredients due to the lack of knowledge about food sustainability (Thorsen et al., 2022). Thus, the expectations for upcycled ingredients such as liluva were that they were not to be tasty and that people are not expected to try them. Moreover, according to existing literature (Tuorila and Hartmann, 2020), familiarity with a type of food makes people feel certain about a food product and decreases the anxiety and suspicion of having that food. This was also shown previously in a study (Grahl et al., 2018) that examined the consumer expectations of novel food products incorporated with microalgae spirulina. It was found that spirulina-filled pasta was the most preferable product compared to sushi and jerky, suggesting that the more familiarity customers have with a type of food, the more preference they possess.
The survey revealed consumers’ initial expectations of liluva, but the sensory analysis disclosed the reality. The instrumental parameters not only corresponded with the visual images (Figure 3), but also strengthened the sensory evaluation of 3D mashed potatoes. For instance, based on the color measurements of L*, a*, and b* values (Table 5), SBPW was shown to be darker and less yellow than TW and control, whereas TW and control had similar values. Soybean and pea contain isoflavones (yellow) and chlorophyll (green), which explains the negative values of a* and the positive values of b*. However, during the steam blanching process, peas are heated by steam, and, therefore, the chlorophyll and isoflavones are hydrolyzed and oxidized. This process can cause color degradation and changes (Turkmen et al., 2006; Palermo et al., 2014). On the other hand, the tofu-making process involves soaking and grinding soybeans and heating and coagulating soymilk, in addition to thermal treatment (Kao et al., 2003). Researchers have reported that the soaking process does not cause a relevant loss of isoflavones from soybeans (de Lima et al., 2014). When calculating the delta E values, representing the total color difference compared to the control sample, there was a noticeable difference between these two samples (SBPW and TW), and the delta E of SBPW was greater than that of TW, indicating the more notable dissimilarity of SBPW compared with the control.
No significant difference was detected regarding the viscosity among the three samples. This was shown indirectly within the sensory test as all three samples were accepted regarding the texture, with words such as “creamy” and “sticky” for all. Based on the results shown in Table 1, SBPW and TW were strong emulsifiers, but SBPW had greater emulsifying capacity. Previous research has examined the greater emulsifying ability of TW than soy whey due to the presence of soy proteins (around 15%–20% on the dry weight basis) (Sobral et al., 2018; Sun et al., 2022). Apart from that, legumes like soybeans are a good source of lecithin, a type of lipid compound that is known for its ability to interact with both water and oil (Gan et al., 2014). Both SBPW and TW could also have lecithin leached in, and this could have impacted the mashed potato samples, making them more stable and homogenizing their appearance.
Moreover, the panelist noticed that the control appeared to be more like a liquid than the other samples. The addition of legumes to bread could increase hardness, cohesiveness, springiness, chewiness, and resilience when Ca concentration was increased (Alpos et al., 2021). In a study on lentil-based tofu, calcium sulfate (CaSO4) and chitosan affected the gel properties, such as hardness and cohesiveness, modifying the textural profile of tofu products (Jao et al., 2022). In terms of smell and taste, “salty” was used for all three mashed potato samples. The mineral Na was present in the TW and SBPW, but SBPW had a far greater amount, which is why the SBPW might have smelt saltier than TW, with more participants agreeing on the saltiness exhibited in SBPW. SBPW and TW also contained certain levels of magnesium (Mg), with TW showing higher amounts of Ca. The significantly higher levels of Mg and Ca found in TW suggest that the possible coagulating agent used in making tofu might be Mg or Ca salts which leached into the processing water and largely enhanced the Mg and Ca amounts in TW. The addition of Mg and Ca in mashed potatoes led to decreased starch swelling, increased water binding, viscosity, and solubilization due to the interactions between these two minerals and cell wall phosphorus groups (Haydar et al., 1980). Likewise, a study on Ca- and Mg-fortified potato starches also showed that Mg altered the pasting ability of starch, resulting in a decrease in viscosity and a slower starch breakdown (Noda et al., 2014). This mechanism might be responsible for the different taste results of SBPW and TW compared to the control (raw taste). The highest preference score of TW mashed potatoes may be related to a combined result of the highest viscosity value, lightest color measurement, and moderate creaminess and stickiness perceived by the panelists. Creaminess is associated with a pleasant sensation while consuming food products (Fernández et al., 2009). Creaminess was the most important element of mashed potatoes regarding the overall acceptance when tasted by participants (Alvarez et al., 2009).
In conclusion, this study provides a specific view of consumers’ current perception and knowledge regarding food products incorporated with upcycled legume wastewater associated with the physiochemical properties and sensory evaluation of mashed potatoes made of upcycled SBPW or TW. Upcycling food ingredients needs to be better understood to enter the food industry as a source of food ingredients. Sustainable food consumption and upcycling are currently still understudied. Gaining further awareness and concern is crucial so that people can see the positive impact of upcycling and, therefore, be more conscious and considerate.
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Data in the same row that do not share the same letter are

ignificantly different. NS means non-significant.
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