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Abstract

:

In this study, the nutritional characteristics of two formulations were studied: A fermented beverage and tempeh. Green seeds from four different cultivars of tarwi (Lupinus mutabilis) were used: Andino, Guaranguito, Ecuadorian, and Peruvian. The seeds were first debittered, and then, they were fermented, using two inoculum doses and two fermentation times. For the fermented beverage, Saccaromyces cerevisae was used at doses of 1.5 and 2.5% dry weight and fermentation times of 72 and 96 h. For the tempeh, the inoculum used was the Rhizopus oligosporus strain NRRL 2710 at doses of 0.015 and 0.025% dry weight and fermentation times of 48 and 72 h. The alcoholic strength, total solid soluble, and pH in the fermented beverage were analyzed, while proximal analysis was performed for both the fermented beverage and tempeh. The results indicate that, in all cases, the Andino cultivar produced a beverage with higher alcoholic strength, regardless of the inoculum concentration and fermentation time. In both the fermented beverage and tempeh, a varietal effect was found for protein and crude fiber. The Andino cultivar had the highest protein, fat, and fiber content. The alkaloid content was similar in the beverage and tempeh, but the effect of fermentation was markedly increased with the higher inoculum dose and longer fermentation time. The alkaloid content was highest in the Peruvian cultivar, while it was similar in the remaining three cultivars. Tarwi grains have a high nutritional value, but the grain is traditionally used dry. In this study, we used green grain, which contains lower alkaloid content. Moreover, the crop cycle is shortened, and it can be used in the manufacture of fermented drinks and tempeh. In this way, we show that it is valid to use green grain instead of dried grain, constituting an improvement in the traditional use of lupine grain, and our study shows that it is possible to make both fermented drink and tempeh with green grain, showing the influence of the genotype and dosage starter.
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1. Introduction


Lupinus mutabilis Sweet is an important crop in the Andes. It is known as tarwi in English, tauri in Quechua, and altramuz or chocho in Spanish, and is an important source of protein in the subsistence economy of Andean indigenous communities. Tarwi seeds are characterized by high protein and oleic content that far exceeds that of other legume species, reaching values of 44% dry weight in oils and up to 18% dry weight in proteins. Furthermore, its carbohydrate content is characterized by the virtual absence of starch and the presence of oligosaccharides such as stachyose and raffinose [1,2]. Its seeds also contain high content of most essential amino acids (particularly lysine), as well as dietary fiber and healthy fatty acids [3]. These nutritional characteristics make tarwi a particularly interesting foodstuff, but its cultivation is relegated to the Andean highlands and forms part of the subsistence agriculture of the indigenous communities. This is why Lupinus mutabilis is considered the lost crop of the Incas.



Tarwi harvest traditionally begins when the stalks are dry and brittle, the leaves turn brown, and the seeds’ moisture has dropped to 14%. At this stage, the seeds have high content of toxic alkaloids (mainly lupanine, sparteine, tetrahydrorombifolin, 4-hydroxylupanine, and 13-hydroxylupanine), as well as protease inhibitors, haemagglutinins, and certain cyanogenic glycosides. These must all be removed before consumption [4,5]. The traditional process for removing these toxic components is known as debittering, a method based on cooking and recurrent washing with water. This debittering process involves the use of a considerable amount of water (54 L of water per kilo of seeds) and time (about 6 to 8 days) [3,6]. However, it is possible to harvest tarwi seeds at an earlier stage, known as the tender grain stage. At this stage, the seeds have higher moisture content, and their coloration is lime green. Although the objective of harvesting at this stage is to reduce insect damage and improve processing conditions, it is not common practice because harvesting tasks are more onerous and do not offer the possibility of mechanization. However, the physicochemical characteristics of the seeds are slightly better, and they have lower alkaloid content [4].



Although tarwi crops are concentrated in the Andean areas, there is an important gene pool and genotype variability [5,7]. However, many of the cultivated crops have a strong local character, so in Ecuador, the most common genotypes are Guaranguito I-450 and Andino I-451, while in Bolivia, the most common genotypes are Carabuco and Tarwinawi [2]. Obviously, each cultivar has its own characteristics and differs in terms of its content of both anti-nutritional and functional compounds. In this sense, in the cultivar INIAP-451, around 1 g of tannins are usually found per 100 g, but it is also common to find high amounts of functional compounds. For example, total phenol levels are higher than 1.1 g/100 g in most varieties, and the cultivar Criollo is remarkable, with total phenol content higher than 1.3 g/100 g [8]. This variability in compound content is also reflected after debittering and agro-industrial transformation processes, which remove a high percentage of anti-nutritional compounds (84% of tannins and about 70% of trypsin inhibitors). Agro-industrial processes, such as fermentation, increase the content of antioxidant compounds and carotenes, for example [6,9].



As a consequence of its high nutritional value, tarwi is traditionally used in the production of different food products since its seeds have been properly debittered. In this sense, food products, such as snacks, bread, cakes, biscuits, soups, fresh salads, hamburgers, tarwi stew, and milk substitutes, are commonly consumed by indigenous communities of the Andean highlands [10,11]. Additionally, not only are foods manufactured, but beverages are also made using transformed and processed tarwi seeds. These beverages can be obtained via different methods, one of which is fermentation using microorganisms, such as fungi and bacteria. Fermented beverages usually have a low alcohol content but are also high in protein and other bioactive compounds and can, therefore, be a supplement to the diet. Understandably, the composition of functional compounds varies according to the cultivar used. In general, fermented foods, both dairy and non-dairy, are of great global dietary importance, but intolerances and allergies to different compounds and the increase in diets associated with veganism have greatly increased the consumption of non-dairy fermented beverages [12]. Specifically, functionalized beverages have garnered significant attention for their promising impact on health, such as the potential to reduce cholesterol levels, lower sugar content, provide high fiber content, boost the immune system, and aid in digestion [13]. Nowadays, consumers are becoming aware of the importance of a healthy diet as a preventive health measure and are faced with a variety of products that provide bioactive components and are known in various ways as functional foods or nutraceuticals. Despite the close relationship between functional food and nutraceuticals, a clear definition and regulation of all these kinds of food is advocated in order to provide clear and precise information to the consumer [14,15]. Functional products, probiotics, and nutraceuticals, both dairy and non-dairy, occupy a very significant place in the market due to their health benefits. In fact, in Europe, North America, and Asia alone, fermented dairy products contribute to a market valued at more than 46 billion euros, according to estimations [13]. Nevertheless, the consumption of dairy beverages faces constraints due to lactose intolerance and milk protein allergies, leading consumers to seek probiotic-rich alternatives, such as fruit, grain, and vegetable juices. This shift has also led manufacturers to create probiotic beverages using a variety of food matrices, taking advantage of the potential of probiotic cultures [13].



In the fermentation process, which has been used since ancient times, in addition to the microorganisms that carry out the fermentation, controlled conditions (such as pH, temperature, and the concentration of nutrients in the substrate, among others) are required for the process to be successful [16]. In the case of tarwi, and Lupinus in general, the technique used to carry out fermentation (anaerobic or aerobic, submerged, or solid-state fermentation) is of significant importance, as the fermentation process reduces the content of anti-nutritional compounds present in lupine grain [17]. In fact, the fermentation of lupine grain has been explored as a debittering method [6,9]. However, it has also been shown that the nutritional quality of the grains is increased after fermentation, as this process improves the bioavailability of elements, such as Fe, Ca, and Zn, as well as the polyphenol content. As a result of the fermentation process, breakdown of the cell walls occurs, which facilitates the synthesis of antioxidant compounds that act as hydrogen donors to free radicals. This improves the antioxidant capacity of the grain [6,9,18]. The end result is that a higher antioxidant capacity is achieved. The aim of this study was to evaluate the influence of genotype on the nutritional content and some organoleptic characteristics of a fermented beverage and tempeh using green seeds from four genotypes of Lupinus mutabilis.




2. Materials and Methods


2.1. Plant Material


Four germplasms of Lupinus mutabilis, supplied by the Andean Grains Project of the Faculty of Agricultural Sciences and Natural Resources of the Technical University of Cotopaxi, were used. The genotypes included two improved varieties (Iniap-450, known as Andino, and Iniap-451, known as Guaranguito) and two ecotypes (the Ecuadorian and Peruvian ecotypes). The culture of the four genotypes was carried out at the experimental field of the Universidad Técnica de Cotopaxi at Salache Experimental Center, Latacunga, Ecuador, at 2770 m above sea level (latitude 0°58′60″ S y 78°37′0″ W). The four cultivars were grown in separate plots, with a plant density of 7.3 plants/m2. The agro-climatic conditions corresponded to an average annual rainfall of 500 mm and an average temperature of 14 °C. Tarwi pods were harvested when they reached a lime-green color (2.5 GY 6/8, Munsell color system). At this stage, the grains were tender and had a lime-green color (2.5 GY 6/10, Munsell color system). Harvesting was carried out manually by separating the grain from the pod. After harvesting, the grains were debittered following the methodology described by Carvajal-Larenas et al. [1]. Briefly, we soaked the seeds for 6 h at 22 °C, after which the seeds were cooked for 30 min at 90 °C, and, finally, rinsed and washed in tap water.




2.2. Tarwi-Based Formulas


Green beans of the four tarwi genotypes are used and are bittered as above to elaborate both a fermented beverage and tempeh.



2.2.1. Fermented Beverage


A total of 2 kg of debittered grain from each germplasm were dehulled and liquefied to a mashed consistency. Then, 2 L of water containing 800 g of sucrose was added. This mixture was then divided into two equal parts. One of them was inoculated with 1.5% Saccaromyces cerevisae and the other one with 2.5%. Then, two containers, one for each starter concentration, were fermented for 72 h. After this, the mixture was filtered using cheesecloth, 10 g of xanthan was added as a stabilizer, and the mixture was pasteurized slowly at 65 °C for 30 min. The beverage was then packaged in 4 bottles, which were labeled and stored at 4 °C. This procedure was carried out in triplicate, yielding a total of 12 bottles for each treatment for further analysis (n = 12).




2.2.2. Tempeh


For each germplasm, 2 kg of tarwi beans were dehulled and milled. Then, 2.25% w/w acetic acid and 25 g maize starch were added and mixed homogeneously. Two samples of 1000 g each were then obtained, and one of them was inoculated with 0.015% Rhizopus oligosporus, strain NRRL 2710. The other sample was also inoculated with the same Rhizopus strain, but at a dose of 0.025%. Each sample was packed in an individual bag and incubated at 30 °C for solid-state fermentation for 48 h. After this, the tempeh was packed, labeled, and stored at 4 °C for further analysis. This procedure was performed in triplicate. Each tempeh sample was analyzed 4 times (n = 12).





2.3. Analysis


2.3.1. Physico-Chemical Analysis


In the fermented beverage, the solid soluble content, pH, and alcoholic strength by volume were determined according to the following AOAC guidelines [19]: 920.151, 981.12, and 942.06. In both tempeh and fermented beverage, the dry matter was calculated by subtracting the moisture content from 100. The moisture content was determined using the gravimetric method (AOAC method 925.10) [19]. The ash content was estimated in accordance with the AOAC standard (AOAC method 942.05) [19]. The sample was calcined at 525 ± 15 °C in an electric furnace until it turned to ash and weighed after it had cooled (n = 12).




2.3.2. Proximate Analysis


Protein, crude fiber, fat, and calcium were analyzed according to the AOAC procedures 981.10, 991.43, 920.39, and 991.25 [19]. Total alkaloids were assessed using the von Baer volumetric method [20] (n = 12).





2.4. Sensorial Analysis


Both the fermented beverage and tempeh were evaluated in a sensory test. A panel of 10 semi-trained tasters aged 20–40 years (5 male and 5 female) and consisting of students and faculty staff were asked to indicate how much they liked or disliked each product on a 9-point hedonic scale (9 = extremely like, 7 = dislike moderately, 5 = neither like nor dislike, 3 = dislike moderately, and 1 = extremely dislike) based on the aroma, color, taste, texture, and overall acceptability according to the hedonic scale. Training was given to panelists prior to tasting, and they were taught to recognize and evaluate the positive sensory characteristics of both tempeh and fermented beverage. The panelists were seated at a round table. Before the evaluation of the sample, an open discussion was initiated to define the best descriptors to characterize both the fermented beverage and the tempeh. The attributes agreed by the panelists after discussion included descriptors within the sensory categories: Aroma (high score indicates intense aroma of the product), color (high score indicates the typical taste of the drink and tempeh), taste (high score indicates the typical taste of the drink and tempeh), texture (low score indicates very fluffy and soft crumb), and overall acceptability. Different fermented beverage and tempeh samples were presented in glasses and plates codes and served randomly. To ensure unbiased evaluations, the panelists were instructed to rinse their mouths with distilled water before and after each tasting.




2.5. Statistical Analysis


For both the fermented beverage and tempeh, a two-way analysis of variance (ANOVA) was performed, with the cultivar and starter dosage being the two factors to demonstrate the effects of these factors, as well as the interactions between them. When a significant main effect or interaction was identified, mean values were compared using the LSD test. Differences with a probability level <0.05 were considered significant. Prior to statistical analyses, homoscedasticity (homogeneity of variance) and normal distribution of the data sets were tested using Levene’s test and the Shapiro–Wilk test, respectively. All statistical analyses were performed with Statgraphics Centurion XVI (STATGRAPHICS, Statpoint Technologies, Inc., Warrenton, VA, USA).





3. Results


The results concerning the main effects of the germplasm and the dosage of the starter on the proximate analysis, as well as the quality parameters, are shown in Table 1 and Table 2 for the fermented beverage and tempeh, respectively. For the fermented beverage, the two independent variables showed statistical differences for all the assessed parameters except for TSC and pH. The influence of the independent variables on tempeh is shown in Table 2. Effects of the two variables were found for total alkaloids, crude fiber, and protein and calcium content.



Figure 1 shows the effects of starter dosage on the main parameters in the proximate analysis of the fermented beverage. In relation to alcoholic strength, it was found that, in all cases, the Andino cultivar produced a beverage with higher alcoholic strength. However, it was found that in all cultivars, the inoculum dose influenced the alcohol content. In general, the alcohol content ranged from 4.61 to 6.45%, but there were differences between the different treatments. For the 1.5% dose, Ecuadorian and Peruvian exhibited a similar alcohol content, with the beverage derived from Guaranguito having a lower alcohol content. However, when the inoculum dose was increased to 2.5%, the beverage from the Andino genotype had the highest alcohol content, with no significant differences found among the remaining three genotypes.



The effects of fermentation on total alkaloid content were clear. This effect was particularly noticeable in the Peruvian cultivar, which showed the highest total alkaloid concentration regardless of the starter dose. Andino and Guaranguito had similar alkaloid contents, both at the 1.5% and 2.5% starter doses, while Ecuadorian was the genotype that contributed the lowest alkaloid content to the beverage. Regarding the protein content, it was the beverage made with the Andino cultivar that exhibited a higher content. There was a certain inoculum dose effect, as a lower protein content was found when the beverage was made with a higher inoculum dose. This effect was observed in the Andino and Guaranguito genotypes. With the Ecuadorian and Peruvian genotypes, a beverage with the lowest protein content was obtained without finding any influence of the inoculum dose.



Regarding the fiber content, the value was logically very low due to the brewing process. Even so, differences were found between the different cultivars, but in general, fiber content showed a similar pattern to that of protein content, i.e., the higher the dose, the lower the fiber content. Similar results were found for fat content, although the values were very low in all cases, and it was found that in beverages from the Andino and Guaranguito cultivars, the fat content was higher. Calcium content in the fermented beverages was always very low, with values found to be between 0.07% and 0.01% (Supplementary Materials).



The results of alkaloid and protein content of tempeh are shown in Figure 2. The alkaloid content of tempeh ranged between 0.49 and 1.38%, with significant differences between the different cultivars. The Guaranguito and Ecuadorian cultivars showed higher alkaloid content than the rest of the cultivars. The effects of fermentation, as a function starter dose, resulted in a reduction in alkaloid content but were noticed only in Ecuadorian and Peruvian genotypes. In this sense, in the Peruvian cultivar, there was an effect of inoculum dose in that a dose of 0.025% produced a lower concentration of alkaloids in the tempeh. In the tempeh, an effect of cultivar on protein content was found, with the Andino cultivar showing higher protein content than the other cultivars. The tempeh samples produced with the Guaranguito, Ecuadorian, and Peruvian cultivars showed similar protein content and were not affected by the starter dose.



With respect to crude fiber, in general, there was no influence of the cultivar on this parameter. This is because, in general, the different tempeh samples had similar fiber content. There was an influence of the starter dose in that the higher the inoculum dose, the less crude fiber was found in the tempeh. The fat content of tempeh was affected by the cultivar used to prepare it, so the use of the Andino and Ecuadorian cultivars generally produced tempeh with higher fat content than when the Guaranguito or Peruvian cultivars were used. In general, the higher the inoculum dose, the lower the fat content. The calcium content fluctuated between 1.68 and 0.08% depending on the cultivar, inoculum dose, and fermentation time used to make the tempeh. The use of Andino in tempeh manufacture always produced tempeh with higher calcium content. (Supplementary Materials).



Using the hedonic scale, both the fermented beverage and the tempeh were subjected to a sensory evaluation to assess their acceptability and preference. In the fermented beverage (Figure 3), the differences were found in aroma, texture, and general acceptability, with the samples formulated with the Andino and Peruvian genotypes standing out, reaching values of around 8 in aroma, making these samples pleasant for the panelists. As for texture, the evaluation, in general, was around 5.5–6 for three genotypes: Andino, Guaranguito, and Peruvian, which showed differences compared to the fourth genotype: Ecuadorian. In terms of general acceptance, the beverage from the different genotypes was highly valued, with the Andino and Guaranguito genotypes standing out from the rest. In relation to tempeh (Figure 4), the main differences are in aroma and taste. Although the differences between genotypes used are not excessive, and the values achieved are around 7–8, it should be noted that the Andino cultivar stood out from the rest. In terms of taste, the Andino genotype was also classified with a higher value between 7 and 8 on the hedonic scale. This result shows that the Andino genotype was favored by the consumers in terms of sensory evaluation.




4. Discussion


Fermenting legumes or legume-like seeds to create processed foods is a common practice in various regions of the world. Although tempeh is one of the most well-known foods produced in this way, there are numerous variations depending on factors, such as the type of legume, the fermentation technique, and the geographical region. This study focused on the production of both fermented beverages and tempeh using grains from L. mutabilis, a traditional crop among indigenous communities in the Ecuadorian Andean mountains. The production process for this legume differs significantly from that of other grains, with the first step being the removal of anti-nutritional compounds through debittering, given the high content of these compounds in L. mutabilis. The fermentation of legumes or legume-like seeds to produce processed foods is common in different parts of the world. Although one of the best-known foods prepared in this manner is tempeh, there are many variations depending on the geographical region, the type of legume, and the fermentation technique. Both the fermented beverage and the tempeh produced in this work were made from L. mutabilis grains, a traditional crop of the indigenous communities of the Ecuadorian Andean mountains. However, in this study, green lupine grain has been used, which is a novel proposal since traditionally, any food based on lupine grain is made with dry grain. This provides some advantages, such as earlier harvesting and lower alkaloid content.



The production process of this legume entails important differences compared to other grains. The first of these is debittering, as L. mutabilis is characterized by its high content of anti-nutritional compounds that have to be removed before consumption [9]. In our experiment, we used tender kernels harvested shortly before they reached the dry seed stage. Under these conditions, the alkaloid content is lower, and therefore, the debittering process is slightly less laborious. The fermented beverage obtained has similar nutritional properties to beverages obtained using other legumes, and logically, it will fundamentally depend on the legume and the fermenting agent used. In our case, Saccaromices cereviceae enabled the production of a beverage with low alcohol content. Although it is not common to use this yeast to make an alcoholic beverage with tarwi, different works have been published in which tarwi grains are mixed with other compounds, such as amaranth grains [12]. Other studies use tarwi as an ingredient to enhance the qualities of a fermented beverage. Márquez-Villacorta et al. [21] designed and optimized a drink based on a mixture of fresh milk, oats, and a tarwi beverage. These authors found that the addition of a tarwi beverage to their formulation resulted in an increase in protein content. Regarding the protein supply that manufactured Lupinus mutabilis products can offer, it should be noted that vegetable drinks, such as soya milk, or drinks made from Lupinus have slightly higher protein content than cows’ milk [21,22], hence their use as an ingredient capable of providing a higher protein content. In this sense, the fermented beverage that we used, obtained using green tarwi beans, had higher protein content than the chickpea-based beverage designed by Wang et al. [23]. This chickpea drink had a protein content between 1.21 and 2.09%, which is significantly lower than that found in our drink when using the Andino cultivar. Moreover, we can indicate that of all our treatments, fermentation for 92 h using the Ecuadorian cultivar, with a starter dose of 2.5%, presented lower protein content than the chickpea drink proposed by Wang et al. [23]. A similar argument can be made for the fiber content. The use of Lupinus to make a fermented beverage using brewer’s yeast provides higher fiber content than when other legumes are used. However, this drink is disadvantaged by its alcohol content, which, although low, still renders it an alcoholic beverage, therefore, its consumption must be limited. However, as Pulingundla et al. [24] point out in their work on new innovations in beers, the probiotic content that can be found in fermented beverages is of interest, and these authors favor Saccaromices boulardii because of its probiotic contribution and the lower alcohol content of the beverages it produces. S. boulardii is genetically close to S. cerevisiae but has different metabolic and physiological characteristics. We used S. cerevisiae in our beverage mainly because it is the most widely available and traditional yeast in indigenous communities. The few studies that have been carried out on S. boulardii in the fermentation of tarwi grains have focused on debittering [14] and not on its use as a fermentation starter for beverages. Considering the probiotic properties of S boulardii and the production of beverages with lower alcoholic content, we believe that in future research, we should try to use this yeast, or a mixture of S. cerviceae and S. boulardi, to brew a beverage fermented with tarwi grains.



The most common processed product obtained from Lupinus mutabilis is tempeh, after fermentation with different strains of Rhizopus oligosporus. The product obtained is rich in protein and is a good source of fiber. As the raw material used in the production of tempeh has high alkaloid content, it must be ensured that in the processing of tempeh, its alkaloid content is safe for human consumption. It is for this reason that Lupinus seeds have to be debittered. However, there are differences in tempeh manufacturing processes. Carvajal-Arenas et al. [1] point out that the processes of debittering and fermentation can be carried out simultaneously as long as the tarwi beans are soaked and cooked. This results in a reduction in the alkaloid content because contact between the alkaloids and the enzymes produced by the fungus is facilitated. In our case, we started from previously debittered seeds so that the alkaloid content was further reduced after fermentation with the fungus. The importance of tempeh lies mainly in the fact that it is a good source of protein. In this respect, the use of one genotype over another may lead to differences in protein content in the diet. It should not be forgotten that the use of Lupinus mutabilis is generally restricted to indigenous communities in the Andean highlands [25]. These communities have a way of life in which they practice self-sufficient agriculture [26], and in which the tarwi crop is fully integrated. Therefore, different projects are underway to promote alternative uses of tarwi, with one of the most promising being the production of tempeh because it can easily be integrated, with few modifications, into the culinary processes and habits of these communities. This is because the required infrastructure is not particularly expensive and there is no need for special technology. In fact, the traditional culinary use of tarwi is based on several aspects, i.e., tarwi flour is mixed with wheat flour to prepare bread, which is beneficial, because it provides the bread with an extra supply of lysine. Moreover, tarwi is used as a main ingredient in many soups, salads, and stews, and is regularly combined with quinoa or amaranth [27]. Tempeh could therefore be a promising alternative because, as indicated by Villacrés et al. [28], fried tempeh has a characteristic and pleasant flavor with a meaty taste. Moreover, its texture is improved by the fermentation process due to the hydrolysis and degradation of different polymers by the fungus, making it palatable to children and the elderly [28].



A concern regarding both fermented beverages and tempeh is their alkaloid content, although, with debittering and subsequent fermentation, the alkaloid content is greatly reduced. The Ecuadorian Institute for Standardisation [29] has established that the maximum total alkaloid content in debittered tarwi beans is 0.07%, which is much lower than the content of our products. However, it should be taken into account that according to Aguilera and Trier [30], a dose of 500 mg per day is considered safe, and according to Carvajal et al. [1], an adult can consume a quantity of around 750 g of debittered lupin per day. In addition to these data, the tarwi seeds used in our experiment were in the green state, during which they have lower alkaloid content [4]. We, therefore, consider the use of seeds at this stage of development to be a viable option for obtaining foodstuffs with lower alkaloid content.



The fermented beverage was generally well accepted by the panelists, but there were differences in acceptance based on genotype, with Andino and Guaranguito being particularly favored. The aroma of the beverage was influenced by the inoculum dose and fermentation time, with higher doses and longer fermentation times resulting in lower scores from the panelists. The fermented and slightly pungent odor was disliked by the panelists, and this characteristic increased as the fermentation parameters were increased. This was considered the most negative characteristic of the beverage. While the Andean consumer, particularly the Quechua, is accustomed to the traditional fermented corn drink, chicha, which has a pungent, sour taste and strong fermented smell [31,32], a comparison is inevitable, and the fermented beverage presented in this study scored lower in aspects, such as color, texture, and aroma. In contrast, tempeh made from Lupinus mutabilis was generally well-accepted in terms of taste, texture, and overall acceptability. Tempeh is not a traditional food in Andean communities, however, both the traditional Asian tempeh and the one made in this study have been made with legumes and with similar inoculums. In general, according to Jiménez-Martínez et al. [27], foods made with Lupinus tend to have a good sensory acceptability, which may even be superior to the acceptability of soy-based foods [1,27]. This is reflected in our sensory analysis results, where tempeh made from Lupinus scored generally well in terms of taste, texture, and overall acceptability. The preference of the panelists for the Andino cultivar may be due to its familiarity, as it is one of the most common cultivars. There is potential to improve the sensory properties of the alternatives presented in this study by adding different flavorings, colorings, and other additives, as well as gently roasting the tarwii beans, which has been shown to greatly improve the acceptability of Lupinus products [33]. Consumer acceptance of the sensory characteristics of these two formulations is crucial, as they may have different tastes and textures than other similar soybean foods. It is important to note that our alternatives have been produced with green grain, whereas the available literature on similar products made with tarwii is based on dry grain. This may be a factor to take into account in two ways. One is the lower content of anti-nutritional compounds, and the other is its influence on the palatability of the processed products.




5. Conclusions


Our results conclude that:




	(i)

	
There is a clear effect of the genotype used, and, in general, the use of the Andino genotype offers higher protein content and lower alkaloid content.




	(ii)

	
In this experiment, green seeds were used, and our proximate analysis indicates that, at this stage of maturity, preparations can be made without affecting the seeds’ nutritional properties and with the advantage of lower alkaloid content.




	(iii)

	
Although the fermented beverage made with tarwi was generally well accepted, the slightly pungent odor could be a negative characteristic, if the sour taste and pungent odor is stronger, as would be the case with higher starter doses or longer fermentation times.




	(iv)

	
On the other hand, tempeh made with green seeds of tarwi was well accepted in terms of taste, texture, and general acceptability.









Therefore, we can conclude that fermented beverages and tempeh can be considered viable alternatives to traditional uses of Lupinus mutabilis. Although we have to take into account that in the case of the fermented beverage, its alcoholic content is a limitation for consumers, in spite of being a beverage with low alcoholic content, it cannot be destined to the whole population.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/fermentation9070590/s1, Table S1. Quality parameters and proximate analysis of fermented beverage as affected by germplasm (G), inoculum dose (ID); Table S2. Quality parameters and proximate analysis of tempeh as affected by germplasm (G); Table S3. Significance of the differences in the mean values of proximate analysis parameters of fermented beverage in the post hoc LSD test (p < 0.05); Table S4. Significance of the differences in mean values of quality and proximate analysis parameters of tempeh in the post hoc LSD test (p < 0.05).





Author Contributions


Conceptualization, conception, and design of the experiments: J.L.V.; performance of the experiments and formal analysis: G.P.-G. and K.Q.-S.; writing—original draft preparation: G.P.-G., M.d.C.S.-S., F.d.M. and J.L.V.; writing—review and editing: J.L.V.; supervision, grant management and funding acquisition: J.L.V. and F.d.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research was partly funded by research groups of which the authors are members. This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The datasets generated for this study are available on request to the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Carvajal-Larenas, F.E.; Linnemann, A.R.; Nout, M.J.R.; Koziol, M.; van Boekel, M.A.J.S. Lupinus mutabilis. Composition, Uses, Toxicology, and Debittering. Crit. Rev. Food Sci. Nutr. 2016, 56, 1454–1487. [Google Scholar] [CrossRef]

	



Gulisano, A.; Alves, S.; Martins, J.N.; Trindade, L.M. Genetics and Breeding of Lupinus mutabilis: An Emerging Protein Crop. Front. Plant. Sci. 2019, 10, 1385. [Google Scholar] [CrossRef]

	



Borek, S.; Pukacka, S.; Michalski, K.; Ratajczak, L. Lipid and protein accumulation in developing seeds of three lupine species. Lupinus luteus L., Lupinus albus L., and Lupinus mutabilis Sweet. J. Exp. Bot. 2009, 60, 3453–3466. [Google Scholar]

	



Williams, W.; Harrison, J.E.M. Alkaloid concentration during development in three Lupinus species and the expression of genes for alkaloid biosynthesis in seedlings. Phytochemistry 1983, 22, 85–90. [Google Scholar] [CrossRef]

	



Cortés-Avendaño, P.; Tarvainen, M.; Suomela, J.-P.; Glorio-Paulet, P.; Yang, B.; Repo-Carrasco-Valencia, R. Profile and Content of Residual Alkaloids in Ten Ecotypes of Lupinus mutabilis Sweet after Aqueous Debittering Process. Plant Foods Hum. Nutr. 2020, 75, 184–191. [Google Scholar] [CrossRef] [PubMed]

	



Villacrés, E.; Álvarez, J.; Rosell, C. Effects of two debittering processes on the alkaloid content and quality characteristics of lupin (Lupinus mutabilis Sweet). J. Sci. Food Agric. 2020, 100, 2166–2175. [Google Scholar] [CrossRef] [PubMed]

	



Chalampuente-Flores, D.; Tapia Bastidas, C.; Sørensen, M. The Andean Lupine-’El Chocho’ or “Tarwi” (Lupinus mutabilis Sweet). Biodivers. Online J. 2021, 1, 4. [Google Scholar]

	



Guilengue, N.; Alves, S.; Talhinhas, P.; Neves-Martins, J. Genetic and Genomic Diversity in a Tarwi (Lupinus mutabilis Sweet) Germplasm Collection and Adaptability to Mediterranean Climate Conditions. Agronomy 2019, 10, 21. [Google Scholar] [CrossRef]

	



Villacrés, E.; Quelal, M.B.; Fernández, E.; García, G.; Cueva, G.; Rosell, C.M. Impact of debittering and fermentation processes on the antinutritional and antioxidant compounds in Lupinus mutabilis sweet. LWT 2020, 131, 109745. [Google Scholar] [CrossRef]

	



Güémes-Vera, N.; Peña-Bautista, R.J.; Jiménez-Martínez, C.; Dávila-Ortiz, G.; Calderón-Domínguez, G. Effective detoxification and decoloration of Lupinus mutabilis seed derivatives, and effect of these derivatives on bread quality and acceptance. J. Sci. Food Agric. 2008, 88, 1135–1143. [Google Scholar] [CrossRef]

	



Carvajal, F. Managing Technological Aspects of Lupinus mutabilis from a Food Sovereignty Perspective in Ecuador. Ph.D. Thesis, Wageningen University and Research, Wageningen, The Netherlands, 2013. [Google Scholar]

	



Aguilar, E.F.; Rivera, E.d.P.F. Assessment of the use of the hydrolyzed liquid fraction of the kiwicha grain in the fermentation process of probiotic drinks from tarwi juice: Microbiological, chemical and sensorial analysis. Food Sci. Technol. 2019, 39, 592–598. [Google Scholar] [CrossRef]

	



Nazhand, A.; Souto, E.B.; Lucarini, M.; Souto, S.B.; Durazzo, A.; Santini, A. Ready to use therapeutical beverages: Focus on functional beverages containing probiotics, prebiotics and synbiotics. Beverages 2020, 6, 26. [Google Scholar] [CrossRef]

	



Santini, A.; Novellino, E. Nutraceuticals-shedding light on the grey area between pharmaceuticals and food. Expert. Rev. Clin. Pharmacol. 2018, 11, 545–547. [Google Scholar] [CrossRef]

	



Daliu, P.; Santini, A.; Novellino, E. From pharmaceuticals to nutraceuticals: Bridging disease prevention and management. Expert. Rev. Clin. Pharmacol. 2019, 12, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Velázquez-López, A.; Covatzin-Jirón, D.; Toledo-Meza, M.; Vela-Gutiérrez, G. Fermented drink elaborated with lactic acid bacteria isolated from chiapaneco traditional pozol. CienciaUAT 2018, 13, 165–178. [Google Scholar] [CrossRef]

	



Romero-Espinoza, A.M.; Serna-Saldivar, S.O.; Vintimilla-Alvarez, M.C.; Briones-García, M.; Lazo-Vélez, M.A. Effects of fermentation with probiotics on anti-nutritional factors and proximate composition of lupin (Lupinus mutabilis sweet). LWT 2020, 130, 109658. [Google Scholar] [CrossRef]

	



Saharan, P.; Sadh, P.K.; Duhan, S.; Duhan, J.S. Bio-enrichment of phenolic, flavonoids content and antioxidant activity of commonly used pulses by solid-state fermentation. J. Food Meas. Charact. 2020, 14, 1497–1510. [Google Scholar] [CrossRef]

	



Horwitz, W.; Latimer, G.W.; AOAC International. Official Methods of Analysis of AOAC International, 18th ed.; AOAC International: Gaithersburg, MD, USA, 2007. [Google Scholar]

	



Von Baer, D.; Reimerdes, E.H.; Feldheim, W. Methoden zur Bestimmung der Chinolizidinalkaloide in Lupinus mutabilis. Z. Leb. Unters. Forch. 1979, 169, 27–31. [Google Scholar] [CrossRef]

	



Márquez-Villacorta, L.; Pretell-Vásquez, C.; Hayayumi-Valdivia, M. Functional beverage design based on fresh milk, tarwi (Lupinus mutabilis) beverage and oatmeal (Avena sativa). Rev. Chil. Nutr. 2021, 48, 490–499. [Google Scholar] [CrossRef]

	



Castañeda, B.; Manrique, R.; Gamarra, F.; Muñoz, A.; Ramos, F.; Lizaraso, F.; Martínez, J. A probiotic product elaborated using Lupinus mutabilis sweet (chocho or tarwi) seeds. Acta Med. Peru. 2008, 25, 210–215. [Google Scholar]

	



Wang, S.; Chelikani, V.; Serventi, L. Evaluation of chickpea as alternative to soy in plant-based beverages, fresh and fermented. LWT-Food Sci. Technol. 2018, 97, 570–572. [Google Scholar]

	



Puligundla, P.; Smogrovicova, D.; Mok, C. Recent innovations in the production of selected specialty (non-traditional) beers. Folia Microbiol. 2021, 66, 525–541. [Google Scholar] [CrossRef] [PubMed]

	



Hernandez Maqueda, R.; Ballesteros Redondo, I.; Serrano Manzano, B.; Cabrera Martinez, L.Y.; Hernández Medina, P.; del Moral Torres, F. Assessment of the impact of an international multidisciplinary intervention project on sustainability at the local level: Case study in a community in the Ecuadorian Andes. Environ. Dev. Sustain. 2022, 23, 8836–8856. [Google Scholar] [CrossRef]

	



Hernández Maqueda, R.; Paste, S.; Chango MD, C.; Serrano, B.F.; del Moral, F. Designing Biodiversity Management Strategies at the Community Level: Approaches Based on Participatory Action Research. Hum. Ecol. 2022, 50, 665–679. [Google Scholar] [CrossRef]

	



Jiménez-Martínez, C.; Hernández-Sánchez, H.; Dávila-Ortiz, G. Lupines: An alternative for debittering and utilization in foods. In Food Science and Food Biotechnology; Gutiérrez-López, G., Barbosa-Cánovas, G., Eds.; CRC Press: Boca Raton, FL, USA, 2003; pp. 233–252. [Google Scholar]

	



Villacrés, E.; Rubio, A.; Egas, L.; Segovia, G. Usos Alternativos del Chocho; Instituto Nacional Autónomo de Investigaciones Agropecuarias INIAP, Ed.; Fundación para la Ciencia y la Tecnología, FUNDACYT: Quito, Ecuador, 2006; Available online: https://repositorio.iniap.gob.ec/bitstream/41000/298/1/iniapscbd333.pdf (accessed on 29 March 2023).

	



INEN Norma Técnica Ecuatoriana NTE INEN 2390; Leguminosas. Grano Desamargado de Chocho. Requisitos. Instituto Ecuatoriano de Normalización: Quito, Ecuador, 2004.

	



Aguilera, J.M.; Trier, A. The revival of the lupin. J. Food Technol. 1978, 32, 70–76. [Google Scholar]

	



Vargas-Yana, D.; Aguilar-Morón, B.; Pezo-Torres, N.; Shetty, K.; Ranilla, L.G. Ancestral Peruvian ethnic fermented beverage “Chicha” based on purple corn (Zea mays L.): Unraveling the health-relevant functional benefits. J. Ethn. Foods 2020, 7, 35. [Google Scholar] [CrossRef]

	



Piló, F.B.; Carvajal-Barriga, E.J.; Guamán-Burneo, M.C.; Portero-Barahona, P.; Dias, A.M.M.; Daher de Freitas, L.F.; Oliveira-Gomes, F.d.C.; Rosa, C.A. Saccharomyces cerevisiae populations and other yeasts associated with indigenous beers (chicha) of Ecuador. Braz. J. Microbiol. 2018, 49, 808–815. [Google Scholar] [CrossRef]

	



Gross, U.; Godomar-Galindo, R.; Schoeneberger, H. The development and acceptability of lupine (Lupinus mutabilis) products. Qual. Plant./Plant Foods Hum. Nutr. 1983, 32, 155–164. [Google Scholar] [CrossRef]








[image: Fermentation 09 00590 g001 550] 





Figure 1. Significance of the differences in mean values of alcoholic strength, total alkaloid, and total protein content of fermented beverage in the post hoc LSD test (p < 0.05). Lower case letters indicate significant differences within each genotype between starter dose. ns = not significant. Solid capital letters indicate significant differences within 1.5% starter dose between genotypes. Open capital letters indicate significant differences within 2.5% starter dose between genotypes, according to LSD test, at p < 0.05. Vertical bars show the standard error (SE) (n = 12). 
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Figure 2. Significance of the differences in mean values of total alkaloid and total protein content of tempeh in the post hoc LSD test (p < 0.05). Lower case letters indicate significant differences within each genotype between starter doses. ns = not significant. Solid capital letters indicate significant differences within 1.5% starter dose between genotypes. Open capital letters indicate significant differences within 2.5% starter dose between genotypes, according to LSD test, at p < 0.05. Vertical bars show the standard error (SE) (n = 12). 






Figure 2. Significance of the differences in mean values of total alkaloid and total protein content of tempeh in the post hoc LSD test (p < 0.05). Lower case letters indicate significant differences within each genotype between starter doses. ns = not significant. Solid capital letters indicate significant differences within 1.5% starter dose between genotypes. Open capital letters indicate significant differences within 2.5% starter dose between genotypes, according to LSD test, at p < 0.05. Vertical bars show the standard error (SE) (n = 12).



[image: Fermentation 09 00590 g002]







[image: Fermentation 09 00590 g003 550] 





Figure 3. Scores for sensorial analysis in fermented beverage from different genotypes of Lupinus. 
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Figure 4. Scores for sensorial analysis in tempeh from different genotypes of Lupinus. 
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Table 1. Results of the two-way variance analysis (ANOVA with interactions) for quality parameters and proximate analysis of fermented beverage as affected by germplasm (G) and starter dose (SD).
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	S.O.V.
	TSC
	pH
	Alcoholic Strength
	Total Alkaloids
	Dry Matter
	Protein
	Crude Fiber
	Fat
	Ash Content
	Calcium





	G
	NS
	NS
	**
	**
	**
	**
	**
	**
	NS
	NS



	SD
	NS
	NS
	NS
	NS
	NS
	**
	**
	**
	NS
	NS



	G × SD
	NS
	NS
	*
	*
	*
	**
	**
	*
	*
	*







(*) and (**) significant at p < 0.05, p < 0.01, respectively, NS, not significant. S.O.V. Source of Variance.
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	S.O.V.
	Total Alkaloids
	Dry Matter
	Protein
	Crude Fiber
	Fat
	Ash Content
	Calcium





	G
	**
	**
	**
	NS
	NS
	NS
	**



	SD
	**
	**
	**
	**
	NS
	NS
	**



	G × SD
	*
	NS
	*
	*
	NS
	NS
	*







(*) and (**) significant at p < 0.05, p < 0.01, respectively, NS, not significant. S.O.V. Source of Variance.
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