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Abstract

:

The expansion of the beer industry has enabled many possibilities for improvement regarding the taste, aroma and functionality of this drink. Health-related issues and a general wish for healthier lifestyles has resulted in increased demand for functional beers. The addition of different herbs or adjuncts in wort or beer has been known for centuries. However, today’s technologies provide easier ways to do this and offer additional functional properties for the health benefits and sensory adjustments of classical beer. Medicinal, religious or trendy reasons for avoiding certain compounds in beer or the need to involve new ones in the brewing recipe has broadened the market for the brewing industry and made beer more accessible to consumers who, till now, avoided beer.
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1. Introduction


Beer is considered as a nutritious and refreshing carbonated beverage, which is why its production is spread all over the world. The history of beer reaches far back to the ancient times, where the Sumerians, Babylonians and Egyptians brewed a very simple drink made of damp cereals left to germinate. With the addition of water and leaving for the spontaneous alcoholic fermentation to take place, a beer was brewed. Rich in minerals and vitamins, this alcoholic drink gained popularity very soon after it was first discovered. Due to its nutritive value, it could be considered as a functional beverage of ancient times. Through history, beer has always been a source of energy and nutrients, and boiling/cooking caused it to be healthier than water. Today’s term defining “functional food or drink” refers to a non-alcoholic drink product whose constituents include herbs, amino acids, vitamins, minerals, and crude vegetables or fruits that provides health benefits beyond its nutritional value [1,2,3]. The beverage industry that produces “functional beverages” aims to allow the consumers the enjoyment of a drink with an added function. This function is often related to health-improving properties acting beneficially for the overall human body. Today’s consumers are commonly trying to reduce alcohol, gluten, sugar, and carbohydrates in beer but without reducing its native taste [4]. The beer industry took the opportunity for expansion and is constantly making progress in fulfilling the consumers’ desires. Big brewing industries are leading this trend, but small craft breweries also tend to participate. This review aims to describe the marketing strategies and research interests for the formulation of functional beers but also to relate its function with consumers’ desires [4].




2. Marketing Strategy


The general scheme of supply and demand is the focal point of every industry. Today’s consumers often tend to look for products that can help them in their everyday lives, make them easier and, when it comes to the food and drink industry, make them healthier. The growing demand for quality improvement among consumers has led to the evolution of the adjusted health-related functionality of beer. Religious factors are also an important part of this strategy.



In order to create a great demand for functional beer, different marketing strategies had to be created to satisfy consumers’ wishes and needs. In its own beginnings of creation, the functional beverage had to be presented to the modern market—in other words, to the consumer, as something entirely new and authentic. One of the ways to do so is to completely separate the product from the competition in terms of originality and, of course, to connect the brand with the emotional story of the product. This could work for getting through to groups of consumers who want to turn their lifestyles in healthier directions or are bound to avoid certain food components such as gluten [5]. Likewise, it has a great impact on religious groups that are forbidden to consume alcoholic beverages. However, with the appearance of functional beer on the market, they can enjoy drinking alcohol-free, fruity beer that actually has great health characteristics. Although the positive sides of the beverage exist, it will be a bit harder to convince customers that functional beer is not just regular beer. However, with different promotion activities that can also change—for example, direct promotion—business subjects can gain better, stronger and more reliable relationships than from indirect promotion.



Today, because of the remarkable development of social media, there are quite a number of influencers who promote healthy lifestyles and self-awareness. Keeping that in mind, representing functional beer to millions of consumers through influencers on social media has a bright future. This may be, in some cases, expensive promotion, but this is one of the ways to reach one’s desired group of consumers on a larger scale.




3. Research Interests and Production of Functional Beer


The increased recognition of healthier, organic and traditional foods and beverages is a well-established trend in today’s society. The return towards simple and traditional foods often results in innovative products that are a combination of beneficial and new compounds united in one health-promoting functional food. Beer is a worldwide familiar beverage, and the addition (herbs, fungi, probiotics, etc.) or removal (alcohol, gluten, or carbohydrates) of certain compounds from it can result in a desired, almost tailored beverage for everyone to enjoy. Some of the functional additions to beers have already entered production, but some, however, are still a subject of different research.



3.1. Botanicals


The addition of different herbs and adjuncts to beer is a well-known procedure and has been used since the (presumably) middle ages and served to enhance the taste and smell.



Plants—many plants and plant extracts—were traditionally used in brewing. Artemisia vulgaris, Juniperus communis, Melissa officinalis, Mentha spiata, Origanum vulgare, Pimpinella anisum, Rosmarinus officinalis, Thymus serpyllum, Acorus calamus, Cinnamomum verum, Hypericum perforatum, Lupuli strobuli, Urticae radix, Brassica nigra and Coriandrum sativum are some of the plants or plant extracts that have been used in brewing and numerous studies to date [6]. As reported by Đorđević et al. [6], the addition of medicinal or aromatic herbs or their extracts to beers can result in a pleasantly flavored beverage. In sensory terms, the best rated beer was the one with lemon balm extract, and considering the functionality of the product, the best beer was the one with a thyme extract (highest content of total phenols and antioxidant activity). Belščak-Cvitanović et al. [7] investigated the addition of encapsulated green tea extracts and dry green tea extracts into Pilsner and lemon radler. For all beers with extract addition, the total phenolic content was higher at the end of storage. Industrial radler beer with green tea microbeads was rated as the best considering sensory analysis, as it was the least bitter and had a stronger and pleasant herbal taste.



Fruits—lemon juice, raspberry syrup, orange juice and grapes—are very popular as additions to the beer, which broaden the consumer population to women and people who dislike the original bitterness of beer.



For now, very promising research regarding fruit additions to beer concerns grapes. Grapes are one addition that combines the different bioactive compounds originating from beer and wine, such as phenolic compounds and anthocyanins. Several papers combining beer and wine have been published [8,9]. A special type of beer was produced by fermenting wort combined with different ratios of must (Prokupac and Muskat Hamburg). The obtained products had very specific sensory characteristics including bitterness, astringency and freshness. Although the beer samples did not show a significant statistical difference, a beer with a higher content of Muscat Hamburg was recognized as more desirable. Total phenolic compound analysis showed a higher phenolic content in the sample produced with Muskat Hamburg. These results showed that it is possible to obtain a product with pleasing sensory characteristics and enhanced functionality [8]. In 2016, Veljović [9] published research results where a special type of beer from wort and grape must (three grape varieties: Prokupac, Cabernet sauvignon and Pinot noir) was produced. Saccharomyces cerevisiae and S. pastorianus were employed for fermentation. S. pastorianus showed more efficiency in metabolizing wort with the addition of grape must than S. cerevisiae. Beers with the addition of must contained up to seven-fold more phenolic compounds than the control pilsner beer. Beers with 20% w/w of grape must added to wort showed better sensory properties. The consumption of such beer acted favorably on heartrate and blood pressure, keeping them within normal readings. Although somewhat more expensive in production, beers with the addition of grape must could be of interest, especially to craft brewers who seek diversity and functionality.



Xanthohumol (XH) is a chemical compound originating from hops. Xanthohumol is a prenylated chalcone [10]. Xanthohumol and its isomerized form isoxanthohumol display health beneficiary properties. During wort boiling and in large quantities, xanthohumol gets transformed into isoxanthohumol. Losses continue during fermentation, filtration and beer stabilization [11]. Xanthohumol can be found in hops and hop products (pellets, CO2 extracts and ethanol extracts), and in xanthohumol-enriched hop products. In countries in which the Bavarian Purity Law is not applied [12], beer can be enriched with xanthohumol via different products. Despite the Bavarian Purity Law, the first xanthohumol-enriched beer was produced in Munich, Germany, in 2001 and was named XAN™ wheat beer. This beer was brewed in a special manner, starting with higher original wort gravity. Late hop addition in large quantities and the addition of cold brewing water in order to cool the wort down to 80 °C as fast as possible was applied in order to prevent the isomerization of xanthohumol, which resulted in >10 mg of xanthohumol/L in the finished beer [13]. The addition of xanthohumol-enriched hop products to Pilsner and stout/porter beer was conducted by Biendl et al. [14] with final concentrations of 8.1 mg/L of isoxanthohumol and <0.1 mg/L of xanthohumol in Pilsner beer and 9.0 mg/L of isoxanthohumol and 3.3 mg/L of xanthohumol in stout beer. This considerably higher content of xanthohumol in stout beer was achieved due to the partial prevention of xanthohumol isomerization by the ingredients used in the brewing of this type of beer (roasted barley, chocolate malt, etc.). Similar research was conducted by Magalhães et al. [11] and Karabin et al. [15] where they produced dark beer enriched with xanthohumol. Recent studies showed that XH displays cancer chemopreventive activities and antimutagenic and anticarcinogenic properties, with an exceptionally broad spectrum of inhibitory mechanisms at all three stages of carcinogenesis— initiation, promotion and progression [16,17]. Xanthohumol also shows a strong antioxidative effect on hydroxyl and peroxyl radicals [13].




3.2. Microorganisms


Microorganisms are an essential part of beer brewing, especially yeasts. Fermentation can be conducted using two basic types of yeast: Saccharomyces carlsbergensis (bottom fermenting) and Saccharomyces cerevisiae (top fermenting) [18].



Kefir is a traditional fermented beverage originating from the Caucasian regions. Kefir grains are comprised of various microorganisms such as bacteria (Lactobacillus, Leuconostoc, Lactococcus and Acetobacter), yeasts (Kluyveromyces, Candida, Saccharomyces, Torulaspora, Kazachstania, Lachancea and Yarrowia) and filamentous fungi, cohabiting in a natural polysaccharide kefiran and protein matrix [19,20,21,22]. It has been reported that its probiotic and prebiotic content [23] can be beneficial for human health. Kefir and its related product—kefiran—can have anti-inflammatory, antimicrobial, anti-neoplasic and antioxidant activities [24,25]. Rodrigues et al. [26] reported the production of beer with kefir and control beer with added kefiran (fermented with Saccharomyces cerevisiae), which resulted in increased values of phenolic content in the drink. The increased health-beneficiary synergistic effect between kefir and beer should be further investigated in relation to the potential health-promoting activities of probiotic beers. Other similar symbiotic communities of bacteria and yeasts (kombucha, boza, koumiss and borde drinks) could also be investigated and developed as health-beneficiary, functional beverages [27]. Kefir is an affordable microorganism colony and easy to culture and maintain, with a high growth rate and biomass yield, which makes it extremely favorable for industrial production. Mikyška et al. [28] investigated the production of beer-based fermented beverages using kefir grains. Worts produced from different cereals (winter wheat, oats, barley and combinations of stated cereals) were subjected to fermentation using the yeast strains RIBM163 and RIBM 164 (Saccharomyces cerevisiae) and/or the lactic acid bacteria RIBM2-107 and RIBM 2-108 (Lactobacillus casei subsp. paracasei) isolated from kefir grains. All the cereals and their mixtures showed satisfactory results in the sensory analysis of the produced beers/beverages and were described as pleasant and/or fruity. Citrus winter wheat malt appeared as very promising for a number of beverages with acceptable sensory properties, and non-hopped low-alcohol beverages with a fresh citrus aroma and acidic flavor are a result of fermentation using a mixed yeast and bacterial culture (RIBM 2-107 + RIBM163). The mixture of barley malt and citrus malt resulted in a light and refreshing aroma and flavor of low-alcohol beer. Low-alcohol beer produced from a mixture of oats and barley malt and fermented by the yeast strain RIBM164 is characterized as pleasant, with a fruity aroma and strong oaty notes.



Probiotics are preparations of microbial cells or components of microbial cells that act beneficially on the health of the host [29]. The four most popular probiotics—Lactobacillus acidophilus, Bifidobacterium lactis [30], L. rhamnosus [31] and Lactobacillus paracasei L26 [32]—have been investigated as possible additions in beer. Since beer contains a certain amount of alcohol (commonly 3–5%), this makes it very hard for lactic acid bacteria to survive and grow in such a medium. Sohrabvandi et al. [30] reported that beer is not an adequate medium for Lactobacillus acidophilus or Bifidobacterium lactis growth. Encapsulated L. rhamnosus cells showed better resistance against alcohol inhibition and were able to survive in an alcoholic environment such as beer. Lactobacillus paracasei L26, however, showed promising results, suggesting that beer could be a good vector for probiotic bacteria. Saccharomyces cerevisiae var. bulardii is a probiotic yeast strain recently introduced to brewing [33].



Ganoderma lucidum is a medicinal mushroom that has been used in much research regarding food functionality. According to Zhou et al. [34], Ganoderma has many bioactive components but the most important ones are polysaccharides, triterpenoids, low-molecular-weight proteins, sterols, ganoderic acids, unsaturated fatty acids, vitamins and minerals. Although it is praised for its anticancerogenic, antioxidative, immunomodulating and antitumor effects [35,36], its popularity for pairing with beer comes from the fact that it has a bitter taste. To combine it with beer, Leskošek-Ćukalović et al. [37,38] added alcohol extracts of Ganoderma to commercial beers in recommended daily doses (0.1–1.5 mL/L) in order to obtain sensorially acceptable and functional beer. Similarly, Belščak-Cvitanović et al. [7] used extracts and microencapsulated polyphenolic compounds from Ganoderma, which were then added to Pilsner beer, resulting in positive sensory evaluation. This kind of beer was evaluated as pleasantly bitter. Despotović [39] used finely chopped or milled mushroom to produce the extracts, and the dry mushroom body was also added to the beer. The ensory evaluation was successful, and the bitterness, which originates from triterpenes, was again rated as pleasant. These research results also pointed to the fact that the analyzed extracts can be an important source of natural antioxidants and have potential medical significance.




3.3. Elements


Selenium is a trace element that is very important for human health, and its deficiency can cause serious immune deficiency, cognitive decline and even mortality [40,41]. According to Agate et al. [42,43], beer is an especially desirable medium for selenium enrichment because yeast (Saccharomyces cerevisiae) is known to conduct the biotransformation of inorganic Se to bioactive and more easily absorbable organic Se compounds. Barley enrichment with Se in the field gave satisfactory results [44,45,46], but biofortification during malting showed equally good results.



Gold flakes can be added to beer. According to an internet source [47], they neutralizes the influence of stressed body cells that obtain strong positive charges, and by absorbing a small amount of gold, the cells would obtain and emit negative ions, making the body feel better. However, there is no scientific literature related to this topic, so the gold flakes are probably just a luxury stamp on a beer.




3.4. Low-Alcohol and Alcohol-Free Beer


Is one of the most popular functional beers available on the market. Depending on the countries’ laws and the producers’ equipment, alcohol-free beers can contain 0–0.5% of ethanol [48]. Low-alcohol and non-alcoholic beers are taking over the market, and it has been reported that the average sales in Europe climbed by 50% in the last 15 years [49]. Brányik et al. [49] described several methods that can be employed in order to produce alcohol-free beer: 1. removal methods (thermal-vacuum rectification and thin-film evaporators); 2. membrane processes (dialysis and reverse osmosis); 3. restricted ethanol formation during brewing (adjusted mashing process, arrested or limited fermentation process, or the use of special yeast and continuous fermentation). Each of these methods for alcohol-free beer production has certain effects on the sensory properties of the final product in comparison to the alcoholic version. One of the downsides is the flavor impairments that occur during processing: membrane processes usually result in less body and a low aromatic profile, thermal dealcoholization leads to heat-induced deterioration of the aroma profile, and beers produced using restricted ethanol formation during brewing commonly display a sweet and worty off-flavor due to the absence of alcohol and higher levels of mono- and disaccharides [50,51]. Namely, ethanol affects the retention of aldehyde in the beer, and this results in a lower perception of the worty character. It is very hard to produce low-alcohol beer with similar volatile distribution and balance as in regular beer. Flavor balance may be achieved by process adjustments as well as by adding flavor-active compounds into the final product [52,53]. Thermal processes have the tendency to increase, while the membrane processes decrease, the color of the low-alcohol beer, while the bitterness, volatile content and foam stability are commonly impaired regardless of which dealcoholization processes is applied [49]. For that reason, different post-treatment and blending techniques are applied in order to improve the sensorial quality and colloidal stability of low-alcohol beers: the addition of fresh yeast followed by maturation or by blending with the original beer [54,55], aromatic beer (beer fermented at elevated temperatures), or krausen [56]. The Barrell patent [57] suggests gently dealcoholizing beer by treating it with CO2 from fermenting green beer and, at the end, adding krausen, followed by a maturation and filtration process [58], in order to return the higher alcohols and esters originally present in the alcoholic beer [56]. To achieve the desired properties similar to those of alcoholic beers, some additives can be added to the brew. Frequently used additives are saccharin (sweetener E954), ascorbic acid (antioxidant E300) and lactic acid (preservative E270). Saccharin is a sweetener with an unpleasant bitter or metallic aftertaste when applied in higher concentrations, but it can effectively strengthen the body of the alcohol-free beer, and dextrins can improve the flavor profile because they act retentively on the flavor-active compounds [59].




3.5. Gluten-Free Beer


Gluten is a protein fraction found in some cereals such as barley and wheat. Despite the higher prices, today’s health trends—but also the growing rate of people intolerant to gluten—are responsible for the expansion of the gluten-free beer market. Although the brewing process ensures the removal of different protein fractions (some are precipitated during the primary and secondary fermentation and some get removed during colloidal stabilization and filtration) [60], gluten-free beer can be produced from different cereals such as rice, buckwheat, oats, rye, maize, sorghum or millet, which can be used both un-malted and malted [61,62,63,64,65].



Zarnakow et al. [66,67,68,69] considered the possibility of the use of pseudocereals: quinoa and amaranth. This resulted in several published papers in which it was reported that when using quinoa in the malting process, a malt of acceptable quality can be obtained, but amaranth did not show promising malt quality values. Dostalek et al. [60] analyzed the gluten content of many different commercially available malt types and reported that the level of gluten varied significantly between the different samples, from 19,000 ppm for Pilsner barley malt to 45,000 ppm in Carafa barley malt. Choosing the proper traditional raw material can also result in low gluten content in the final beer. Gluten-free beer does have different sensory and quality parameters in comparison to standard barley beer [70]. According to the Codex Alimentarius and the EU regulation 41/2009 [71] for gluten-free foods, beers with less than 20 mg/kg of gluten are regarded as gluten-free beers [72].



Rice (Oryza sativa) is a cheap nutrient source whose proteins are not considered as coeliac toxic; it consists of about 80% starch, which makes it appropriate for malting and brewing. Ceppi and Brenna [73,74] investigated different rice varieties for their suitability for producing rice malt. This resulted in the knowledge that good rice malt could be obtained, but compared to barley malt, rice malts were poorly modified during extraction. For a beer-like beverage with all-rice malt, incomplete saccharification and a more difficult filtration process were reported. The final gravity and alcohol content were satisfactory. Zutho is a traditional rice alcoholic beverage. The fruity aroma and sour taste make it very popular in India. It usually contains cca 5.0% (v/v) of alcohol and is most similar to Japanese sake [75].



Waxy varieties of sorghum (Sorghum bicolor) are suitable for industrial brewing. These kinds of sorghum are susceptible to hydrolysis by amylolytic and proteolytic enzymes [76,77,78], which makes them suitable for brewing. Sorghum beer is traditionally produced in Africa using Saccharomyces cerevisiae and Lactobacillus cultures [79]. When compared to conventional beer, sorghum beer is a viscous beverage, slightly sweet, but it can also be a little sour because of the lactic acid. The color can vary, from yellowish (sorghum malt and millet) to pinkish (sorghum malt and maize) [80].



Maize (Zea mays) is already well integrated into the brewing process alongside other cereals (sorghum, wheat or barley malt), since its suitability for brewing as a malted grain is poor, and therefore, it is mainly used as an adjunct. However, Zweytik and Berghofer [80] produced maize malt in order to brew bottom-fermented beer. The final beer was clear and light yellow in color, with good foam stability and a similar taste to conventional beer [80]. The relatively low price of maize and rice, and good colloidal stability properties in comparison to those of the other gluten-free commodities make them approachable for use in brewing.



Malting and brewing with pearl millet (Pennisetum glaucum) and finger millet (Eleusine coracana) is still at the experimental stage [81]. Nzelibe and Nwasike [82] compared the malting and brewing characteristics of two millet varieties (Pennisetum typhoides and Digitaria exilis). All three malts produced worts suitable for conventional brewing. Zarnkow et al. [83] optimized the malting conditions for millet, and in 2007, Zarnkow et al. [67] optimized the mashing procedure for 100% malted millet. Zarnkow et al. [84] employed top-fermenting yeasts for the production of beer from millet malt.



Teff (Eragrostis tef) is a small-seeded tropical grain. It also belongs to the millet group and, in Ethiopia, is used for the production of a local beer called Shamit [85].



Regarding oats (Avena sativa L.), the brewing industry shows an increased interest for the use of unmalted oats or oat malt because oats’ proteins are tolerated by most people suffering from celiac disease. Oat beer has a peculiar character interesting for new customers [86,87]; however, an astringent and bitter taste can be a result. Klose et al. [86] brewed 100% oat malt beer; this resulted in certain downsides among which lower alcohol content than in barley beers was one. However, in the end, the 100% oat malt beers were comparable to barley malt beers. A strong berry flavor and a better reaction toward staling were also noted for oat beer.



Buckwheat (Fagopyrum esculentum Moench) is a pseudocereal [88] whose malt can be used for the production of malt beverages [89] and beers with reduced gluten content [90]. Due to the polyphenolic content, buckwheat malt displays high antioxidative activity [91], which makes it a very interesting raw material for functional beer. NicPhiarais et al. [92,93] reported that the use of commercial enzymes could help to improve the production of wort from 100% buckwheat. In 2010, they [93] brewed top-fermented beer from 100% buckwheat malt, and the resulting beer was comparable to wheat beer regarding the total alcohol content. Sensory analyses indicated that these buckwheat beers were acceptable regarding odor, purity of taste, mouthfeel, tingling and bitterness. A patent [94] describes the process of gluten-free beer production resulting in organoleptic properties similar to those of beer made from barley.



Amaranth (Amaranthus sp.) is also a pseudocereal with very small seeds and low amylase content. Beer from 100% amaranth malt had an intense bitter taste [80]. In a study conducted in 2011 by De Meo et al. [95], amaranth, however, showed improved malting properties.



Quinoa (Chenopodium quinoa) has been recognized as an extremely nutritious grain, displaying good-quality and high-quantity protein content and essential fatty acids [67]. Some [96] authors, in order to optimize the malting process, have investigated the influence of the steeping degree and germination time on quinoa malt quality. The produced quinoa malt beer [97] was an opaque yellow product with acceptable foam and taste. Although quinoa also has a high share of sugars, which makes it suitable for the production of malt-based beverages [98], the very small grains and significantly lower enzyme activity, in comparison to wheat or barley, limit its application in brewing.



Chestnuts (Castanea sativa) are gluten-free and considered to be the best substitute for barley malt regarding sensorial characteristics [99]. The starch content in chestnuts is similar to that of barley malt, but the protein share does not exceed 6% of dry weight, with the absence of a hordein fraction, which can be found abundantly in barley and barley malt [100]. Chestnuts as an adjunct to beer are, therefore, safe in terms of consumption by consumers sensitive to hordein (e.g., celiac disease or gluten intolerant consumers). The results presented in the preliminary study conducted by Velić et al. [99] indicate that chestnuts could be used in beer production as a raw material for low-gluten or gluten-free beers. Nevertheless, economic efficiency should be taken into account, since roasted chestnut grist can sometimes be much more expensive than malt.



A short overview of other methods for the cereal-free production of gluten-free beer is given in Table 1. Ensuring the removal of toxic proteins from beer can be done in several other ways [101]. This includes the use of different methods: protein precipitation with different precipitants such as tannins, silica gel and PVPP (polyvinylpolypyrrolidone); enzymatic treatments with prolyl-endopeptidase originating from Aspergillus spp.; and beer production without using grains, utilizing commodities such as fermented sugar syrups, molasses, enzyme-hydrolyzed maltose syrup or honey as a source of sugars. Yeast extract, hop materials, caramel, and protein from peas, soybeans, corn, rice and sorghum are added as sources of proteins, flavor and color. Raw material selection purports the use of a patented method of suppressing the hordein production in germinating and reproductive barley in the field.




3.6. Healthier Beer


Beer with L-carnitine addition has acceptable sensory properties and is described as pleasant. Besides the pleasant taste, it has been shown to increase human fat metabolism and lipolysis capacity [109].



In terms of estrogenic beer, prenylnaringenin is known as one of the most potent phytoestrogens originating from hops [110], which, due to its low concentration in beer (<100 μg/L), appeared to be insignificant for any health benefits. However, Possemiers et al. [110] reported that isoxanthohumol can be transformed into 8-pre-nylnaringenin by the indigenous human intestinal microbiome. The concentration of isoxanthohumol can commonly reach 1–2 μg/mL, so it is obvious that the isomerization increases the total concentration of prenylnaringenin in the human body [111]. According to Stevens and Page (2004) [10], 8-prenylnaringenin acts as a prospective estrogen and can be applied for the therapy and prevention of postmenopausal problems such as hot flashes.



Spirulina beer is alga rich, with bioactive components. It has the ability to reduce oxidant stress and boost the immune system, so it can match the nutritional components and flavor of traditional beer but also add nutritional value for the consumer [112].



Oats are rich in β-glucan, and a special method has been developed in order to produce oat beer rich in β-glucan [113].



Extremely demanded by the consumers, low-carbohydrate beers have been an even better selling beverage than regular beers. Light beers are a result of a highly fermentable wort, enzymatic degradation and the addition of adjuncts. The lower the dextrin content in the final beer, the lower the calorie count will be [113].





4. Consumers’ Acceptance and Prospects


Although beer by itself is a nutritious (Table 2) and refreshing beverage, rich in different minerals and vitamins, today’s research is focused on improving the functionality of different beers and beer-based beverages.



According to the Internet, some of the USA brewing industries are starting to produce beer with bee pollen, blackcurrant and salt; coriander and Himalayan salt are being added to ale in order to make it more functional for runners. European breweries are also turning toward more functional beers, so they remain focused on non-alcoholic or low-alcohol beers with lower numbers of calories [4,119]. The increase in demand for functional beers is encouraging innovation and research in that field, and the future looks bright for health-boosting beers or beer-based beverages.



The increasing demand for functional beers is promising and implies that the sensory characteristics are alluring to the consumers. The sensory acceptance of functional beers is evaluated according to several basic parameters such as aroma, taste, body, bitterness, liveliness and overall impression [37]. Several studies dealing with the sensory acceptance of different functional beers have been published [6,7,28,37,39]. Generally, formulations had to be adjusted in order for them to display acceptable sensory properties. Mikyška et al. [28] researched beer/low-alcohol beer produced from a mixture of oats and barley malt fermented by the yeast strain RIBM164. The sensory results described it as a pleasant drink with a fruity aroma and pleasantly strong grainy notes. A similar situation was obtained when investigating the addition of Ganoderma lucidum to beer; this type of beer was sensorially acceptable and rated as pleasantly bitter. In research conducted by Despotović [39], the best sensory properties were attributed to extracts made of finely chopped mushroom bodies extracted with 40% (v/v) ethanol without ultrasound treatment.



Antioxidative activity was also measured in several studies mentioned in this paper. Namely, the addition of different extracts of plants increases the polyphenolic content and antioxidative activity of formulated beers. Dorđević et al. [6] conducted research with adding different plant extracts to beer, and the best sensory properties were attributed to a beer with a lemon balm extract, while a beer with a thyme extract was revealed as the most functional, considering the content of total phenols and antioxidant activity. Veljović [8] added grape must to beer, and the results showed that beers with the addition of must contained seven-fold higher levels of phenolic compounds than control beers. Subsequently, higher antioxidant capacity was also noted in beers with the addition of grape must than in control Pilsner beers.




5. Conclusions


Functional beer expansion will probably continue to grow. New additions, adjuncts, aromas and tastes will continue to attract different types of people with different preferences, medical conditions or religious views. The propagation of functional beers will probably establish a new type of health-conscious customer who likes to enjoy traditional beer with a twist. The possibilities are endless when it comes to combining beer with different beverages, herbs, spices and other functional compounds. However, due to the elevated production price, the final product will surely be more expensive than regularly available beers such as lagers or Pilsner-style beers.
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Table 1. Other methods for production of gluten-free beer.






Table 1. Other methods for production of gluten-free beer.





	
Method

	
Source






	
Protein precipitation

	
Tannins

	
[102]




	
Silica gel

	
[61]




	
PVPP *

	
[103]




	
Enzymatic treatment

	
Prolyl-endopeptidase

	
[102,104]




	
Sans grain production

	
Fermentable sugars

	
[105]




	
Yeast extract

	
[106]




	
Non-cereal protein

	
[107]




	
Raw material

	
Suppression of hordein production

	
[108]








* polyvinylpolypyrrolidone.
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Table 2. The average levels of nutritive components in beer.






Table 2. The average levels of nutritive components in beer.





	Component
	Unit Per L
	Value
	Source





	Protein
	g
	0.2–6.6
	[114]



	Thiamine
	mg
	<0.08
	[112]



	Riboflavin
	mg
	<0.8
	[112]



	Niacin
	mg
	3–8
	[112]



	Vitamin B6
	mg
	<1.7
	[112]



	Folate
	µg
	40–600
	[112]



	Vitamin B12
	µg
	3–30
	[112]



	Biotin
	µg
	2–15
	[112]



	Phosphate
	mg
	260–995
	[112]



	Potassium
	mg
	200–600
	[112]



	Chloride
	mg
	150–400
	[112]



	Sulphate
	mg
	60–300
	[112]



	Calcium
	mg
	20–160
	[112]



	Silica
	mg
	40–120
	[112]



	Sodium
	mg
	10–100
	[112]



	Magnesium
	mg
	60–250
	[112]



	Zinc
	mg
	0.02–4.5
	[112]



	Copper
	mg
	0.02–0.4
	[112]



	Iron
	mg
	0.01–0.3
	[112]



	Manganese
	mg
	0.03–0.2
	[112]



	Fluoride
	mg
	0.09–0.2
	[112]



	Cobalt
	mg
	0.01–0.1
	[112]



	Lead
	mg
	<0.1
	[112]



	Selenium
	mg
	<0.007
	[112]



	Polyphenols
	mg
	32–426
	[115,116]



	Melanoidins
	g
	0.6–1.5
	[117]



	Ethanol
	% (v/v)
	3–9
	[118]



	Energy
	kcal
	150–1100
	[112]
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