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Abstract

:

Shalgam is a traditional Turkish beverage produced by lactic acid fermentation. Shalgam is also sold in markets in some European cities. In shalgam production, bulgur flour (formed during the crushing process, it is the part that remains under the sieve after breaking the outer shells of boiled dried wheat for processing), salt, water, purple carrot, turnip, and sometimes red beet is used. The traditional method of production can take 10–12 days. Commercial production takes 4–5 days. Shalgam is a probiotic food and a good source of nutrients. It helps regulate the pH of the digestive system. It contains β-carotene, group B vitamins, calcium, potassium, and iron. People also use it as a medicine because of its antiseptic agents. Shalgam consumption should be increased and become worldwide.
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1. Introduction


Human beings began to take advantage of fermentation as soon as they began to store food [1]. Fermented herbal products, which are regarded as important nutrients for the future by scientists, are receiving increased interest due to the lactic acid that is formed as a result of fermentation [2]. Since fermentation enhances the taste, flavor, structure, nutritive value, and shelf life of foods, fermentation products are consumed in considerable quantities in daily life in all societies from the least developed countries to the most developed ones [3,4]. Although there are fermented products that are well known around the world, local products take more time to reach the masses [1]. Shalgam (şalgam) is one of these products. It is also called turnip juice, turnip water, shalgam juice, or shalgam water in various scientific sources. Shalgam is a traditional Turkish fermented beverage. Different formulations and two different methods are used for shalgam production. Turnip bulb, purple carrot, salt, sourdough, bulgur, or bulgur flour are used as ingredients. Shalgam includes microorganisms such as Lb. plantarum spp. arabinosus, Lb. fermentum, Lb. brevis, and Saccharomyces cerevisiae. Shalgam helps to remove toxins from the body, reduce kidney stones, and treat pubertal acne, eczema, abscesses, whitlow, and hematomas. It is a diuretic and cleans the lungs and bronchi. So it is considered a functional food [5,6]. It is mostly consumed with foods such as Turkish kebabs, meatballs, and fish. It can be used as both a vegetable juice and a pickle. Because of the increased interest in functional foods, it has become more popular [7]. Shalgam, which is a red, sour, delicious drink, is produced in the provinces of Icel, Hatay, Kahramanmaraş, Osmaniye, and Adana (the Mediterranean region of Turkey) [8,9,10]. The reason for this is that the weather conditions of the region are suitable for the fermentation of shalgam and it is compatible with the local dishes and palate. In recent years it has also been consumed in big cities such as Istanbul, Ankara, and Izmir [9], and sold in markets in some European cities. It is mainly made at home or at the home-scale level, but it is also produced commercially on a small scale. Shalgam, which is sold in a glass or plastic bottle or unpackaged in this region, is consumed as much as other drinks [8]. In this study, general information about shalgam, shalgam production technology, chemical composition, and the microbiological and functional properties of shalgam is given.




2. Production of Shalgam


In the production of shalgam, raw materials such as black carrot (purple carrot can also be used) (Daucus carota), turnip (Brassica rapa) root, bulgur flour (2–3% of the tannin [11], which is formed during the crushing process and is the part that remains in the sieve after breaking the outer shells of boiled dried wheat for processing [12]), yeast, salt, and water are used. In some regions, red beet (Beta vulgaris L. spp. vulgaris) root is used in addition to these raw materials in the production of shalgam [13]. Bulgur flour, black carrot, salt, dough, and water are the main ingredients of shalgam. Turnip is added if it is preferred. It improves the sensory properties of shalgam. The black carrot anthocyanins give a dark color to the beverage. The lactic acid produced during fermentation causes its sour taste [14,15]. It has also been reported that turnip is not always available and that it is not often used due to the negative effect on the cost [11]. Besides the raw materials, production stages are also known to vary in the direction of sensory preferences [12]. In the formation of the taste, aroma, and texture of shalgam, microorganisms are a major factor. Sources of lactic acid bacteria (LAB) are dough, other ingredients, and the tanks used in the production of shalgam [16]. At the end of shalgam production, lactic acid remains in large quantities. Lactic acid protects shalgam and helps in the formation of taste and aroma. Acetic acid formed by yeasts and heterofermentative lactic acid bacteria provide the major volatile acidity. Forty-four volatile flavor compounds have been identified in shalgam. These include volatile acids, volatile phenols, carbonyl compounds, esters, higher alcohols, norisoprenoids, terpenols, and lactones, and they contribute to the formation of shalgam aroma [17]. The Saccharomyces and non-Saccharomyces yeasts and molds in shalgam originate from the environment and the raw materials [9]. Yeasts play an important role in the chemical and sensory properties of shalgam [17]. Non-Saccharomyces yeasts oxidize sugars to CO2 and water. At the same time, low amounts of ethanol and secondary metabolites are formed. Yeasts such as C. inconspicua may cause the formation of an unpleasant and undesirable taste or odor. This is one of the most important problems encountered in shalgam [18]. The fermentation of the shalgam usually occurs spontaneously with natural microflora activity from vegetables. Starter culture can also be added [19]. Usually sourdough is used as a yeast source [11,12]. The salt in shalgam is added during production to control the growth of microflora other than LAB, which are salt-tolerant and prevent spoilage [20]. Sodium chloride is used as salt, unless otherwise stated. The salt used in the production of shalgam is generally rock salt [11,12].




3. Production of Shalgam by the Traditional Method


The traditional shalgam production takes place in two stages. The first stage is the stage in which the dough fermentation takes place. At this stage the lactic acid bacteria are enriched. In the second step, the main fermentation takes place. Bulgur flour, salt, sourdough, and enough water are mixed. The mixture is then allowed to ferment at room temperature (at 25 °C) [21,22,23] for 3–5 days. On cold days, warm water must be used for kneading. During the first fermentation, the acid content increases significantly and the pH drops considerably, mainly due to LAB and the significant activities of the yeast in small amounts [3,9,15,21]. At the end of fermentation, cracks form in the dough. Then the dough is extracted and mixed with water 3–5 times for 5–10 min. When the sediment falls to the bottom, the dough mixture is filtered [7]. The extract helps to start the main fermentation [3,9,15,21]. Extracts obtained from the first fermentation are cleaned and chopped; black carrot, salt, and sliced turnip are added if desired; and these ingredients are combined with enough water in the tank for the second fermentation [3,8,9,11]. Traditionally, wooden tanks are used for fermentation. Today, fiberglass, plastic, or stainless steel tanks are used [21]. Fermentation is usually carried out at ambient temperature (10 °C–35 °C) for 3–10 days. (The fermentation time is about 7 days at 25 °C) [21,22,23]. During fermentation, colored compounds (anthocyanins) pass into the liquid. The total acidity increases the activity of mainly LAB. At the end of the fermentation, a red, sour beverage is obtained [3,8,21]. Fermented liquid can be flavored with the addition of bitter or sweet pepper powder [24]. Clarification is not performed in shalgam production. At the end of the fermentation, shalgam is filtered, bottled in non-aerated bottles or plastic containers, and put on the market [11,21]. Thereafter, it should be stored in cold conditions [7] (4 °C) until consumption.




4. Direct Shalgam Production


In the direct production method, dough fermentation is not performed [7,21]. Black carrots are selected, sorted, and cut into small pieces. Later, the chopped black carrots, salt, sliced turnips, S. cerevisiae or sourdough, and water are mixed in a tank and allowed to ferment for 3–10 days at 10–35 °C (4–5 days at 25 °C) [6]. Following fermentation, the fermented liquid is removed from the tank and put on the market either openly or in non-aerated bottles and plastic containers [21]. There is no standard method for the commercial or traditional production of shalgam. The fermentation of shalgam occurs spontaneously. Generally, 15% (w/w) shalgam from a previous production is added to shalgam. Because shalgam fermentation cultures are not commercially available, they are not used in commercial production. They are only used in production under controlled laboratory conditions. The traditional method is used in the production of the majority of the products in the market [20,21]. Different formulations are used for shalgam production. Raw material quantity changes according to the chosen method. According to one of the formulations, for 10 liters of shalgam, the quantities of turnip bulb, purple carrot, salt, sourdough, bulgur or bulgur flour as material are as follows: 200 g (2%), 2 kg (20%), 150 g (1.5%), 150 g (1.5%), and 1 kg (10%), respectively [6]. According to another formulation, 3% of bulgur flour, 0.2% of sour dough, and 0.2% of rock salt and water (enough to produce dough) are mixed and kneaded. After the first (dough) fermentation, extraction is carried out. A second fermentation (carrot or main) starts by adding 10–20% of black carrot (cut into 3–9 cm lengths), 1–2% of rock salt, 1–2% of sliced turnip, and water.



If shalgam is stored at 4 °C in a closed container, its shelf life is 3–4 months. If sterile filtration is applied, its shelf life is six months at 4–20 °C. Its characteristics do not change during this time. Its shelf life can also be extended by the pasteurization method [24]. However, pasteurization adversely affects the sensory characteristics of shalgam. According to Turkish Food Codex Food Additives, benzoic acid or its salts (sodium, potassium, and calcium benzoate) may be used as ca hemical additive (maximum 200 mg/L). Sorbic acid is not used for this purpose [17,25]. Shalgam should not contain carrot, turnip, or other raw material particles, or any visible foreign matter. It should be homogeneous. However, the yeast sediment may have sunk to the bottom of the shalgam container. When hot shalgam is consumed, the bite of the added hot pepper may be felt. It is not felt when the shalgam is not served hot. According to the permissible concentrations for food in the Turkish Food Codex, the soluble dry matter is at least 2.5% (m/m), the titratable acidity (as lactic acid) is at least 6.0 g/L, the pH is 3.3–3.8, the lactic acid content is 4.5–5.5 g/L, the volatile acid (as acetic acid) content is 0.7–1.2 g/L, salt can be at a maximum of 2.0% (m/m), ash can be at a maximum of 1.5% (m/m), ash that is insoluble in 10% HCL can be at a maximum of 0.1% (m/m), artificial coloring agents should not be found, arsenic (As) can be at a maximum of 0.2 mg/kg, copper (Cu) can be at a maximum of 5.0 mg/kg, zinc (Zn) can be at a maximum of 5.0 mg/kg, iron (Fe) can be at a maximum of 15.0 mg/kg, tin (Sn) can be at a maximum of 200 mg/kg, lead (Pb) can be at a maximum of 0.05 mg/kg, and the color should be red–purple in pH 1.0 and grey–green in pH 7.0 [26,27]. According to the maximum and minimum limits permitted by the related Turkish Standard (TS 11149), total mesophilic aerobic bacteria (TMAB) (cfu/mL) and coliform bacteria (MPN/mL) must be 1.0 × 105 (max.) 1100 (max.), respectively [24].




5. Functional Properties of Shalgam


Shalgam is a highly nutritious and microbiologically safe drink. Due to its acidity, the development of pathogens is difficult. Lactic acid is its most important feature. Besides giving shalgam its sour taste, lactic acid helps to regulate the pH of the digestive system, keeps it from spoiling, and helps the body make better use of some minerals. The calcium, potassium, and iron in shalgam strengthen the bones and teeth. People also use it as a medicine because its antiseptic agents clean the digestive organs and soothe the bowels [1]. Shalgam is also important because of its appetizing properties and its positive effect on the digestive system [11]. So it is considered a functional food [6]. Anthocyanins and lactic acid bacteria from black carrots used in shalgam production cause a reduction in the risk of cancer and cardiovascular diseases [28,29]. At the same time, shalgam is a probiotic food. Shalgam includes probiotic microorganisms such as Lb. plantarum, Lb. paracasei, Lb. brevis Lb. fermentum, Lb. pentosus, Lb. buchneri, Lb. helveticus, Lb. reuteri, S. cerevisiae, Lactococcus, Pediococcus, and Leuconostoc.



Probiotics benefit people by enriching the intestinal microflora [30]. Probiotics have an antagonistic effect against enteropathogens in the intestines [31]. Probiotics also have benefits such as lowering serum cholesterol, solving constipation, and preventing cancer formation. Although some of the studies are related to breast and bladder cancer, the majority are related to colorectal cancer [7,32]. The varieties of turnips cultivated for human consumption are rich in vitamins A, B, and C, and in minerals such as calcium, magnesium, iron, phosphorus, sulfur, and iodine. They also contain antiseptic substances [13]. Vitamin C affects skin health, and is an antioxidant at the same time. Vitamin C, by supporting the immune system, is effective at improving bone health and increasing iron absorption in the body. Turnip has glucosinolates that fight cancer. They promote detoxification systems in the body and stimulate the body’s own natural antioxidant systems [7]. Turnips are rich in potassium content (1.91 g/kg). Potassium is very effective in maintaining cardiovascular health [33,34]. At the same time, potassium is a positive electrolyte in body cells. It allows normal function of the nerves, heart, bones, kidneys, and stomach to continue [35]. Black carrots contain higher amounts of antioxidant vitamins, carotenoids, and phenolics [36]. B-carotene (pro-vitamin A), found in carrots, has been proven to have positive effects on cardiovascular diseases, cataracts, and the immune system [37]. Such diets increase antioxidant consumption [38], including tocopherols, ascorbate, carotenoids, and phenolics. Flavonoids from phenolics are antioxidants in vitro [39,40]. They contain different groups of flavones, like flavonols, isoflavones, flavononones, and catechins. They also contain blue, red, pink, and purple pigments [41,42]. Cyanidin-3-sinapoylxylosylglucosylgalactoside and its related compounds are the major purple pigments in carrots [43]. Other than their coloring properties, anthocyanins have antioxidant and anticancer activities. They have many health benefits, such as reducing the risk of coronary heart disease and improving visual acuity [44,45]. It has been reported that the content of anthocyanin in fresh black carrots can be up to 1750 mg/kg [46]. Since it contains group B vitamins, it calms the nerves and stomach and has a positive effect on liver function [1]. Beet root is good against influenza and liver diseases [47]. Red beet is the source of anthocyanin. Because of the betalaine, which is a color component, red beet and red beet juice have anti-tumor activity. Betalaine reduces the respiration of cancerous cells [48]. Buckenhüskes and Gierschner [49] state that red beet juice obtained by the lactic acid fermentation method has an inhibitory effect on the development of cancerous cells.




6. Studies on Shalgam


In a review of shalgam sold at the market in Adana, Deryaoğlu [8] detected that the pH and total acidity, lactic acid, volatile acid, alcohol, protein, carbon dioxide, dry matter, ash, salt, Fe, K, P, and Ca amounts in the shalgam samples were 3.33–3.67, 66.40–99.10 mg/L, 5.18–8.44 g/L, 0.57–1.16 g/L, 1.32–7.30 g/L, 0.88–1.83 g/L, 0.44–1.41 g/L, 22.90–29.20 g/L, 14.60–20.65 g/L, 13.7–19.7 g/L, 0.9–2.9 mg/L, 300–1000 ml/L, 10.60–22.20 mg/L, and 89–173 mg/L, respectively. Yener [50] analyzed 10 different shalgam samples in Mersin province. According to the conducted analysis, the total dry matter, total acidity, pH, lactic acid, volatile acid, salt, ash, carbon dioxide of the shalgam samples were, on average, 26.90 g/L, 74.70 mg/L, (pH) 3.78, 7.10 g/L, 0.95 g/L, 16.29 g/L, 17.80 g/L, and 0.66 g/L, respectively. Yilmaz-Ersan and Turan [51] determined some elements in shalgam samples belonging to different producers collected by chance from markets in Bursa province in Turkey. The range of Na, K, Ca, Mg, and P were 4.52–6.15 g/L, 0.27–0.72 g/L, 34.02–148.30 mg/L, 30.61–75.38 mg/L, and 8.72–82.96 mg/L, respectively. The concentrations of heavy metals, such as Cd, Ni, Sn, and Pb, found in shalgam were below 1 mg/L in almost all the samples. Shalgam was reported to be a good source of minerals, containing potassium (300–1000 mg/L), phosphorus (10.6–22.2 mg/L), calcium (89–173 mg/L), and iron (0.2–2.9 mg/L) [21]. Sahin [52] reported the presence of copper in the range of 218–234 μg/L. Zinc concentrations of shalgam were in the range of 530–580 μg/L. The Pb and Ni contents of shalgam samples have been reported to be in the range of 57–65 μg/L and 49–242 μg/L, respectively. İyiçınar [53] produced and stored shalgam herself for a study. At the end of two months of storage, the calcium and phosphorus contents in the shalgam were 34.32–92.57 mg/L and 4.38–51.36 mg/L, respectively. The level of magnesium was 20.85–46.576 mg/L. The Mn contents in shalgam were 0–0.40 mg/L; iron values ranged from 0–0.78 mg/L; zinc concentrations were 0.03–0.73 mg/L. İyiçınar did not detect copper in shalgam. At the end of two months of storage, Lb. plantarum and Lb. brevis counts were between 5 × 103 log cfu/mL and 2.8 × 104 log cfu/mL and at the end of four months of storage were between 4 × 102 log cfu/mL and 1.49 × 104 log cfu/mL.



Kammerer [54] stated that the main soluble fermentable sugars of black carrot are sucrose (1.20–3.31 g/100 g), glucose (1.10–5.60 g/100 g), and fructose (1.00–34.36 g/100 g). Alasalvar et al. [36] also determined that black carrots are rich in sucrose (4.11 g/100 g) and contain glucose (0.69 g/100 g) and fructose (0.58 g/100 g) in smaller quantities. The total sugar concentration in black carrots is reported to be 5.12–6.45 g/100 g on average and is the main source of carbohydrate used in shalgam fermentation [3]. Glucose, fructose, and sucrose in the turnip are present at a rate of 1.41 g/100 g, 1.10 g/100 g, and 0.206 g/100 g, respectively [55]. Shalgam does not contain sugar because all the sugar is used for fermentation.



In one study, 29 different shalgam samples were bought and investigated. Soluble solid contents were found to be 2.5–4% (m/m), the total acidity contents expressed as lactic acid was 6.3-12.6 g/L, pH levels were 3.31–4.13, volatile acid contents expressed as acetic acid were 0.528–3 g/L, salt levels were 1.17–2.574% (m/m), ash amounts were 1.32–1.97% (m/m), amounts of undissolved ash in 10% HCL were 0.0099–0.19861% (m/m), and total phenolic compounds were 1219.39–3388.82 mg /kg. Na-benzoate was added to 19 samples (0.01–0.971 g/L) and sorbic acid was added to 6 samples (0.042–0.482 g/L). Synthetic dye was not added into the samples. In all the shalgam samples, the counts of TMAB were found to be between 3.0 × 103 and 8.86 × 106 cfu/mL. In seven samples, mold was found (1.0 × 103–3.0 × 103 cfu/mL). The counts of coliform bacteria, Escherichia coli, and Salmonella were found to be less than 10 cfu/mL or were not found at all [56]. In a study, a total of 26 shalgam samples (3 of them were self-produced by researchers, 14 of them were bought from marketplace and 9 of them were spoiled or about to be spoiled pieces) were analyzed. In the three samples of shalgam of our own making the results for dry matter (%), salt (%), pH, acidity (g/L), TMAB (cfu/mL), yeast and mold (cfu/mL), and LAB (cfu/mL) were, on average, 3.2; 1.6; 3.4; 7.3; 5.9 × 104; 3.2 × 104; and 3.2 × 106 cfu/mL, respectively. The same parameters in 14 different samples of shalgam bought from the marketplace were 2.0–2.9; 1.1–2.2; 3.3–3.6; 6.1–9.1; 2.8 × 104–7.4 × 106; 6.2 × 103–1.8 × 106; and 2.4 × 104–8.6 × 107 cfu/mL, respectively. In spoiled or about to be spoiled samples, these parameters were 1.9–3.2; 1.1–1.6; 3.4–6.8; 0.2–8.7; 1.1 × 105–8.6 × 108; 9.2 × 105–2.2 × 108; and 1.4 × 106–4.9 × 108 cfu/mL, respectively. No coliform bacteria were detected in the samples [57]. Erginkaya and Ünal Turhan [58] isolated and identified LAB and yeast strains of dominant microflora developed during the fermentation of shalgam produced by the traditional method consisting of two stages. The number of LAB and yeast increased during fermentation. The most dominant LAB and yeast during the first and second fermentation stages were Lb. plantarum and S. cerevisiae, respectively. Moreover, low populations of Lb. pentosus and C. krusei were present during fermentation. Özler and Kılıç [59] produced shalgam with different combinations of turnip, red beet, black carrot, bread yeast, bulgur flour, sourdough (shalgam produced by the classical method), and starter culture (a mix of Lb. plantarum and Lb. brevis, 3%). Shalgam samples were pasteurized at 65 °C for 30 min and stored at +4 °C for six months. At the end of storage, pH values varied between 3.34 and 3.37. At the end of storage, the acidity, dry matter, ash, volatile acid, alcohol, and protein values were 0.52–0.893%, 1.69–3.02%, 0.85–2.23%, 0.03–0.07%, 0.05–0.40%, and 0.38–1.82%, respectively. The lowest pH value belonged to the samples produced using turnip + black carrot (obtained by the conventional method) and turnip + black carrot + red beet (produced using starter culture + yeast). The highest acidity value was obtained from turnip + black carrot (obtained by conventional method) and turnip + black carrot + red beet (produced by using starter culture + yeast). The highest dry matter and ash values were determined in samples of turnip + red beet (starter culture + yeast). The highest amount of volatile acid belonged to the samples produced using turnip + black carrot + red beet (starter culture). The highest amount of alcohol belonged to turnip + black carrot (starter culture + yeast) and turnip + red beet (starter culture + yeast) samples. The highest amount of protein was obtained from samples of turnip + red beet (classical method). In the samples using red beet with turnip, color loss occurred after pasteurization. Turnip + black carrot (starter culture), turnip + black carrot + red beet (starter culture + yeast), and turnip + black carrot (starter culture + yeast) samples had the highest color values. The color index ranged from 0.50 to 86.90 and, with increasing color index, the color darkened. The amount of ascorbic acid in the samples was 0.71–3.37 mg/100 g, the amount of crude cellulose was 0.02–0.67%, the amount of reducing sugar was 0.01–0.06%, and the amount of nitrate was 4.44–348.53 mg/L. Yaldırak [60] found that the number of mold and yeast, which was 6.65 log cfu/mL on the first day of fermentation in shalgam fermented at 25 °C, reached 7.87 log cfu/mL on the last day of fermentation. In shalgam fermented at 35 °C, the number of mold and yeast was 6.65 log cfu/mL on the first day of fermentation and 7.17 log cfu/mL on the last day of fermentation. The number of LAB obtained from shalgam fermented at 25 °C was 10.06 log cfu/mL at the beginning and 11.78 log cfu/mL at the end of fermentation. In the shalgam produced by fermentation at 35 °C, the LAB number, which initially was 10.06 log cfu/mL, reached the highest value of 11.14 log cfu/mL at the end of fermentation. According to the results obtained from the analysis of the biogenic amine, the starting amount of tryptamine was 41.14 mg/L. The amount of tryptamine reached 65.22 mg/L in shalgam fermented at 25 °C at the end of fermentation; it reached 66.03 mg/L in shalgam fermented at 35 °C at the end of fermentation. The number of starting TMAB in the shalgam was 10.25 log cfu/mL. The number of TMAB was found to be 10.43 log cfu/mL in shalgam fermented at 25 °C and 9.37 log cfu/mL in the shalgam fermented at 35 °C at the end of fermentation.



Erginkaya and Hammes [5] investigated the microbial flora that developed during fermentation in the traditional shalgam production, and identified LAB species effective at fermentation. These were Lb. plantarum spp. arabinosus, Lb. fermentum, and Lb. brevis. Tangüler and Erten [61] examined the growth of lactic acid bacteria during the fermentation in traditional production. The number of lactic acid bacteria increased during the fermentation. Lb. plantarum was dominant during the first and second fermentations. Lb. paracasei subsp. paracasei also has an important place in all fermentations. Lb. brevis and Lb. fermentum were other lactic acid bacteria determined in fermentations. Lb. delbrueckii subsp. delbrueckii, P. pentosaceaceus, and Leu. mesenteroides subsp. mesenteroides were low in number at the beginning the fermentation and died off during the fermentation. Tangüler and Erten [20] determined that fructose, sucrose, glucose, and arabinose were at 0.006–4.0 g/L, 0.01–1.14 g/L, 0.09–1.902 g/L, and 0.134–0.193 g/L, respectively, in shalgam. The counts of lactic acid bacteria, total mesophilic aerobic bacteria, yeast, non-Saccharomyces yeast, and coliform bacteria were found on average to be 6.97, 6.72, 5.64, 4.47, and 1.49 log cfu/mL, respectively. Final pH and amount of total acidity as lactic acid were in the range of 3.28–3.48 and 6.54–7.25 g/L, respectively. Lactic acid, acetic acid, and ethanol levels ranged from 2.66 to 4.74 mg/L, from 0.345 to 1.19 mg/L, and from 0.79 to 5.03 g/L, respectively. Lb. plantarum was the predominant lactic acid bacteria. Lb. brevis, Lb. fermentum, and Lb. delbrueckii subsp. delbrueckii were found in shalgam samples. In the research, shalgam samples were produced using the traditional method and a direct method. Also, Lb. plantarum, Lb. fermentum, and Lb. paracasei subsp. paracasei were inoculated to shalgam samples. At the end of fermentation, total acidity as lactic acid, pH, and the counts of lactic acid bacteria, total mesophilic aerobic bacteria, yeasts, and non-Saccharomyces yeasts were found to be 6.33–9.22 g/L, 3.42–3.55, 7.43–7.74 log cfu/mL, 7.03–7.46 log cfu/mL, 6.96–7.50 log cfu/mL, and 4.21–5.19 log cfu/mL, respectively. Lb. plantarum was dominant. Lb. buchneri was the second most populous after Lb. plantarum. According to the sensory evaluation, the sample produced using the traditional method and an added starter culture obtained the highest score. Analysis of the results indicated that the direct method for the production of shalgam is not preferable [16]. In the work carried out by Tanguler and Erten [14], 18 lactic acid bacteria belonging to the genera Lactobacillus, Lactococcus, Pediococcus, and Leuconostoc were isolated from shalgam samples. These samples had been produced in the university laboratory and by small- and large-scale producers in industry. These lactic acid bacteria were individually inoculated into pasteurized black carrot juice and samples were fermented for 10 days. The number of Lb. plantarum strains was the highest during fermentation (9.40–9.16 log cfu/mL). Lb. plantarumbx produced the highest total acidity as lactic acid (22.86 g L−1). Lb. paracasei subsp. paracasei 2, Lb. plantarumcx, Lb. plantarumax, and Lb. fermentum followed it (20.45–22 g/L). Only Lb. delbrueckii subsp. delbrueckii and Lb. fermentum grew at 45 °C, but none of the lactic acid bacteria grew with 18% NaCl and at pH 9.6. According to the sensory analysis, the sample obtained by Lb. plantarumbx was preferred. Lb. fermentum and Lb. paracasei subsp. paracasei 2 followed it. According to these findings, Lb. plantarumbx, Lb. fermentum, and Lb. paracasei subsp. paracasei 2 were suitable for use as starter cultures for the production of shalgam. In a study conducted by Tangüler and Erten [62], the LAB found in an extraction process that was performed after the dough fermentation were isolated and identified. According to their results, among the LAB isolated one was coccus and the others were rod-shaped. The bacterium most often isolated from extracts was Lb. plantarum, followed by Lb. paracasei subs. paracasei and Lb. brevis. The coccus-shaped isolate was P. pentosaceus. In a study, the microbial population of shalgam was identified using the 16S rRNA-PCR method. Sequencing results showed that the predominant species were Lactobacillus species, including Lb. casei ATCC 334, Lb. casei, Lb. casei subsp. casei, Lb. plantarum ATCC 14917, Lb. plantarum subsp. plantarum ST-III chromosome, Lb. plantarum JDM1, Lb. plantarum subsp., Lb. plantarum subsp. argentoratensis, Lb. acidophilus, Lb. brevis ATCC 367, Lb. brevis, Lb. helveticus, Lb. helveticus DSM 20075, Lb. helveticus DPC 4571, Lb. paracasei subsp. paracasei, Lb. paracasei subsp. tolerans, Lb. parabrevis, Lb. reuteri, Lb. delbrueckii subsp. lactis, Lb. delbrueckii subsp. delbrueckii, Lb. delbrueckii subsp. indicus, Lb. gasseri, and Lb. sharpeae. According to these results, shalgam might be a potential source of beneficial LAB [63].



Utuş [64] researched the effect of black carrot size on the quality of shalgam. Shalgam was produced by the traditional method. The black carrots chosen were 2–3 cm in diameter and 10–12 cm length. Black carrots were cut into 3 cm, 6 cm, or 9 cm pieces and were cut into two in length. The highest number (7.64 log cfu/mL) of total bacteria was in sample with black carrot cut in 3cm size; the lowest number (7.08 log cfu/mL) was in sample with black carrot cut in 9 cm size at the end of the fermentation. An increase in the number of lactic acid bacteria was observed in all of the shalgam samples until the 2nd day of the fermentation. The highest number (8.75 log cfu/mL) the 2nd day of the fermentation was in sample with black carrot cut in 3 and 6 cm size. The decrease in the number of lactic acid bacteria continued until the 7th day. The lowest number (7.25 log cfu/mL) was in sample with black carrot sample cut into two in length. These numbers at the end of the fermentation (10th day) were 7.48 log cfu/mL, 7.49 log cfu/mL ve 7.46 log cfu/mL, respectively. The number of Saccharomyces spp. yeast was the highest (7.29 log cfu/mL) in sample with black carrot cut in 3cm size, and the lowest (6.32 log cfu/mL) in sample with black carrot sample cut into two in length at the beginning of fermentation. An increase in the number of Saccharomyces spp. yeast was observed until the 3rd day of the fermentation. Then the number of Saccharomyces spp. yeast decreased until the end of fermentation. At the end of the fermentation, the highest number (7.59 log cfu/mL) of Saccharomyces spp. yeast was in sample with black carrot cut in 6 cm size and the lowest number (7.13 log cfu/mL) of Saccharomyces spp. yeast was in sample with black carrot sample cut into two in length. The highest number (5.54 log cfu/mL) of non- Saccharomyces spp. yeast was in sample with black carrot cut in 3 cm size, the lowest number (4.48 log cfu/mL) was in sample with black carrot cut in 6 cm size at the beginning of fermentation. An increase in the number of non-Saccharomyces spp. yeast was observed until the 2nd day of the fermentation. The number (4.82 log cfu/mL) of non-Saccharomyces spp. yeast decreased in sample with black carrot cut in 3 cm size until the 4th day of the fermentation. In other samples, the number of non-Saccharomyces spp. yeast continued to increase until the end of fermentation. At the end of the fermentation, the highest number (6.46 log cfu/mL) of non-Saccharomyces spp. yeast was in sample with black carrot cut in 9 cm size. Coliform bacteria were at a maximum on the first day but had disappeared by the end of fermentation.



In the study carried out by Ekinci et al. [29], the total carbohydrate, soluble solid, salt, ash content pH, and total acidity as lactic acid of the commercially shalgam sample were 0.29 g/L, 3.4% w/v, 2.0% w/v, 1.86% w/v, 3.43, and 6.38 g/L, respectively. These values were in accordance with standarts. Lactic, acetic, succinic, and citric acid were 8.90, 1.29, 0.22, and 1.25 g/L, respectively. The contents of fructose and sucrose were 0.104 g/L and 0.041 g/L, respectively. The total phenolic content (517.21 μg GAE/mL) and antioxidant capacity (in μmol Trolox equivalents/mL) were determined by 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) (3.42), 1,1-diphenyl-2-picrylhydrazyl (DPPH) (4.44) and ferric reducing/antioxidants power (FRAP) (2.26) assays of the commercial shalgam. These values were similar to those of other common fruit juices. Cyanidin-3-arabinoside, cyanidin-3-glucoside, and cyanidin-3-galactoside were 0.039, 0.21, and 233 ng/mL, respectively. Lactic acid bacteria (specifically Lactobacillus spp.) were 4.09 log cfu/mL. The number of total mesophilic aerobic bacteria was 2.89 log cfu/mL. Lb. plantarum subsp. plantarum, Lb. casei, Lb. brevis, and Lb. helveticus (21 Lactobacillus species and subspecies) were detected in the shalgam. It can be deduced that these species are resistant to the acidic conditions created during the fermentation. Lb. gasseri, Lb. acidophilus, Lb. delbrueckii subsp. lactis, Lb. delbrueckii subsp. delbrueckii, and Lb. delbrueckii subsp. indicus were identified at the beginning of the fermentation but died out later. Shalgam inhibited the growth of Caco-2 cells lines. This was significantly higher inhibition at 3200 μg/mL compared to black carrot. According to these results, shalgam has antioxidant, probiotic, and cell-proliferation-inhibiting properties in addition to the effects of its polyphenolic compounds. Güneş [4] determined that the addition of various quantities of black carrot had effects on the composition of shalgam. In a study where the turnip was produced by the traditional production method, 10%, 12.5%, 15%, 17.5%, or 20% black carrot were added at the beginning of carrot fermentation. The results showed that the total acidity, dry matter, ash, anthocyanins, phenolic compounds, and color index increased as the amount of black carrot increased. The total acidity as lactic acid in 10%, 12.5%, 15%, 17.5%, and 20% black carrot samples was determined to be 4.95 g/L, 5.46 g/L, 6.05 g/L, 6.74 g/L, and 7.45 g/L, respectively. The total number of yeasts varied from 7.15 to 7.80 log cfu/mL at the beginning of the fermentation. The highest yeast content was detected in the sample containing 10% carrots: 7.66 log cfu/mL at the end of the fermentation. The lowest yeast content was obtained in a sample containing 12.5% carrots: 6.76 log cfu/mL. The number of LAB varied between 7.82 log cfu/mL and 7.95/mL in shalgam at the beginning of fermentation. At the end of fermentation the number of LAB varied between 8.95 log cfu/mL (with 20% carrot) and 7.60 log cfu/mL (with 15% carrot). The level of coliform bacteria gradually declined during the fermentation and no coliform bacteria was isolated at the end. The result of sensory evaluation showed that the 17.5% carrot added sample was preferred.



In one study, the aroma compounds in shalgam produced by traditional and direct methods, and addition of lactic acid bateria cultures were examined. The aroma compounds of shalgam were extracted were extracted by liquid–liquid extraction technique with pentane/dichloromethane and analyzed by gas chromatography-mass spectrometry (GC–MS). In shalgam 20 terpenes, 9 esters, 5 lactones, 9 alcohols, 5 volatile acids, 6 volatile phenols, 3 naphthalenes, 2 carbonyl compounds and 1 C13-norisoprenoids were identified. The total volatile content of the shalgam samples increased with addition of Lb. plantarum [65].



In one study conducted by Tangüler et al. [66], the effect of black carrot size on the quality of shalgam was researched. For this purpose, traditional production method was used for shalgam production. The method was performed by cutting the black carrots in 3, 6 and 9 cm pieces and also cutting them lengthwise. Dough fermentation was done for three days and carrot fermentation for nine days. According to the results obtained from the ready-to-serve shalgam samples, total acidity as lactic acid was 7.15 to 7.75 mg/L, lactic acid was 5.6 to 6.3 mg/L, pH was 3.45 to 3.53, anthocyanin as cyanidin-3-glycoside was between 120.18 and 145.6 mg/L, and total phenolic compounds as OD280 were between 23.3 and 28.99. Sensory analysis showed that the preferred sample was the one obtained using 3 cm pieces of black carrot. The results stated that a smaller size of black carrot favorably affected the anthocyanin content, phenolic composition, and sensory properties of shalgam. Özdestan and Üren [67] determined the color values of 20 shalgam samples collected from the markets. The L*, a*, and b* values of shalgam samples were between (0.47) and (5.44), (2.15) and (9.28), and (−0.84) and (1.87), respectively. The L*, a*, and b* values of all samples were, on average, 1.613, 4.589, and 0.951, respectively. In one study, the phenolic and antioxidant contents of shalgam samples from different manufacturers in Adana were analyzed. Most of the compounds detected were hydroxycinnamic acids and their derivatives. Among them, chlorogenic acid was the major hydroxycinnamic acid, followed by p-coumaric, caffeic, and ferulic acids and quercetin glycoside. Additionally, cyanidin 3-xylosyl (glucosyl) galactosides acylated with sinapic acid, ferulic acid, and coumaric acid were detected as major anthocyanins. The antioxidant activity of shalgam was measured using DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. There are strong correlations between antioxidant capacity and total phenolic content of shalgam [68]. In a study conducted by Erçelebi and Özkanlı [69], the pH of two commercial and one homemade shalgam samples were measured at 20 °C and ranged from 3.16 to 3.29. Shalgam juice is a lactic acid fermented beverage and, therefore, the total acidity of shalgam juices was expressed as lactic g/L; it was observed that the total acidity of samples was greater than 8.0 g/L. The total phenolic matter was expressed as gallic acid (mg/mL) and ranged from 642.33 to 783.71. Total monomeric anthocyanin was expressed in terms of cyanidin-3-glycoside (mg/L) and found to range from 41.89 to 83.19. It was found that in home-made shalgam there was a higher amount of anthocyanin when compared with other shalgam samples. TMAB counts ranged from 2.72 to 5.35 log cfu/mL; LAB counts ranged from 2.86 to 5.56 log cfu/mL. Color indices of shalgam samples were (L) 1.63–0.41, (a) 7.02–1.76, and (b) 2.02–0.38. The low color values are the values of the homemade samples. Turker et al. [70] found that total anthocyanin content (as cyanide-3-glucoside equivalents) was between 67.5 and 168.2 mg/L in commercial and laboratory-scale produced samples. This range may be due to the complex interaction between microflora and (poly) phenols during fermentation [71]. In a study, different amounts (10%, 15%, or 20%) of black carrot were used in shalgam production. The effects of these black carrot amounts on chemical properties, total phenolic content, total anthocyanin content, color composition, and sensorial properties of the shalgam were investigated. According to the results, as the amount of black carrots increased, the total phenolic and anthocyanin contents and total acidity increased. When production was complete, the total phenolic contents of shalgam with 10%, 15%, and 20% black carrot were 455.51, 654.01, and 858.51 mg (gallic acid equivalent)/L, respectively. The total anthocyanin content of the samples increased as time went on. At the end of fermentation, in shalgam samples with 10%, 15%, and 20% black carrot, the total anthocyanin contents were 157.52, 214.94, and 306.40 mg cy-3-glu/L, respectively. As a result of sensory evaluation, the shalgam sample with 20% black carrot was the favorite [72]. Toktaş [73] produced shalgam in the laboratory by the direct method and took shalgam samples that were kept for a month after they were produced from three different local markets in Istanbul for comparison purposes. Analysis was performed on the samples collected on the 1st, 12th, and 24th days of fermentation, with three different commercial shalgam beverages, black carrot, and bulgur extracts. The pH of the shalgam beverage sample continuously decreased during lactic acid fermentation. As the fermentation progressed, the total flavonoid content, total phenolic content, anthocyanin compounds, and total antioxidant capacity rose quickly for the first 12 days; those compounds continued to increase towards the end of fermentation, but they were at a lower rate compared with the first 12 days of fermentation. In vitro bioaccessibility tests demonstrate that as the samples pass from the mouth to the intestines, the percentage of bioaccessibility was decreased. For instance, at the end of mouth digestion, the recovery percentages of black carrot in commercial shalgam samples collected on the first 12th and 24th days varied between 43.9 and 56.0% and were statistically identical for flavonoid content. As the sample passes through the stomach and reaches the intestines, the recovery percentage of samples declined, ranging between 6.7% and 13.9%. Similar results were obtained in terms of phenolic content, anthocyanin compounds, and total antioxidant capacity. Sixteen different phenolics were detected from initial shalgam beverage samples, namely 3,4-dihydroxybenzoic acid, 4-hydroxybenzoic acid, caffeine, catechin, chlorogenic acid, elagic acid, epicatechin, ethyl-3-4-dihydroxybenzoate, ferulic acid, fumaric acid, gallic acid, p-coumaric acid, quercetin, sinapic acid, syringic acid, and vanilin. After performing bioaccessibility tests, no phenolic was detected from the shalgam sample collected on the first day of fermentation. On the other hand, five different phenolics, namely 3-4-dihydroxybenzoic acid, p-coumaric acid, chlorogenic acid, 4-dihydroxybenzoic acid, and epicatechin, were detected from a shalgam sample collected on the 12th and 24th days of fermentation and commercial shalgam samples. As to anthocyanins, only cyanidin was detected, except for in mouth and intestine samples from the first day of fermentation.



In one study, the biogenic amine contents of 20 peppered and non-peppered shalgam samples produced by different manufacturers in Turkey were analyzed. Total biogenic amine contents were between 26.7 and 134.3 mg/L. These values were below the maximum limit allowed. In shalgam samples, cadaverine, putrescine, tyramine, and histamine, were detected. Putrescine was the most commonly found (5.0–42.3 mg/L), followed by tyramine (3.8–41.0 mg/L). The pH, acidity, and total dry matter values of shalgam samples were in the range of 3.15 to 4.25, 0.530% to 1.028% (w/v), and 2.33% to 3.67% (w/w), respectively. Total free amino acid contents were in the range of 0.0074% to 0.0318% (w/v) [74].




7. Conclusions


Shalgam is a traditional Turkish beverage produced by lactic acid fermentation. It is commercially produced as well as traditionally produced in homes. Shalgam is a functional and probiotic food that has been proven to be good for human health. The short shelf life causes some problems related to consumption, however. Many researchers have been working on shalgam to extend the shelf life. Shalgam is best known in Turkey, but deserves to be spread around the world.
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