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Abstract

:

The aim of this study was to evaluate the nutritional value of wholemeal bread prepared from the flour of spelt wheat (Triticum aestivum ssp. spelta) that was enriched by the addition of freeze-dried spelt grain (at proportions of 4%, 8%, and 12%, respectively, in relation to the flour weight). The spelt grain used in the study was harvested at the milk dough stage (the so-called green grain). Green spelt grain was characterized by a significantly higher content of minerals namely P, Mg, Ca and Zn compared to ripe spelt grain. Additionally, it contained significantly higher amounts of amino acids (Asp, Thr, Ser, Gly, Ala, Cys, Val, Met, Ile, Leu, Phe, Lys), lipids, as well as monounsaturated fatty acids (MUFA), and omega-3 and omega-9 acids. However, it had a lower content of palmitic, stearic, and linoleic acids, polyunsaturated fatty acids (PUFA), and omega-6 acids. The results showed that the nutritional value of bread was improved by the green spelt grain, however the ω6/ω3 ratio in bread enriched with green spelt grain was slightly less favorable than in control bread. Among all the products tested, bread enriched with a 12% proportion of green spelt grain was characterized by the highest content of almost all the amino acids (except for Pro, Cys, and Met), as well as in Mg, Zn, Mn, Cu and Fe. In addition, overall acceptability of this bread was the highest. Bread enriched with 8% of green grain contained the highest amount of P, Ca, Pro, linoleic acid, PUFA, and ω 6 acids, while bread enriched with 4% of green spelt grain had the highest content of palmitic acid and saturated fatty acids.
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1. Introduction


Bakery products are commonly included in the daily diet of humans. Nowadays, consumers show increased interest in bread enriched with various ingredients [1]. These often include natural additives such as oats and bran as well as germs [2,3,4]. A number of lifestyle diseases are known to be caused by the consumption of an inappropriate diet. Moreover, modern food is too often highly processed, while bakery products with a predominance of white flour are mostly poor in health-promoting substances such as phenolic compounds, fiber, or vitamins [5]. Fortunately, fruit and seed coat are a valuable source of these substances, and thus, in recent years, consumption of wholegrain cereal products has been emphasized. Nonetheless, due to the application of heavy metals or pesticides in conventional farming, seed coat may also harbor these undesired substances [6,7]. Therefore, grain produced through organic farming is particularly sought for the production of baked products.



Currently, traditional species that were grown in the past are regaining popularity [8]. One among them is spelt wheat (Triticum aestivum ssp. spelta), which is one of the oldest grown cereals in the world. Spelt grain contains many valuable nutrients that are of importance in the human diet. Compared to common wheat, spelt consists of higher amounts of proteins, dietary fiber, unsaturated fatty acids, amino acids, and vitamins (A, D, and E) [9,10,11,12]. Furthermore, spelt is a rich source of minerals [13,14] and constituents exhibiting important biological activities, such as antioxidants [15,16,17]. According to nutritional experts, spelt products can be a valuable dietary supplement and, therefore, regular intake of meals containing processed spelt grain can have a beneficial effect on human health, by preventing many life-threatening diseases [18]. It has also been proven that systematic consumption of spelt wheat regenerates the entire body, increases its resistance potential, promotes the reduction in blood cholesterol, and supports the digestive functions [19].



An important attribute of spelt is that its grain can be harvested and used at different maturity stages. For instance, spelt grain harvested at the milk dough stage (green grain) has several nutrients, but the percentage of starch is less. However, when dried immediately after harvest and subsequently dehulled, the grain is known to possess a high content of protein and mineral salts. It can serve as an excellent additive to bakery products, which enhances their taste and nutritional qualities [20]. Such types of enriched products, especially low-processed food, are in huge demand in the food market [21].



The research hypothesis assumes that bread enriched with unripe spelt grain has improved properties as compared to bread baked from flour obtained from ripe spelt grain. The idea behind the formulation of new recipes for baking bread is very well in agreement with the recent preference of consumers for food products with specific health-enhancing qualities. Thus far, such a kind of baked products has not been analyzed by any authors. Therefore, the aim of this study was to evaluate the chemical composition of spelt bread enriched with green grain harvested at the milk dough stage, which was added at different proportions to the flour. In addition, the chemical composition of the baking ingredients used was determined. Cereal grain used in the study was produced through organic farming.




2. Materials and Methods


The study material was spelt grain harvested in 2017 at the milk dough stage (the so-called green grain), which is used as an additive to wholemeal bakery products made from spelt flour. The ingredients used to prepare bread samples were obtained from the Organic Farm belonging to the Agricultural Advisory Center in Brwinów, Radom Branch (Chwałowice, Poland). The spelt grain was ground to wholemeal flour using SM 200 cutting mill (Retsch, Haan, Germany). The screen undersize sifted through a 0.350 mm mesh screen was considered to be wholemeal flour. The screen oversize was sent back for grinding.



In order to obtain green spelt, the grain was harvested at the milk dough stage (in the middle of June). This process involved the collection of whole ears, which were then freeze dried at 20 °C and under a pressure of 52 Pa, using a freeze drier according to the procedure described by Biernacka et al. [22] (Figure 1). In the next step, the grain obtained from the dried ears was threshed. Green spelt grain was added in the amounts of 4%, 8%, and 12% of the total flour content (Figure 2). Each bread sample was prepared in three replicates, according to the method described by Romankiewicz et al. [23]. The quality of the obtained spelt grain (harvested at the maturity stage and milk dough stage) was determined by commonly used analytical procedures [24]: the content of total protein (through mineralization using sulfuric acid followed by determination using the Kjeldahl distillation method and titration detection); N (mineralization in sulfuric acid and oxygenated water; determination by the Kjeldahl distillation method; titration detection), P (mineralization in sulfuric acid and oxygenated water; determination by vanadium-molybdate spectrophotometric method; Spekol spectrophotometer (Carl Zeiss AG, Oberkochen, Germany), K and Ca (mineralization in sulfuric acid and oxygenated water; determination by flame photometry; PEP7 photometer (Jenway, Staffordshire, UK)), Mg (mineralization in sulfuric acid and oxygenated water; determination by atomic absorption spectrometry; Perkin-Elmer spectrometer), Cu, Zn, Mn, Fe (mineralization in perchloric and nitric acids (1:4); determination by atomic absorption spectrometry; Avanta spectrometer (GBC Scientific Equipment, Australia), according to PN-EN 14084:2004), Na (determination by atomic absorption spectrometry), B (mineralization with Ca(OH)2 in a furnace; determination by spectrophotometric curcumin method; Spekol spectrophotometer), lipids content (Soxhlet method), fatty acid composition (gas chromatography—PN-ISO 5509; Varian 450-GC gas chromatograph (Agilent Technologies, Santa Clara, CA, USA), and amino acid composition (ion exchange chromatography, AAA 500 amino acid analyzer (INGOS, K Nouzovu, Czech Republic).



Similarly, the quality of the prepared bread was also determined by analyzing the content of macro- and micronutrients, as well as the composition of amino acids and fatty acids. Each sample was measured in triplicate. The chemical analyzes were carried out in an accredited laboratory (accreditation certificate No. AB 1375 issued by the Polish Centre for Accreditation), which meets the requirements of the PN-EN ISO/IEC 17025:2005 standard. Moreover, the preliminary sensory evaluation (overall acceptability) of obtained bread samples was performed on a nine-point hedonic scale [25]. Overall acceptability of breads was determined on the fresh breads (five hours after baking) by 34 untrained panelists commonly consuming wheat bread.



All the tests were performed in triplicate. The results obtained were statistically analyzed by the analysis of variance using Statistica PL 13.3 (TIBCO Software Inc., Tulsa, OK, USA). The means were compared using Tukey’s least significant difference test (p ≤ 0.05).




3. Results and Discussion


3.1. Content of Protein and Some Elements


Total content of protein and minerals is an important characteristic that determines the consumer preference and the nutritional value of raw material. The results showed that the total protein and nitrogen contents of the green grain of spelt were slightly higher than that of the spelt grain harvested at the fully ripe stage, but the differences were not significant (Table 1). By contrast, Kraska et al. [20] observed a distinctly higher content of nitrogen in the spring spelt wheat cultivar ‘Wirtas’ harvested at the fully ripe stage compared to the spring spelt harvested at the milk dough stage. Andruszczak [26] found that the total protein content in spelt grain ranged between 14.1% and 17.4% depending on the cultivar. However, in that study spelt wheat was grown under conventional farming conditions, where production-enhancing agents used in industries were applied.



The content of P was observed to be significantly higher in the spelt grain harvested at the milk dough stage, compared to the ripe spelt grain. A similar relationship was found for the content of Mg and Ca. However, the date of harvesting did not significantly affect the K content in spelt grain. This was in accordance with the results of other authors [13,26] who noted a similar content of macronutrients in ripe spelt grain and green grain.



Green spelt grain was also determined to have a significantly higher content of Zn (>20.7%) compared to the spelt grain harvested at the fully ripe stage (Table 2). Moreover, unripe grain was found to exhibit a slightly higher content of Mn, Fe, B, and Na in comparison with the ripe spelt grain. It was found that the spelt harvested at the milk dough stage was characterized by a lower Cu content, but these differences were shown to be insignificant by statistical analysis. The contents of Zn and Cu estimated in spelt grain did not substantially differ from the values reported by Wojtkowiak and Stępień [27]. However, these authors demonstrated a much higher content of Mn (40.4–46.4 mg kg−1) and Fe (58.1–70.5 mg kg−1) in spelt grain. Wanic et al. [28] also reported a similar content of Zn in spelt grain, a lower content of Cu (2.2 mg kg−1), and a higher content of Mn and Fe (32.7 and 75.6 mg kg−1, respectively) in their study.



The total protein content in bread prepared from spelt flour enriched with 4%, 8% and 12% of green spelt grain was not found to vary significantly (Table 3). However, bread enriched with unripe grain showed a slightly higher content of protein compared to the control bread. A similar relationship was found for the content of nitrogen and magnesium. In a study on various components of bread, Litwinek et al. [29] found the highest total protein content in bread made from spelt flour, a medium content in bread from wheat flour, and the lowest content in bread from rye wholemeal (50-fold lower compared to spelt bread).



Bread with an 8% proportion of green spelt grain (BGS8) was characterized by the highest content of P. The content of phosphorus in the control bread (CB) and bread enriched with 4% of unripe spelt grain (BGS4) was found to be significantly lower by 3.6% and 4.4%, respectively. The lowest K content was observed in bread made from spelt flour enriched with 8% and 12% proportion of green spelt grain, but compared to the CB and BGS4 the differences were not significant. The Ca content did not differ significantly in all the bread samples, with the highest amount of this element found in bread prepared from flour added with 8% green spelt grain, while the least in bread enriched with green grain at the proportion of 12% (BGS12).



The Zn content in the bread samples did not differ significantly (Table 4). However, a slightly higher content of this element was noted in bread with green spelt grain compared to the control bread. A similar relationship was found for Na content. The Mn content determined in CB was significantly lower compared to all the other bread samples. In addition, BGS4 contained significantly less Mn compared to BGS12.



The lowest amount of Cu and Fe was found in BGS4, while the highest contents were found in BGS12. However, in all bread samples evaluated, the contents of these elements were within the margin of statistical error. By contrast, bread enriched with green spelt grain was characterized by a significantly lower B content compared to control bread. The obtained results thus prove that spelt is a valuable source of nutrients and can be successfully included in the human diet. This is also supported by the results of Litwinek et al. [29]. The authors reported a higher content of P, K, Mg, Ca, Cu, and Fe in bread made from spelt flour compared to bread made from common wheat flour. At the same time, they indicated a higher content of Mn and Zn in spelt flour bread. Grembecka et al. [30] demonstrated that the different baked products investigated in their study, in particular crisp and dark baked ones, had a high amount of magnesium, phosphorus, zinc and iron and thus they can be included as a source of nutrients in the daily diet of humans.




3.2. Amino Acid Composition


The nutritional value of protein is largely determined by the composition of amino acids. Waga et al. [31] found that spelt wheat was characterized by a significantly higher content (20–60%) of almost all amino acids than common wheat grain. In our study, the green spelt grain was found with a significantly higher content of Asp, Thr, Ser, Gly, Ala, Cys, Val, Met, Ile, Leu, Phe, Lys, and Trp, compared to spelt grain harvested at the fully ripe stage (Table 5). In turn, unripe spelt grain harvested at the milk dough stage contained a significantly lower amount of Glu and Pro. Furthermore, the present study confirmed the relationship indicated by Kraska et al. [20] in their study, in which the content of the essential amino acids Lys and Met as well as that of the nonessential amino acid Ala was shown to be higher in green grain compared to the spelt grain harvested at the fully ripe stage. Andruszczak [26] also reported a similar amino acid composition in spelt grain.



The highest Asp content was identified in bread with 12% addition of green spelt grain among all the bread samples evaluated (Table 6). Thr content did not vary significantly among the samples but a slightly higher content of this amino acid was only found in all enriched bread samples containing green spelt grain compared to the control.



Bread containing 4% of green spelt grain and control bread were characterized by a significantly lower content of Ser than BGS8 and BGS12. On the other hand, the content of Glu and Pro was found to be the lowest in the bread with 8% of green spelt grain. The Gly content determined in BGS12 was significantly higher than in the control bread as well as in bread with 8% of unripe spelt grain. The Ala content in the control bread was significantly lower than in all other bread samples, except for bread with 8% of green spelt grain, and it is worth noting that the highest Ala content was observed in BGS12. The highest content of Cys and Met was determined in the control bread made from spelt wheat flour, while the content of Val, Ile and Leu was highest in bread with 12% of green spelt grain. Bread with a 12% proportion of green spelt grain was characterized by a significantly higher content of Phe, Arg, and Trp compared to all other types of bread. By contrast, the content of Phe, Lys, and Arg in the control bread was significantly lower than in BGS4 and BGS12. At the same time, bread with 4% and 12% of green grain contained higher amount of His than CB and BGS8. The chemical composition of bread enriched with green grain of spelt is difficult to evaluate, and no studies on this subject can be found in the available literature. According to the results of the present study, bread enriched with green spelt grain can be included in the human diet and it can beneficial to expand the assortment of health-enhancing bakery products.




3.3. Lipids Content and Fatty Acids Composition


Spelt grain harvested at the milk dough stage was found to have a higher lipids content than spelt grain harvested at the fully ripe stage (Table 7). Kraska et al. [20] also observed a higher lipids content in unripe spelt grain than in grain harvested at the fully ripe stage. Moreover, they found that green spelt grain was characterized by a higher content of biologically active substances (phenolic acids, hydroxy acids), which determine the health-enhancing properties of a product. Escarnot et al. [10] reported a higher lipids content in spelt grain (2.2–2.5% DM) than that estimated in the present study. Similarly, Sulewska et al. [32] found that the lipids content in spelt grain ranged from 2.33% to 2.38%, depending on the cultivar of spelt wheat, which was similar to that observed in green grain in the present study.



The content of palmitic and stearic acid was significantly higher in spelt grain harvested at the fully ripe stage than in green spelt grain. A similar relationship was found for linoleic acid. In green spelt grain, the total content of oleic acid and α-linolenic acid was higher compared to that in spelt grain harvested at the fully ripe stage. The content of saturated fatty acids (SFA) as well as polyunsaturated fatty acids (PUFA) was significantly lower in unripe spelt grain than in the ripe spelt grain, but the content of monounsaturated fatty acids (MUFA) was significantly higher in grain harvested at the milk dough stage than in grain obtained at fully ripe stage. Spelt grain harvested at the fully ripe stage was characterized by a significantly higher content of ω 6 acids, whereas green spelt grain contained a higher amount of ω 3 and ω 9 acids. Interestingly, more favorable ratio of ω 6 to ω 3 (7.92/1) was found in the case of green spelt grain compared to ripe grain (19.04/1). In Western diets, the ratio of ω 6/ω 3 is about 15/1–16.7/1 [33]. This is associated with too low ω-3 fatty acids content and an excessive amount of ω-6 fatty acids in human diets. Such situation may contribute to the pathogenesis of many diseases, in particular cancer and cardiovascular diseases.



Kraska et al. [20] did not observe any variation in the content of the fatty acids 16:0, 18:0, 18:1 c9 and 18:2 c9 c12 in the spelt wheat cultivars investigated in their study. However, the content of the 18:3 c9 c12 c15 fatty acid was found to be higher in the green grain of all spelt wheat cultivars than in ripe grain. Furthermore, the authors found a slightly higher content of SFA and PUFA in spelt grain obtained at the fully ripe stage, while a higher content of MUFA was found in green grain. In their study comparing more than 40 spelt wheat genotypes, Escarnot et al. [10] reported a slightly higher content of 16:0 (from 16.7% to 18.5% DM) compared to that observed in the present study, as well as a similar content of 18:0 (from 0.7% to 1.4% DM) and 18:2 c9 c12 (from 55.0% to 63.2% DM).



Although the control bread and bread enriched with spelt grain harvested at the milk dough stage showed a similar lipids content, the composition of fatty acids significantly varied among them (Table 8).



The use of green spelt grain at the proportions of 4%, 8% and 12% resulted in a significant reduction in the content of stearic, oleic, and α-linolenic acid in enriched bread compared to the control bread. The same relationship was found for the content of MUFA, and ω 3, and ω 9 acids. The ratio of ω6/ω3 in bread enriched with green spelt grain (14.42/1–15.76/1) was higher than in control bread (12.55/1), what may slightly reduce the nutritional value of such products. Bread with 4% unripe spelt grain was characterized by a significantly higher content of palmitic acid and SFA than all other tested breads. However, it had the lowest content of oleic acid, MUFA, and ω 3 acids. Among all the bread samples evaluated, those enriched with 8% green spelt grain showed the highest content of linoleic acid and PUFA. On the other hand, they contained the least amount of palmitic and stearic acid, as well as the lowest SFA. In the case of BGS12, the lowest content of α-linolenic acid was found in comparison to all other tested bread samples. Moreover, it contained a significantly lower content of ω 3 acids than CB and BGS4.



The results of preliminary sensory evaluation of breads (Table 8) indicate that bread enriched with spelt grain showed similar notes as control bread. Each kind of bread was tasty and had a specific pleasant aroma. The use of green spelt grain at the proportions of 8% and 12% resulted in higher scores for crumb appearance and texture and thus general desirability of these bread was slightly higher but significantly higher in comparison with control bread.





4. Conclusions


In the present study, freeze-dried green grain of spelt is proposed as an additive for preparing wholemeal spelt bread, with improved nutritional value.



The results of the study showed that ripe spelt grain had a significantly higher content of palmitic, stearic, and linoleic acid, PUFA, and ω 6 acids compared to grain harvested at the milk dough stage. However, green spelt grain was characterized by a significantly higher content of P, Mg Ca, and Zn. Additionally, it contained significantly more amino acids (Asp, Thr, Ser, Gly, Ala, Cys, Val, Met, Ile, Leu, Phe, Lys, Trp), lipids, oleic acid, and α-linolenic acid, as well as MUFA, ω 3 and ω 9 acids. This clearly indicates that green spelt grain is a valuable source of nutrients and can therefore be successfully included in the human diet.



Green spelt grain used as an additive had a beneficial effect on the chemical composition of the bread samples, however the ω6/ω3 ratio in bread enriched with green spelt grain was slightly less favorable than in control bread. Bread enriched with green grain at an amount of 4% contained significantly more Mn, amino acids (Glu, Ala, Cys, Val, Leu, Phe, His, Lys, Arg, Trp), and palmitic and linoleic acids, as well as PUFA and ω 6 acids, compared to control bread prepared without green grain. Increasing the percentage of the green spelt grain in spelt flour from 4% to 8% contributed to a significant increase in the content of P, B, Asp, Ser, and Trp, as well as fatty acids (oleic and linoleic acids, MUFA, PUFA, ω 6 and ω 9 acids). On the other hand, the content of most amino acids (Glu, Pro, Cys, Val, Ile, Leu, Phe, His, Lys, Arg), palmitic, stearic, and α-linolenic acids, and SFA decreased with the addition of 8% of green grain compared to bread with 4% proportion of unripe grain. Among all the products tested, bread with 12% of green spelt grain was found to be the richest in amino acids (except for Pro, Cyst and Met). Moreover, the addition of green spelt grain into wheat flour at the proportions of 8% and 12% resulted in higher scores for overall acceptability of bread.



In conclusion, green spelt grain can serve as an excellent additive to improve the dietary value of bakery products and, thus, it is possible to supplement nutrients that are deficient in the diet through the consumption of bread enriched with freeze-dried green spelt grains.
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Figure 1. Picture of spelt grain harvested at milk dough stage after freeze-drying (green spelt grain). 
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Figure 2. Wholemeal bakery products made from spelt flour: (a) Control bread; (b) Spelt bread enriched with green grain of spelt added in proportion of 4%; (c) Spelt bread enriched with green grain of spelt added in proportion of 8%; (d) Spelt bread enriched with green grain of spelt added in proportion of 12%. 
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Table 1. The content of protein and macroelements in the grain of spelt.
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	Grain
	Protein

%
	N

g kg−1
	P

g kg−1
	K

g kg−1
	Mg

g kg−1
	Ca

mg kg−1





	Ripe spelt grain
	10.75 ± 0.54 a 1
	17.20 ± 0.85 a
	3.83 ± 0.17 a
	3.99 ± 0.19 a
	1.040 ± 0.02 a
	187.0 ± 1.9 a



	Green spelt grain
	12.38 ± 0.61 a
	19.80 ± 0.91 a
	4.17 ± 0.12 b
	4.05 ± 0.12 a
	1.253 ± 0.06 b
	260.0 ± 7.8 b







1 Different letter (a, b) in the same column indicate statistically significant difference between means (p ≤ 0.05).
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Table 2. The content of selected microelements in the grain of spelt.
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	Grain
	Zn

mg kg−1
	Mn

mg kg−1
	Cu

mg kg−1
	Fe

mg kg−1
	B

mg kg−1
	Na

g kg−1





	Ripe spelt grain
	25.70 ± 1.25 a 1
	19.03 ± 0.91 a
	5.38 ± 0.26 a
	36.83 ± 1.83 a
	3.40 ± 0.06 a
	17.90 ± 0.20 a



	Green spelt grain
	31.03 ± 1.51 b
	20.93 ± 1.04 a
	3.81 ± 0.11 a
	49.23 ± 1.47 a
	4.69 ± 0.23 a
	25.73 ± 0.76 a







1 Different letter (a, b) in the same column indicate statistically significant difference between means (p ≤ 0.05).
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Table 3. The content of protein and macroelements in control bread and enriched breads.






Table 3. The content of protein and macroelements in control bread and enriched breads.





	Type of Bread
	Protein

%
	N

g kg−1
	P

g kg−1
	K

g kg−1
	Mg

g kg−1
	Ca

mg kg−1





	CB 1
	11.81 ± 0.57 a
	18.90 ± 0.96 a
	3.73 ± 0.18 a
	3.79 ± 0.18 a
	1.037 ± 0.02 a
	284.33 ± 3.84 a



	BGS4
	12.13 ± 0.60 a
	19.40 ± 0.96 a
	3.70 ± 0.11 a
	3.28 ± 0.09 a
	1.057 ± 0.05 a
	267.00 ± 6.01 a



	BGS8
	12.13 ± 0.47 a
	19.40 ± 0.97 a
	3.87 ± 0.07 b
	2.98 ± 0.15 a
	1.053 ± 0.04 a
	294.33 ± 8.82 a



	BGS12
	11.94 ± 0.41 a
	19.10 ± 0.94 a
	3.81 ± 0.19 ab
	2.84 ± 0.08 a
	1.083 ± 0.05 a
	265.33 ± 9.91 a







1 CB—control bread; BGS4—bread enriched with 4% of green spelt grain; BGS8—bread enriched with 8% of green spelt grain; BGS12—bread enriched with 12% of green spelt grain; Different letter (a, b) in the same column indicate statistically significant difference between means (p ≤ 0.05).
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Table 4. The content of selected microelements in control bread and enriched breads.
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	Type of Bread
	Zn

mg kg−1
	Mn

mg kg−1
	Cu

mg kg−1
	Fe

mg kg−1
	B

mg kg−1
	Na

g kg−1





	CB 1
	27.53 ± 1.37 a
	15.73 ± 0.78 a
	4.40 ± 0.22 a
	37.40 ± 1.87 a
	5.83 ± 0.19 a
	8.38 ± 0.28 a



	BGS4
	28.20 ± 1.41 a
	17.83 ± 0.87 b
	3.54 ± 0.11 a
	32.73 ± 0.98 a
	2.67 ± 0.13 b
	10.14 ± 0.26 a



	BGS8
	28.30 ± 1.33 a
	18.23 ± 0.91 bc
	4.60 ± 0.09 a
	35.73 ± 1.78 a
	3.18 ± 0.12 c
	9.15 ± 0.27 a



	BGS12
	28.90 ± 1.41 a
	19.57 ± 0.94 c
	4.83 ± 0.24 a
	42.27 ± 0.84 a
	3.46 ± 0.17 d
	9.30 ± 0.37 a







1 CB—control bread; BGS4—bread enriched with 4% of green spelt grain; BGS8—bread enriched with 8% of green spelt grain; BGS12—bread enriched with 12% of green spelt grain; Different letter (a, b, c, d) in the same column indicate statistically significant difference between means (p ≤ 0.05).
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Table 5. The content of amino acids in spelt grain [mg g−1].
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Amino Acid

	
Grain




	
Ripe Spelt Grain

	
Green Spelt Grain






	
Asp

	
5.78 ± 0.29 a 1

	
6.73 ± 0.34 b




	
Thr

	
2.85 ± 0.14 a

	
3.24 ± 0.10 b




	
Ser

	
4.53 ± 0.14 a

	
4.75 ± 0.24 b




	
Glu

	
34.2 ± 1.37 a

	
33.8 ± 1.68 b




	
Pro

	
11.4 ± 0.57 a

	
10.9 ± 0.44 b




	
Gly

	
4.00 ± 0.08 a

	
4.33 ± 0.09 b




	
Ala

	
3.54 ± 0.14 a

	
4.77 ± 0.24 b




	
Cys

	
2.62 ± 0.13 a

	
3.71 ± 0.11 b




	
Val

	
4.77 ± 0.24 a

	
5.35 ± 0.27 b




	
Met

	
2.18 ± 0.98 a

	
2.65 ± 0.13 b




	
Ile

	
3.38 ± 0.10 a

	
3.89 ± 0.16 b




	
Leu

	
7.13 ± 0.36 a

	
7.74 ± 0.39 b




	
Tyr

	
2.60 ± 0.13 a

	
2.52 ± 0.13 a




	
Phe

	
4.96 ± 0.15 a

	
6.01 ± 0.12 b




	
His

	
2.54 ± 0.13 a

	
2.59 ± 0.13 a




	
Lys

	
2.68 ± 0.13 a

	
3.44 ± 0.17 b




	
Arg

	
4.40 ± 0.13 a

	
4.50 ± 0.10 a




	
Trp

	
1.42 ± 0.07 a

	
4.18 ± 0.21 b








1 Different letter (a, b) in the same row indicate statistically significant difference between means (p ≤ 0.05).
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Table 6. The content of amino acids in control bread and breads enriched with green spelt grain, oat grain and sprouted lentil seeds [mg g−1].
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Amino Acid

	
Type of Bread




	
CB 1

	
BGS4

	
BGS8

	
BGS12






	
Asp

	
4.87 ± 0.24 a

	
4.84 ± 0.24 a

	
5.08 ± 0.25 b

	
5.29 ± 0.26 c




	
Thr

	
2.88 ± 0.14 a

	
2.95 ± 0.09 a

	
2.94 ± 0.15 a

	
3.00 ± 0.09 a




	
Ser

	
4.90 ± 0.15 a

	
4.84 ± 0.24 a

	
5.10 ± 0.15 b

	
5.21 ± 0.26 b




	
Glu

	
33.4 ± 1.34 a

	
34.3 ± 1.72 b

	
23.2 ± 0.93 c

	
34.3 ± 1.72 b




	
Pro

	
11.0 ± 0.55 a

	
11.10 ± 0.44 a

	
10.30 ± 0.52 b

	
11.0 ± 0.44 a




	
Gly

	
3.79 ± 0.08 a

	
3.86 ± 0.08 ab

	
3.80 ± 0.08 a

	
3.96 ± 0.08 b




	
Ala

	
3.43 ± 0.14 a

	
3.57 ± 0.18 b

	
3.48 ± 0.14 ab

	
3.73 ± 0.19 c




	
Cys

	
3.83 ± 0.19 a

	
1.41 ± 0.04 b

	
1.15 ± 0.06 c

	
1.27 ± 0.04 d




	
Val

	
4.64 ± 0.23 a

	
4.84 ± 0.24 b

	
4.59 ± 0.23 a

	
4.95 ± 0.25 b




	
Met

	
1.76 ± 0.79 a

	
1.10 ± 0.06 b

	
1.10 ± 0.50 b

	
1.00 ± 0.05 c




	
Ile

	
3.39 ± 0.10 ab

	
3.52 ± 0.14 a

	
3.31 ± 0.10 b

	
3.67 ± 0.15 c




	
Leu

	
6.85 ± 0.34 a

	
7.06 ± 0.35 b

	
6.78 ± 0.34 a

	
7.07 ± 0.35 b




	
Tyr

	
1.69 ± 0.08 a

	
1.71 ± 0.09 a

	
1.62 ± 0.08 a

	
1.73 ± 0.09 a




	
Phe

	
4.81 ± 0.14 a

	
5.03 ± 0.10 b

	
4.84 ± 0.15 a

	
5.19 ± 0.10 c




	
His

	
2.43 ± 0.12 a

	
2.55 ± 0.13 b

	
2.42 ± 0.12 a

	
2.58 ± 0.13 b




	
Lys

	
2.60 ± 0.13 a

	
2.74 ± 0.14 b

	
2.60 ± 0.13 a

	
2.81 ± 0.14 b




	
Arg

	
3.74 ± 0.11 a

	
3.94 ± 0.08 b

	
3.79 ± 0.11 a

	
4.04 ± 0.08 c




	
Trp

	
1.41 ± 0.07 a

	
1.25 ± 0.06 b

	
1.86 ± 0.09 c

	
2.97 ± 0.15 d








1 CB—control bread; BGS4—bread enriched with 4% of green spelt grain; BGS8—bread enriched with 8% of green spelt grain; BGS12—bread enriched with 12% of green spelt grain; Different letter (a, b, c, d) in the same row indicate statistically significant difference between means (p ≤ 0.05).
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Table 7. Lipid content [%] and the fatty acids profile [%] in spelt grain.
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Lipid Content

and Fatty Acids Profile

	
Grain




	
Ripe Spelt Grain

	
Green Spelt Grain






	
Lipid content

	
1.23 ± 0.06 a

	
2.35 ± 0.12 b




	
16:0 1

	
16.63 ± 0.83 a

	
14.68 ± 0.44 b




	
18:0

	
1.42 ± 0.04 a

	
1.36 ± 0.07 b




	
18:1 c9

	
20.44 ± 0.82 a

	
27.38 ± 1.37 b




	
18:2 c9, c12

	
55.01 ± 2.75 a

	
47.62 ± 1.90 b




	
18:3 c9, c12, c15

	
2.92 ± 0.06 a

	
6.03 ± 0.12 b




	
SFA

	
19.71 ± 0.79 a

	
17.27 ± 0.86 b




	
MUFA

	
21.61 ± 1.08 a

	
28.79 ± 0.86 b




	
PUFA

	
58.51 ± 2.93 a

	
53.79 ± 2.69 b




	
ω 3

	
2.92 ± 1.31 a

	
6.03 ± 0.30 b




	
ω 6

	
55.60 ± 1.67 a

	
47.75 ± 1.91 b




	
ω 9

	
21.26 ± 1.06 a

	
28.48 ± 1.42 b




	
ω 6/ω 3

	
19.04 ± 0.57 a

	
7.92 ± 0.31 b








1 16:0—palmitic acid; 18:0—stearic acid; 18:1 c9—oleic acid; 18:2 c9, c12—linoleic acid; 18:3 c9, c12, c15—α linolenic acid; SFA—Saturated fatty acid; MUFA—Monounsaturated fatty acid; PUFA—Polyunsaturated fatty acid; ω 3—omega-3 PUFA; ω 6—omega-6 PUFA; ω 9—omega-9 PUFA; Different letter (a, b) in the same row indicate statistically significant difference between means (p ≤ 0.05).
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Table 8. Lipid content [%], the fatty acids profile [%] and overall acceptability in control bread and bread enriched with green spelt grain.






Table 8. Lipid content [%], the fatty acids profile [%] and overall acceptability in control bread and bread enriched with green spelt grain.





	
Lipid Content, Fatty Acids Profile and Overall Acceptability

	
Type of Bread




	
CB 1

	
BGS4

	
BGS8

	
BGS12






	
Lipid content

	
2.93 ± 0.15 a

	
2.86 ± 0.14 a

	
2.88 ± 0.14 a

	
2.80 ± 0.14 a




	
16:0

	
18.11 ± 0.91 a

	
19.09 ± 0.57 b

	
17.95 ± 0.90 a

	
18.07 ± 0.54 a




	
18:0

	
1.52 ± 0.05 d

	
1.46 ± 0.07 b

	
1.42 ± 0.04 a

	
1.50 ± 0.08 c




	
18:1 c9

	
29.71 ± 1.19 c

	
26.33 ± 1.32 a

	
27.16 ± 1.09 b

	
27.23 ± 1.36 b




	
18:2 c9, c12

	
43.22 ± 2.16 a

	
45.84 ± 1.83 b

	
46.53 ± 2.33 d

	
46.15 ± 1.85 c




	
18:3 c9, c12, c15

	
3.45 ± 0.07 d

	
3.19 ± 0.06 c

	
3.10 ± 0.06 b

	
2.95 ± 0.06 a




	
SFA

	
21.23 ± 0.85 b

	
22.20 ± 1.11 c

	
20.89 ± 0.84 a

	
21.16 ± 1.06 b




	
MUFA

	
31.87 ± 1.59 c

	
28.46 ± 0.85 a

	
29.20 ± 1.46 b

	
29.27 ± 0.88 b




	
PUFA

	
46.74 ± 2.34 a

	
49.20 ± 2.46 b

	
49.84 ± 2.49 d

	
49.44 ± 2.47 c




	
ω 3

	
3.45 ± 0.15 c

	
3.19 ± 0.16 b

	
3.10 ± 0.12 b

	
2.95 ± 0.15 a




	
ω 6

	
43.30 ± 1.30 a

	
46.01 ± 1.84 b

	
46.75 ± 1.40 c

	
46.49 ± 1.86 c




	
ω 9

	
30.64 ± 1.53 c

	
27.22 ± 1.35 a

	
28.03 ± 1.40 b

	
28.08 ± 1.40 b




	
ω 6/ω 3

	
12.55 ± 0.38 a

	
14.42 ± 0.57 b

	
15.08 ± 0,75 bc

	
15.76 ± 0,78 c




	
Overall acceptability

	
6.5 ± 0.45 a

	
6.8 ± 0.45 ab

	
7.1 ± 0.45 b

	
7.5 ± 0.45 b








1 CB—control bread; BGS4—bread enriched with 4% of green spelt grain; BGS8—bread enriched with 8% of green spelt grain; BGS12—bread enriched with 12% of green spelt grain; 16:0—palmitic acid; 18:0—stearic acid; 18:1 c9—oleic acid; 18:2 c9, c12—linoleic acid; 18:3 c9, c12, c15—α linolenic acid; SFA—Saturated fatty acid; MUFA—Monounsaturated fatty acid; PUFA—Polyunsaturated fatty acid; ω 3—omega-3 PUFA; ω 6—omega-6 PUFA; ω 9—omega-9 PUFA; Different letter (a, b, c, d) in the same raw indicate statistically significant difference between means (p ≤ 0.05).
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