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			Abstract

			The wheat germs are by-product originating from milling industry. But there is a little information about protein quality of wheat germ as nutritional protein source in human nutrition. Therefore, this paper reveals the protein quality of this by-product.  Wheat germs are rich in protein content which is about 36.5 %. Wheat germs are characterized by high standardized ileal digestibility of protein and amino acids. A digestible indispensable ileal amino acid score (DIAAS), as the lowest ratio between the content of standardized ileal digestible amino acid in the protein source and amino acid requirements for people, is 82 %. It is limited by leucine. Content of other amino acids, with exception of isoleucine, is in surplus. The DIAAS reference ratio for isoleucine is 0.93 and for the other amino acids is in a range from 1.01 (tryptophan) to 1.28 (threonine). The DIAAS reference ratio for sulfur amino acids is 1.11. In conclusion, wheat germs are a rich source of a high-quality protein, with a high ileal digestible amino acids content. Protein quality based on DIAAS is limited by leucine followed by isoleucine, but other amino acids are in surplus. By an inclusion of wheat germs in nutrition we can obtain new protein source while use the waste product of milling industry.  
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			Abbreviations: AA: Amino Acids; CP: Crude Protein; DIAAS: Digestible Indispensable Amino Acid Score; DM: Dry Matter; PDCAAS: Protein Digestible Amino Acid Score; SID: Standardized Ileal Digestibility. 

		

		
			Introduction 

			Nowadays about 1 billion people in the world suffer from malnutrition. In the next 35 years, a population growth on the planet, up to 9 or 10 billion people, there is expected, and this fact raises the question how to ensure the nutritional needs of the growing population [1]. The current protein sources are limited and constantly increasing worldwide population will result to increase the food consumption which will create a demand to find a new protein sources to satisfy the nutrient requirements for people. In comparison with animal, the plant protein is much more economical to produce. Plant proteins will be more and more consumed to the detriment of animal proteins. For a production the proteins of an animal origin a several times greater amounts of the vegetable protein are required and therefore, an increasing demand for the protein sources especially of animal origin will result for greater production of plant proteins [2]. The conventional plant protein sources, grains and seeds, are consumed by both humans and animals.  One possibility how to satisfy the greater protein requirements in human nutrition is to find a new non-animal 

protein source. One possibility is the use by-products of the processing industry in food production [3].

			The use by-products of the food industry in nutrition is a good alternative how to: 1) use a waste product of the food industry without having to throw away as useless, 2) obtain a new food or feed source for the human or animal nutrition. The by-products of the food industry can be divided to some categories concerning with the respect to their origin. For an example: the by-products of the sugar industry (broken beets or roots), by-products of the alcohol production and the fermentation industry, by-products of the brewer industry (malting sprouts), by-products of the fruits and vegetables (residues resulting from the production of juices) or by-products of the milling industry [4,5]. Many of these by-products are underutilized and are discarded as unused. On the other hand, there is a little information about the nutritive value of these by-products. Generally, their quality depends on the quality of the raw material and technologies and procedures for processing (e.g. high temperatures, pressure, etc.) [6].

			The nutritional quality of the foods is characterized by their ability to ensure the nutrients (amino acids, saccharides, fatty acids, minerals, vitamins) into the body. The information on the nutrient composition as well as on the utilization of the nutrients from these products in body are limited. There is not easy to say which of these products are suitable for the nutrition from the different points of views (e.g. source of energy, fat or protein). Therefore, the protein quality of wheat germs, a by-product of the milling industry, as a potential nutritional source in human nutrition, is discussed in this paper. 

			Nutritional Characteristic of Wheat Germ from the Perspective of Protein and Amino Acids Content

			A wheat germ is a by-product obtained by grinding the flour consisting of the wheat germ to which may be attached the parts of the endosperm and outer packaging layers. Wheat germ represents only 2 - 3% of the whole kernel [7] however, is a most nutritious part of the wheat kernel [8]. It has been reported that it is a good source of the vitamins, minerals and proteins as well. Despite the fact, that wheat germ is considered as a possible food ingredient [4] and their production in the world is high, however, the use of the wheat germ in the human nutrition is limited and to a greater extent it is used in the animal nutrition. Using the wheat germ in the human nutrition is also possible as an ingredient of some food products [9].

			It has been reported that the wheat germ is a nutrient source with the high content of protein with well-balanced amino acid profile [10]. Wheat germ has only one half the glutamine and proline of flour, but the levels of alanine, arginine, asparagine, glycine, lysine and threonine are double (7). The content of protein in the wheat germ is about 36.5 %. Content of essential amino acids (Table 1) is in range from 3.01g/kg DM (tryptophan) to 33.3g/kg DM (arginine). Content of lysine and leucine is 22.8 and 21.7g/kg DM, respectively [11]. However, the protein quality is characterized not only based on protein and amino acid content but also based on amino acids utilization in body [12].

			Table 1: Content of crude protein, dry matter and amino acids composition of wheat germ.

			
				
					
					
					
				
				
					
							
							Item

						
							
							Dry Matter Basis

						
							
							As fed basis

						
					

					
							
							Crude protein, %

						
							
							36.6

						
							
							32.8

						
					

					
							
							Dry matter, %

						
							
							100

						
							
							89.7

						
					

					
							
							Amino acids, g/kg

						
					

					
							
							Indispensable

						
					

					
							
							Arginine

						
							
							33.3

						
							
							29.9

						
					

					
							
							Histidine

						
							
							8.5

						
							
							7.6

						
					

					
							
							Isoleucine

						
							
							12

						
							
							10.7

						
					

					
							
							Leucine

						
							
							21.7

						
							
							19.4

						
					

					
							
							Lysine

						
							
							22.8

						
							
							20.5

						
					

					
							
							Methionine

						
							
							6.3

						
							
							5.6

						
					

					
							
							Phenylalanine

						
							
							12.7

						
							
							11.4

						
					

					
							
							Threonine

						
							
							14.4

						
							
							13

						
					

					
							
							Valine

						
							
							17.7

						
							
							15.8

						
					

					
							
							Tryptophan

						
							
							3

						
							
							2.7

						
					

					
							
							Dispensable

						
					

					
							
							Alanine

						
							
							19.8

						
							
							17.7

						
					

					
							
							Aspartic acid

						
							
							30.7

						
							
							27.5

						
					

					
							
							Cystine

						
							
							5

						
							
							4.5

						
					

					
							
							Glutamic acid

						
							
							41.8

						
							
							37.4

						
					

					
							
							Glycine

						
							
							20.1

						
							
							18

						
					

					
							
							Proline

						
							
							14.1

						
							
							12.6

						
					

					
							
							Serine

						
							
							13.5

						
							
							12.1

						
					

					
							
							Tyrosine

						
							
							9.2

						
							
							8.3

						
					

					
							
							Sulfur amino acids1

						
							
							11.3

						
							
							10.1

						
					

					
							
							Aromatic amino acids2

						
							
							21.9

						
							
							19.7

						
					

					
							
							Indispensable/dispensable AA ratio

						
							
							1

						
							
					

					
							
							Lysine/Crude protein, %

						
							
							6.2

						
							
					

				
			

			1Sulfur amino acids: Methionine + cystine

			2Aromatic amino acids: Phenylalanine + tyrosine

			Amino acids enter the body through the wall of small intestine. Amino acids which are not absorbed in small intestine are subjected to microbial activity in upper parts of digestive tract. Therefore, the best criterion for amino acid digestibility is an ileal digestibility, which is measured as a difference between dietary amino acids and amino acids at the end of small intestine - ileum. Ileal digestibility corrected for basal endogenous losses (amino acids of endogenous origin: e.g. endogenous synthetized protein, compounds containing amino acids which are secreted to the lumen and are not absorbed) is standardized ileal digestibility (SID) which is the best criterion for amino acid digestibility [13]. The methods and approaches for protein quality evaluation in human nutrition were established [14]. The pigs surgically fitted with T-cannulas in a terminal ileum are used to determine the ileal digestibility of amino acids by reason that collection of samples an ileal digesta is necessary. Pigs are a good animal model for human nutrition and therefore, the results obtained from digestibility studies with pigs are also applicable in human nutrition [15-17]. 

			Content of standardized ileal digestible amino acids represents the amount of amino acids in food component which is really digested and absorbed through the small intestine and pass into the body.

			Content of standardized ileal digestible amino acids (SID AA) in food component is calculated as follows:

			SID AA = content of individual amino acid in food component (g/kg DM basis) x coefficient of SID of the same amino acid

			Content of SID crude protein in wheat germ is high (Table 2). Among the total amino acids, the greatest SID content is for glutamic acid followed by arginine and aspartic acid. Concerning the indispensable amino acids, the greatest SID content in wheat germ is for arginine, followed by lysine and leucine. Limiting amino acid, which amount is the lowest in the ingredient, may limit proteosynthesis [18,19]. In wheat germ, the tryptophan is first limiting, while the second one is cystine followed by methionine [11]. These amino acids are critical regarding the utilization of other amino acids.

			Table 2: Standardized ileal digestibility (SID) and standardized ileal digestible crude protein and amino acids (AA) content in wheat germ.

			
				
					
					
					
					
				
				
					
							
							Item

						
							
							SID Coefficients1

						
							
							SID AA, g/kg DM basis2

						
							
							Order of AA limitation

						
					

					
							
							Crude protein

						
							
							0.85

						
							
							170

						
							
					

					
							
							Indispensable

						
					

					
							
							Arginine

						
							
							0.98

						
							
							28.8

						
							
					

					
							
							Histidine

						
							
							0.95

						
							
							7.2

						
							
					

					
							
							Isoleucine

						
							
							0.95

						
							
							10

						
							
					

					
							
							Leucine

						
							
							0.94

						
							
							18.1

						
							
					

					
							
							Lysine

						
							
							0.95

						
							
							19.3

						
							
					

					
							
							Methionine

						
							
							0.96

						
							
							5.3

						
							
							3rd

						
					

					
							
							Phenylalanine

						
							
							0.94

						
							
							10.6

						
							
					

					
							
							Threonine

						
							
							0.91

						
							
							11.6

						
							
					

					
							
							Valine

						
							
							0.94

						
							
							14.7

						
							
					

					
							
							Tryptophan

						
							
							0.81

						
							
							2.4

						
							
							1st

						
					

					
							
							Dispensable

						
					

					
							
							Alanine

						
							
							0.94

						
							
							16.4

						
							
					

					
							
							Aspartic acid

						
							
							0.94

						
							
							25.4

						
							
					

					
							
							Cystine

						
							
							0.88

						
							
							3.9

						
							
							2nd

						
					

					
							
							Glutamic acid

						
							
							0.95

						
							
							34.9

						
							
					

					
							
							Glycine

						
							
							0.92

						
							
							16.3

						
							
					

					
							
							Proline

						
							
							0.98

						
							
							12.1

						
							
					

					
							
							Serine

						
							
							0.91

						
							
							10.9

						
							
					

					
							
							Tyrosine

						
							
							0.87

						
							
							7.1

						
							
					

				
			

			1SID coefficients - coefficients of standardized ileal digestibility obtained by Brestenský et al. [11]. 

			2SID AA -standardized ileal digestible content of amino acids and crude protein obtained by Brestenský [11].

			Protein quality in wheat germ based on digestible indispensable amino acids score 

			In the past the protein quality assessment of foods in human nutrition was based on the protein digestibility corrected amino acid score (PDCAAS) [20]. Using this method, PDCAAS was calculated by multiplying the limiting amino acid score (i.e. the ratio of the first-limiting amino acid to the same amino acid of the reference protein) by true faecal protein digestibility. The digestibility coefficients were estimated in experiments on laboratory rats as differences between the ingested and excreted crude protein and were expressed as percentages of N ingested. But as was mentioned above, amino acids are absorbed in small intestine and amino acids in faeces do not correspond to dietary amino acids due to microbial activity in digestive tract. Therefore, this method was criticized and PDCAAS was replaced by new method - digestible indispensable amino acid score (DIAAS) [21]. When using DIAAS, the dietary amino acids are treated as individual nutrients and their digestibility rather than a single faecal protein digestibility is used in calculations. Several studies were performed which compared the PDCAAS and DIAAS method [22-24]. However, as was described above, best indicator for amino acid digestibility is standardized ileal digestibility which can be used for DIAAS calculation [21]. 

			Protein quality expressed by DIAAS represents the ratio between digestible amino acid content in protein source and amino acid requirements for human and is calculated as the lowest ratio of ileal digestible amino acid concentration in the tested protein to the same amino acid in the reference protein [21] using following equations:

			DIAAS reference ratio = 100 x ((mg of digestible indispensable dietary AA per 1 g of dietary protein) / (mg of the same dietary AA per 1 g of the reference protein)) 

			Table 3: Digestible indispensable amino acid score (DIAAS) of wheat germ.

			
				
					
					
					
					
				
				
					
							
							Items

						
							
							AA requirements, mg/g protein1

						
							
							SID AA Content in Wheat Germs, mg/g protein2

						
							
							DIAAS reference ratio in Wheat germ3

						
					

					
							
							DIAAS reference ratio:

						
					

					
							
							Histidine

						
							
							16

						
							
							19

						
							
							1.21

						
					

					
							
							Isoleucine

						
							
							30

						
							
							28

						
							
							0.93

						
					

					
							
							Leucine

						
							
							61

						
							
							50

						
							
							0.82

						
					

					
							
							Lysine

						
							
							48

						
							
							53

						
							
							1.1

						
					

					
							
							Sulphur amino acids

						
							
							23

						
							
							25

						
							
							1.11

						
					

					
							
							Aromatic amino acids

						
							
							41

						
							
							49

						
							
							1.19

						
					

					
							
							Threonine

						
							
							25

						
							
							32

						
							
							1.28

						
					

					
							
							Tryptophan

						
							
							7

						
							
							7

						
							
							1.01

						
					

					
							
							Valine

						
							
							40

						
							
							41

						
							
							1.02

						
					

					
							
							DIAAS, %

						
							
							
							
							82 (Leucine)

						
					

				
			

			1Amino acid (AA) requirements for older children (˃ 3 years), adolescents and adults FAO [14].

			2SID AA-standardized ileal digestible amino acid content calculated based on AA content in wheat germ and standardized ileal digestibility of AA in wheat germ determined using cannulated pigs.

			3Calculated according to digestibility values obtained by Brestenský et al. [11]

			DIAAS, % = 100 x lowest value of the DIAAS reference ratio

			Protein quality in wheat germ based on DIAAS is limited by leucine. The value of DIAAS for leucine is 0,82 (Table 3). This means that content of SID leucine in wheat germ is only 82 % of its dietary requirements. Second limiting amino acid is isoleucine (92 % of its requirements).  Other indispensable amino acids are in surplus to the dietary amino acids requirements, in the range from 101 % (tryptophan) to 128 % (threonine). Leucine and isoleucine are branched chain amino acids, together with valine. They are metabolized out of the liver in the skeletal muscle in which are oxidized and are important source of energy [25]. Especially, leucine is important because it stimulates protein synthesis and prevents breakdown of proteins after physical activity or during stress [26,27].  The recommended ratio Leucine: Isoleucine: Valine should be 2: 1: 1 [28]. Ratio of SID content for Leucine: Isoleucine: Valine in wheat germ is 2: 1.1: 1.6. However, the DIAAS of what germ is greater in comparison with cereal grains, e.g. DIAAS value for wheat is only 54 (lysine) [22] and for other cereal grains the reported DIAAS values were in the range 29 - 77 (lysine) [29]. The lysine was limited amino acid in all cereal grains.

			When wheat germs are used in human nutrition, inclusion of any other protein sources rich in leucine and isoleucine (e.g. soybean, fish, milk) are necessary, to achieve balanced dietary amino acid pattern. For example, in soy protein the DIAAS reference ratio for leucine is 1.18 and for isoleucine is 1.39, in milk whey protein is 1.72 and 1.97 for leucine and isoleucine, respectively [30].

			Conclusion

			Wheat germs are food ingredient with a high content of protein and amino acids. Standardized ileal digestible amino acid content is the greatest for glutamic acid followed by aspartic acid and arginine. Concerning indispensable amino acids, the greatest standardized ileal digestible content is for arginine then for lysine. First limiting amino acid is tryptophan and methionine is the second one. Protein quality of wheat germs for human nutrition is expressed by DIAAS reference ratio. The value of DIAAS for wheat germ is 82 % (leucine). It means that the digestible leucine in wheat germs is in an amount of 82 % from its needs for human nutrition. The isoleucine is the second limiting amino acid. The content of isoleucine in the wheat germ is 93% of its human requirements. When wheat germs are used in human nutrition, leucine and isoleucine are necessary to supply for well-balanced dietary amino acid ratio. Other indispensable amino acids are in surplus when compared to their requirements. 
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