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Abstract

:

Currently, there is an increase in the use of preparations from collagen-containing raw materials in the production of meat products. The high functional and technological properties of such preparations make it possible to significantly improve the rheological properties of food products, as well as organoleptic indicators, and enrich meat products with dietary fibers. The aim of this study was to study the effect of an emulsion of 5% protein hydrolysate and 1% purslane powder on herodietic boiled sausages for the elderly. The results showed that the experimental samples of boiled sausages contained 15.44% protein, 6.6% fat, 4.2% carbohydrates and 71.1% moisture; this shows that boiled sausage with the addition of protein hydrolysate contains optimal chemical composition for dietary nutrition, a certain moisture index confirms the excellent consistency of boiled sausage. The change in the peroxide number was studied for 7 days. The results showed that the peroxide number did not change significantly from 2.0 meq/kg to 4.6 meq/kg. Thus, the addition of purslane with antioxidant properties helps to slow down the oxidation of fats and thereby increases the shelf life of boiled herodietic sausage. The results of the study of color characteristics showed stable color formation, which was influenced by an emulsion of collagen and purslane. It was found that products using emulsions from collagen-containing raw materials are characterized by a higher concentration of tyrosine due to the action of proteolytic enzymes (pepsin and trypsin)—from 728.1 mcg/mL (during the first three hours of hydrolysis) to 392.5 mcg/mL (during 6 h of hydrolysis)—which indicates a higher degree of protein digestibility these products. Thus, the addition of an emulsion of 5% protein hydrolysate and 1% purslane powder can be recommended for the production of boiled sausages with improved nutritional and taste properties.
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1. Introduction


The increase in the world’s population leads to an increase in the consumption of food, including meat. Meat production volumes are increasing by 4–5% annually. At the same time, only 50–54% of each carcass reaches the end consumer in the form of meat [1,2]. The rest goes into the category of industrial waste or secondary products [3,4]. Waste disposal involves environmental risks and additional costs, so the processing of by-products into value-added products is more acceptable [5,6].



Boiled sausages, also known as frankfurters [7] or hot dogs [8], are popular processed meat products enjoyed worldwide [9]. They are characterized by their smooth texture [10], savory flavor [11] and convenience [12]. Boiled sausages are typically made from a combination of finely ground meat [13], fat [14], spices [15] and additives [16], which are mixed and stuffed into casings before undergoing cooking processes such as boiling or steaming [17].



The popularity of boiled sausages can be attributed to several factors, including their versatility, affordability and widespread availability [18,19,20]. They are commonly consumed as a quick snack, part of a meal or as an ingredient in various dishes [21,22,23]. In recent years, there has been increasing interest in improving the nutritional profile of boiled sausages to meet consumer demands for healthier options [24].



Boiled sausages are a popular food product that is widely consumed in many countries around the world [25,26,27]. These sausages are distinguished by their delicate texture, unique taste and many variations in the recipe [28,29,30]. They are a source of protein, vitamins and minerals, which makes them a popular choice to meet the nutritional needs of people of different age groups, including the elderly [31,32,33,34].



Elderly people have special nutritional needs associated with changes in the body, age restrictions and loss of appetite [35]. In this context, the development of boiled sausages using protein hydrolysate from recycled raw materials represents a significant potential for improving the nutritional value and popularity of these products among the elderly [36,37,38].



Studies have been conducted to optimize the development process of low-sodium chicken cutlets with improved quality characteristics, which can also be applied to the development of boiled sausages using protein hydrolysate [39].



The optimization of pork meat sausage with a healthier fat content and improved sensory characteristics can also be applied to the development of cooked sausages using protein hydrolysate [40].



Various approaches to the formation of a healthier lipid profile of functional meat-based products, including boiled sausages, have been considered, including the replacement of meat fats with non-meat fats to improve the nutritional composition of these products [41].



This study investigates the effect of natural antioxidants on the quality and shelf-life stability of frankfurters formulated with olive oil. It highlights the importance of using natural ingredients to enhance the sensory and nutritional attributes of boiled sausages [42].



The potential use of plasma protein hydrolysates as functional ingredients for the preparation of sausages is considered to investigate the effect of the inclusion of these hydrolysates on the physico-chemical and sensory properties of boiled sausages [43].



Secondary products of the meat industry can become a rich source of protein and protein hydrolysates for use in the food industry, including in the production of sausages. Due to their chemical composition and functional properties, animal proteins are an alternative to proteins isolated from soy and can be used in the production of meat products as a meat substitute, which achieves the following: increasing nutritional and biological value; improving structural, mechanical and organoleptic properties; enhancing the taste of meat; and reducing the cost of meat products [44]. Consumers today are guided not only by the taste qualities of the product but also by those aspects that are related to health and environmental friendliness. The combination of these factors leads manufacturers to search for new formulations and a way to reduce waste [45].



For normal processes of digestion and absorption in the gastrointestinal tract, the composition of the chyme must necessarily include dietary fibers involved in many metabolic processes [46]. According to this hypothesis, the physiological role of dietary fibers is determined primarily by the physicochemical properties of the components; they consist of cellulose, pectin, acidic polysaccharides, collagen and its fractions, as well as other so-called ballast substances [47]. The ability to gel and change the volume depending on environmental conditions determines their effect on intestinal motility and chyme evacuation processes. The presence on the surface of the fibers of functional groups capable of interacting with dissolved substances ensures the participation of dietary fibers in the processes regulating the distribution of substances inside the intestinal cavity and their transport into the internal environment. The participation of fibers in the adsorption of substances from the liquid phase of the chyme changes the composition of this phase and, consequently, the kinetics of transport of these substances into the body. Carboxyl groups, which are part of dietary fiber molecules, participate as a buffer in the pH change process. They are also functional main groups that ensure the adsorption of ions, especially multicharged cations forming [48,49,50].



The appearance of products containing dietary fibers, in particular collagen and its fractions, must fully comply with the historically established consumer habits [51]. Nevertheless, using methods of creating environmentally friendly full-fledged food products and knowing the biological functions of collagen as a representative of dietary fiber and, at the same time, dietary protein, it is possible, obviously, to choose such options for dietary diets containing collagen that will not reduce and, in some cases, may even increase the effectiveness of their use [52]. Collagen and its fractions occupy a special place in the preparation of human diets. This is due to the fact that, on the one hand, they play the role of full-fledged dietary fibers, and on the other hand, they are sources of dietary protein [53]. Another aspect of this study is the creation of multifunctional meat products that have the property of reducing the oxidative properties of meat fats and, therefore, prolonging shelf life in the absence of standard synthetic preservatives. As previously established in the report of the study of the functional properties of Portulaca oleracea L., it is a source of potassium, followed by magnesium and calcium, and has the potential to be used as a vegetable source of omega-3 fatty acids. It is a very good source of alpha-linolenic acid and linoleic acid. It contains a sufficient amount of carotenoids and B vitamins. Also, in view of the presence of flavonoids, the established antioxidant capacity of iron and sufficiently good antioxidant activity, it is assumed that its addition to meat products will serve as a source of enrichment and will be able to affect the storage capacity of products.



The purpose of this study is to improve nutritional value, technological and organoleptic characteristics and increase shelf life by adding collagen hydrolysate and purslane.




2. Materials and Methods


2.1. Materials


The objects of the study are boiled beef sausages using emulsions from collagen-containing raw materials (sausages beef + 5% hydrolysate + 1% purslane). Protein hydrolysate was obtained by fermented hydrolysis of beef, horse, and lamb legs with a put joint.



To carry out effective hydrolysis of protein substrates, the enzyme concentration was chosen: 5% by the enzyme BLT 7 [54]. The hydrolysis time is 24 h at a temperature of 45 °C.



The drying of the hydrolysate was carried out using a Spray Dryer NSP-1500 (NANBEI LTD, Zhengzhou, China) shown in Figure 1.



Boiled sausages with the addition of protein hydrolysate are produced according to the standard technology of boiled sausages. Purslane powder (in the amount of 1% by weight of minced meat) and protein hydrolysate shown in Figure 2 (in the amount of 5% by weight of minced meat) were added during minced meat cutting.



The heat treatment was carried out to a temperature inside the sausage of 72 °C.



The samples were developed at the pilot production at the Saken Seifullin Kazakh Agrotechnical Research University.




2.2. Determination of Methyl Esters of Fatty Acids


Methyl esters of fatty acids were analyzed on an Agilent 7890 gas chromatograph manufactured by Agilent Technologies (Santa Clara, CA, USA) with a flame ionization detector and a capillary column HP-Innowax 60 m × 0.32 mm × 0.5 mkm in nitrogen current. Temperature gradient from 100 to 260 °C at a rate of 10 °C/min. Injection of 1 µL, mixing of the gas flow 1:100, detector temperature within 250…300 °C, respectively. We used a standard mixture of comparison of methyl esters of fatty acids Supelco No. 47885U with automatic calculation of data on the content of C6…C24 fatty acids. Calculation of the quantitative content of fatty acids was carried out using the method of internal normalization.



Statistical processing of the results (standard methodologies) was carried out in accordance with the metrological characteristics stated in the methods; in the absence of such, the principles set out in accordance with paragraph 5.5 of RMG 76-2014 were applied (the critical significance level of the null statistical hypothesis (p) was assumed to be 0.05) [55].




2.3. Determination of Amino Acid Composition


The amino acid composition of proteins was determined by ion-column chromatography using a T339 analyzer (Mikrotehna, Prague, Czech Republic) [56].




2.4. Protein Digestibility


The digestibility of proteins of the studied products by digestive enzymes “in vitro” was determined by the Pokrovsky–Yertanov method.



For samples of boiled sausage products, digestion was simulated according to the Pokrovsky and Yertanov protocol, which is presented below. In particular, a control sample was simulated, with the addition of enzymes but without the addition of samples.



A total of 25 mL of freshly prepared pepsin solution was added to 0.5 g of the crushed sample (concentration of 1 mg/mL: 25 mL of 0.02 N hydrochloric acid solution (pH = 1.2) was mixed with 25 mg of crystalline pepsin), thoroughly mixed and heated at 37 °C, and then kept at this temperature for 3 h.



The remains of the samples after digestion with pepsin (25 mL) were neutralized by stirring 0.65 mL of 2 N sodium hydroxide, after which 25 mL of 0.02 N sodium bicarbonate solution (pH 8.2) and 25 mg of crystalline trypsin (the final concentration of the enzyme in solution 0.5 mg/mL) was added with further incubation at 37 °C for 3 h.



After the digestion was completed, the samples were immediately frozen at −40 °C for several hours. To further measure the protein concentration, the samples were defrosted and separated in a centrifuge for 20 min at 14,000 rpm and a supernatant was taken.



The protein concentration was measured using the Lowry method in three repeats in each sample. The concentration of the control sample was also measured, which was subtracted from the sausage indicators in order to exclude the influence of enzymes on the protein values in the samples [57].




2.5. Determination of Color Characteristics


The color characteristics of the samples were determined using a Konica Minolta CM-2300d spectrophotometer calibrated using standard black-and-white calibration plates. The color values were expressed as L (lightness), a (redness) and b (yellowness).



To determine the color resistance to light, the criterion for assessing color stability (Y) was used. Color stability was calculated using the following formula:


  Y = ( 1 −  (     L 1  −  L 2    3 ∗  L 1    +    a 1  −  a 2    3 ∗  a 1    +    b 1  −  b 2    3 ∗  b 1     )  ∗ 100 % ,  



(1)




where



L1 and L2 are the values of the light index before and after exposure to light;



a1 and a2—the values of the redness index before and after exposure to light;



b1 and b2—the values of the yellowness index before and after exposure to light.



When determining the color resistance to light, the sample was placed under an artificial light source (an incandescent, fluorescent lamp with a power of at least 40 watts). After 1 h after the start of the experiment, the change in color characteristics was instrumentally determined [58].



The studies were carried out in a five-fold repetition. Data processing was carried out using the Microsoft Excel 16.76 in combination with XLSTAT program.




2.6. Determination of the Peroxide Number


The method is based on the reaction of interaction of primary products of fat oxidation (peroxides and hydroperoxides) with potassium iodide in an acidic medium, followed by titration with a solution of sodium thiosulfate and quantitative determination of the released iodine.




2.7. Analysis of the Molecular Mass Distribution of Protein Fractions of a Sample by One-Dimensional Electrophoresis


A total of 100 mg of the sample was taken, and 500 mL of a lysing solution was added (4.5 M urea, 2.5% β-mercaptoethanol, 1% triton X-100, 1% ampholines with a pH of 3–10). The resulting homogenate was clarified by centrifugation at 14,000 rpm for 20 min. After that, the supernatant was separated and added to it in a 1:1 ratio of protein buffer. To prepare this, 1 mL of sodium dodecyl sulfate (SDS) 10%, 250 µL of concentrated β-mercaptoethanol, 625 µL of Tris-HCl 0.5 M, and 1.5 g of urea were added to Eppendorf-type tubes; bromophenol blue was added until they were dark colored and brought to a volume of 5 mL with water; and then the samples were heated in a boiling water bath for 5 min.



Visualization and analysis of images. The staining of Coomassie G250 proteins was carried out in a solution of the following composition: 10% acetic acid, 25% isopropanol and 0.05% Coomassie G-250. A total of 10% acetic acid was used to remove the unbound dye. For computer densitometry, one-dimensional electrophoregrams that were in a wet state were used. Their full digital images were obtained using a Bio-5000 Plus scanner (Serva, Heidelberg, Germany) in 600 dpi 2D-RGB mode. The resulting digital images were edited in a graphic editor [59].





3. Results and Discussion


3.1. The Results of the Study of the Chemical Composition of Herodietic Sausages


The evaluation of the chemical composition of experimental samples of boiled meat products did not reveal any abnormal deviations, and all indicators were in the generally accepted contents of this type of product (Table 1).



Attention is only drawn to the high content of carbohydrates and low content of fat. Thus, with the generally accepted technology of production of this type of product, the fat content ranges from 10–20% absolute units, and carbohydrates less than 2–3%. Perhaps this is due to the addition of a carbohydrate additive, purslane, and the use of less fatty raw materials for the production.



The study of the dynamics of changes in the composition of protein fractions based on the results of comparative studies of the ratio of sarcoplasmic proteins, based on the extraction of sarcoplasmic proteins from muscle tissue with a buffer solution of low ionic strength and obtaining fractions of water-soluble, salt-soluble and alkali-soluble proteins, followed by the determination of their number by the Kjeldahl method, are presented in Table 1. The largest number of fractions in the experimental sample were isolated alkali-soluble proteins, the least salt-soluble, which does not contradict the literature data.



The strength properties of muscle tissue depend on the type, fatness and variety of meat and change during processing. The tensile strength of muscle tissue is (10–20) × 105 Pa, collagen fibers (2000–6500) × 105 and elastin fibers (1000–2000) × 105. The tension of the cut of raw meat lies within (1.3–1.9) × 105; after cooking, it increases to (2.7–4.7) × 105. The results of the experiment to determine the ultimate shear stress and shear stress of cooked sausages are presented in Table 1. It was determined that boiled sausage products using emulsions from collagen-containing raw materials are characterized by a rather delicate consistency, which is obviously due to lower values of BCC and VUS in comparison with products without the introduction of collagen protein.




3.2. Results of the Study of Fatty Acid Composition, Oxidation of Lipids and Proteins


Table 2 shows the main content of the fatty acid composition of the studied samples.



As a result of the conducted studies, out of 36 fatty acids, only 14 indicators were isolated in significant concentrations.



Currently, synthetic antioxidants are widely used to slow down the oxidation of lipids and proteins in the meat industry. However, consumers are concerned about these synthetic antioxidants because of their potential toxicological effects. Accordingly, natural antioxidants can be used because of their health safety compared to synthetic antioxidants. The aim of this study was to evaluate the protective effects of Portulaca extract (Portulaca oleracea L.) against the oxidation of lipids and proteins during refrigerated storage for 7 days.



The dynamics of oxidative spoilage and cooked products are presented in Table 3.



When evaluating the results obtained, it can be concluded that the accumulation of the peroxide number is proceeding at a low rate; perhaps this can be attributed to the introduction of 1% purslane into the component composition, which slows down, among other things, oxidative processes in both proteins and fats. Purslane extract has good antioxidant activity because it contains polyphenols, organic acids with a small chain and saccharides. Purslane, as a potential natural antioxidant, has excellent properties, including good stability, non-toxicity and medicinal value, compared to synthetic antioxidants; in addition, it is a popular low-calorie product and has therapeutic efficacy. Therefore, the use of purslane in sausage products seems relevant and appropriate.




3.3. Results of Color Stability


When studying the stability before and after exposure to light on the indicators of cooked sausages, the following values were obtained for the main characteristics of color: L (lightness), a (redness) and b (yellowness). The data are presented in Table 4.



Thus, when determining the color stability of meat products to the effects of temperature conditions (heating to a temperature of 70–72 °C), the influence of added chemical agents (according to the generally accepted formulation: chlorides, phosphates, etc.) and to determine the color stability during storage, color characteristics were studied, and color stability was established. The obtained values for lightness and redness decreased slightly in the region of 2% and 8%, respectively. At the same time, yellowness, on the contrary, when exposed to light, had higher values (by 20%) than before its exposure. This indicates a fairly stable color formation in the product, which may be associated with the introduction of purslane, which has good antioxidant properties that apparently prevent the oxidation of protein pigments.




3.4. Fractional Composition of Proteins of Herodietic Sausage


As a result of the study of the fractional composition of the protein, the following values were obtained. The data are presented in Figure 3.



The isolated protein fractions are mainly related to beef. Additionally, proteins belonging to the purslane family were identified in this sample (Table 5).



As a result, 158 protein fractions were isolated using computer densitometry; the main proteins belonged to the species Bos taurus (Bovine), which is confirmed by the composition of the sample. Three proteins (enzymes) related to plant genes were also isolated:




	-

	
Large-chain ribulose bisphosphate carboxylase;




	-

	
4,5-DOPA dioxygenase extradiol;




	-

	
Maturase K.









Ribulose bisphosphate carboxylase (RBFCO) is the main enzyme of plant leaves [60]. The use of RBFKO protein for medicinal and nutritional purposes still attracts little attention, although it has long been noted that RBFKO protein is close to milk casein in amino acid composition. Especially attractive from this point of view seems to be the possibility of enriching protein with essential amino acids using genetic engineering techniques.



4,5-DOPA dioxygenase extradiol: the kinetic properties of the enzyme are characterized by the formation of betalamic acid (where they act as anthocyanins in other plants), a structural, chromophoric and bioactive unit of the plant pigment betalains [61].



Dioxygenases are non-heme iron-containing enzymes that catalyze the incorporation of both molecular oxygen atoms into catechol derivatives, which leads to ring cleavage [62]. 4,5-DODA catalyzes the oxidation of DOPA, which opens the ring, with the formation of an intermediate product, 4,5-secodopa, which undergoes spontaneous cyclization to form betalamic acid.



In addition to their physiological role as plant pigments, betalains are molecules with strong antiradical activity. It has been demonstrated that tumor formation in the skin and liver is inhibited at very low concentrations of pigments in the diet of mice [63]. In addition, it has also been reported that the administration of betalaine is a protective factor against the effects of gamma radiation in these animals [59]. In humans, the concentrations of betalains in the oral plasma are sufficient to promote their inclusion in LDL and erythrocytes, which are then protected from oxidative damage and hemolysis [64].



Maturase K (matK) is a plastid gene of plants. The protein it encodes is an organelle intron maturase, a protein that splices group II introns. It is necessary for the connection of group II introns in vivo [65]. This protein preserves only the well-conserved X domain and the remnants of the reverse transcriptase domain.



Universal matK primers can be used to encode the DNA of angiosperms [65].




3.5. Results of the Study of Amino Acid Composition


One of the main indicators of food quality is the biological value, reflecting the degree of compliance with the amino acid balance of the body’s needs, necessary for the course of physiological processes in the body (Table 6).



A significant increase in the content of essential amino acids such as lysine and valine and interchangeable amino acids such as arginine, glycine and serine in the test samples confirms that the protein hydrolysate introduced into the prototype is rich and well-balanced in amino acid composition.




3.6. Determination of the Digestibility of Herodietic Sausages by Food Enzymes


In vitro digestive models play a key role in studying the functional characteristics of protein compounds that enter the human body and undergo enzymatic hydrolysis in the gastrointestinal tract. The bioconversion in the reproduction of the Pokrovsky–Yertanov protocol is limited at the stage of trypsinolysis but allows the achievement of the last phase of the destruction of protein molecules into individual amino acids [56]. This method has a high potential for evaluating the biological effects and mechanisms of action of peptides and amino acids obtained as a result of the enzymatic hydrolysis of proteins.



When studying the digestibility of boiled sausage products, the following values were obtained (presented in Table 7).



A comparative analysis of protein digestibility of experimental and control samples of boiled sausage products was carried out. It was found that products using emulsions from collagen-containing raw materials are characterized by a higher concentration of tyrosine due to the action of proteolytic enzymes (pepsin and trypsin)—from 728.1 mcg/mL (during the first three hours of hydrolysis) to 392.5 mcg/mL (during 6 h of hydrolysis)—which indicates a higher degree of protein digestibility these products. From the data obtained, it can be concluded that the use of a collagen complex of hydrolyzed proteins in a prototype of cooked meat products and the concentration of tyrosine increased the availability of macromolecules to the action of digestive enzymes, thereby improving the digestibility of the product.





4. Conclusions


In conclusion, the physicochemical parameters of experimental samples of meat products were studied, and the effectiveness of the use of protein hydrolysate and vegetable additives of purslane powder was proved. The addition of protein hydrolysate in an amount of 5% improves the consistency and nutritional value of cooked sausages. The use of purslane powder in an amount of 1% has an antioxidant effect, which increases the shelf life of cooked sausage, thereby reducing the amount of sodium nitrite in the sausage. The data obtained allow us to recommend these boiled sausages for the diet of the elderly.
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Figure 1. Drying mode of protein hydrolysate in Spray Dryer NSP-1500. 
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Figure 2. Protein hydrolysate from by-products. 
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Figure 3. One-dimensional electrophoregram of the studied samples. Symbols: St—Standard of molecular weights: 250, 150, 100, 70, 50, 40, 30, 20, 15, 10 kDa (from top to bottom); 1—stabbing 6 µL; 2—stabbing 4 µL (sample). 
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Table 1. Physico-chemical indicators of herodietic boiled sausage products with the addition of purslane and collagen raw materials.






Table 1. Physico-chemical indicators of herodietic boiled sausage products with the addition of purslane and collagen raw materials.





	Name of the Indicators to Be Determined
	Unit of Measurement
	Test Results





	Mass fraction of moisture
	%
	71.1 ± 7.1



	Mass fraction of fat
	%
	6.6 ± 1.0



	Mass fraction of protein
	%
	15.44 ± 2.32



	Carbohydrates
	%
	4.2



	Water-soluble proteins
	%
	3.20



	Salt-soluble proteins
	%
	0.72



	Alkali-soluble proteins
	%
	11.10



	Cutoff voltage
	kPa
	38.5 ± 0.15



	Limiting shear stress
	Pa
	887 ± 0.25










 





Table 2. Fatty acid composition of herodietic sausages.
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	Name of the Indicator
	Unit of Measurement
	Results





	Myristic C14:0
	%
	1.7 ± 0.4



	Myristolein C14:1
	%
	0.1 ± 0.4



	Pentadecane C15:0
	%
	0.2 ± 0.4



	Palmitic C16:0
	%
	21.3 ± 2.1



	Palmitoleic C16:1
	%
	3.5 ± 0.4



	Margarine With 17:0
	%
	0.6 ± 0.4



	Heptadecene C17:1
	%
	0.2 ± 0.4



	Stearic C18:0
	%
	6.4 ± 2.1



	Oleic C18:1
	%
	30.1 ± 2.1



	Linoleic C18:2ω6
	%
	32.2 ± 2.1



	Linolenic C18:3ω3
	%
	2.8 ± 0.4



	Arachin C20:0
	%
	0.1 ± 0.4



	Eicosadienoic acid C20:2ω6
	%
	0.3 ± 0.4



	Tricosan C23:0
	%
	0.3 ± 0.4










 





Table 3. Dynamics of fat oxidation and protein oxidation (background) in herodietic sausages during storage.
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	Name of the Indicators to Be Determined
	Unit of Measurement
	Test Results





	Peroxide number (1 day)
	meq/kg
	2.0 ± 0.2



	Peroxide number (2 days)
	meq/kg
	2.1 ± 0.2



	Peroxide number (3 days)
	meq/kg
	2.6 ± 0.3



	Peroxide number (4 days)
	meq/kg
	2.9 ± 0.3



	Peroxide number (5 days)
	meq/kg
	3.3 ± 0.3



	Peroxide number (6 days)
	meq/kg
	3.9 ± 0.4



	Peroxide number (7 days)
	meq/kg
	4.6 ± 0.5



	Carbonyl compounds
	nmol/mg of protein
	96.5










 





Table 4. Color characteristics of herodietic sausages.
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Color Characteristics Before Exposure to Light

	
Color Characteristics after Exposure to Light

	
Color Stability, %




	
L-Lightness

	
a-Redness

	
b-Yellowness

	
L-Lightness

	
a-Redness

	
b-Yellowness






	
64.04 ± 0.43

	
15.35 ± 0.40

	
11.59 ± 0.53

	
62.58 ± 0.60

	
14.07 ± 0.44

	
13.82 ± 0.40

	
89.96 ± 1.47











 





Table 5. Identified 