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In the ancient times, the Kazakhstan population were considered as nomadic people, where a cult of all types of cattle breeding had a leading position. However, currently the processing approaches of livestock slaughter wastes and secondary meat raw materials are weakly developed. The presented review of waste-free technologies considers the utilization processes of following: carcasses, skins, bones, meat scraps, blood, adipose tissue, horns, feet, hooves, and internal organs. These substances are an important source of animal protein, collagen, bioactive peptides, blood plasma, minerals, and fats that can be applied in various industries: food, feed, medical, and technological. When slaughtering livestock, meat on bones makes up almost half of the total weight of livestock, yet the remaining half contains offal and inedible raw materials. Blood consists of: erythrocytes, leukocytes, platelets, and plasma. Animal bones have mostly proteins (30–50%) and lipids (13–20%) from bone tissues. Tendons, bones and skins contain a large amount of collagen. Animal fat and adipose tissue have 54.9% saturated acids, 40.9% unsaturated fatty acids and 4.2% polyunsaturated fatty acids. Bioactive peptides from collagen derivatives contain from 2 to 20 amino acids and have various biological (antihypertensive, antioxidant, and antimicrobial) activity. This review considers a world current status, modern prospects and opportunities in the slaughter wastes and the meat by-products recycling technologies. Overview of existing approaches for waste processing with the subsequent use of the final product in the food industry, the production of feed, medicines and technical products is considered. The complete processing within the slaughtering livestock and the secondary meat raw materials allows to expand the wide-range products with a low prime cost, thereby promoting to the sustainable development of agroecology by applying the waste hierarchy: Reducing, Reusing, and Recycling.
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Introduction

The world population grows every year, since around 6 billion people in 1999 until 8 billion people for 2024. Further 10 billion people will be projected for 2058 (Roser and Ritchie, 2023). Although world hunger has been on the decline for decades, presently, after the COVID-19, there is an increase in the world hunger that affects almost 10% of the world's population (Action Against Hunger, 2024).

This problem was formed not only against the background of a lack of food but also as a result of a lack of financial resources for the purchase of highly nutritious food in sufficient quantities to cover their daily food needs (Grasso et al., 2014; Tastemirova et al., 2022; Alibekov et al., 2023).

The solution to this problem is the integrated development of the agricultural and food industries, as well as the production of high-protein and high-quality food products without industrial waste (Potapov et al., 2017; Alibekov et al., 2019).

One of the fastest-growing sectors of the agricultural industry is animal husbandry, especially in developing countries (Sharma et al., 2021). Livestock production occupies a central place in the development of food systems and is particularly dynamic and complex (Kobzhasarova et al., 2022; Ragasri and Sabumon, 2023). With the growth of the range of animal husbandry, one of the main problems of humanity can be solved, such as reducing poverty and hunger (Alao et al., 2017). Animal husbandry is a very important component of the agricultural economy of developing countries, a contribution (Miller and Lu, 2019) that goes beyond direct food production and includes multi-purpose uses such as the production of hides, animal nutrition, fibers, fertilizers, and fuel, as well as capital accumulation (Chen et al., 2023).

Global demand for meat is growing: over the past 50 years, meat production has more than tripled. The world now produces more than 340 million tons each year. Table 1 shows the comparison of meat production in the Central Asian and some countries, in 1992–2022, includes: cattle, poultry, sheep/mutton, goat and pig. It is noted that for Kazakhstan, in comparison among 1992 and 2022, the meat production is dropped: −17,823.60 tons (Table 1). However, the Kazakhstan population is increased from 17 mln (1992) until 20 million people (2024) (Macrotrends, 2024). In this regard, meat production volume in Kazakhstan is not fully complies for the current consumption.


TABLE 1 Comparison of meat production, in 1992–2022, includes: cattle, poultry, sheep/mutton, goat, and pig (Ritchie et al., 2017).
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An improvement of the environmental performance of meat and meat-based products can be obtained by valorizing the animal by-products generated along the meat supply chain that can be used to produce different kinds of products, such as biofuels, fertilizers, animal feed and petfood, biomedical, and cosmetics by reducing the amount of virgin raw materials that would be used for their manufacturing (Ferronato et al., 2021).

However, currently, waste generated during animal slaughter is the cause of inefficient use of food resources and slows down the achievement of food security (Shurson, 2020), which includes providing healthy food to the population, as well as creating a sustainable environmental and economic environment. When slaughtering livestock, almost half of the products are considered inedible by-products. Efficient use and processing of by-products to increase food sustainability in the livestock sector (Alao et al., 2017).

Mostly waste hierarchy consists in: Reduce, Reuse, and Recycle (3 Rs) principles, cleaner production, resource efficiency, zero waste policy. The basic concepts and definitions related to waste management in the EU have been proposed in the Waste Framework Directive, including general rules for the application of end of waste criteria and by-products (Kowalski et al., 2021).

Once a supplier of meat, dairy products, and animal fiber to the Soviet Union, the Central Asian (Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan) livestock sector suffered severe reversals following independence. Economic collapse combined with the breakdown of feed supply chains, long distance grazing management and veterinary systems led to plummeting productivity and, in some republics, loss of a large proportion of the national herd (Robinson, 2020).

Kazakhstan is historically a livestock-breeding country. Animal husbandry was the life basis of the Kazakhs and the most important aspect of the life of the nomadic people. Animal husbandry satisfied the nomad's demand for food (meat, milk, and dairy products), clothing (leather, wool) and housing (mat for yurts, felt, etc.). In 2018–2020, the gross output of the livestock industry increased to 23% due to an increase in production in them: meat of all types in slaughter weight—by 10.3%, milk—by 6.4% (USDA Report, 2022). During this reporting period, the number of cattle livestock amounted to 6.8 million heads. Over the past 5–7 years, meat production has increased in Kazakhstan. Beef leads among other types of meat and is 477,000 tons per year, lamb is in second place–150,000 tons per year and horse meat is in third place–126,000 tons per year (USDA Report, 2022). Also, goat meat and camel meat are consumed in Kazakhstan–20,000 and 6.5,000 tons, respectively.

The scheme of specialization of the regions of the Republic of Kazakhstan on the optimal use of agricultural land for the production of specific types of agricultural products is shown in Figure 1 (Konurbayeva et al., 2018; MA of RK, 2022). As can be seen from Figure 1, camels mainly predominate in the desert areas of Western and Southwestern Kazakhstan. In the north of the country, where the vegetation was much richer, horses and cows are bred more. The predominance of sheep is typical for the south of the country.
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FIGURE 1
 Natural and agricultural zoning (Konurbayeva et al., 2018; MA of RK, 2022).


The change in the slaughter of livestock in live weight in all categories of farms in Kazakhstan is presented in Figure 2 (BNSASPR of RK, 2019). In general, poultry and sheep shares are predominated.
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FIGURE 2
 Dynamics of changes in the number of farm animals in Kazakhstan.


The technological means of the meat industry are constantly evolving to meet the requirements of the present day and may sometimes be inconsistent with ancient religious norms. The halal meat industry is today a reality in many regions of the world, including the European Union. The main religious laws in the area of halal meat production were legislated in ancient times and may be unchangeable due to their sanctity perceived by faithful Muslims, while the modern technology used in the meat industry is constantly evolving and being updated (Abdullah et al., 2019).

Practices of slaughter differ around the world and the degree to which culture and regional interpretations of religion impact consumer expectations and perceptions of suffering at slaughter are relatively unknown. In highly developed countries where exposure to slaughter is low, comfort witnessing slaughter and knowledge about animal welfare at slaughter and the local application of stunning is also low (Sinclair et al., 2023).

Mostly, in the Central Asian countries, including Kazakhstan, on a large scale the halal meat industry is developed (Zheleuova et al., 2021). Figure 3 shows the supply chain of livestock slaughter using the halal blood drip method (Kohilavani et al., 2015; Abdullah et al., 2019). The main distinguishing features of this approach from other methods is that the animal must be suitable for use by Muslim people (1), i.e., not haram, their stunning and rendering them unconscious is not welcome, i.e., they must be alive (DHCEU, 2024). The main feature is the cutting of the trachea (3) with a sharp knife (2), by a Muslim specialist with sufficient knowledge of Islamic dietary law and food safety. The slaughter should be carried out in the direction from the neck in front (from the chest) to the back (4, 5). In the next step, the animal carcass is cut up. Firstly, the skin, limbs and head of the animal are removed. Secondly, the insides are removed, which are cleaned separately from the carcass. Finally, the entire carcass is washed (6) in contaminated areas and cut up in parts for consumers (7, 8).
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FIGURE 3
 Supply chain of halal slaughter of livestock.


By the geographically location, almost half of Kazakhstan's total meat production is concentrated in Almaty, East Kazakhstan and Kostanay regions (Robinson, 2020). More than 60% of meat is produced by private farms. According to preliminary data, 1.06 million tons of meat will be produced in 2022, volumes increased by an average of 0.4% compared to 2021, due to a decrease in production, horsemeat production indicated by 4.3% (MA of RK, 2022).

As can be seen from the above data, Kazakhstan pays great attention to the development of animal husbandry, including meat production. To date, full slaughter technology is carried out in five meat processing enterprises of the Republic of Kazakhstan: Kubley LLP (West Kazakhstan region), Rubikom LLP (Pavlodar region), Semipalatinsk Meat Processing Plant LLP (East Kazakhstan region), Becker and K LLP (Almaty), and “BARON FOOD LLP” (Almaty region; Robinson, 2020). But nevertheless, the issue of recycling of secondary raw materials—skins, blood, bones, and wool of animals remains outside the interests of processing, which are sold for a song or thrown away. At the time when Kazakhstan was part of the “Union of Soviet Socialist Republics” (USSR), all livestock products were processed, for example, hoof oil was obtained, which was used in the rocket industry. France bought the epiphysis, a bone tube that is used for cleaning metals, Japan—a gallstone.

According to the “European Fat Processors and Renders Association” (EFPRA), 328 million livestock and 6 billion birds are slaughtered in the EU every year, resulting in a large number of by-products (Teshnizi et al., 2020; Feliu Alsina and Saguer Hom, 2023). The number of by-products from the meat processing industry reaches 150 million tons. Only a small percentage of these products are used to produce high-value-added products such as animal feed, glue, biofuels, fertilizers, etc. (Javourez et al., 2021). Currently, mainly for the disposal of by-products, the method of disposal in landfills is used, which is the cause of environmental pollution, air, soil and water (Castro-Muñoz et al., 2021). However, these by-products are a rich source of collagen, protein, keratin and minerals (Limeneh et al., 2022).

Currently, in Kazakhstan, the issues of deep processing of secondary raw materials of animal husbandry are relevant, since only skins and wool are currently processed, and it is about 462,000 skins per year, which is about 14% of the total number of skins. About 81% of the skins were left unprocessed, as a result, the state annually loses more than 6 million USD. There are 21 enterprises processing hides and wool in the country, the workload of the first is 27%, the second is 13%. While in Europe, 18 million tons of raw materials of animal origin are processed annually to make them safe and stable (Jedrejek et al., 2016). The meat industry generates a significant amount of hazardous waste, containing phosphorus, calcium, and other elements which could be the basis for other products (Kowalski et al., 2021).

The Central Asian countries were engaged in animal husbandry since historical times. Central Asia has 11.24 ha of pastures per livestock farm. Table 2 shows data on the number of sheep in Central Asian countries for different periods. As can be seen from the Table 2, the number of sheep is growing every year, but nevertheless, the waste from slaughtering livestock that could be recycled to produce processed products is also growing. As in Kazakhstan, but also in all Central Asian countries, the issue of processing slaughter products is acute.


TABLE 2 The number of sheep in Central Asian countries.
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Turkmenistan is the leader in the number of livestock after Kazakhstan (Robinson, 2020). As of 2022, the number of cattle in Turkmenistan amounted to 2,494.0 thousand heads (CAN, 2023). However, there is no data on processed products at the slaughter of livestock.

Uzbekistan is one of the developing countries in Central Asia. According to the State Statistics Committee, the total number of cattle in the republic as of April 1, 2022 reached 13,311.3 thousand heads (SAP of RU, 2023). At the same time, the number of livestock per Uzbekistan residents has increased by 10.8% over the past 5 years. The number of cattle is 12.4 million, sheep and goats–20.7 million, poultry–71.3 million. Currently, Uzbekistan has the first and only facility zero-waste enterprise in Eurasia—the “UZGEN technological meat processing plant,” in Jizzakh (UZGEN TMPP, 2023).

One of the most valuable by-product of animal husbandry is the blood of slaughtered cattle. The blood obtained at the slaughterhouse can be used in different ways, and its use depends on local customs, rules and production practices (Nwogor et al., 2015). Some common uses of blood in the slaughter process include: food products (emulsifiers, stabilizers, clarifiers, food additives, egg albumin substitutes, and addition to meat products), animal feed, medicines, etc. (Rohman et al., 2021). All feeds prepared from waste and by-products of processing of farm animals and poultry are classified as protein concentrates, they are rich in minerals, are well-digested, and are mainly used to enrich livestock diets (Martínez-Alvarez et al., 2015; Ercen et al., 2022). Animal feed plays an important role in providing essential amino acids to maintain the high productivity of animals and improve the quality of meat. A decisive role in the development of the feed reserve is assigned to the creation of new feed additives (Day et al., 2022).

One-fourth of the total volume of livestock is made up of bones, which are also not processed in sufficient quantities, but are a rich source of protein, calcium, phosphorus, and other vitamins useful for animal growth when used in feed. Among the secondary resources of livestock and poultry processing, sources of collagen are of particular interest, which accounts for from 25 to 33% of the total mass of proteins of slaughtered animals with connective tissue leaving 16% of the mass of meat on bones (Jayathilakan et al., 2012). In the food industry, there is a great demand for collagen and gelatin due to their high protein content and their functional properties, such as water absorption, gelation, and the ability to form and stabilize emulsions (Schmidt et al., 2016).

Trends in the field of industrial food production are associated with the creation of an assortment of functional products (Zakharova, 2014) that contribute to the maintenance and correction of health during their daily consumption due to the regulatory and normalizing effects on the body as a whole or on certain organs or functions (Shingisov et al., 2016). A special role here belongs to secondary products of cutting and processing of farm animals and poultry, as sources of biopolymers and their essential structural units—essential amino acids, polyunsaturated fatty acids, organic iron, and other macro- and micronutrients (Ravi et al., 2020).

The use of the above-mentioned modern technologies and innovations contributes to the intensification of waste-free technological processes, as well as to increase efficiency and improve the quality of finished products (Satayev et al., 2012). Based on this, it is relevant to study the issue of integrated use of all types of livestock products. The novelty of the author's work is an integrated approach to the study of the problem of the integrated use of the raw materials obtained during the slaughter of livestock, instead of its full and deep processing.

The work's objective is to review waste-free technologies in the complex processing of inedible components from the raw materials of livestock slaughter by producing useful products. It can be divided into several sections:

1. Overview of primary and secondary raw materials in the meat industry.

2. Analysis on Animal blood treatment technologies opportunities.

3. Evaluation on different Animal bones processing approaches.

4. Review of Secondary collagen-containing raw materials applications.

5. Animal fat and adipose tissue processing technologies.



Methodology

Mostly, for the selecting of bibliographic databases, following search engines were used: Web of Science, Scopus, PubMed, Science Direct, and Google Scholar. In the interest of simplification, the initially data collection of the related text words contained in the title and abstract was analyzed. At the next search, all identified keywords and appropriate indicators was reviewed. Finally, the reference lists of all acceptable material including original and review papers, book chapters, electronic sources, and publications were considered. Moreover, the relevant information was evaluated and collected.



Primary and secondary raw materials in the meat industry

Two main materials are obtained at slaughterhouse: halfcarcasses and by-products. If the half-carcasses are considered as homogeneous material, then the by-products can be divided into different subcategories, with different opportunities for valorization or disposal, as follows: inedible offal; skin; edible products; blood; other by-products are intended for mandatory incineration (Amicarelli et al., 2021).

In the process of slaughtering livestock, also, processing slaughter products, 45% of meat on bones and 55% of by-products and non-food raw materials are obtained. Several secondary raw materials include by-products not directed to food as the main raw material: intestines, blood (food and technical), bone, hides, raw fat, endocrine-enzyme, and special substances, contents of the gastrointestinal tract, and non-food raw materials (Table 3; Denissova et al., 2021). All of them is used for the manufacture of certain types of food products, pharmaceuticals, feed and technical goods, leather, fur products, and others.


TABLE 3 The volume of formation of slaughter products (Denissova et al., 2021).
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As can be seen from Table 3, the largest average volume of secondary raw materials of cattle is the contents of the gastrointestinal tract (16.8%), non-food raw materials (12.2%), bones (9.5%), and the lowest weight is endocrine-enzyme raw materials (0.4%; Denissova et al., 2021).

Within processing of small cattle, the yield of meat on bones and offal is 18.32 and 33.33% less than that of large cattle. However, the contents of the gastrointestinal tract are 28.51% larger. The resulting secondary raw materials are processed for such industries as food, fodder, medical, and technical (Figure 4; Denissova et al., 2021).


[image: Figure 4]
FIGURE 4
 Directions for the secondary raw materials recycling.


Further from Figure 4, such products as by-products, raw fat, and blood are highly valuable products for fodder production and the food industry. Bones can be used for food purposes in the production of dry concentrates for livestock and poultry feed. It is determined that the quality of the obtained meat products is influenced by the methods of slaughtering livestock (Bakhsh et al., 2018).

Animal by-products (Galanakis, 2018) can be defined as whole bodies or parts of slaughtered cattle, as well as other products obtained from animals that can, but are not intended for direct human consumption. The division of offal depends on several factors, including: traditions, society, and religion, but for the most part, they are recognized as carcasses, skins, bones, meat scraps, blood, adipose tissue, horns, feet, hooves, and internal organs. Meat offal has nutritional value by lipids, carbohydrates and proteins.

Depending on the use for food purposes, offal is divided into red and white (Huygens et al., 2019; Abdilova et al., 2021; Shirsath and Henchion, 2021) Red by-products such as liver, heart, kidneys, and tongue are usually edible after they are cooked. Stomachs, and intestines are classified as white by-products, and require additional processing before use (Shirsath and Henchion, 2021).

For technical purposes (animal feed), it is allowed to send the spleen, sheep heads, and legs. Food by-products are divided into edible and non-edible (Figure 5; Alao et al., 2017).
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FIGURE 5
 Edible and non-edible by-products.


The slaughter process of livestock begins with the stunning of livestock that are divided into electric stunning, mechanical stunning and gas anesthesia. The common method is electric damping, the advantage of which is a minimum of effort and time. The disadvantage is the likelihood of local outpourings of blood and the hardness of meat. By the mechanical method, the quality of meat and offal is much higher. The gas method is mainly used for pigs. Also, the rules for slaughtering cattle differ by national and religious characteristics (Riaz et al., 2021). For example, in halal slaughter, which is often practiced in Kazakhstan, cattle stunning is not used, on the contrary, the animal's throat is immediately cut with a knife.

The technologies of butchering carcasses for large and small cattle are different. In large animals such as cows, bulls and horses, the carcass is cut along the middle line of the breast bone, preventing damage to edible and inedible offal. At that time, the rectum is cut out in sheeps and goats, after that the gastrointestinal tract is removed from the abdominal cavity (Riaz et al., 2021).

As follows from Figure 5, non-edible by-products are mainly used in the production of animal feed, medicinal products and food products.

Thus, during of slaughtering livestock, 45 % of meat on bones and 55 % of by-products and non-food raw materials are obtained. At the full processing, carcasses, skins, bones, meat scraps, blood, adipose tissue, horns, feet, hooves, and internal organs have nutritional and technical values.



Animal blood treatment technologies opportunities

The product of secondary raw materials of animal husbandry is a unique source of nutrients and biologically active substances, including high-value protein and organic iron (Ofori and Hsieh, 2014; Aung et al., 2023). The range of applications of waste blood is wide (Leoci, 2014; Helkar et al., 2016), for example, blood products are used for food, technical, feed, and therapeutic purposes (Figure 6).


[image: Figure 6]
FIGURE 6
 Application of waste blood.


For food purposes, blood is used as an emulsifier, stabilizer, clarifier, coloring additive, and as nutritional component (Bahru, 2021). Bier et al. (2014) noted that in the food industry, about 30% of the total blood volume is used as gelling agents and natural dyes.

One of the most valuable products is blood meal, which is an insoluble dried blood powder containing at least 80% protein, 3% fat, 6% ash, and less 10% moisture. Natural proteins are linear, unbranched, and of precise length with a molecular diversity consisting of 20 different amino acids as monomers. Beef blood flour contains more lysine, valine, threonine, leucine, tyrosine, and phenylalanine, while pork blood flour contains more histidine, arginine, proline, glycine, and isoleucine (Hicks and Verbeek, 2016; Day et al., 2022).

Blood consists of four components: erythrocytes, leukocytes, platelets, and plasma. The expediency of separate processing of blood fractions in the form of plasma and shaped elements has been scientifically and experimentally proved (Aung et al., 2023). Plasma products are mainly used in the meat industry, they are also used in other branches of the food industry. For example, (Bah et al., 2016) spray-dried plasma can be used as an egg substitute in bakery products due to the foaming and leavening properties of blood plasma proteins.


Composition and properties of blood

Blood consists of a liquid part—plasma and shaped elements suspended in it. The blood plasma contains proteins, glucose, lipids (fats, lecithin, cholesterol, etc.), lactic and pyruvic acids, amino acids, urea, uric acid, creatine, mineral salts, enzymes, hormones, vitamins, and pigments (Bah et al., 2013; Oh et al., 2023).

The density of blood is 1,055 kg/m3, plasma 1,027... 1,034 kg/m3, erythrocytes 1,080... 1,090, fibrin 700... 800, and serum 1,024 kg/m3. Since red blood cells are heavier than plasma, they can settle in it. The separation of shaped elements from plasma by settling, centrifugation, and separation of blood is based on this property (Al-Mahmood and Fraser, 2023).



Blood treatment, the use of blood meal in animal feed

Blood products are obtained only from healthy animals that have passed a veterinary examination.

There are open and closed ways of collecting food and blood. The authors of the work, based on epidemiological data, found that improperly organized slaughter of animals can lead to infection of meat with pathogens of food origin (for example, Salmonella bacteria; Bobbo et al., 2017; Cetin et al., 2020).

With a closed method of collecting food blood, the necessary completeness of collection and high sanitary and hygienic conditions are provided (Boma et al., 2022).

The processing scheme of blood is shown in Figure 7. The first stage after collecting the blood of slaughtered animals is the stabilization process. This procedure is carried out to prevent blood clotting, preserve a valuable product such as fibrinogen, as well as increase the yield of finished products. For this purpose, aqueous solutions of phosphoric acid salts (sodium tripolyphosphate, sodium pyrophosphate, and nine-water trisodium phosphate) and sodium citrate are used. The blood used in sausage production in its entirety is stabilized with table salt, and the blood intended for separation is not allowed to be stabilized with table salt, since at the same time there is strong hemolysis.
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FIGURE 7
 Processing scheme of blood.


After the stabilization process, the blood enters the defibrillator to release the blood from fibrin. The purpose of defibrillation is to avoid rapid blood clotting (Giu and Giu, 2010; Nazifa et al., 2021).

The separation of the blood of slaughtered animals into fractions contributes to the most rational use of it. The separation method used for this is based on the fact that the shaped elements have a higher density compared to blood plasma (serum).

To obtain high-quality blood proteins, coagulation precipitation is carried out. There is thermal and chemical coagulation of proteins. Thermal coagulation is carried out at the temperature of 90–95°C to significantly reduce the mass fraction of moisture in the coagulate (up to 50%) and its microbiological contamination. The disadvantage of thermal coagulation is the partial loss of native (natural) properties of blood proteins, due to their denaturation. Chemical coagulation of blood proteins and their fractions is carried out in an acidic environment at a pH of 3.5–4.5, as well as coagulants (for example, sodium polyphosphate, iron trichloride, lignin, and its derivatives). At the same time, up to 98% of proteins are deposited, and their denaturation, as a rule, is expressed to a lesser degree, compared with thermal coagulation (Lynch et al., 2017).

The use of blood for food production is limited by the fact that it gives products a dark color when added even in small quantities. In this regard, the blood is discolored. Bleaching of blood is carried out by several methods. Chemical methods are based on the removal of heme from the hemoglobin molecule. One of them provides for the separation of heme in an acidic environment in the presence of acetone (Hopp et al., 2020).

Drying of blood and blood products ensures their long-term preservation in conditions of unregulated temperature and significantly facilitates their transportation. Spray drying of blood has become the most widespread. This process consists of three successive stages: spraying the liquid with a thin layer, drying it in a current of heated air, and separating the particles of the dried material from the air. To increase the efficiency of spray drying, the solution is pre-concentrated (evaporated) and the heat of the exhaust air is reused (Sharma et al., 2014).

Also in practice, there is an invention according to which microorganisms are used to decompose waste animal blood and obtain high-quality environmentally friendly amino acids, thereby ensuring the effect of recycling resources and preventing environmental pollution (Pinto et al., 2022). The authors of the invention used various microorganisms to obtain valuable amino acids, as a mixture of Bacillus subtilis and Bacillus natto microorganisms, for the decomposition of lipids, and Cellulomonas cellulans were used as microorganisms decomposing cellulose. Also, Pseudomonas aeruginosa or Rhodopseudomonas gelatinosa are used as microorganisms decomposing carbohydrates, and Nitrosomonas europaea or Nitrobacter winogradski are used as nitrifying microorganisms (Ruiz Sella et al., 2021). Adequate thermal processing is effective for inactivating all biological agents of concern, perhaps except for prions from infected ruminant tissues (Shurson, 2020).

Before feeding animals, blood meal must be heated to a minimum temperature of 100°C for 15 min to destroy potential pathogens (Salmonella, mycotoxins, and prions; Seifdavati et al., 2008; Ricke et al., 2017). Since blood meal is a high-protein product, it can be replaced with a fish meal in the diet of broiler chickens. An interesting result obtained by the authors (Swe et al., 2022) is that the blood meal of purchased cattle is a suitable substitute for dietary fish meal, and a complete replacement did not have any adverse effect on productivity, on the contrary, the daily weight gain of chickens was significantly increased and the cost of producing a unit of meat was reduced.

There are also experimental results of feeding blood meal (Navarro et al., 2018) of various concentrations to pigs. It was found that when using five dietary concentrations of blood meal (0.3, 0.5, 9, 8.9, and 11.8%), pigs receiving 5.9 or 8.9% of blood meal grew more efficiently than pigs receiving 0 or 11.8%.

The results of the experiments show that blood meal has a huge impact on the amount of milk in a dairy cow. The authors of the work (Ipharraguerre and Clark, 2005) obtained results that a mixture of feathers and blood improves the production of milk protein when added to the diet. The authors of the work (Helkar et al., 2016) found that cows fed with animal protein produced 3.5% more milk, fat, and true protein adjusted for fat content than cows fed with vegetable protein.

The authors of the work conducted studies to study the effect of oil palm leaves as an absorbent of blood meal and the fermentation process using various inoculants as ingredients of feed for ruminants. It was found that fermentation of blood meal with absorbent palm oil leaves using Lactobacillus plantarum inoculant with an incubation time of 120 days showed positive results (Imsya, 2022).



Obtaining various functional products and medical preparations from the blood of cattle

The blood of cattle, in addition to animal feed, is also used in the production of medicines and food. One of the medicines manufactured on the basis of cattle blood is Hemopur. Hemopur is a chemically stabilized, bovine hemoglobin dissolved in a saline solution intended for human use, which was developed by Biopure Corporation (Cambridge, Massachusetts, USA; Chen et al., 2023). During the production process, hemoglobin is crosslinked and polymerized by reaction with glutaraldehyde under fully automated conditions.

Fibrin films are also obtained from the blood of cattle by stabilizing with sodium citric acid, which are used as a plastic material for burns, poorly healing wounds and ulcers (Toldrá et al., 2023).

In the food industry, blood is used as a binding additive, color enhancer and dye, emulsifier, fat substitute, and meat curing agent (Alao et al., 2017).

Hemoglobin, an iron-rich protein that is part of the blood of cattle, is a good source of natural red dye. Emulsifiers obtained from the blood of cattle help to thinly distribute fat throughout the product, which results in the correct texture in emulsified meat products such as sausages, pates, meat semi-finished products, and mortadella. Fat substitutes derived from cattle blood protein can potentially replace fat in meat products, while reducing the caloric content of food for each gram of replaced fat (Ofori and Hsieh, 2014; Ismail et al., 2020).

Whole animal blood is traditionally used in Europe and Asia in products such as blood sausage, blood pudding and blood pie (Ofori and Hsieh, 2014; Anjos et al., 2019; Thi et al., 2023).

Thus, blood products are used for food, technical, feed and therapeutic purposes. Blood consists of two main components: plasma and shaped elements suspended in it (erythrocytes, leukocytes, and platelets). The blood plasma contains proteins, glucose, lipids, enzymes, hormones, and other significant compounds. Various blood treatment approaches allow for the obtaining hemoglobin and essential amino acids. Blood meal is used as additive for the animal feed, also emulsifier, natural dye, and functional ingredient for food purpose (Hsieh and Ofori, 2011; Imsya, 2022).




Animal bones processing approaches

The bones of slaughtered animals are used to produce edible fats, broths, etc., as well as raw materials for technical purposes—for the production of small consumer goods, as well as bone glue, meal, and coal. The mammalian skeleton consists of a large number of individual bones (Kim et al., 2014, 2017).

The poultry industry shows a significant difference compared to other meat industries (e.g., pork and beef) where an additional deboning occurs at retail and slaughterhouse, considering that whole chickens, as well as chicken wings and thighs, are usually sold and consumed at households with bones, so-called “meat on the bone” or “bone-in meat” (Bux and Amicarelli, 2022).

The thermal utilization (at T = 900–1,000°C) of bone meat waste allows to apply of the obtained hydroxyapatite ash as a substitute for phosphorus raw materials. The high-quality hydroxyapatite ash could be used for the production of food grade phosphoric acid and also for the production of food grade mono- and dicalcium feed phosphates (Kowalski et al., 2021).

One of the methods for obtaining bone meal consists of the following steps (Figure 8).


[image: Figure 8]
FIGURE 8
 The methods for bone meal obtaining.


There are three grades, the highest, the first, corresponds to the minimum percentages of moisture, fat, and ash, and the maximum amount of protein. The main components of meat and bone meal (Galanakis, 2018): are protein from muscle and bone tissue (from 30 to 50%), fat (from 13 to 20%) ash (from 26 to 38%), and water (up to 7%; Figure 9).


[image: Figure 9]
FIGURE 9
 The main components of bone meal.


Kim et al. (2017) investigated the effect of the slaughter age (28, 32, or 38 month) on the approximate bone composition, fatty acid composition, collagen content, amino acid and mineral content in horse leg bone extracts. It was determined that the content of palmitoleic acid and essential fatty acids, as well as amino acids, in the bones of the slaughter at 38 months is higher than in 28 and 32 months.

It is known that bone meal is an excellent alternative to fish meal in the aquaculture industry. The authors (Ai et al., 2006) conducted experiments on cultivation to study the effect of replacing fish meal (FM) with meat and bone meal (BM) in the diet on the growth and body composition of the large yellow humpback (Pseudosciaena crocea). It was determined that from the developed six isonitrogenous (43% crude protein) and isoenergetic (20 kJg−1) diets replacing 0, 15, 30, 45, 60, and 75% of FM protein with BM protein, 45% of FM protein can be replaced with MBM protein in the diet of the big yellow humpback without a significant decrease in growth. The authors of the following work (Woodgate et al., 2022) conducted a test to evaluate the replacement of fish meal (FM) with meat and bone meal (BM; 53% CP, 15% CL, 27% Ash) in the diets of juvenile golden-headed sea bass (Sparus aurata). From the point of view of economic efficiency, rations using BM led to a reduction in production costs with the lowest economic conversion factor.

There are also studies on the analysis of the efficiency of the production of bioethanol and biodiesel obtained from corn grain fertilized with meat and bone meal obtained from animal waste. A positive effect of meat and bone meal on the yield of bioethanol from grain due to an increased starch content was found (Stepień and Rejmer, 2022).

Thus, animal bones have mostly proteins (30–50%) and lipids (13–20%) from bone tissues (Galanakis, 2018). Bones are used in the production of edible fats, broths, functional additives, etc., as well as for the technical purposes: bone glue, meal, coal etc.



Secondary collagen-containing raw materials applications

Significant value has by-products of 2nd category that rich in connective tissue proteins and especially collagen. Despite of the scars containing 6.8% of collagen from the raw tissues mass, it can be noted tendons, in which 87.6% of the mass of total proteins is represented by collagen of the ears and noses, containing 72 and 52% of collagen from the sum of all proteins, respectively. Collagen is a protein that is the main structural component in the vertebrate body, which accounts for about 1/3 of the mass of all proteins (Sherman et al., 2015; Fu et al., 2016).

The basis of the structural organization of the collagen fiber consists of stepwise parallel rows of tropocollagen molecules oriented in the longitudinal and transverse directions and shifted by a quarter, which causes the transverse striation of the fibrils (Nimni and Harkness, 2018).

Gelatin is obtained from fresh raw materials (skins), which are in an edible state by controlled hydrolysis of water-insoluble collagen. Skins, along with bones, contain a large amount of collagen. Obtaining gelatin from skins and bones includes the removal of uncollagenized material from raw materials, controlled hydrolysis of collagen to gelatin, and extraction with subsequent drying of the final product (Ai et al., 2006; Sherman et al., 2015). The authors extracted gelatin from bovine skin using the plant enzymes bromelain (B) and zingibain (Z). Only blurred bands were observed in GEZ gelatins, while GEB samples revealed the presence of low molecular weight polypeptides (Ahmad et al., 2020).

A characteristic feature of the chemical and morphological composition of the by-products of the second category of cattle is the complexity and heterogeneity of their structure. The fat–products of the second categories of cattle consist mainly of neutral fats with a large amount of fat-like substances—phosphatides, cholesterol, and cerebrosides (Ai et al., 2006).

A promising direction of using secondary collagen-containing raw materials for food purposes is to obtain hydrolysates or protein preparations from them (Table 4).


TABLE 4 Various sources of by-products for the production of hydrolysates.
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One of the promising applications is protein hydrolysate as fertilizer for plants. Protein hydrolysates have attracted attention to their use in agriculture because they have been proven to be effective in increasing soil fertility (Da Silva, 2018).

It has also been established that collagen derivatives obtained by enzymatic hydrolysis of collagen–containing cattle raw materials—low-molecular-weight collagen peptides—have new functional properties and have a number of advantages over high-molecular-weight starting components. Bioactive peptides contain from 2 to 20 amino acids and have various biological (antihypertensive, antioxidant, and antimicrobial) activity. However, in the initial version, they are located in the protein and are inactive. Biotechnological methods such as hydrolysis and microbiological fermentation are used to produce peptides (Cruz-Casas et al., 2021). Nevertheless, with the development of new technologies, there is growing interest in the production of bioactive peptides using new technologies such as HHP, ultrasound, pulsed electric field, microwave oven and subcritical hydrolysis of water (Mora and Toldrá, 2022). There are also results on the use of the latest method—steam explosion (SE) collagen peptides extracted from cattle bones. It was determined that steam does not affect the amino acid composition of collagen peptides (Zhang et al., 2023). In the course of experimental studies, it was determined that papain is the most effective in obtaining ACE-inhibitory peptides (Fu et al., 2018).

It is also known that using enzymatic hydrolysis with a Box-Benken design with the addition of Flavourzyme and Protamex, antioxidant peptides were obtained from bovine bone extract. An interesting fact is the identification of two peptides Ala-Pro-Phe with a mass of 333.12 Da and Asp-His-Val with a mass of 369.14 Da, which can play a significant role in antioxidant capacity (Begum et al., 2024).

It is known, secondary collagen-containing raw materials were fermented in the development of a technology for the production of combined sausage meat products, by using a consortium of microorganisms, consisting of the following cultures: Lactobacillus bulgaricus, Bifidumbacterium siccum, and Staphilococcus carnosus. As a result, the positive effect of the proposed biotechnological method for processing meat raw materials on the organoleptic, physicochemical, structural-mechanical, microbiological characteristics, and biological value of the final product was discovered (Gizatova et al., 2021).

There is also a study on the use of a collagen preparation based on offal of the second category (lips and ears of cattle) in the production technology of egg white cream. It was found that egg whites with the addition of 5% collagen preparation showed their high functional and technological properties (Lukin, 2018).

Thus, tendons, bones and skins contain a large amount of collagen. Collagen accounts about 30% of the mass of all proteins (Sherman et al., 2015). Obtained by enzymatic hydrolysis of collagen derivatives, low-molecular-weight collagen peptides have functional properties, as bioactive peptides.



Animal fat and adipose tissue processing technologies

According to the type of livestock from which adipose tissue is obtained, raw fat is divided into beef and mutton. Also, each type, taking into account the characteristics of preparation for processing, fatty acid composition and location place in the animal carcass, is divided into two groups.

The first group of raw beef fat consists in: omentum, perirenal, mesenteric, palpable, and subcutaneous fat, obtained by stripping carcasses; adipose tissue from the liver, tail, udder, behind the ear and temporal cavities of the head; fat udder of young animals; fat trim obtained at the cutting meat in sausage, canning and semi-finished industries.

The second group of raw beef fat having following: adipose tissue from the stomach (rumen, books, abomasum); trimmings obtained during manual rite of skins in the shop for slaughtering and butchering carcasses; intestinal fat from manually degreasing the intestines.

Raw fat that obtained from cattle of various types, sex, age, breed, and fatness, differs in the chemical composition. At the higher the animal fatness, the richer it is in fat and the less water it contains. The average data on the chemical composition of raw fat from large and small ruminants above the average fatness are shown in Table 5.


TABLE 5 The content of the main components in the crude fat of various animals, % (Bockisch, 2015).
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Animal fat processes in various industries. In most cases, about 30–33% of the total fat is used for biodiesel, 25–27% for feed, 22–24% for soap making, 11–13% for pet food, 3–4% for as food, and 1–2% for other purposes. In addition to food and feed preparation, vegetable and animal fats have a potential market for biodiesel production through interesterification (Kumar et al., 2016).

For the facilitating the fat releasing at the heating, the fatty raw materials are pre-crushed on a top. Fat rendering is the process of extracting pure fat from raw fat using the thermal method. In the technology for the production of rendered edible animal fats, there are two methods: wet and dry (Chizoo et al., 2017).

The wet method consists in the fact that during the rendering process, the raw fat is in direct contact with water or live steam. In this case, the protein substances of adipose tissue are hydrolyzed and partially dissolved under the influence of moisture and heat, and fat is released. The temperature during rendering is maintained at the level of 70–90°C with a steam pressure of 1.5–3.0 bar (Baiano, 2014).

The dry method is characterized by the fact that the raw fat is heated through a heating surface. In this case, the moisture contained in the raw material evaporates into the atmosphere during the rendering process or is removed under vacuum. As a result of thermal exposure, the proteins of adipose tissue become brittle, destroyed, and thus fat is released. It turns out a two-phase system: rendered fat and greaves. Depending on the equipment used, the rendering process is carried out at a temperature of 42–120°C and a steam pressure of 0.5–4 bar (Karmakar and Halder, 2019).

After rendering, the fat is subjected to cleaning to remove moisture and suspended impurities from it. The most common methods for cleaning rendered fats are separation and settling. During separation, 10–15% of water at a temperature of 80–90°C is added to the fat. Settling of fat is carried out at a temperature of 90–100°C for 5–6 h. To accelerate settling in order to precipitate protein particles and destroy the emulsion, fat is salted out with dry table salt in an amount of 1–2% by weight of fat (Andersen, 2016).

After cleaning, the fat is cooled in order to obtain a homogeneous structure (pork to 24–35°C, beef—up to 30–35°C) and packaged in a container. Due to the fact that beef fat consists of 54.9% saturated acids, 40.9% unsaturated fatty acids and 4.2% polyunsaturated fatty acids, it is the leader in having saturated fatty acids compared to other types of animal fats (Chizoo et al., 2017).

It is also known that by interesterifying palm oil with beef tallow, the resulting SFC profiles are smoother and the products could potentially serve as base oils for the preparation of specialty fats with a wider range of plasticity. Experiments were also carried out to identify the potential use of this oil in the preparation of bakery products, which showed a positive result (Zhang et al., 2018).

There are also known studies where animal fats that have been processed were used as carbon raw materials for PHAs using collectible strains. Fat residues, bacon rind, udder and waste fat were used as fat raw materials (Favaro et al., 2019).

Thus, animal fat processes in various industries. Mostly, about 30–33% of the total fat is used for biodiesel, 25–27% for feed, 22–24% for soap making, 11–13% for pet food, 3–4% for food production, and 1–2% for other purposes (Kumar et al., 2016).



Conclusion

The meat industry annually generates a huge amount of secondary raw materials and wastes that are not fully processed. Only a small percentage of these products are used to produce high-value-added products such as animal feed, glue, biofuels, fertilizers, etc. Moreover, during of slaughtering livestock, 45% of meat on bones and 55% of by-products and non-food raw materials are obtained. The main reason of the complex processing weakness of the secondary raw materials of animal origin is unavailability of required studies and technologies for each processing stage. The used electrical or hardware slaughter approaches have impact for the quality of meat and offal. The mechanical halal slaughter with blood emission that is often practiced in Kazakhstan and Muslim countries, allows to keep a high nutritional value of the meat products. However, significant possibilities in the agroecology and deep processing have valorization of by-products: carcasses, skins, bones, meat scraps, blood, adipose tissue, horns, feet, hooves, and internal organs. The final processed products could be useful for the food, fodder, medical and technical purposes. For instance, the availability of essential amino and fatty acids, bioactive peptides, collagen derivatives etc. is important for the producing of the functional food products. The considered opportunities for the slaughter wastes and the meat by-products recycling could be applied in many countries, including Kazakhstan. In addition, full recycling of the secondary meat raw materials allows for the increasing of wide-range products with a low prime cost, beneficial and nutritional values. Alternatively, three components of waste hierarchy: Reduce, Reuse, and Recycle would involve a sustainable environment grow in the agroecology.
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