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Abstract. Three main directions must be considered in valorisation studies of animal by-

products: 

1. Creation of a monitoring system that reflects the generation of animal by-products and 

waste in the food production chain (livestock farming companies – meat industries – marketing 

and consumer); this includes mapping of by-products and waste, and the creation of a relevant 

database and models; 

2. Study of pre-treatment of various types of animal by-products and waste, which 

includes of size-reduction and fractioning as well as a physical and chemical study; 

3. Studies concerning the use of animal by-products and waste fractions (fat, protein, 

carbohydrates etc.) for the production of goods and energy. 

Large amounts of waste and by-products, which are suitable for further use, are generated in the 

food production chain. Animal by-products and waste consist of organic substances, which 

contain fat, protein, carbohydrates and often also important bioactive compounds. However, 

their use in Estonia is still rather modest and there is no complex approach to this. For example, 

the common technology for processing the by-products generated in meat industry is not 

designed for optimal use of protein-rich materials suitable for food (connective tissue, tendons, 

bones, rind and blood) to reduce the deficit of food protein of animal origin, but instead it is 

used for technical purposes, poured into sewerage or burnt. 

Many positive examples of the reuse of animal by-products and food waste can be found in 

European Union Member States (Denmark, Finland, Germany and Austria). This reduces 

environmental pollution and supplies energy production and industry with additional raw 

material. In this paper establishing research for a complex approach in the utilisation of animal 

by-products and waste for food, feed and technical purpose in the production chain is proposed. 
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INTRODUCTION 

 

Food production volumes generally meet the biological needs of the world’s 

population, but up to a billion people around the world are suffering from hunger due 

to the uneven availability of food. Deficit for proteins, including protein of animal 

origin, is high. Proteins of animal origin should comprise approximately half of the 
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total protein ration and 100 g of pure protein per day is considered the optimal 

consumption quantity (FAOSTAT, 2010). 

Animal by-products are generally created during the slaughter of animals meant 

for human consumption and production of animal products as well as elimination of 

dead animals and implementation of measures against disease. 

There are many ways of changing or updating the technology used in the meat 

and dairy production chain in order to prevent raw material containing large quantities 

of animal protein ending up among animal waste, where on the basis of the current 

system it turns into material belonging to Category 1
st
 (specified risk material), which 

according to regulations must be immediately eliminated from the food production 

chain and destroyed (Sannik et al., 2009). 

Rendering of animal by-products is widely applied in North America (about 

25 million tons yearly), but this is growing trend in EU Countries also where nearly 

15 million tons of it is reused per year (Swisher, 2006). 

Proteins of animal origin which are suitable for consumption as food comprise 

less than a fifth of the entire food protein ‘fund’ available in the world. An 

unreasonably large quantity – up to 30% – of protein suitable for consumption as food 

is at the same time lost in meat processing (Sannik et al., 2009). For example, meat and 

bone meal or meat meal are an cost-effective source of protein and the quantities of 

this produced in the European Union exceed 3,500,000 tons per year, but its use is not 

realised (EU Council, 2011). 

It is proposed waste and by-products of animal origin to be used for production of 

organic fertiliser as well as pet feed. The implementation of new technology would 

expand its use even further – food for human consumption, fish feed, biogas 

production, partial substitute for fishmeal and bird feed. This material is predominantly 

valuable resource and instead of letting it burden the environment, it could be reused to 

produce added economic value (Fig. 1). 
 

 
 

Figure 1. General scheme of animal by-product and waste valorization. 
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Complex approach for processing of animal by-products and waste in food 

production chain 

Research with pilot projects should be started in three main directions: 

1) Creation of a monitoring system that reflects the generation of animal by-

products and waste in the food production chain (livestock farming companies – meat 

industries – marketing including catering companies and sales chains and domestic 

consumption). The following should be done in the course of the above: 

a. Primary mapping of the generation of animal by-products and present 

handling. For example, the amount of by-products and waste of animal origin 

generated in Estonia from slaughtering at present is ca. 23 thousand tons per 

year. One-third or even half of this quantity could be saved with the 

reorganisation of technology and used partly for food, pet food, fish food and 

animal feed (Ockerman & Hansen, 2000; Arvanitoyannis & Ladas, 2008; 

Hardy, 2010). 

b. The model of a primary computer-based monitoring, which would form the 

basis for a well-functioning applied system and development of logistic 

solutions, will be created on the basis of the research carried out in a chain 

consisting of surveillance farms, industries and shops, waste handlers and 

consumers. The monitoring system should also reflect data of substance and 

energy content (Edström et al., 2003). 

In this part of pilot study by-products and the waste of animal origin will be 

classified on the basis of their characteristics and other features, and the 

locations and quantities of their generation will also be specified. Obtained 

data is necessary for planning the logistics of subsequent production and 

marketing. 

2) Study of various pre-treatment types of animal by-products and waste, which 

includes size reduction and fractioning as well as chemical, physical and thermal 

treatment. In the majority of animal by-product sterilisation plants or production units 

use the high-pressure method (133 °C, 3 bar, 20 min, 50 mm) (EU Council, 2003). The 

by-products of poultry production are, for example, materials containing keratin 

(feathers, bristles and hair); hydrolysate, which is rich in soluble proteins and amino 

acids, is obtained when these are processed with calcium hydroxide (150 °C, 25 min). 

This concentrate contains a number of essential amino acids: lysine, threonine, leucine, 

isoleucine and valine. Dissolving proteins at lower temperatures takes more time; 

however, selecting ‘soft’ processing parameters (100 °C, 300 min, 0.1 g 

Ca(OH)2 (1 g)
-1

 dry feathers) makes it possible to obtain a protein product in which 

95% of keratin fibres are digestible (Bureau et al., 2000; Guerro-Legretta, 2001; 

Valladao et al., 2007). 

3) Studies of the use of fractions from processing of by-products and waste of 

animal origin (fat, protein, carbohydrate etc.) for the production of goods and energy: 

a. Food Production. Whey (derived from cheese and casein production) is 

probably most suitable by-product for food production. Its World output is 

estimated about 200 million tons per year. With the rise of cheese popularity 

whey production increases 2% yearly (Illanes, 2011). Whey is the most 

important by-product of the Estonian dairy industry too (200 thousand tons per 

year). This could be processed to make food with a high protein and lactose 

content. Most widely whey is used for production of Ricotta-type cheese 
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(Pajumägi et al., 2012). From the secondary whey of Ricotta lactose could be 

produced applying crystallization process (Pisponen et al., 2013). Lactose can 

be used as raw material for an array of lactose derived products (Aider & 

Halleux de, 2007). Highly valuable are different kind of whey protein 

concentrates and isolates (Smithers, 2008) production of which has not been 

introduced in Estonian dairy industry yet. There are quite a lot of possibilities 

to upgrade whey by enzymatic hydrolysis also (Plou et al., 2007; Illanes, 

2011). 

b. Feed Production. Using by-products for the production of fish feed has 

particularly good prospects (Coutand et al, 2008). Different types of fish need 

to consume different quantities of protein, but it is still the key element in the 

fish feed used on fish farms. The appropriate protein content of feed 

guarantees the good health and growing conditions of fish. The total feed 

ration must contain 15–30% protein for herbivorous fish and 45% protein for 

carnivorous fish. The feed ration of young fish must contain at least 50% 

protein. Mineral compounds are the second most important component of fish 

feed, especially calcium and phosphorus (Houlian et al., 2001; Hernandez 

et al., 2008; Hardy, 2010). 

c. Technical usage. Using animal by-products as a substrate additive to increase 

the efficiency of the biogas production process would be a feasible solution 

(Salminen & Rintala, 2008; Appels et al., 2011). Another important direction 

is researching the possibility of producing biodiesel (stove and engine fuel 

etc.) from the fat of animal by-products (Bautista et al., 2009; Awad et al., 

2013; Cunha et al., 2013). 
 

This part of the pilot project includes generation and screening of ideas, searching 

for and assessing technological solutions and preparing the concepts behind 

innovations. Technical and technological solutions will be mathematically and 

physically modelled and optimisation tasks will be solved as a result of the pilot 

projects. The suitability and safety of goods made on the basis of animal by-products 

and waste will be measured and issues concerning intellectual property will be resolved 

(Pahl et al., 2007). Strategic partners of research concerning the utilization of animal 

by-products in Estonia will be Competence Centre of Food nad Fermentation 

Technology and Estonian University of Life Sciences (Fig. 2). 
 

 
 

Figure 2. Scientific laboratories suitable for utilization-studies of animal by-products: 

Fermentation Laboratory at the Competence Center of Food and Fermentation Technology 

(left) and Micro-Dairy (right) at the Estonian University of Life Sciences. 
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CONCLUSION 

 

None of the companies that process the by-products of meat and dairy production 

chain in Estonia presently reuse the raw material to the extent that is possible and 

necessary; a large part of this or the semi-processed components go unused, are poured 

into sewerage or burnt. This pollutes the ecological environment and leaves the by-

products unused despite them being a source of highly valuable protein, fat and 

carbohydrates. Resulting the pilot projects the product development will be 

implemented in cooperation with companies, which include completion of semi-

industrial and then industrial technological solutions. Technical and technological 

documents will be prepared and licensing and other issues will be resolved. 
 

REFERENCES 
 

Aider, M., de Halleux, D. 2007. Isomerization of lactose and lactulose production: Review. 

Trends in Food Science and Technology, vol. 18, no. 7, p. 356–364. 

Arvanitoyannis, I. S., Ladas, D. (2008). ‘Meat waste treatment methods and potential uses,’s 

International Journal of Food Science and Technology, pp. 543–559. 

Awad, S., Paraschiv, M., Varuvel, E.G., Tazerout, M. 2013. Optimization of biodiesel 

production from animal fat residue in wastewater using response surface methodology. 

Bioresource Technology, 129, pp. 315–320. 

Bautista, L.F., Vicente, G., Rodríguez, R., Pacheco, M. 2009. Optimisation of FAME 

production from waste cooking oil for biodiesel use. Biomass and 

Bioenergy, 33 (5), pp. 862–872. 

Bureau, D. P., Harris, A. M., Bevan, D. J. 2000. Feather meals and meat and bone meals from 

different origins as protein sources in rainbow trout (Oncorhynchus mykiss) diets. – 

Aquaculture, Vol. 181, Issues 3–4, 15 January, 2000, pp. 281–291. 

Coutand, M., Cyr, M., Deydier, E., Guilet, R. 2008. Characteristics of industrial and laboratory 

meat and bone meal ashes and their potential applications. Journal of Hazardous 

Materials, Vol. 150, Issue 3, 11 February, pp. 522–532. 

Cunha, A., Feddern, V., De Prá, M.C., Higarashi, M.M., De Abreu, P.G., Coldebella, A. 

2013. Synthesis and characterization of ethylic biodiesel from animal fat wastes 

Fuel, 105, pp. 228–234. 

Dewil, R. 2011. Anaerobic digestion in global bio-energy production: Potential and research 

challenges. Renewable and Sustainable Energy Reviews, 15 (9), pp. 4295–4301. 

Edström, M., Nordberg, A., Thyselius, L. 2003. Anaerobic treatment of animal byproducts from 

slaughterhouses at laboratory and pilot scale. Applied Biochemistry and Biotechnology, 

vol. 109, pp. 127–138. 

EU Council. 2011. Council of the European Union, Note from Polish delegation. Brussels 

16.02.2011. 

EU Requirements. 2003. Requirements of the European Regulation (EC) No 1774/2002. 

Regulation. 

FAOSTAT. 2010. FAOSTAT © FAO Statistics Division 2010 | 18 February. 

Feiner, G. 2006. Meat products handbook: Practical science and technology. Wood head Food. 

Guerrero-Legarreta, I. 2001. Handbook of Poultry Science and Technology, Professional 

Poultry Technology Handbook from C.H.I.P.S., Volume 1: Primary Processing. 

Hardy, W.R. 2010. New Developments in Fish Feeds and Feeding Practices. Aquaculture 

Research Institute, University of Idaho, USA, www.aquaculture.noaa.gov/news/ 

feeds.html. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-3Y6Y3HW-7&_user=2728019&_coverDate=01/15/2000&_alid=1528285796&_rdoc=23&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2335&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=4ca395225f0230f76e11253ac99a8ec8&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-3Y6Y3HW-7&_user=2728019&_coverDate=01/15/2000&_alid=1528285796&_rdoc=23&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2335&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=4ca395225f0230f76e11253ac99a8ec8&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-3Y6Y3HW-7&_user=2728019&_coverDate=01/15/2000&_alid=1528285796&_rdoc=23&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2335&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=4ca395225f0230f76e11253ac99a8ec8&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-3Y6Y3HW-7&_user=2728019&_coverDate=01/15/2000&_alid=1528285796&_rdoc=23&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2335&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=4ca395225f0230f76e11253ac99a8ec8&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-3Y6Y3HW-7&_user=2728019&_coverDate=01/15/2000&_alid=1528285796&_rdoc=23&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2335&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=4ca395225f0230f76e11253ac99a8ec8&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4NN6TN6-1&_user=2728019&_coverDate=02/11/2008&_alid=1528297629&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5253&_st=13&_docanchor=&view=c&_ct=7727&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=55696a10c7ffeebf272a1e9909d54028&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4NN6TN6-1&_user=2728019&_coverDate=02/11/2008&_alid=1528297629&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5253&_st=13&_docanchor=&view=c&_ct=7727&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=55696a10c7ffeebf272a1e9909d54028&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4NN6TN6-1&_user=2728019&_coverDate=02/11/2008&_alid=1528297629&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5253&_st=13&_docanchor=&view=c&_ct=7727&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=55696a10c7ffeebf272a1e9909d54028&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4NN6TN6-1&_user=2728019&_coverDate=02/11/2008&_alid=1528297629&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5253&_st=13&_docanchor=&view=c&_ct=7727&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=55696a10c7ffeebf272a1e9909d54028&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4NN6TN6-1&_user=2728019&_coverDate=02/11/2008&_alid=1528297629&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5253&_st=13&_docanchor=&view=c&_ct=7727&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=55696a10c7ffeebf272a1e9909d54028&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4NN6TN6-1&_user=2728019&_coverDate=02/11/2008&_alid=1528297629&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5253&_st=13&_docanchor=&view=c&_ct=7727&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=55696a10c7ffeebf272a1e9909d54028&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4NN6TN6-1&_user=2728019&_coverDate=02/11/2008&_alid=1528297629&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5253&_st=13&_docanchor=&view=c&_ct=7727&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=55696a10c7ffeebf272a1e9909d54028&searchtype=a


260 

Hernandez, C., Olvera-Novoa, M.A. 2008. Partial replacement of fish meal by porcine meat 

meal in practical diets for Pacific white shrimp (Litopenaeus vannamei) – Aquaculture, 

Vol. 277, Issues 3–4, 3 June 2008, pp. 244–250. 

Houlihan, D., Bouiard, T., Jobling, M. 2001. Food Intake in Fish., eds. Iowa State University 

Press. Blackwell Science Ltd. 

Illanes, A. 2011. Whey upgrading by enzyme biocatalysis. Electronic Journal of Biotechnology. 

ISSN: 0717-3458, pp. 1–28. 

Ockerman, H.W., Hansen, C.L. 2000. Animal by-product processing & utilization. Hardcover. 

Press LLC, Florida USA. 

Pahl, G., Bitz, W., Feldhusen, J. and Grote, K. H. 2007. Engineering Design. A System 

Approach. Third Edition. 

Pajumägi, S., Pisponen, A., Mootse, H., Poikalainen, V. 2012. Influence of Thermal Processing 

on Fat Crystallization in Ricotta Cheese ISSN 1392–1231. Cheminė Technologija. 3 (61). 

Pisponen, A., Pajumägi, S., Mootse, H., Poikalainen, V. 2013. The Lactose from Ricotta Cheese 

Whey: Effect of pH and Concentration on Size and Morphology of Lactose Crystals. 

Dairy Science & Technology (Accepted, DOI: 10.1007/s13594-013-0120-y). 

Plou, F.J.; Gómez de Segura, A., Ballesteros, A. 2007. Application of glycosidases and 

transglycosidases in the synthesis of oligosaccharides. In: Polaina, J. and Maccabe, A.P. 

eds. Industrial Enzymes, England, Springer, p. 141–157. 

Ranken, M.D. 2000. Handbook of Meat Product Technology. Blockwell Publishing. 

Salminen, E.; Rintala, J. 2002. Anaerobic digestion of organic solid poultry slaughterhouse 

waste – a review. Bioresource Technology 2002, 83 (1), 13–26. 

Sannik, U., Reede, T, Poikalainen, V., Lepasalu, L. 2009. Treatment and utilization of by-

products and waste of animal origin in Estonia. Pre-study. Estonian Ministry of 

Agriculture. 

Smithers, G.W. 2008. Whey and whey proteins – from ‘gutter-to-gold’. International Dairy 

Journal, vol. 18, no. 7, p. 695–704. 

Swisher, K., J. 2006. The Global Market for Rendered Products. (Ed. D. L. Meeker) Essential 

Rendering. All about the Animal By-Products Industry. ISBN: 0-9654660-3-5. National 

Renderers Association. pp. 213–228. 

Valladao, A.B., Freire, D.M., Cammarota, M.C. 2007. Enzymatic pre-hydrolysis applied to the 

anaerobic treatment of effluents from poultry slaughterhouses. International 

Biodeterioration & Biodegradation, vol. 60, pp. 219–225. 

 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4RVG3G8-9&_user=2728019&_coverDate=06/03/2008&_alid=1528291554&_rdoc=26&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2253&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=b1fd6b9e8cada828b452cbc09f1d42da&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4RVG3G8-9&_user=2728019&_coverDate=06/03/2008&_alid=1528291554&_rdoc=26&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2253&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=b1fd6b9e8cada828b452cbc09f1d42da&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4RVG3G8-9&_user=2728019&_coverDate=06/03/2008&_alid=1528291554&_rdoc=26&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2253&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=b1fd6b9e8cada828b452cbc09f1d42da&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4RVG3G8-9&_user=2728019&_coverDate=06/03/2008&_alid=1528291554&_rdoc=26&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2253&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=b1fd6b9e8cada828b452cbc09f1d42da&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4RVG3G8-9&_user=2728019&_coverDate=06/03/2008&_alid=1528291554&_rdoc=26&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2253&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=b1fd6b9e8cada828b452cbc09f1d42da&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4RVG3G8-9&_user=2728019&_coverDate=06/03/2008&_alid=1528291554&_rdoc=26&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2253&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=b1fd6b9e8cada828b452cbc09f1d42da&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4RVG3G8-9&_user=2728019&_coverDate=06/03/2008&_alid=1528291554&_rdoc=26&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4972&_sort=r&_st=13&_docanchor=&view=c&_ct=2253&_acct=C000058628&_version=1&_urlVersion=0&_userid=2728019&md5=b1fd6b9e8cada828b452cbc09f1d42da&searchtype=a



