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1. INTRODUCTION

Global food production is generally able to meet the biological needs of 
the human population, however, the uneven accessibility of food means 
that up to a billion people in our World suffer from malnutrition and/
or hunger. The defi cit of protein, including protein of animal origin, is 
particularly high (Aiking, 2011). Animal proteins suitable for human 
consumption comprise less than one-fi fth of the total food protein 
available in the World. Additionally, there is an increasing need for protein 
sources to produce animal feed (Flachowsky, 2007; Boland et al., 2013).
Our shortage of natural food resources is currently one of the main global 
problems and is predicted to persist in the medium term. The exhaustion 
of some natural resources is already obvious, and development of so-
called artifi cial raw food materials has increased.  In contrast, developed 
countries increasingly emphasize healthy nutrition and there is a rapidly 
growing trend to consume food that contains less fat and more protein 
(FAOSTAT, 2015; Tekkel, Veidemann, 2013; Holden, 2009).
Considering our global protein defi cit, the amount of protein lost during 
meat processing is unreasonably large – up to 30% of the total protein 
suitable for human consumption. This waste is caused by current industrial 
meat processing practices, especially our treatment of animal by-products 
(ABPs). The latter are usually utilized for fat production, for technical 
purposes, or destroyed for reasons of safety (Selmane et al., 2008).

The quantity of by-products obtained during meat processing is remarkable 
with hides, bristles, hooves, horns, blood, internal organs, fat, and bones 
comprising, on average, 20% of the live weight of pigs and over 50% of 
the live weight of bovines (Ranken, 2000; Peebsen, Rei, 1976). Processing 
these components has long been a problem within the meat industry. 
On one hand, energy-intensive technological processes carry serious 
economic problems that need to be resolved. On the other hand, one 
must consider environmental pollution, food safety and the rational use 
of raw materials for both food and fodder (Toldra et al., 2012).

A study carried out in 2012 indicates that Estonian meat production and 
processing plants generate 22.5 thousand tons of ABPs of different risk 
categories annually (Sannik et al., 2013), plus an equal amount of waste 
generated by households, shops, catering facilities, and elsewhere (Moora, 
2008). An industry-wide monitoring system would make it possible to 



11

check and control ABP resources within the Estonian meat production 
chain, yet no such system currently exists.

The by-products of meat production and processing are a potentially 
valuable source of animal protein, fat, and minerals, however, valorizing 
this resource has not yet been given suffi cient attention. The current 
practice of dry rendering does not include suffi cient extraction of the 
soluble proteins into a liquid fraction, which means that insuffi cient 
attention is given to extracting proteins from ABPs. Existing production 
lines have either insuffi cient or non-existent capabilities to monitor and 
control rendering process in real time (Jayathilakan et al., 2012). 

Several ABP rendering technologies were introduced in Europe in last 
decades of the previous century by Stork (The Netherlands); Lildal, Atlas 
and Haarslev (Denmark); Alfa Laval (Sweden) and Wulff - Umag (UK-
Germany) (Alfa Laval, 2015; Haarslev Industries, 2015; Lildal, 2015; 
Wulff-Umag, 2015; Ockerman, Hansen, 2000; Walraven, 1990). 
The main drawback of existing technologies is that they were designed 
to follow strict food safety requirements for ABP handling and therefore 
only target technical fat and meat-bone meal production lines; complex 
reprocessing of raw materials has not always been considered.
 
Technologies to process ABPs generated by the meat industry are not 
designed to extract protein suitable for human consumption. Due to a 
lack of suitable technologies, valorizing ABPs is usually ineffi cient and not 
profi table. Various methods and processes are used for ABP rendering: 
both dry and wet rendering of raw material in either batch or continuous 
processes (Ockerman, Hansen, 2000). The rendering technologies used 
in the fi sh and meat industries consist of four main steps: preparation of 
the raw material (sorting, crushing), high- or low temperature rendering 
of the raw material, separation of fractions (protein, fat and solids), and 
processing of these fractions (protein extraction, cleaning the fat, and 
drying and milling the meal) into commercializable products (see Figure 
1. A general scheme of possible ABP remanufacturing methods describing 
four main processing steps (preparation-rendering-fractioning-handling) 
as well as various technological methods (dry or wet rendering; greaves 
and/or fat fractioning; fat and/or protein fractioning). The thick arrows 
indicate the ABP valorization strategy used in the present study to improve 
the value chain of meat production.).
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Fig ure 1. A general scheme of possible ABP remanufacturing methods describing four 
main processing steps (preparation-rendering-fractioning-handling) as well as various 
technological methods (dry or wet rendering; greaves and/or fat fractioning; fat and/
or protein fractioning). The thick arrows indicate the ABP valorization strategy used 
in the present study to improve the value chain of meat production.

Currently, Estonia lacks reliable data about the quantities and risk 
categories of ABPs that originate from the meat production chain. Not 
one single company that processes ABPs presently use the raw material 
to a suffi cient extent, let alone its full extent. A large part of ABPs or 
their semi-processed components remain unused, and are poured into 
the sewerage or burned. 
This causes both ecological problems and leaves the by-products unused 
despite their potential use as a source of highly valuable protein and 
fat. Traditional technologies for ABP processing are time consuming, 
energy intensive, and overly complicated. Hence, there is a serious need 
for a reliable resources monitoring system and for improvements in the 
processing of ABPs (Arvanitoyannis, Ladas, 2008).

The offi cial requirements of the European Union do not follow the 
principle that ABPs must be valued to the optimum level. Currently, no 
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offi cial incentives exist regarding the establishment of ABP monitoring 
in EU countries. Excluding ABP registration of the fi rst category in 
slaughterhouses, Estonia lacks a system for ABP monitoring. Therefore, at 
present there is no overview available regarding the quantities of various 
ABPs that could be effi ciently transformed either into marketable products 
or into bioelectricity and heat via anaerobic fermentation.

The majority of ABPs are currently handled according to the 1st category 
requirements. Currently, it is not possible to follow the total amount of 
ABPs nor is it possible to evaluate the potential utilization of 2nd and 3rd 
category ABPs. This has prevented an evaluation of the possible economic 
impact of ABP processing to the Estonian meat sector. Targeted handling 
of ABP categories could help to economy the energy consumption, 
however, the increased cost of transport and other factors must also be 
taken into account. There is an urgent need to implement an effective but 
simple monitoring (prediction) system to provide daily ABP quantities 
within each risk categories for the Estonian meat industry.

The ABP rendering technologies implemented in the Estonian meat 
industry are not contemporary and small companies have no possibilities 
to handle ABPs at all. Meat production and processing companies 
have little motivation to collect and rationally process ABPs. On the 
other hand, several techniques have been devised and implemented to 
process ABPs into usable products in other countries. Generally, these 
are based on a sequence of separate processes that are carried out by 
traditional equipment. These kind of processing lines consist of three 
main consequent stages: size-reduction, extraction by means of thermal 
treatment, and fractionation. Although these sequential stages could be 
technically carried out without issue, capital investments, labor costs, 
energy consumption and total processing time may become serious 
limiting factors. Therefore, it has become obvious that there is a need 
for rapid and simultaneous (automatized) pre-treatment, extraction, and 
fractionation. Compared with traditional methods, a rapid spectrometry 
for process-control could have certain advantages. 
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2. OVERVIEW OF THE LITERATURE

2.1. Monitoring of  animal by-product handling 

Animal by-products (ABPs) come from various sources. The largest 
quantities of ABPs and waste are generated in slaughterhouses and 
meat cutting or processing plants (Lehto et al., 2012). However, the 
amount of ABPs created within both shops and the kitchens of end 
consumers is also considerable (Boerefi jn, 2015; Moora, 2008). Food 
utilized on ships and airplanes generates a smaller amount of waste, 
however, may still be considerable. ABPs also include dead pets and 
wild animals (including zoo animals), goods confi scated in customs, and 
goods confi scated from poachers. The state has a working infrastructure 
for collection and handling of animal by-products of different categories 
and for performance of requirements for permitted use. Although some 
countries (Estonia included) still have problems with the collection and 
appropriate handling of perished agricultural animals (Rasso, Lääne, 
2010; Olgo, 2011).

However, determining the exact quantity of ABPs even within a given 
meat processing plant is often diffi cult because the results depend on 
several parameters, such as the species of the animal, the size and technical 
capabilities of the slaughterhouses, the season, and changing consumer 
preferences, the size of the carcass, methods of preparation and processing 
(Arvanitoyannis, Ladas, 2008). In addition, there may be considerable 
regional differences in these indicators. The meat industry is by nature 
somewhat fragmented, and a system with effective controls at all stages 
in the production chain, is not at present achievable in all but a few 
operations (Desmarchelier et al., 2007; Toldra et al., 2012). 

Systems to monitor the amount and quality of ABPs have yet to be 
implemented in Estonia and many other countries. Slaughterhouses and 
farm-slaughter points are the biggest source of the ABPs in Estonia. At 
the same time, enterprises where ABPs are processed either do not collect 
or provide limited access to data about the quantity of ABPs they produce.

EU regulations categorize ABPs into three main categories according to 
the health risks associated with their use. The 1st and 2ndABP categories are 
representing high risk materials while the 3rd category is low risk. The use 
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of the 1st category ABPs in the food- or feed-chain is not possible while 
limited use of 2nd category ABPs for composting or technical purposes is 
allowed. Use of the 3rd category ABPs is allowed for several purposes: for 
composting, for technical purposes, and in limited form as food or feed. 
The detailed categorization is provided in EU regulations (Regulation 
EC, 2009; Regulation EC, 2001). Relevant institutions have agreed on 
strict rules for the handling of different ABP categories, how each can 
be collected, stored, transported, treated, used, and disposed of in EU 
member countries ( Juste, 2010).
 
By-products of the meat processing industries and other parts of the 
meat production chain must be properly handled to avoid serious risks 
to the health of both people and animals. This has been confi rmed by 
several previous crises: outbreaks of foot-and-mouth disease, the spread 
of the transmissible spongiform encephalopathy, and the dioxin content 
in fodder (Segarra, Rawson, 2001). These crises were caused by incorrect 
use or poor handling of certain ABP that re-entered in various forms 
into the food chain. ABPs may also harm both the environment and 
biodiversity when mishandled (Regulation EC, 2011).

Publications describe a variety of assurance initiatives and explore how 
targeted research and development can be used to successfully manage 
food safety and quality risks in meat production (Segarra, Rawson, 2001). 
At the same time, as mentioned before, a fully integrated assurance system, 
with effective controls at all stages of the product value chain is not 
presented at the moment. Constant monitoring of ABPs will defi nitely 
help in solving problems associated with food safety assurance. 

The percentage of various ABP categories classifi ed by the live weight 
of various animal species in different countries has been reported by 
European Commission (EC, 2005), although it has been pointed out that 
gathering all required information at one time and place is not always 
feasible (Arvanitoyannis, Ladas, 2008; Ockerman, Hansen, 2000). The 
utilization of ABPs is becoming an increasingly critical issue due to both 
a rise in consumption of meat and thus the growing quantities of ABPs 
that are generated by slaughterhouses as well as the increasingly strict 
requirements that have been established for the safe handling and use 
of ABPs (Montossi et al., 2013).
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Use of ABPs as a raw material for biogas production seems to be promising 
at present because gas can be utilized to generate energy locally e.g. 
heat and electricity or fuel (Marcos et al., 2010; Hejnfelt, Angelidaki, 
2009; Otero, Mor, 2008). This approach also enables one to co-use plant 
resources for bio-energy production in a more effi cient way (Juste, 2010). 
However, it should be emphasized that use of pure ABPs as raw materials 
to produce biogas without specifi c knowledge is likely to cause a drastic 
drop in the effi ciency of the process and an unpleasant odor problem 
(Pitk et al., 2012).
 
In contrast with higher risk ABPs, there would be an active market 
and high demand for 3rdcategory material produced by slaughterhouses 
because many components of this ABP category are as valuable as pure 
meat, which is why an in-depth analysis of the types and quantities of 
these by-products are of special concern (Holden, 2009).

The data about mean chemical composition of the raw material for BM- 
and MBM-production is presented in Table 1. 

Table 1. Data of the chemical composition of raw materials for the industrial production 
of bone-meal (BM) and meat-bone-meal (MBM), (Buckley et al., 2012; Huff-Lonegran, 
2010; Feiner, 2006; Barbut, 2001; Guerrero-Legaretta, 2001).

                          Content % Water Protein Fat Aches
Raw material for BM 
production 44…46 14…16 35…38 0.5…2

Raw material for MBM 
production 58…61 21…23 14…16 1…2

In terms of chemical composition and physical parameters, the main 
types of meats or meat products are comparable with the main types 
of ABPs. So, to investigate ABP handling, particularly size-reduction, 
extraction, and fractionation, it would be reasonable for a laboratory test 
to use various common meat products instead of ABPs with nearly the 
same physical properties.
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2.2. ABP handling for human consumption

There are two distinctly different approaches to ABP handling depending 
on whether these are suitable or unsuitable for human consumption.
Companies that handle ABP suitable for human consumption process 
animal tissue mainly into fats and proteins.

2.2.1. Protein powder produced from the greaves

The solid fraction, or greaves, created during high-temperature rendering 
after the removal of fat, blood, bones, and soft ABPs suitable for human 
consumption (rind, trimmings, and connective tissue) are usable after 
additional dehydration. Degreasing of dehydrated material can be carried 
out in a horizontal centrifuge and/or greave’s press. Later on a dryer may 
be used to produce dry powder with high protein content. The resulting 
dry protein usually has neutral organoleptic properties, dissolves easily 
in water and is light in color. (Feiner, 2006). Its amino-acid (AA) content 
is comparable to the composition of other animal proteins (meat, milk 
and eggs).
 
As a result, it can be used to produce dry food concentrates (Ying, 2008). 
These concentrates can be utilized in various products to improve their 
texture and make them easier to cut (Selmane et al., 2011). A number of 
bioactive peptides released during the hydrolysis of meat protein have 
been reported in the literature (Toldra et al., 2012). These could also 
be produced from 3rd category ABPs and used as food ingredients or 
additives.

2.2.2. Protein powder produced from the rind

Both pork rind and the dermis scraped from the inside of bovine hide 
are degreased using high-temperature rendering and centrifugation (or 
pressing). The degreased greaves may be dried and ground into powder, 
which can be used in the production of sausages and ham as well as in 
drinks and desserts (BHJ UK Protein Foods, 2005; Soosaar, Rei, 1996). 

Dry protein powder works well with other food additives, such as those 
used for coloring and fl avoring, because it guarantees that the processed 
raw material has good emulsification and gel formation properties 
(Karim, Bhat, 2008). Enzymatic processing improves the value of 
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edible slaughterhouse ABPs, and can transform some into valuable food 
ingredients such as meat protein extracts (Ying, 2008).

2.2.3. Edible blood usage

Blood for human consumption is collected during animal slaughtering. 
This can be utilized for the production of dry fractions of blood protein 
and in classic blood products. The cell elements and plasma (serum) 
contained in blood are separated. So-called hemoglobin powder is 
obtained from cell elements after drying in a spray dryer and can be used 
in the pharmaceutical industry and in the production of meat products 
(Ockerman, Basu, 2006).
 
So-called plasma powder is obtained from the blood serum by processing 
in a spray dryer. It can be used as an additive in food production to 
improve the fl avor of the end products. 
Powders made from blood fractions have good solubility and contain 
up to 99% absorbable protein. Both their amino acid composition and 
functional qualities are also good, including their high immunoglobulin 
content (Toldra et al., 2012).

2.2.4. MDM production

Mechanical removal of soft tissue from the bone material obtained during 
meat cutting is a common procedure in the meat industry. Mechanically 
deboned meat (MDM), mechanically separated meat (MSM), or 
mechanically recovered/reclaimed meat (MRM) is produced with high-
pressure presses or perforated drums that have cutters on their inner 
surface. The soft tissue found on the pre-ground bones is squeezed 
through a sieve under high pressure or by centrifugal force.

The meat and fat particles left on the bones after meat cutting are 
separated in further processing (Surowiec et al., 2011). The resulting 
meat and bone puree also includes small bone particles, bone marrow, 
connective tissue, nerve endings, and pieces of blood vessels. Due to 
the presence of these ingredients, the resulting product is considered 
less valuable than meat (Field, 2004). MDM is used in the production 
of sausages, hams, and culinary products.
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2.2.5. Use of bones for human consumption

Bone material and secondary soft tissue by-products are widely used 
in gelatin production. The protein concentrate obtained during bone 
processing is hydrolyzed, dried, granulated, and used as food gelatin 
(Karim, Bhat, 2008).

Novel technologies for reprocessing the protein-containing bouillon 
after rendering have been worked out and introduced into practice for 
protein powder production. Dry protein-powder composed of intermediate 
products is suitable for the production of dry food concentrates such as 
stock cubes, instant soups, sauces, and pudding powders (Boland et al., 
2013; Sannik, Erg, 1990).

2.3. ABP processing into inedible products 

The most common inedible product made from ABPs is meat bone 
meal. Further development of technologies to reprocess ABPs into 
meat bone meal is ongoing (Garcia, 2008). This meal is also widely 
produced in Estonia. In addition to meat-bone meal, another common 
product is technical fat. Both of these products (or semi-products) are 
manufactured in three Estonian processing plants. Depending on the 
ABPs being processed, it is mainly rendered into fat and mineral meal 
with a high protein content (meat meal, bone meal, meat and bone meal, 
blood meal, feather meal).

Production of keratin-powder (from hooves, horns, bristles, hairs, rind), 
or protein-meal made from raw material separated from the inner surface 
of cattle hides does not carrying out currently in Estonia. The commercial 
importance relies on the fact that the feed and livestock industries are 
able to utilize all the fractions not marketed directly as human food 
(Crawshaw, 2009).

ABPs utilization technologies employed (also for production of protein-
rich goods) in the fi sh and meat industries consist of four consecutive 
steps: 
a) Preparation of the raw material (sorting, crushing), 
b) High-temperature rendering of the raw material, 
c) Separation into fractions (protein, fat and solids), and 
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d) Processing of fractions into appropriate products (protein-rich 
broth concentration, cleaning the fat and drying and milling the meal) 
(Ockerman, Hansen, 2000).
 
Three of these steps (size reduction of raw material, thermal treatment for 
extraction, and fractionation of the intermediate product) are considered 
as primary ABP processing stages.

2.3.1. The 1st stage of ABP processing – size reduction

Size reduction occurs rapidly and consists of sorting, metal-detection and 
one- or multi-stage crushing of raw material into small fractions prior to 
rendering. Crushing is the most important stage that dictates the nature 
of further ABP processing stages. During traditional processing, the 
raw material is usually crushed down to between 25 to 50 mm (Scanlon, 
Lamb, 1993). The process of multi-stage crushing is primarily used in 
systems with short heating cycles that require more precise granularity 
and higher fi neness (Couper, 2012). The interactions between crushing 
parameters (rotation speed, added water) and emulsion properties, such as 
average droplet diameter, viscosity and stability were evidenced (Selmane 
et al., 2011).

Size reduction is a prerequisite to effectively carry out downstream physical, 
thermo-physical, and chemical processes. Size reduction operations are 
usually performed in several steps. The traditional equipment for this 
involves crushers or grinding mills, which provide different options for 
feed and discharge sizes (Tangsathitkulchai, 2002). This makes it possible 
to introduce various methods for size reduction via mechanical crushing, 
grinding, milling, and pulverizing (Brown, 1998). In terms of the particle 
size obtained, the methods of crushing meat and meat products are 
classifi ed into coarse crushing (300 mm before crushing – up to 100 mm 
after crushing), medium crushing (200 mm to 80 mm), small crushing 
(150 to 2 mm), fi ne crushing (6 to 0.4 mm) and ultra-fi ne crushing (5 to 
0.005 mm) (Sannik, Pappel, 2004).
 
The most commonly applied are coarse, medium, and small crushing. Fine 
and ultra-fi ne crushing methods have rarely been used in practice. Several 
authors have proposed more effi cient crushing and milling processes 
that would add new technological effects and infl uence downstream 
procedures (Herceg et al., 2004; Tymanok, Kulu, 1999).
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2.3.2. The 2nd stage of ABP processing – thermal treatment

The main thermal treatment methods are: a) wet rendering in autoclaves, b) 
dry or wet rendering in kettles (boilers), and c) rendering with continuous 
processing lines. 

Term “rendering” is often used in a narrower sense to mean high-
temperature treatment of ABPs, and usually involves separating 
components from crushed raw material by heating, such as melting of 
fat. High-temperature rendering of raw material means heating, boiling, 
or sterilization with direct steam or a steam jacket, with electricity, or 
via induction using microwaves or high-frequency current (Ockerman, 
Hansen, 2000).

Both the residence time that particles spent in the processing devices 
and the duration of their thermal treatment is important, hence the heat 
transfer coeffi cients for meat-bone materials should be taken into account 
(Trujillo et al., 2010; El-Brawany et al., 2009; Marcotte, Taherian, 2008; 
Rizvi et al., 2006; Becker et al., 2004; Calderon et al., 2004; Sman, 2003; 
James, 1999; Dincer, 1993). 

High-temperature processing takes place at atmospheric pressure or 
overpressure within the range of 90-150ºC. Typically, high-temperate 
rendering is a long procedure that lasts up to 90 minutes which is a 
disadvantage because the natural properties of the proteins contained 
in the raw material are negatively infl uenced and loose value, even with 
relatively short treatment times (30 minutes) (Buckley, 2012). Ultra-high-
temperature treatment is a continuous process that involves rapidly heating 
ABP to about 140oC, holding it for a short period of time and rapidly 
cooling (Lewis, 2014).  

As described above, rendering may be wet or dry (Figure 1. A general 
scheme of possible ABP remanufacturing methods describing four main 
processing steps (preparation-rendering-fractioning-handling) as well as 
various technological methods (dry or wet rendering; greaves and/or fat 
fractioning; fat and/or protein fractioning). The thick arrows indicate the 
ABP valorization strategy used in the present study to improve the value 
chain of meat production.). Dry rendering processes are mostly employed 
in the United States, however, some European ABP treatment companies 
use both of these methods (Pearl, 2004).  Wet rendering means that the 
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raw material comes into contact with water or direct steam throughout 
the rendering process. Water is added to the process and steam is used 
as a heating media to melt the fat from various ABPs. Some proteins 
(up to 30%) denature due to the combined effect of the water, high 
temperature, and time. A three-phase intermediate products obtained 
at the end of rendering contain fat, greaves, and a protein containing in 
the liquid phase (Ockerman, Hansen, 2000).
 
The most common method to wet render raw bone, soft raw materials, 
and other ABPs is within a horizontal vacuum boiler. This leads to the 
separation of a large quantity of proteins into the liquid phase which is 
considered a shortcoming of this method because it means that proteins 
are rendered less valuable and thus typically poured into the sewerage 
system. This process method is also energy-intensive (Selmane et al., 
2008). The formation of the liquid phase and the concentration of proteins 
in this phase changes during wet rendering depending on the preliminary 
crushing grade of the material, the duration and temperature of heating, 
and the quantity of water added (Miranda et al., 2005).
 
Depending on the temperature and duration of heating, the properties of 
collagen and elastin in the raw material change and some of the dissolved 
protein becomes hydrolyzed (Boles, 2010).
Using the dry method, raw material is heated via its surface (with direct 
steam or water). The water contained in the raw material partially 
evaporates and connective tissue proteins coagulate, dehydrate, and 
become brittle, and the fat is separated (Mead, 2004).
 
A two-phase intermediate products will be obtained at the end of dry 
rendering: solid greaves and a liquid fraction that contains fat and protein. 
Either a batch or a continuous process may be employed for dry rendering 
and the raw material is often dehydrated fi rst to ensure that the melted 
fat is easier to separate. The melted fat and protein particles are separated 
from the liquid phase within a batch or continuous steamer (Awuah, 
2007).

One advantage of heat treatment is its simplicity, which explains why 
it is so widely used. This method is economical only when used within 
well-designed continuous processing-lines that ensure high productivity 
short production cycles and high yields. 
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High-temperature heat treatment has the following disadvantages: 
a) With insuffi cient crushing, the rendering process does not guarantee 
that the necessary quantity of components – fat and protein – will be 
extracted into the liquid fraction; 
b) Higher rendering temperatures may increase the yield of components, 
however, the quality of these components deteriorates.

The addition of water increases the value of the end-products, however, it 
also increases the energy consumption (Lewis, 2014). Low heat treatment-
regimes (70oC, up to 60 minutes) are also widely used depending on the 
characteristics of the material or the properties of the products that are 
to be made (Ockerman, Hansen, 2000).

2.3.3. The 3rd stage of ABP processing – fractionation

The purpose of fractionation is to separate the solid and liquid fractions 
from the raw material during the course of crushing and thermally treating 
the ABP. Fractionating the components involves dividing the processed 
mass into a solid and a liquid fraction. The liquid fraction is then, in 
turn, separated into a fat and a protein fraction (bouillon). Fractionation 
may be carried out using: a) sedimentation in a hot processing device or 
separate tank; b) fi ltration or c) centrifugation, during which solid and 
liquid fractions are separated mechanically (Soidla et al., 2010).
 
The unit operations typically employed in fractionation are draining, 
settling, sieving, pressing, decanting in a horizontal centrifuge and 
centrifugation in a vertical centrifuge (Selmane et al., 2011; Ockerman, 
Hansen, 2000). The selection of the fractionation method depends on 
the thermal treatment that has previously been carried out. With regards 
to autoclaving, the solid fraction is removed with the same basket(s) with 
which the raw material was loaded into the device. A part of the solid 
mass ends up in the liquid fraction and is separated using the valve at the 
bottom of the autoclave. The liquid fraction obtained during autoclaving 
is settled into a fat and water-phase within the same autoclave or within 
a special container for this purpose. The same procedure is followed 
when raw material is treated in open boilers. The settling time is typically 
between 120 and 180 minutes and the temperature of the material reaches 
between 75 to 80°C (Ockerman, Hansen, 2000).
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In horizontal closed boilers, the liquid fraction is partially separated using 
the valve at the bottom of the boiler. Another portion of this liquid is 
removed through the boiler hatch together with the solid fraction, and, 
if necessary, the mass is drained before subsequent treatment. Treating 
the solid mass in a drum with a perforated wall (fi ltering) is preferable 
to passive draining because the mechanical energy transmitted to the 
material by the rotating drum is also used in addition to gravity. Fat 
from the solid fraction is removed in a greaves press, cleaned with a 
horizontal centrifuge and separator, and the resulting solid particles are 
fed back into the boiler or greaves press. Separation by centrifuging is 
a considerably more effi cient process because the material experiences 
a centrifugal force due to the fast rotation speeds and relatively large 
rotation radius (Alfa Laval, 2015). 

Adopting equipment that functions using centrifugal forces is the main 
step required to turn ABP processing into a continuous process. In 
continuous processing lines, the fractions are separated continuously and 
either passed on for fi nal treatment or recycled back into the process, 
depending on the degree of completion (Banga et al., 2003).

A percolator drain pan containing a screen is often used for fractionation 
after rendering. This screen separates the liquid fat from the protein 
solids. From the percolator drain pan, the protein solids, which still 
contain about 25% fat, are conveyed to a screw press. The screw press 
completes the separation of fat from solids, and yields protein solids that 
have a residual fat content of about 10%. The fat from both the screw 
press and the percolator drain pan is pumped to the crude animal fat 
tank, centrifuged, and/or fi ltered to remove any remaining protein solids, 
and fi nally stored in the fat storage tank. The solids, termed crackling, 
are used to produce protein meal during this fraction’s processing stage. 
For that, the solid residue left after pressing (greaves) is dried in either a 
boiler or continuous dryer and minced to the required grade (Haarslev 
Industries, 2015). This fraction could also be further treated for specifi c 
applications. 

The traditional fractionation methods described above are predominantly 
time-consuming and energy-intensive, and controlling these processes 
in real time is usually quite complicated. Fractionation by settling and 
fractionation by passive draining are the slowest and least economically 
viable methods. 
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The liquid bouillon that contains 3-6% protein can be used to produce 
powder concentrate that contains 85-95% protein. Drying within a spray 
dryer is often the best option (DAKA, 2015). Contemporary spray dryers 
provide a dust-free product within a prescribed particle size distribution 
(Niro, 2015).

2.4. Process control of  protein extraction and fractionation 
technologies

One of the shortcomings of traditional ABP rendering technologies is a 
lack of possibilities to control the chemical composition and properties of 
the materials that circulate within a rendering system. This complicates 
adjusting and adapting the process in real time. Therefore, an on-line 
measurement and control system is required to provide reliable information 
about the semi-processed materials and processing parameters. Control 
of ABP processing could be based on similar measurement techniques 
adopted in meat processing. A wide range of techniques from low and 
high frequency impedance measurement, microwaves, NMR, IR and UV 
light, to X-ray interactions, can describe a wide range of physical and 
chemical properties of the processed material (Damez, Clerjon, 2008).

Impedance measurements of the processed solid material could be used to 
characterize its properties and the effectiveness of unit operations during 
processing (Guermazi et al., 2014; Damez et al., 2008). Unfortunately, 
this favorable method is not suitable for liquid phase measurements.

With respect to a number of novel methods, fl uorescence spectroscopy 
offers several inherent advantages for the characterization of molecular 
interactions and reactions. Using a front-face fl uorescence spectrometer, 
one is able to determine both the chemical and rheological properties of 
the meat, including dry matter, fat, collagen, protein, peak load, the energy 
required to rupture, and the losses during cooking (Sahar et al., 2009).

Fluorescence spectroscopy in combination with chemometric methods, 
one can rapidly and sensitively assess meat properties (Dufour et al., 2003). 

The reliability and precision of SFS has been demonstrated in other 
investigations carried out in complex food matrixes, e.g., determination 
of the optimal cheese-milk coagulation time (Porõvkina et al., 2007), 
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assessment of the freshness of meat (Dufour, 2002), and monitoring the 
production process during cheese maturation (Christensen et al., 2003).

Fluorescence spectrometry may be employed to characterize either solid or 
liquid samples. For opaque samples, such as meat and meat products, front 
face fl uorescence spectroscopy is used. Because these products contain 
tryptophan, this technique has been used in meat science to investigate 
sample structure without using an extrinsic fl uorophore probe (Damez, 
Clerjon, 2008). For analyses of liquid samples, a cross-fl ow of the sample 
through the detecting device can be used. In this way, express optical 
analysis can be performed, which combines measuring the fl uorescence 
and absorption of the liquid fraction that circulates in a high-temperature 
rendering processes (Alfa Laval, 2015).

The fl uorescence of folded proteins can be approximated by a mixture of 
fl uorescence signals from individual aromatic substituents. For protein 
measurements, the fl uorescence excitation wavelength is often 280 nm 
or longer and commonly 295 nm. Most of the emissions are due to 
the excitation of tryptophan residues, with lower intensity emissions 
originating from tyrosine and phenylalanine. These three amino-acids 
(AA) have distinct absorption and emission wavelengths. 
They differ greatly in their quantum yields and lifetimes. Because of 
these differences and also because of the resonance energy transfer from 
proximal phenylalanine to tyrosine and from tyrosine to tryptophan, 
the fl uorescence spectrum of a protein containing these three residues 
usually resembles that of pure tryptophan (Mocz, 2005).

It is possible to use an optical detector for liquid samples, such as a Fluo-
Imager M53, which makes it possible to continuously measure and thus 
control the chemical composition of the circulating liquid fraction in a 
rendering process in real time (Skalar, 2015).
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3. OBJECTIVES OF THIS STUDY

1. Elaboration of basic procedures, methods, and a model for ABP 
monitoring in the Estonian meat industry.

2. Investigation of a possible integrated ABP treatment solution for size-
reduction, thermal treatment, and protein extraction. 

3. Investigation of a method for on-line monitoring and control of protein 
extraction processes.
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4. MATERIALS AND METHODS

4.1. Methods used to construct ABP monitoring system 

Based on an overview of the reference literature, slaughterhouses and meat 
processing plants are the biggest sources of animal by-products (ABPs) 
in Estonia. To quantify the ABPs formed in Estonian meat processing 
plants, appropriate data was collected from Estonian meat industry during 
the period 2010-2013 as well as from legal databases (Viileberg, 2011; 
Voog et al., 2012; 2013; 2014; Vireen, 2011; 2012; 2013; 2014).
 
The methods of collecting and handling the data to create the monitoring 
system from open sources as well by surveys conducted in enterprises 
is presented in Paper I.

Based on the live weight and species, the percentage of each ABP was 
calculated using the quantities of meat, meat products, slaughter sub-
products, and by-products. This data formed the basis of a tool to 
determine the quantities of ABPs classifi ed by types and categories. 

4.2. Methods used to evaluate a process for simultaneous ABP 
crushing, extraction, and fractionation

Experiments were designed to create an integrated protein extraction and 
fractionation integrated method (PEFIM) and device to simultaneously 
grind, thermally extract and fractionate ABPs. These involved applying 
both chemical and physical analyses on processed and unprocessed defi ned 
meat products.

4.2.1. Choice of test materials and preparation of samples for 
analyses

To test ABP grinding and protein extraction, three types of defi ned meat 
products were used: 
a) Chopped ragout-type raw materials with about 50% bone and 50% 
soft tissue; 
b) Soft raw materials ground in the meat processing plant (minced meat); 
and 
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c) Solid briquettes created from poultry MDM production. 

These test-materials used for extraction experiments in current study 
should correspond to the chemical composition of raw materials for 
bone meal (BM) and meat-and-bone meal (MBM) production (see Table 
1 Chapter 2.1). Mentioned test-materials then serve as standardized 
samples and improve the repeatability of tests carried out under various 
conditions. Well defi ned meat products for laboratory experiments can 
thus be selected in accordance with the chemical composition of the raw 
materials to be processed in the industry.

The fat, protein, and ash contents were determined in test materials 
used, see Table 4 within Section 5.4 to compare these data with the mean 
chemical properties of the main types of ABPs. For the test materials 
some consumer meat products - ragout, minced meat and MDM-briquette 
were purchased from retailing in 1-1.5 kg packages for each experiment. 
Using the materials that have well defi ned properties could provide good 
reproducibility of the results obtained. 
The test-procedures of crushing, thermal treatment and fractionation as 
well as for spectral-fl uorescence signature (SFS) analysis were repeated 
in triplicate.

4.2.2. Methods for chemical analysis

The content of fat was determined using a Soxhlet extraction method 
while the protein content was determined using the Kjeldahl method. 
Both methods were applied in accordance with the international standard 
AOAC (Latimer, 2012).
 
The dry matter of the liquid fraction (stock/extract) was analyzed using the 
HR83 moisture analyzer manufactured by Mettler Toledo (Switzerland).

The amino acid composition of the protein rich fraction was determined 
using both high and low temperature treatments. The free amino acid 
content was analyzed after diluting and fi ltering each sample. The total 
amino acid content was determined after freeze-drying each sample and 
subjecting it to acid hydrolysis with 6M HCl for 24 h at 105°C in glass tubes 
under nitrogen. The fi ltered samples from both analysis were derivatized 
using a Waters AccQ•FluorTM Reagent Kit. Chromatography analysis was 
carried out using an ACQUITY UPLC system (Waters, USA), equipped 
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with a C18 column (BEH C18, 100×2.1 mm, 1.7 μm, Waters, USA) 
and a photo diode array (PDA) detector ACQUITY PDA 2996. Waters 
AccQ•Tag Eluent A and B functioned as mobile phases during HPLC 
analysis. The amino acid standards used for external calibration were 
obtained from Serva (Germany). The Waters Empower 2 chromatography 
software package was used to acquire the data Waters manual.

4.2.3. Test methods to investigate the processes of grinding, 
thermal treatment, and fractionation

As described earlier, a series of grinding, thermal treatment, and 
fractionation experiments were carried out with selected raw materials 
(see Section 4.2.1). To obtain samples with different levels of granularity, 
coarse-grinding, medium-grinding, small-grinding, and fi ne-grinding 
methods were applied using various devices. These operating variables 
together with breakage parameters were taken account (Rajendran Nair, 
1999).

Two methods were used for thermal processing: 
a) To mimic traditional processing, each raw material was heated in 

a laboratory vessel LR 2000.3 manufactured by IKA (Germany) 
equipped with a stirrer manufactured by Velp (Italy) and a circulator 
manufactured by Julabo (Germany). The resulting mixture was 
fractionated using a Jouan CR 4.12 laboratory centrifuge (France); 

b) As an alternative to traditional processing, we used the crushing 
devices (SM-100 and Desi-13), where into the process hot water was 
added, which integrates grinding, thermal treatment, and extraction 
and fractionation. A new device was developed during the course of 
the research (see Section 5.3).

Both the residence time that particles spent in the processing devices and 
the duration of their thermal treatment were calculated from fundamental 
observations made during experiments. 
Detailed descriptions of the methods used to investigate the infl uence of 
grinding and the duration thermal treatment, are presented in Paper II.

The residence time of the particle in the rotor-type grinding devices was 
assessed visually and determined on the basis of calculations carried out 
using Formula (1) (Tymanok, 1975).
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t1 = (k-va)
-1-e(kb-1) [s]                                                              (1)

where k – is factor that takes into consideration the aerodynamic resistance, 
the density of the environment and the material and the size of the particle 
[m/s]; b – is a radial distance between the rows of impact elements, [m] 
and va – is absolute velocity of the particle when passing through the 
operating zone, [m/s] which can be calculated using Formula (2)

va = (vs
2+ (ω * Rn)

2 + 2 * vs * ω * r *cosα) -1/2 [m/s]              (2)
  
where vs– is a velocity of the material on the surface of the impact element 
[m/s]; ω – is an angular velocity of the rotor   [rad/s]; Rn – is a radius of 
the row of impact element n   [m]; r – is a radius of the grinding element 
(head)   [m] and α – is an angle between the grinding element and the 
radius of the rotor [rad].

The residence time of the particle in the operating zone of the devices 
together with the processing times are provided in Table 3 Chapter 5.2.2.
The minimum time required to heat the particles during processing was 
compared with the residence time of the particles in the operating zone 
of the integrated grinding, extraction and fractionation device.

Figure 2. Schemes of the testing  equipment: SM100 for the medium crushing, ZM-
200 for the small crushing, and Desi-13 for the fi ne milling of meat-bone material. 
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The ground materials and materials that had been thermally treated 
during grinding were fractionated using two different methods: 
a) Using a laboratory centrifuge after grinding in a liquid environment. 

The homogenized and ground materials were centrifuged in 700 ml 
bottles at 10°C for 10 minutes at 4000 rpm (centrifuge Jouan CR 4.12, 
USA). Of the three fractions created (lower – solid; medium – stock; 
upper – fat), only the protein rich medium layer extract (fatty stock) 
was sampled for further analysis and testing; 

b) Using the grinding devices SM-100, ZM-200, and Desi-13 with different 
settings (see Figure 2) and fi tted with an additional means of  separating 
the materials into three fractions based upon their relative density. The 
fractionation results were also verifi ed visually (see Table 3 Chapter 5.2.2).

4.3. Methods used to develop an automatic monitoring and 
control system for the protein extraction process

To study the possibility of monitoring the protein content of the liquid 
stream during protein extraction and using this measurement as a process 
control variable, a real-time test apparatus was assembled (see Figure 3).
 

Figure 3. Test-equipment for measurement of the tryptophan fl uorescence intensity 
in the meat-bone bouillon to determine the change of protein content during the 
thermal impact. 
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An experimental version of this on-line measurement system was 
integrated with a laboratory vessel LR 2000.3 (IKA, Germany) that 
had both a stirrer (Velp, Italy) and circulator F-25-MC (Julabo, USA). 
A Fluo-Imager M53 (Skalar B.V, The Netherlands), together with its 
respective control software, was used to carry out fl uorescence analyses. 
To circulate the extracted liquid through the detector housing, a peristaltic 
pump manufactured by Skalar B.V was used, together with valves and 
piping. This apparatus is able to determine the tryptophan content of 
the protein rich liquid phase by measuring the intensity of the natural 
fl uorescence signal. Appropriate experiments were carried out using a 
custom apparatus equipped with a Fluo-Imager M53 optical detector. 

Each test was carried out as follows: the raw materials (ground meat 
or meat-and-bone) were placed into the vessel for heat-treatment. The 
temperature was held constant in these experiments at 99+/-1°C because 
the main effect under investigation was the dependence of fl uorescent 
intensity over time. A portion of the liquid fraction (water/fat/protein 
solution) exiting the reactor vessel was diverted through a fl uorescence 
detector/analyzer that continuously determined the SFS intensity (content) 
of tryptophan.
 
One sample was taken out of the system every minute and the dry matter 
for each of these was determined using an HR83 moisture analyzer 
(Mettler-Toledo, USA). Based on data from the reference literature, a 
wavelength of 280 nm is required to excite tryptophan fl uorescence 
(thereby characterizing 95% of the fl uorescent protein compounds in 
the substance). The intensity of fl uorescence emission was analyzed at a 
wavelength of 348 nm (Mocz, 2005). Using this experimental setup, it 
was possible to follow changes in the fl uorescence intensity of the extract 
and take samples for traditional laboratory analyses without disturbing 
the treatment processes, see Figure 6 Chapter 5.5.

Detailed descriptions of the device and method used to control the protein 
extraction process during the thermal treatment, are presented in Paper 
V. Using this test-equipment it was possible to follow changes in the 
fl uorescence intensity of the extract and take samples for traditional 
laboratory analyses without disturbing the treatment processes. 
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4.4. Methods of  statistical analyses

The survey mentioned in Paper I was carried out in eight slaughterhouses 
covering ¾ of the Estonian livestock processing capacity. Among these 
eight enterprises were micro-, SME- and large-size companies. In each of 
these companies, the methods used for carcass-dressing and by-product 
valorization are completely different due to the market situation or 
technical and/or logistic reasons. For example, in some companies the 
pork ears, legs and tails are treated as a delicacy yet in other fi rms these 
are categorized as 3rd category ABP waste; some companies collect as 
much blood as possible while others do not collet any; some clean almost 
all stomachs and guts, while others pull the entire intestinal tract out and 
classify it as 1st category ABP waste. 

During this study we mentioned discrepancies in industrial production 
control methods, including the methods used to determine the 
classifi cation and quantifi cation of ABP’s. Because we believe that industry 
should adopt a standard tool for the assessment of ABP-resources, and 
that this tool should be as universal as possible, we calculated average 
values for the different ABP types using the data collected from eight 
companies. 

In all ABP categories, the variation between companies is much larger 
than the measurement errors. We thus excluded measurement errors 
from our analysis because they do not signifi cantly infl uence the results 
of our calculations.

To obtain samples with different levels of granularity we employed coarse-
crushing, medium-crushing, small-crushing and fi ne-grinding methods 
that made use of various devices (Paper II). For each material, under study 
we conducted three replicate size reduction experiments. We calculated 
the mean and standard deviations (SD) for each sieve-residue and provide 
these on the graphs (Kaljurand 2008).
 
We did not employ non-linear regression on the data obtained from the 
crushing-milling experiments because the graphical curves allow us to 
draw conclusions in their current form and we do not anticipate that 
fi nding a single equation that describes the distributions of ABPs after 
size reduction would lead to further insight. When investigating the 
possibility of following changes in the intensity of the SFS of tryptophan 
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during thermal treatment of the test-materials (Paper V), we employed 
linear regression analysis to demonstrate the reliability and precision of 
SFS measurements (Kaljurand 2008). For this, a series of protein extracts 
was collected over time and analyzed. 

All chemical analyses carried out in this study were analyzed in triplicate, 
at least, with each fi nal result reported as the mean value and ± SD of 
all replicate measurements.
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5. RESULTS AND DISCUSSION

5.1. Creation of  a basic ABP monitoring system for the Estonian 
meat industry

Species specifi c data regarding the number of animals processed was 
gathered during 2010 to 2013 from twelve Estonian meat processing 
plants using the methods presented in Chapter 4.1.

Using the data gathered about the average live and dead weight of each 
animal processed, the quantities of meat, meat products, slaughter sub-
products, and other by-products were estimated. In addition, a model was 
built to classify the various ABPs into categories and types and provide 
the quantity of each ABP type over a given period for a given region (or 
specifi c company). The basis of this model is presented in Paper I. This 
model allows one to predict the quantities of ABPs generated within 
various risk categories for specifi c animal species over a specifi c period 
of time for specifi c region or particular meat processing plant.

Based on model calculations, the annual quantities of ABPs generated 
in Estonian slaughterhouses and meat processing plants in 2012 are as 
follows: 1st Category 1.7 thousand tons, 2nd Category 3.4 thousand tons, and 
3rd Category exceeded 17 thousand tons. In the same year, the quantities 
of ABPs within the 1st category delivered by the meat industry to the 
reprocessing plant was 4.9 thousand tons (Table 2), which exceeds the 
predicted amount approximately 3 times.
 
A natural explanation to this contradiction is that many other ABPs from 
less risky categories were also sent for reprocessing while being classifi ed 
as the most dangerous type of waste. This example indicates an ineffi cient 
use of 2nd and 3rd category ABPs as raw materials in the Estonian meat 
industry. There are several possibilities to valorize 3rd Category ABPs 
for human and animal consumption depending on the market situation, 
nutritional traditions, and season. Because this category is the largest in 
terms of quantity, the economic benefi t that can be derived by using it 
would also be considerable. However, it is also likely that 2nd category and 
even 1stcategory ABPs might have some economic importance. 
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The monitoring carried out in 2012 revealed that most animals were 
slaughtered in a few large production units. For example, up to 90% of 
the pigs utilized in the Estonian meat processing plants were slaughtered 
in four slaughterhouses (Rakvere Meat Processing Plant, Atria Eesti Valga 
Production Unit, the Saaremaa Meat Company, and AS Rey) and up to 
80% of the cattle were slaughtered in three slaughterhouses (Rakvere, 
Valga, and Saaremaa). Also, Estonian ABPs derive mostly from these 
larger players within the meat industry. Sheep were an exception – only 5% 
of the sheep farmed in Estonia were slaughtered in these plants that year.

With regards to ABP treatment, one important Estonian enterprise 
is AS Vireen (Väike-Maarja Animal Waste Processing Plant). They 
processes (destroys) animals that have perished on farms, ABPs from 
meat processing plants that have not been sorted (i.e. all is classifi ed as 
waste of 1st category), and other animal based materials (goods confi scated 
by customs, animals that have perished in traffi c, in zoos, and for other 
reasons). It should be emphasized that the technology AS Vireen employs 
has been chosen for safe use to process only 1st category ABPs.
 
The results of the current study indicate that the yearly average quantity 
of ABPs processed by AS Vireen is approximately 10 thousand tons per 
year, which is also the planned capacity of the plant. The yearly dynamics 
of the ABP quantities processed in AS Vireen is presented in Table 2 
(Vireen, 2011-2014). 

Table 2. Data of animal by-product (ABPs) reprocessed in AS Vireen during 2009-
2013, tons yearly *) 

Year 2009 2010 2011 2012 2013
ABP purchased from meat-companies, 
tons

3551 3630 4320 4888 5043

Fallen animals from farms, tons 5729 5362 5162 5312 5564
Other ABP, tons 122 80 119 148 0
Total ABP, tons 9402 9072 9601 10348 10607

*) Source: AS Vireen

These data were used within the ABP calculation model assessment to 
analyze 1st category ABP generation and reprocessing in Estonia. As 
stated earlier, this data could also be used to estimate the quantity of 2nd 

and 3rd category ABPs that have not been sorted from 1st category ABPs 
at the meat processing plants.
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The author, is unaware of any up-to-date ABP monitoring system that has 
been established elsewhere, hence, the Estonian system, if implemented, 
may become an example for ABP monitoring in other countries. However, 
it should be pointed out that the regulatory requirements in many 
countries restrict the broad use of ABPs for food safety and quality 
reasons (Jayathilakan, 2012). 

The availability of an objective monitoring system should encourage meat 
processing plants to more thoroughly sort ABPs into the various risk 
categories which would allow one to treat these as valuable raw materials 
and thereby increase the value added by the meat production chain. The 
potential uses of ABPs has been emphasized in the scientifi c literature 
too, where it is stressed that there is a large variety of applications for 
human and animal foods, in addition to rendered fat for cosmetics and 
use within chemistry products. Innovative proposals have been published 
concerning the wider use of ABP proteins with better technological or 
nutritional properties (Toldra et al., 2012) 

To ensure that ABPs are processed with optimal economic impact, the 
following data groups must be monitored and analyzed with suffi cient 
frequency: 
a) The number of animals and poultry processed in slaughterhouses during 

a respective period (could be based on existing datasets);          
2) The division of animal carcasses processed in the same period on the 

basis of the SEUROP classifi cation; 
c) The quantities of raw materials of 3rdcategory ABPs that could be 

used for human consumption (may be calculated with an appropriate 
prediction model).

Continuous monitoring would aid companies to establish economically 
viable ABP processing in Estonia. While implementing a monitoring 
system, the following questions must be addressed: 
a) Who will administer the system? 
b) How the system will be operated (entering, processing, and analyzing 

the data)?  
c) What would be a reasonable interval to update the data? 
d) Who would have access to the data? 
e) Who would be involved in ABP product development and how would 

publishing information about the possible ways of utilizing various 
types of ABPs result in the most effi cient use of this material?  
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5.2. Investigation of  ABP grinding and protein extraction for 
elaboration of  PEFIM

The results of this study are presented in the same sequence as the 
main processes carried out during the traditional ABP treatment 
(grinding, thermal treatment, and fractionation) even though they were 
simultaneously applied in the proposed integrated device (Section 5.3).

5.2.1. Results of the crushing tests

The size of the particles to be processed is essential to ensure effi cient 
processing. Different grinders were employed for coarse-grinding, 
medium-grinding, small-grinding, and fi ne-grinding (see Chapter 4.2.3).
 
The crushing stages are guided by feed size limitations and the end 
product quality. The variation in particle size, expressed as percent (%) 
passing the sieves, is equally as important as the actual granulometry, but 
is dependent on the requirements of the downstream unit operations. The 
size reduction operations were performed in four stages in the present 
study. The equipment involved - cutting, crushing and milling have 
different relation between feed and discharge sizes, this is termed the 
reduction ratio. 

The average size of meat-bone particles after coarse crushing was 49 mm 
and about 50% of the particles were below this size. According to the 
data obtained using sieve analyzes, 10% of the particles were below 7 
mm and 10% were above 150 mm after the fi rst particle reduction stage 
(coarse crushing). The average size of meat-bone material-particles after 
medium crushing was 16 mm, and 10% of the particles were below 3 
mm, and 10% were above 35 mm; the average size of particles after small 
crushing was 3.5 mm and 10% of the particles were below 0.6 mm and 
10% were above 10 mm. The average size of meat-bone particles after 
fi ne crushing was 1.5 mm and about 50% of the particles were below 
this size. According to the sieve analyzes resulting the fi ne milling 10% 
of the particles were below 0.25 mm and 10% were above 4 mm. The 
size distribution as a result of the crushing tests is presented in Figure 4.
The results of grinding tests with three different test-materials are also 
presented in Paper II.
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The breakagerate parameters of different particle sixes, for a given 
grinding condition, could be related to the rate of disappearance of the 
top size interval by a powder function of dimensionless particle size, 
but with broken lines, one to represent the coarser size fractions and the 
other for the fi ner size fractions (Rajendran Nair 1999).

The results of the grinding tests, together with heat penetration data, 
indicate that small-grinding and/or fi ne-grinding are the most suitable 
grinding types for ABP processing using PEFIM technology.

It is clear that material is ground differently in water than in air. The 
physical properties of the liquid, such as density, surface tension, and 
viscosity all infl uence the rate and effi ciency of grinding (Tangsathitkulchai, 
2002). Therefore, to control these processes, it would be wise to add a 
controlled amount of water or steam to the PEFIM device where grinding, 
thermal treatment, and fractionation all occur simultaneously.

Figure 4. The results of granulometry-analysis (n = 3 for each type of crushing, 
mean ± SD) by sieving meat-bone material after crushing and/or milling; applied 
with a Retch A5200 to quantify the percentage of particles that passed the sieves. As 
a result of coarse crushing a ragout-type  material (containing 50/50 meat and bones) 
was purchased; medium crushing of primary processed raw material (ragout) was 
handled on cutting mill SM-100 (see Figure 2); for the material after small crushing, 
a briquette from meat recovery system type MRS-20 (Stork-Protecon) was used (in 
parallel, small crushing tests were made on ZM200; the fi ne milling of pre-ground 
material was provided by an Ultra Centrifugal Mill Desi-13 (Figure 2).
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5.2.2. Results of thermal treatment tests

Understanding the rate of thermal penetration into the particles being 
processed and comparing this with the residence time that the particles 
spend in the device (estimated by calculations and visual observation), 
it is possible to determine the level of thermal treatment within the 
processed materials (Marcoyye, Taherian 2008). A detailed study of the 
thermal treatment calculations are presented in Paper II. Based on this 
article, the rate of heat penetration time into particles with an average 
size of 1.43 mm (90% of the particles range from 0.1 mm to 5.5 mm) is 
0.1 to 60 seconds. 

This short heat penetration time proves that grinding and thermal 
treatment processes can be applied simultaneously within a single PEFIM 
device. 

The residence time of particles in different processing devices was 
determined on the basis of the methods described in Chapter 4.2.4 by 
observing the course of the tests and applying the calculations (see Table 
3).
 
The residence time of the particles being processed in the operating zone 
ranges from n*10-2 to 6n*10-2 seconds (n indicates the number of rows 
of impact elements). The duration of movement of the material layer 
along the interior surface of the casing should also be added to obtain 
the material handling time whereas the distance can be 0 to 2πRd meters 
(Rd indicates the radius of the interior surface of the casing of the device).

The calculated residence time of a particle in all rotor-type devices was 
between 0.39 and 0.74 seconds. Based on visual assessment, the maximum 
residence time of a particle in the devices is 1.0 second and the minimum 
processing time is 0.2 seconds. 
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Tab le 3. Main working parameters of devices used for crushing and milling experiments 
as well as material handling time (s) by equipment to compare the residence time 
of material particle in crushing equipment with the time needed for the full heat 
penetration of particles.

Device SM-100 ZM-200 Desi-13
Number of  rows of  impact elements 4 3 5
Angular velocity of  the rotor, s-1 56 200 75.36
Radius of  the rotor, m 0.135 0.09 0.21
Velocity vs *) (ref. chapter 4.2.4), m/s 15 9.24 11.6
Material handling time t1 **) (ref. chapter 
4.2.4), s (calculated)

0.74 0.45 0.39

Material handling time t1 **), s (estimated 
visually)

0.5…1.0 0.25…0.6 0.2…0.5

*) vs– velocity of the material on the surface of the grinding element
**) t1 – residence time of the material particles in the grinding zone

The calculated residence time of the materials in the operating zone of 
the PEFIM device was between 0.1 and 0.5 seconds, provided that no 
obstacles (e.g. a sieve screen) are present in the output section of the 
operating zone. Based on visual assessment, the minimum residence 
time of a particle in the same device was 1.0 second and the maximum 
processing time exceeded 60 seconds. The contradiction between 
calculated and observed data may be explained by peculiarities in the 
behavior of the particles during processing. The particles rebound with 
the heads, rotor, and other particles (agglomerate) which slows down 
particle movement. Agglomeration (size enlargement) has been widely 
discussed in the scientifi c literature in recent years after the introduction 
of new, more effi cient, grinding equipment (Couper et al. 2012).

It must also be considered that not all particles take the shortest route 
through the operating zone. 

In certain conditions, the material fl ow may even start moving backwards 
towards the center of the rotor. We observe that the calculated residence 
time of the particle in the device should be increased by at least an order 
of magnitude. Thus, the residence time of the particles in the device are 
in general accordance with the heat penetration time into the particles 
(0.1 to 60 seconds) within the particle size range of 0.1 mm to 5.5 mm. 
Potential problems that may be caused by insuffi cient material handling 
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times could easily be solved by decreasing the movement of particles 
through the PEFIM device. Another option is to reduce the particle size 
by adding circles to the grinding bodies which also prolong the handling 
time within the device.

Material handling time is also one of the most important parameters to 
optimize thermal processing and has been the focus of much research in 
recent decades. Several optimization methods and techniques have been 
reported for simulated conditions that reveal gains in enhanced quality 
and reduced costs (Awuah et al. 2007).

5.2.3. Results of fractionation tests

In order to provide fractionation processes, raw materials were either 
heat-treated in a laboratory reactor vessel, or grounded together with 
water in a laboratory disintegrator. As a result, water-soluble proteins were 
extracted from the raw material into the solution. The resulting liquid was 
defatted using sedimentation resulting in an aqueous solution with a dry 
matter content of between 3-4% proteins. This solution was spray dried 
at 140oC using a Mobile Minor manufactured by Niro A/S (Denmark).

A passive fractionator added to the output of a PEFIM fi ne-grinding 
prototype-device (allowed separation of three fractions: the fatty liquid 
fraction, the protein rich liquid fraction (fatty stock), and the mixed (S/L) 
fraction containing solid residue.

Fractionation occurs during processing due to differences in the relative 
densities of the particles in the centrifugal fi eld of the rotor-type device. 
This process is affected by the initial size of the particles, the level of 
grinding attained in the device, the addition of agents (water, vapor, ice) 
during the grinding process, and the specifi c energy transferred to the 
materials, which is refl ected in the velocity of the particles and the material 
fl ow. The velocity of the particles after initial grinding by elements on 
the inner circle of the grinding bodies (not considering possible changes 
in the velocity of the particle as it moves on the surface of the head) is 
1-30 m/s depending on the number of revolutions of the rotor and the 
radius (angular velocity). The calculated velocity of the particles in other 
parts of the operating zone is up to 120 m/s, depending on the type of 
the device and the parameters of the rotor. Once in the operating zone, 
the material starts to move radially to the rows of impact elements thanks 
to the Coriolis-effect and experience sliding, grinding, spray and cutting.
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5.3. Description of  the integrated testing device for PEFIM

On the basis of these grinding, thermal treatment, and fractionation tests 
(Sections 5.2.1 and 5.2.2) we determined the optimal dimensions of the 
PEFIM device – rotor radius, diameter of the casing, length and diameter 
of the grinding elements. The results of these tests also provided estimates 
of capacity, the rotational speed of the rotor, the electrical power capacity 
for the driving gear, the confi guration of the grinding elements, and the 
optimal number of rows of impact elements. Technical design and follow 
up experiments to test technical solutions required to successfully operate 
this PEFIM device are out of the scope of this dissertation. 

The integrated device that was tested is capable of conducting simultaneous 
grinding, thermal treatment, and fractionation of the material. 

This device enables one to extract protein, fat, and solids for bone meal 
products produced from ABPs where the thermal treatment ought to 
be short and ‘mild’ (not exceeding 100oC).The management of in the 
operational parameters within the device is fl exible. 

If required, the properties of the processing environment can be changed 
by using various modes of heat- and cold-treatment. For this purpose, 
the device is equipped with inputs in order to channel hot, cold, or ice 
water into the operating zone of the device. The working bodies within 
the device are grinding elements (heads) concentrically located on the 
rotor and the stator, forming another three to seven rows of impact 
elements, see Figure 5.

In order to ensure smooth operation of the device, the operating zone 
is positioned on the vertical axis, which allows one to install a larger 
feeding bunker (9) above the operating zone, thereby avoiding jamming 
the raw materials being fed. A cone (4) with a milled surface is used as 
the ABP feeder into the processing zone. The cover of the device can 
be opened in the direction of the axis of revolution of the rotor which 
allows one to control the radial gap between the rows of impact elements. 
This signifi cantly improves the effi ciency of the device.



45

Figure 5 . Scheme of the test-equipment for grinding, thermal treatment, and 
fractionation PEFIM: 1, 2-body; 3-lid; 4-feeder; 5-rotor; 6-stator; 7-rotating impact 
elements; 8-stationar impact elements; 9-hopper; 10-engine; 11-shaft; 12- fractionating 
zone; 13-inputs for water and steam.

The processing of materials in the device takes place as follows: from 
the feeding bunker (9) the material will move into device together with 
the media to be added (vapor, hot water, ice, ice water). By cone (4) it 
will be directed towards impact elements (grinding bodies) (7 and 8) 
of rotor (5) and stator (6). Once in the operating zone, the materials 
move radially towards the grinding bodies thanks to the Coriolis-effect 
and experience sliding, grinding, spray and cutting. The particles to 
be ground are accelerated in the zones between the concentric rows of 
impact elements. The particles are cast against the grinding elements and 
the interior wall of the casing, resulting in crushing. 

During processing, particles move over the surface of the heads, rotor, 
and the casing, resulting in additional grinding by means of friction. As 
the larger particles move from one circle of grinding bodies to another, 
they are cut and pressurized. The addition of water, steam or ice into the 
operating zone increases the grinding effect. 
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Additional thermal treatment will then be applied (heating or cold-
treatment) together with initial extraction. In addition to grinding and 
water processing, the materials are also subjected to thermal shock, 
cavitation, hydro-shock, de-relaxation, and other phenomena within 
the device.

The fractions obtained during processing (solid particles and liquid 
fractions) are separated from each other by a passive fractionator installed 
at the output of the device. Fractionation takes partly place already at the 
initial stage of extraction on the interior surface of the circular casing 
(heavy-wall hollow cylinder) of the device onto which a layer of the ground 
and/or thermally treated material is sprayed from the operating zone. 

As material fl ows along the interior surface of the casing, separate layers 
of particles will form according to their relative density. Two to three 
fractionation sections of the output fractionator (14) will fi nally separate 
these fractions. Carrying out ABP grinding, thermal treatment, and 
fractionation within the same device is a novel idea. The outcome of 
the results of these tests is elaborated within the PCT Patent Application, 
(Paper IV). Patent protection has been applied for this solution in 28 
European countries. The method and the device are currently protected 
in Estonia by patent No. EE05730B1: (Paper III). 

5.4. Chemical composition of  the raw materials used and the 
products obtained in the experiments

Certain types of ordinary meat products (test products) are analogous to 
the most common types of ABPs and thus were chosen as raw materials for 
these experiments (see Section 4.2.1). The general chemical composition 
of the raw materials tested is presented in Table 4.
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Table 4.  Chemical composition (%, mean ± SD) of raw materials used in experiments 
to compare with properties of materials industrially used (see Table 1).

                      Content % 
Test materials

Water Protein Fat Aches

Ragout Rakvere LK 31.03 ± 3.6 25.03 ± 0.4 22.3 ± 4.4 22.32 ± 
0.01

Pork minced meat 
Saaremaa Meat Plant 44.3 ± 5.4 15.5 ± 0.3 26.7 ± 5.8 1.84 ± 0.02

Briquette from 
poultry MDM 
Tallegg

53.4 ± 0.39 19.8 ± 3.3 11.5 ± 0.74 5.15 ± 0.02

The chemical compositions of the raw materials used in these tests (Table 
4) are comparable with the mean chemical properties of the main ABP 
raw materials given in Table 1 within Section 4.2.1. This allows us to 
carry out experiments with materials that have well defi ned properties 
and thus provide good reproducibility of the results acquired.

The dry matter and protein content in bouillons obtained using traditional 
processing method (heat-treatment of the raw materials in a laboratory 
vessel 30 minutes and fractionation in a laboratory centrifuge) and using 
the PEFIM method (simultaneous grinding, thermal treatment, and 
fractionation) was determined to assess the yield of protein in liquid 
fraction acquired from the simulated process of ABP handling. The 
results of this analyses are provided in Table 5.

Table 5. Dry matter and protein content (%, mean ± SD) in the bouillons obtained 
by regular thermal treatment and protein extraction and fractionation integrated 
(PEFIM) methods

             Content % 
Test materials                     

Dry matter 
*)

Protein *)
Dry matter 

**)
Protein **)

Bouillon obtained 
from ragout 2.50 ± 0.10 1.58 ± 0.09 4.55 ± 0.22 2.60 ± 0.31

Bouillon obtained 
from minced meat 1.06 ± 0.20 0.82 ± 0.09 2.65 ± 0.22 1.98 ± 0.23

Bouillon obtained 
from MDM 
briquette

1.82 ± 0.30 1.43% ± 
0.17 2.87 ± 0.35 2.13 ± 0.11

*) using regular method; **) using PEFIM
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We compared the moisture and protein content of the protein extracts 
obtained using spray drying of both, bouillons from cooking in laboratory 
vessel and from handling in PEFIM-device. The results of this study are 
provided in Table 6.

 Table 6. Moisture and protein content (%, mean ± SD) in the protein extracts obtained 
by regular and protein extraction and fractionation integrated (PEFIM) methods

                 Content % 
Test materials                     Moisture *) Protein *) Moisture **) Protein **)

Protein extracted 
from ragout 5.2 ± 0.2 78.4 ± 0.48 5.66 ± 1.12 73.08 ± 

0.31
Protein extracted 
from minced meat 2.92 ± 0.18 74.9 ± 0.1 6.43 ± 0.77 69.9 ± 0.9

Protein extracted 
from MDM 
briquette

9.04 ± 0.62 69.3 ± 0.8 5.17 ± 1.32 73.4 ± 1.0

*) using regular method; **) using PEFIM

To aid in the comparison, we measured the amino acid composition of 
the protein extract obtained using both traditional and PEFIM methods 
carried out using different raw materials. Table 6 presents these chemical 
composition measurements and we see that the protein extract obtained 
using the new integrated method is comparable with the protein product 
obtained using the traditional method.

Thus, we can confi rm that the amino acid composition of the products 
obtained using the PEFIM method is comparable with traditional 
methods. This assessment was also the main objective of the general 
chemical composition study. A more detailed assessment of the quality of 
protein extract obtained using these two methods was not the objective of 
this research, however, we do assume that the reduced duration of thermal 
treatment will improve the quality of the proteins in the end product. 
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 Table 6. Amino-acid (AA) content (g/100 g of powder) of protein extracts from 
different types of raw material using regular and protein extraction and fractionation 
integrated (PEFIM) extraction methods

Content, g 
AA in 100 g 
powder

Protein extracted 
from ragout

Protein extracted 
from minced meat

Protein extracted 
from MDM 
briquette

AA *) **) *) **) *) **)

Ala 4.47 4.72 7.02 4.56 7.20 5.41
Arg 4.74 3.66 5.12 3.97 5.46 4.09
Asn 0.00 0.00 0.00 0.00 0.00 0.00
Asp 5.14 6.62 4.18 6.67 5.60 8.38
Cys 0.20 0.36 0.00 0.00 0.00 0.00
Gln 0.00 0.00 0.00 0.00 0.00 0.00
Glu 14.01 16.02 10.41 8.91 11.56 11.94
Gly 13.66 11.99 15.02 4.04 14.59 4.03
His 3.77 3.88 9.63 6.07 1.47 2.97
Ile 1.73 1.85 1.09 3.13 1.68 3.46
Leu 5.36 6.02 2.66 6.32 3.89 6.73
Lys 4.55 5.64 3.20 6.23 4.76 7.91
Met 1.03 0.99 0.69 1.52 0.82 1.32
Phe 3.11 3.37 1.50 3.05 1.90 2.89
Pro 12.34 6.03 7.80 2.93 8.52 3.46
Ser 2.99 3.08 2.41 2.86 2.86 3.71
Thr 2.88 2.95 1.49 2.99 2.04 3.63
Trp 0.78 0.66 0.00 0.21 0.49 0.14
Tyr 2.21 2.10 0.65 2.28 0.73 1.93
Val 2.16 3.23 2.02 4.18 2.65 5.35

Protein 
content % 78.40 73.08 74.90 69.90 69.30 73.40

*) using regular method **) using PEFIM

In future research, the following topics ought to be investigated: 
a) Differences in the content of bioactive and other components, 
b) Studying possible reasons for the differences observed when applying 

various processing methods and parameters, and 
c) Estimation of the most optimal processing regimes and characteristics 

of the protein extract obtained from ABPs of various compositions.
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5.5. Results for the implementation of  automatic monitoring of  
the protein extraction process

During thermal treatment of the materials, changes in the intensity of the 
spectral fl uorescence signature (SFS) of tryptophan was measured using 
the method and equipment described in Section 4.3. The reliability and 
precision of SFS has been demonstrated in other investigations carried 
out in complex food matrices. 

The current investigation was conducted using the raw materials presented 
in Table 4 within Section 5.4; we measured both the changes in the 
intensity of the spectral fl uorescence signature (SFS) of tryptophan and 
the dry matter content.

We found that measurements of the dry matter content correlated with 
measurements of the fl uorescence intensity dynamics (measured every 
minute) (see Figure 6). 

Figure 6. Changes of tryptophan fl uorescence intensity and dry matter content in 
meat and meat-bone bouillons during the continuous thermal extraction (n = 3 for 
each type of test-material, mean ± SD).

The results of these tests indicate that the proposed automated monitoring 
of SFS enables one to simultaneously follow both the tryptophan (protein) 
content and dry matter content during processing. Further elaboration 
of this method could also be used to detect and identify other material 
and chemical properties from various organic mixtures without prior 
processing. Furthermore, this technique can be conducting in real-time 
without chemical reagents and other ordinary expendable materials and 
labor.
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A patent application was fi led for this measurement solution. The method 
and the device are currently protected by the Estonian patent EE05636B1 
(Paper V). The descriptions within this patent form a part of the current 
dissertation.

Effi cient automation, control, and monitoring systems are required that 
can handle complex technological processes in real-time (Banga et al., 
2003; Awuah et al., 2007). The measurement system described in patent 
EE05636B1 is suitable for monitoring various technological processes and 
can be used to control existing ABP thermal treatment systems. It can 
also be employed within a PEFIM device to control integrated grinding, 
thermal treatment, and fractionation (see Section 5.3). The protein-rich 
stock separated from the solid fraction can be redirected from the output 
of the PEFIM device back into the process until its tryptophan content 
reaches the desired level.

The same monitoring method could also be implemented to carry out 
express-analyses to determine the chemical composition of other extracts 
during the heat-treatment of organic materials and to control these 
treatment processes accordingly. 

The tryptophan content estimated using the measurement system 
described herein could also be used to measure the concentration of 
protein in the extract because the tryptophan/protein ratio in meats of 
different origin is quite stable (H olden, 2009).  
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6. CONCLUSIONS AND SUGGESTIONS

This dissertation presents novel approaches to perform complex processing 
and process management for the valorization of ABPs. Some solutions 
have been protected by patents, and others presented herein (e.g., the 
comprehensive resource monitoring system). These technologies and 
techniques form a good basis for effective and economical processing 
of ABPs that ought to be considered valuable raw material rather than 
waste products. The value of ABPs can be increased by separating out 
their valuable components and combining them to produce high-quality 
products such as feed components, consumer goods, raw materials for 
energy production, food products, and food supplements. However, a 
prerequisite for this approach is the pre-processing of ABPs and the 
separation of material into protein-rich, fat-rich, and solid fractions. By 
combining these fractions it is possible to create fi nal products with 
desirable properties. Further product development should be initiated to 
obtain protein concentrate that is either suitable for animal consumption, 
as a feed or as a human consumption, as food additives, as medical 
preparations, or as functional supplements.

6.1. Creation of  an effi cient system for ABP-resources monitoring 

Because currently there is no effi cient monitoring system that makes it 
possible to control and manage ABP recourses within slaughterhouses and 
meat processing companies in Estonia, relevant databases, procedures, 
and methods should be fi ne-tuned in follow-up studies based on the 
work presented herein. During the development of the monitoring system 
one must consider, simplicity, legal aspects, providing a suffi cient level 
of complexity, and free access to the required data.

The proposed monitoring system would become an effective instrument 
to predict the daily (or for longer periods) quantity of ABPs generated 
in meat processing plants by categories and types. We conclude, on the 
basis of present study, that ABPs from lower risk categories are being sent 
for reprocessing as the most dangerous type of waste. This implies that 
the meat industry is making insuffi cient use of both 2nd and 3rd category 
ABPs as raw material.



53

Offi cial datasets reported by the Ministry of Agriculture of the Republic of 
Estonia, the Estonian Animal Recording Centre, the Estonian Veterinary 
and Food Laboratory, and the Estonian Agricultural Registers and 
Information Board can be combined and used as data sources for ABP 
monitoring. 

Because the proposed system for monitoring brings about legal issues 
and imposes a burden on companies, future activities should proceed 
from the principle that as little data as possible should be gathered from 
the meat processing plants for monitoring. The database for information 
about slaughtered animals ought to be gathered and forms the core part 
of the system. The quantities of ABPs by various categories and types 
maybe estimated using similar procedures as implemented in the model 
presented in the current research. The data will be accessible for ABP 
users via internet queries.

The proposed ABP monitoring system should be usable for all parts of 
the meat production chain: farming, processing, logistics, marketing, and 
consumption. The entire chain must be encouraged to valorize ABPs as 
a raw material for various kinds of products. 

A general plan for the commercialization of ABP based products should 
be devised to stimulate industry to adopt ABP valorization technologies 
for human consumption, pharmaceutic uses, as ingredients in cosmetics, 
and for other purposes. The commercialization plan ought to take into 
account the demand in both local and global markets and could also 
suggest options to meat processors regarding the most optimal way to 
process and sort ABPs into several types and product-groups and, in 
addition, provide handling advice. When pigs and cattle are slaughtered 
approximately 25% and 50% respectively, of the live weight of the animal 
is not used for human consumption. Studies could be carried out to 
identify how animal by-products can be used, so that they can be collected 
separately where appropriate, to reduce the amount which ends up being 
disposed of as waste (EC, 2005). 
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6.2. Integrated technology for protein extraction and 
fractionation

Because there are no other references regarding ABP processing devices 
for short-term (less than 60-second) simultaneous milling, thermal 
treatment, and fractionation of raw materials into protein products, 
the PEFIM device elaborated herein should be considered as a viable 
alternative technology. This innovative method (PEFIM) makes it possible 
to extract and separate signifi cant amounts of fat, protein, and mineral 
compounds from ABPs using high- or low-temperature rendering. This 
PEFIM device enables one to use appropriate options for: a) fi ne grinding, 
b) addition of supplemental thermal treatment media (vapor, water, or ice), 
c) effective and controllable extraction of the components contained in 
the products, and d) fractionation that leverages both centrifugal forces 
and the Coriolis-effect with the output section of the device designed 
for passive separation of fractions.

A prototype system should be implemented during future research and 
implemented as a pilot project to assess this novel PEFIM technology. 
Reliability, economic effi ciency, product yields, and product quality should 
be of specifi c concern during this future project.

6.3. Process monitoring and control of  protein-rich streams

Existing methods used to monitor changes within food matrixes are not 
suitable to provide reliable on-line control of fast processes carried out 
by PEFIM technology. This dissertation presents a novel biophysical 
process control method based on the SFS use for an on-line estimation of 
the tryptophan content in the extract. Tryptophan estimation using this 
SFS method could serve as the basis for the control of ABP processing 
by PEFIM because it is fast, reliable, and precise.

To implement the SFS method presented herein to monitor the tryptophan 
content of protein-rich streams and to control the processing parameters 
of protein extraction from ABPs, an appropriate device for industrial use 
should be designed and tested together with PEFIM prototype-technology 
under conditions that are close to industrial conditions.
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SUMMARY

The meat production chain generates large amounts of waste and by-
products that are suitable for further use. Animal by-products (ABP) 
and waste are composed of organic substances that contain fat, protein, 
carbohydrates, and often useful bioactive compounds. However, upgrading 
the value of these streams is still rather modest in Estonia and there 
is currently no viable approach to improve the situation. Traditional 
technologies used to process meat by-products are not designed for 
optimal use of these protein-rich materials. Although many ABPs are 
suitable for processing into food (connective tissue, tendons, bones, rind, 
blood) and could reduce the defi cit of protein of animal origin, these 
by-products are currently either utilized for technical purposes, poured 
into the sewerage, or burned.

This study offers new knowledge concerning key ABP processing issues in 
the Estonian meat industry. Three specifi c topics are elaborated herein: a) 
a model of a monitoring system that makes it possible to assess the value 
of ABP resources in cooperation with companies and state authorities, 
b) an integrated processing method to reduce the size of raw material 
particles, control thermal treatment, and fractionate various ABP streams 
in one device, c) an on-line system to monitor the content of protein in 
the liquid extract that can be used for processing control during ABP 
rendering.

The basic structure for a monitoring system is proposed that refl ects the 
generation of ABP in the Estonian meat industry. It includes mapping 
of by-products, the structure of a relevant database, and a model-system 
for ABP resources monitoring. As an initial step towards creating an 
ABP monitoring system, data regarding the number and species of 
animals processed were collected from existing public databases, the 
Estonian Animal Waste Processing Plant, and meat processing enterprises 
within Estonia. Data from the literature and direct observations made 
within slaughterhouses were used to calculate the mean quantity of 
ABPs created per animal by species. Based on these two datasets – the 
number of animals (by species) and yield of ABP per animal during 
meat processing, a general model for monitoring ABP production was 
tested. Inputs for this system are the numbers of animals processed and 
the outputs are the quantities of ABPs classifi ed by risk-categories and 
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type. Further application of an on-line ABP monitoring system requires 
protocols and measures for data-transfer to ensure an adequate level of 
data-protection, and a verifi able software implementation. The solutions 
for developing a fully functional and effi cient system to manage ABP 
recourses within slaughterhouses is carried out in present study, as well 
as relevant calculation model is described in Paper I.

To maximize the effi ciency of technological operations on ABP an 
optimizing the processes of crushing and heat treatment was performed, 
this information gained enables more accurate determination of heating 
times corresponding to the processed material properties, see Paper II.

To create an effective and economically viable ABP processing strategy, we 
developed a new approach – protein extraction and fractionation integrated 
method (PEFIM). This innovative method simultaneously carries out 
in one device: a) multi-stage grinding of the raw material; b) controlled 
thermal treatment, and c) fractionation of the ABP into protein, fat, and 
solids fractions. This work proceeded from the assumption that for the 
fastening of processes, the energy transformed for reducing the material 
particles can also be used for low-temperature thermal treatment and to 
create centrifugal the Coriolis-forces suffi cient to separate intermediate 
ABP products into fractions.

Traditional thermal processing lasts up to 90 minutes and infl uences the 
natural properties of the proteins contained in the raw materials, thus 
rendering them less valuable. As an alternative, high-speed laboratory 
rotor-stator equipment (with rotor diameter 480 mm, 3000 revolves per 
minute, minimum fi ve rows with crushing elements) was developed and 
used to perform experiments. This grinding apparatus provides fi ne 
ABP particles that ranged in size from 0.1 to 5.5 mm with an average 
of 1.43 mm. Heat penetrates into these particles up to the level required 
for suffi cient heat treatment and reduces the total processing time to 
between 0.1 to 60 seconds. A specifi c energy of 1500 Nm/kg given to 
the particles was found to be enough to separate fractions (fat, protein 
extract and solids) at the output. An appropriate method and device able 
to facilitate short-term (less than 60-second) milling, thermal processing, 
and fractionation of ABPs within one unit has been protected in the 
Estonian Patent Offi ce, patent No EE05730B1, see Paper III. In addition, 
approval from the European Patent Offi ce has been received to publish 
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PCT application 2790836 in the European Patent Bulletin, see Paper 
IV. To further develop this PEIFM technology, a pilot-scale device must 
be built and site-experiments should be performed.

To successfully apply this PEFIM technology, an appropriate on-line 
system for real time process monitoring is required. For this, a fl uorescence 
spectroscopy based method to track the changes of tryptophan content 
was developed, which gives an opportunity to track the protein content 
and quality of the liquid fraction. The tryptophan content also signals 
changes in the protein and dry matter content of the extract. The 
fl uorescence intensity dynamics of the extract made from various raw 
materials was demonstrated and the change in dry matter content was 
measured during the same period of time using the standard technique 
described.
 
 The apparatus provides a possibility to both control the thermal treatment 
process and stop the process when the tryptophan fl uorescence intensity 
(and the corresponding increase of dry matter content) ceases to increase. 
The method is rapid (1-2 minutes), accurate (0.01%) and does not require 
any sample preparation. Based on the experimental data a reliable, on-line 
system for monitoring of ABP rendering process is developed using an 
optical detector for rapid analysis of liquid samples, which makes it possible 
to continuously measure and thus control the chemical composition of the 
circulating liquid fraction in a rendering process in real time, see Paper V.

This work demonstrates that ABP should not be treated as a waste stream, 
but rather as a raw material that contains valuable animal protein and 
other useable substances. Products made with ABPs can be used as food 
additives to enrich our diet, as animal and fi sh feed, and for other technical 
purposes. If implemented, the results of this investigation can improve 
the economics and processing effi ciency of ABPs and provide optimal 
utilization of by-products generated in the Estonian meat production 
chain (production, processing and consumption).

Before wider implementation the ABP monitoring system, PEFIM 
technology and on-line control system into practice the functioning 
synergy of these three topics needs assessment by a special pilot project 
to be carried out in co-operation with university laboratories, companies, 
and state authorities.



66

KOKKUVÕTE

Liha tooteahelas tekib hulgaliselt edasiseks kasutamiseks kõlblikke 
jäätmeid ja kõrvalsaadusi. Loomne teisene tooraine (LTT) koosneb 
orgaanilisest ainest, mis sisaldab rohkesti rasva, valku, süsivesikuid ja 
sageli ka olulisi bioaktiivseid ühendeid. Eestis kasutatakse neid ressursse 
suhteliselt tagasihoidlikult ja nende kasutamiseks puudub terviklik käsitlus. 
Liha töötlemisel tekkivate kõrvalsaaduste (pehmed koed, kõõlused, 
kondid, kamar, veri) üldlevinud töötlemistehnoloogiad ei võimalda 
toidukõlbulikku, valku sisaldavat toorainet kasutada loomse toiduvalgu 
defi tsiidi vähendamiseks, vaid see suunatakse tehniliseks otstarbeks, 
lastakse kanalisatsiooni või tuhastatakse.
Käesoleva doktoritöö raames on loodud uus oskusteave, mida on võimalik 
kasutada Eesti lihatööstuses LTT töötlemiseks. 

Doktoritöö kolm põhieesmärki olid järgmised: 1) luua LTT ressursi seireks 
mudelsüsteem koostöös ettevõtete ja avaliku sektoriga; 2) töötada välja 
terviklik tehnoloogia tooraine samaaegseks peenestamiseks, termiliseks 
töötlemiseks ja valgufraktsiooni eraldamiseks; 3) luua reaalajas töötav 
süsteem, mis kontrollib termilise töötlemise käigus ekstraheeritava 
valgu kvaliteeti. Seiresüsteemi keskse osa moodustab andmebaas, kuhu 
kogutakse Eesti lihatööstustes tapetavate loomade andmed. Mudelsüsteemi 
rakendus loob võimaluse võrrelda loomsete jäätmete käitlemise tehasesse 
toodud 1. kategooria LTT koguseid arvutuslikega.
 
Mudeli loomiseks võrreldi kirjandusest ja avalikest andmebaasidest 
saadud andmeid lihatööstuste andmetega ning saadi liha ja töötlemise 
kõrvalsaaduste keskmised saagised.  Kahe andmehulga – töötlemisele 
toodud loomade arv (liigiti) ja LTT saagised looma kohta – kõrvutamine 
võimaldas kontrollida mudeli paikapidavust. Väljatöötatud seiresüsteemi 
sisend on vaadeldaval perioodil tapamajades töödeldud loomade arv 
liigiti ja väljund käesoleva töö metoodika põhjal loodud mudeli alusel 
arvutatud LTT kogused liikide ja kategooriate kaupa, Publikatsioon 
I. Edasiseks reaalajas töötava seiresüsteemi rakendamiseks tuleb luua 
andmete kogumise, töötlemise, kaitse ja haldamise süsteemid.

Uurimistöö käigus loodi uudne PEFIM-tehnoloogia (protein extraction 
and fractionation integrated method). Selle meetodi kasutamisel 
tooraine samal ajal nii peenestatakse, töödeldakse termiliselt kui ka 
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fraktsioneeritakse samas seadmes, Publikatsioon II.  Patenteeriti  seadme 
prototüüp, mille rootori diameeter on 480 mm, pöörete arv on 3000 
pööret minutis ja millel on vähemalt 5 purustuselementide ringi. Seade 
võimaldab peenestada osakese suuruseni vahemikus 0,1 kuni 5,5 mm, 
osakese keskmine suurus on 1,43 mm. Töödeldavad materjaliosakesed 
kuumutatakse läbi ajavahemikus 0,1 kuni 60 sekundit, mis on võrreldav 
materjali viibimise ajaga seadmes. Töödeldavale materjalile antav erienergia 
suurusjärgus 1500 Nm/kg võimaldas eraldada rasva, valgu ja tahked 
fraktsioonid.

Meetod ja seade, milles on võimalik LTT lühikese ajaga (alla 60 sekundi) 
peenestada, termiliselt töödelda ja fraktsioneerida, on kaitstud Eesti 
patendiga, Publikatsioon III. Lisaks on samale lahendusele esitatud PCT 
taotlus, millele on saadud Euroopa Patendiameti kinnitus avaldamiseks 
Euroopa patendiduse ajakirjas (European Patent Bulletin), Publikatsioon 
IV. Edasisteks rakendusteks on vaja projekteerida ja valmistada pilootseade 
ning seda katsetada tööstuslikes tingimustes.

PEFIM-tehnoloogia edukaks juurutamiseks rakendati reaalajas 
toimiva protsessi seiresüsteemi. Selleks võeti kasutusele fl uorestsents-
spektroskoopia meetod, millega trüptofaani fl uorestsentsi intensiivsuse 
alusel määratakse valgusisaldust protsessis ringlevas vedelfraktsioonis, 
mis omakorda võimaldab kontrollida kuivaine sisaldust valguekstraktis. 
Termilise töötlemise käigus võetud valguekstraktide proovides mõõdetud 
trüptofaani fl uorestsentsi intensiivsus oli vastavuses proovide kuivaine 
sisaldusega. Seadmega kontrollitakse termilise töötluse protsessi, selleks et 
seda vajadusel jätkata või peatada. Meetod on kiire (1–2 minutit) ja täpne 
(0,01%) ning ei nõua spetsiaalset proovide ettevalmistamist. Katsetööde 
tulemusena töötati välja lahendus meetodile ja seadmele, mis on kaitstud 
Eesti patendiga Publikatsioon V.

Doktoritöö raames tehtud katsete tulemused näitavad, et liha tootmise 
ja töötlemise kõrvalsaadusi tuleb käidelda kui toorainet, mitte nagu 
jäätmeid, kuna need sisaldavad valke ja teisi väärtuslikke komponente. 
LTT töötlemisel saadud tooted on kasutatavad toidulisanditena, looma- 
või kalasöötadena või tehnilistel eesmärkidel. Uurimistöö tulemused 
võimaldavad tõhustada liha tooteahelat (tootmine, töötlemine, tarbimine) 
Eestis, mille tulemusena paranevad ka majandustulemused.
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Kontrollimaks LTT seiresüsteemi, PEFIM-tehnoloogia ja reaalajas 
toimiva protsessi-seire praktilist rakendamisvõimalust, tuleb jätkata 
katseid järgnevates pilootprojektides, kuhu on kaasatud ülikoolide laborid, 
ettevõtted ja riiklikud institutsioonid.
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Abstract This study was motivated by the need to make

better use of animal protein from animal by-products

(ABPs). The goal was to develop a tool to monitor and

assess the production and use of ABP resources in coop-

eration with both companies and state authorities. Data was

gathered from a wide variety of sources, and was used to

determine the number of animals (by species) and yield of

various types of ABPs categorized into risk categories

produced per animal during meat processing. The relia-

bility of this data was tested using both direct observation

and by comparing with additional data sources. Only the

number of animals of each species processed are required

to estimate the quantities of the various types of ABPs

produced within each risk category. During evaluation of

the calculation-tool it was estimated that 22,741 tons of

ABPs are generated in the slaughterhouses certified within

Estonia annually. The quantity of ABPs delivered by meat

processing plants for reprocessing as 1st category waste

was 4888 tons in 2013. This total exceeds our estimate by

*3.5 times. We thus conclude that ABPs from lower risk

categories are being sent for reprocessing as the highest

risk-category of waste. This implies that the meat industry

is making insufficient use ABPs as raw material. A strategy

for developing a fully functional and efficient system to

manage ABP recourses within slaughterhouses is dis-

cussed, and our tool, together with these ideas could be

used to develop and implement such a plan within pro-

cessing companies in other countries.

Keywords Animal by-products � Slaughterhouse � Meat

processing � Waste prediction

Introduction

Our global food system currently has an acute deficit of

protein, including protein of animal origin. Animal proteins

suitable for human consumption comprise less than one-

third of the total food protein available for consumption

globally [4]. In addition, there is also an increasing need for

additional protein sources for animal feed production [2].

Simultaneously, the amount of protein lost during meat

processing is unreasonably large, with up to 30 % loss of

the protein suitable for human consumption [21]. The

losses are mainly caused by the methods commonly used

for industrial meat processing, especially the treatment of

the animal by-products (ABP) [14]. The latter are typically

utilized for fat production, for technical purposes, or

destroyed for safety reasons [17].

A detailed set of rules for categorizing and handling

ABPs is provided within EU regulations [18–20]. These

regulations classify ABPs into three main categories

according to their potential health risks. The 1st category of

ABP cannot be used for any purpose due to the risk of

transmitting spongiform encephalopathy (TSE), while the

2nd category of ABPs can be used for composting,

anaerobic digestion or technical purposes. ABPs from the

3rd category can be used for many purposes, including,
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composting, anaerobic digestion, technical purposes, as

animal feed, and in limited form, also for human

consumption.

Relevant institutions have agreed upon strict rules for

how these different ABP categories should be collected,

handled, stored, treated, transported, and disposed of within

EU member countries [1, 8].

ABPs that are unsuitable for human consumption may

pose serious risks to the health of humans and animals

when mishandled. This has been confirmed by several

crises that have occurred, including, outbreaks of foot-and-

mouth disease and the spread of both TSE and dioxins in

fodder [22]. These crises were caused by the incorrect use

or handling and use of specific ABPs, which resulted in

them re-entering into the food chain. ABPs may also harm

the environment and biodiversity due to ineffective treat-

ment measures.

Several reports describe a variety of assurance initiatives

and explore how targeted research and development can

help to provide successful management practices to

improve food safety and quality and reduce risks during

meat production [10, 12, 15]. However, a fully integrated

assurance system, with effective control applied at all

stages in the production chain is currently not achievable or

can only be adopted by a limited number of operations [21,

24]. Constant monitoring of ABPs will definitely help to

mitigate the problems faced by current food safety assur-

ance systems.

Use of ABPs as raw material for biogas production

seems to be promising at present, because biogas can be

utilized to generate energy (heat and electricity, or fuel)

[11]. In addition, mixing plant resources with ABPs

improves the efficiency of bioenergy production [8].

However, it should be emphasized that exclusively using

ABPs as raw material for biogas production will require

specific knowledge to avoid a drastic drop in the efficiency

of the process and an odor problem with the resulting

digestate [16].

Aside from biogas production, there could be potential

new markets and high demand for some 3rd category ABPs

that are currently produced and discarded by slaughter-

houses, because many of these ABPs are almost as valuable

as pure meat. Taking advantage of this potential will

require an in-depth analysis of the various types, quantities,

and methods of processing these by-products [21].

Animal by-products from slaughterhouses often go

through a process known as rendering to economically

recover the protein sources [7]. Depending on the ABPs

being processed, it is mainly melted into fat and mineral

meal with a high protein content (meat meal, bone meal,

blood meal, feather meal). There are two distinctly dif-

ferent approaches to ABP handling depending on whether

these are suitable or unsuitable for human consumption.

The solid fraction, or greaves, created during high-

temperature rendering after the removal of fat, blood,

bones, and soft ABPs suitable for human consumption

(rind, trimmings, and connective tissue) are usable after

additional dehydration [6]. These concentrates can be uti-

lized in various products to improve their texture and make

them easier to cut [23].

Blood collected during animal slaughtering can be uti-

lized for the hemoglobin and powder obtained from cell

elements after drying in a spray dryer and can be used in

the pharmaceutical industry and in the production of meat

products [13]. So-called plasma powder is obtained from

the blood serum by processing in a spray dryer. It can be

used as an additive in food production to improve the flavor

of the end products. Powders made from blood fractions

have good solubility and contain up to 99 % absorbable

protein. Both their amino acid composition and functional

qualities are also good, including their high immunoglob-

ulin content [24].

Mechanical removal of soft tissue from the bones

obtained during meat cutting is a common procedure in the

meat industry. Due to the presence of MDM ingredients

(small bone particles, bone marrow, connective tissue,

nerve endings, and pieces of blood vessels), the resulting

product is considered less valuable than meat. MDM is

used in the production of sausages, hams, and culinary

products [5].

Bone material and secondary soft tissue by-products are

widely used in gelatin production. The protein concentrate

obtained during bone processing is hydrolyzed, dried,

granulated, and used as food or technical gelatin [9].

The official requirements of the European Union do not

follow the principle that ABPs must be utilized to their full

potential with minimal waste. Improving current practice

will require an effective and efficient monitoring system.

There is currently no official pressure to establish ABP

monitoring systems within EU countries. Estonia is one of

the states that currently lacks any kind of system for ABP

monitoring (excluding ABP registration of the first cate-

gory in slaughterhouses). Therefore, there is currently no

overview available regarding the quantities of the various

ABP categories that could be transformed into more

valuable products via improved handling, additional sepa-

ration, or converted into electricity and heat via anaerobic

digestion.

Another reason for this knowledge gap could stem from

the fact that, determining the exact quantity of ABPs within

even a single meat processing plant is often difficult

because the results depend on several parameters, such as

the species of animal, the size and technical capabilities of

the slaughterhouse, the season, and changing consumer

preferences (e.g., the size of the carcass, and methods of

preparation and processing). In addition, there may be
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considerable regional differences in these indicators. The

European meat industry is currently somewhat fragmented,

and a truly integrated system can only be implemented

within a few operations [3].

Another complicating factor is that enterprises that

process ABPs either do not keep track of ABP quantities

or provide only limited access to their data. An efficient

monitoring system would make it possible to check and

control the ABP resources within a given region, such as

within the Baltic States or other areas within the EU.

The first step towards creating such a system involves

developing a calculation tool to assess and predict the

quantity of each type of ABP within the various

categories.

The objective of the current study was to develop and

evaluate the functionality of a calculation tool that can be

used within a regional monitoring system. As a test case,

we assess the ABP resources within the entire Estonian

meat industry in cooperation with both companies and state

authorities.

Methods

First, we propose an approach that tracks the number of

slaughtered animals (by species) and yield of ABPs per

animal during meat processing. This approach utilizes the

following data from 2010 to 2013:

1. Data from existing databases, including the Commer-

cial Register [26], the Ministry of Agriculture [27] and

the Estonian Institute of Economic Research [25]. The

Commercial Register provides data concerning the

animal species and the number of animals processed in

meat processing plants. The Ministry of Agriculture

provides data concerning the number of live animals

produced and sold to slaughterhouses by animal

species during these years. The Estonian Institute of

Economic Research provides data concerning the

quantities of meat produced in Estonia during the

same years by animal species, including data about

imported meat and live animals. This Institute also

provided data concerning the consumption of meat

(including feed, forage, losses) and the export thereof

(including live animals).

2. A survey by means of pilot monitoring, on-site

interviews, and observations was conducted in eight

meat processing plants that produce approximately

75 % of the ABP resources in Estonia. Electronic

surveys were also conducted in four meat processing

plants and companies. The following data were

collected: (a) the number of processed animals by

species, (b) the live weight and slaughter weight of the

processed animals, (c) the quantities of meat, meat

products, slaughter sub-products and by-products by

animal species, and (d) the quantities of by-products

and waste by categories. A special form was developed

to conduct the monitoring portion of this study

(Table 1).

3. Data provided by the Estonian Animal Waste Process-

ing Plant (AWPP), which is the only plant in Estonia

authorized to process ABPs of the 1st category. Data

concerning ABPs from the 1st category were collected

by means of interviews and observations conducted

during repeated visits. The accounting records of the

company were also examined. Estimated ABP quan-

tities were compared with calculated ABP quantities of

various risk categories generated in the Estonian meat

processing plants.

The percentages of ABP yields based on live weight

were calculated for each animal species on the basis of the

quantities of meat, meat products, slaughter sub-products

and by-products. To process the collected data, a database

was created, which was further developed into a calculation

tool to determine the quantities of each type of ABP within

the different categories. This tool was used to estimate the

quantity of different types of ABPs generated by Estonian

meat processing plants.

Results and Discussion

Using the data we gathered, we estimated the average live

and slaughter weight of the processed animals, together

with the quantities of meat, meat products, slaughter sub-

products, and other by-products that were produced.

The outputs of the various types of ABPs within each

category for each animal species were calculated as a

fraction of the original live weight. These data form the

basis of a tool used to calculate the quantities of the various

types of ABPs within each category over a specified period

for a given company (or region). As an example, we pre-

sent the output this tool provided for the year 2013 in

Table 2.

The monitoring program we carried out in 2013 revealed

that most animals were slaughtered in few larger produc-

tion units. For example, 85 % of the pigs utilized in the

Estonian meat processing plants were slaughtered in three

slaughterhouses (referred to in the text as Enterprises 1

through 3) and 75–80 % of the respective quantities of

bovine animals were slaughtered in the same three

slaughterhouses. In addition, most ABPs originate mostly

from these larger representatives of the meat industry. One

exception was Sheep where only 5 % of the sheep farmed

in Estonia were slaughtered in these plants that year.
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Almost all (99 %) of the poultry produced in Estonia is

processed in Enterprise 4. Table 3 presents the quantities of

ABPs generated in Estonian meat processing plants by risk

categories. These results were generated using the pro-

posed calculation tool.

Using our calculation tool we calculated the total

quantities of ABPs generated in slaughterhouses and meat

processing plants certified to operate in Estonia in 2013.

The results are as follows: 22,740 tons of ABP in total, of

which 1401 tons constituted waste of the 1st category,

3547 tons were by-products of the 2nd category and 17,790

tons (78 % of the total volume of ABP) belonged to by-

products of the 3rd category.

With regards to ABP treatment, the AWPP is an

important enterprise in Estonia. They process all animals

that have perished on farms, the ABPs delivered by meat

processing plants that are classified within the 1st category,

and other potentially hazardous animal based materials,

including goods confiscated by customs, animals perished

in traffic, and animals that have perished at zoos. It should

be emphasized that the technology employed by the AWPP

was designed to maintain safety standards and currently

only processes ABPs from the 1st category. Results from

our proposed assessment and prediction tool indicate that

the average quantities processed by the AWPP remarkably

exceed the predicted amount of 1st category ABPs.

Table 1 Check-list for the monitoring carried out in slaughterhouses

Row no. Characteristics of slaughter-dressing Data from slaughtering of cattle, pigs,

sheep and poultry (kg)

1 Average slaughter weight of carcass DFS

2 Average live weight DFS

3 Meat and edible products Sum of rows 4…5

4 Meat and meat-products DFS

5 Edible products from slaughtering Sum of rows 6…11

6 Small fat, skirt, trimmings (edible) DFS

7 Lungs, kidneys (edible) DFS

8 Heart, liver (from poultry also crop, neck and partly legs) DFS

9 Bones (edible) DFS

10 Blood (edible) DFS

11 Losses from slaughtering DFS

12 3rd category ABP Sum of rows 13…23

13 Leaf fat, omentum, fatty trimmings (inedible) DFS

14 Lungs, heart, kidneys (inedible) DFS

15 Blood (inedible) DFS

16 Trachea, throat, esophagus DFS

17 Stomachs and intestine (no cattle) cleaned DFS

18 Bladder, genitals, spleens (no sheep), pig brains, hide-trims DFS

19 Legs, horns/bristle/hoofs, feathers, partly poultry legs DFS

20 Hides DFS

21 Bones from cutting, chicken heads, partly pork heads DFS

22 Vessels, tendons, cartilage, glands DFS

23 Other ABP of the 3rd category DFS

24 2nd category ABP Sum of rows 25…26

25 Intestinal and stomachs content DFS

26 Other ABP of the 2nd Category (perished animals etc.) DFS

27 1st category ABP Sum of rows 28…31

28 Cattle and sheep heads DFS

29 Cattle and sheep spinal cord DFS

30 Beef intestine (cleaned), intestine fat, sheep ileum DFS

31 Sheep spleen DFS

32 Sum of ABP Rows 12 ? 24 ? 27

DFS data from slaughterhouses
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In 2013, the quantity of 1st category ABPs delivered by

the meat industry to the reprocessing plant was 4888 tons,

which is 3.5 times larger than the predicted amount. The

most likely explanation is that a great deal of ABPs from

other categories were sent for reprocessing, together with

waste from the most dangerous category. The figures from

2013 indicate that the Estonian meat industry makes

insufficient use of 2nd and 3rd category ABPs as raw

materials. The figures provided by the AWPP are quite

reliable and thus can be used to estimate how effective the

meat processing plants are at sorting ABPs into the various

risk categories.

A fully functional monitoring system would be able to

predict the quantities of the various types of ABPs pro-

duced daily (or over longer periods) at meat processing

plants. To the best of our knowledge, no up-to-date ABP

monitoring system has been set into practice elsewhere.

Therefore, the Estonian system, if implemented, could

become an example of how to monitor ABP production in

other countries. The existence of a monitoring system

Table 2 Average yield as a percent of the live weight and total mass (kg) of ABPs from various animal species slaughtered in Estonia in 2013

Variable Cattle Swine Sheep Poultry

Average weight of carcass (kg) 275 85 15 1.9

Average live weight (LW) (kg) 550 110 30 2.25

% of

LW

Mass

(kg)

% of

LW

Mass

(kg)

% of

LW

Mass

(kg)

% of

LW

Mass

(kg)

Meat and edible products 42.97 239.23 80.20 88.23 36.15 10.78 78.89 1.78

Meat and meat-products 40.75 224.10 66.83 73.51 34.80 10.44 75.64 1.70

Edible products 2.22 15.13 13.38 14.72 0.65 0.34 3.33 0.08

Small fat, skirt, trimmings (edible) 2.12 11.66 1.95 2.14 0.00 0.00 0.00 0.00

Lungs, kidneys (edible) 0.13 0.70 2.19 2.41 0.00 0.00 0.00 0.00

Heart, liver (from poultry also crop, neck and partly

legs)

0.36 1.97 0.26 0.29 0.63 0.19 3.33 0.08

Bones (edible) 0.01 2.94 9.98 10.98 0.00 0.00 0.00 0.00

Blood (edible) 1.61 8.86 2.00 2.20 0.72 0.22 0.00 0.00

Losses from slaughtering -2.00 -11.00 -3.00 -3.30 -2.00 -0.07 0.00 0.00

3rd category ABP 39.70 218.35 16.77 18.45 43.58 13.07 19.33 0.44

Leaf fat, omentum, fat inedible 4.19 23.02 1.17 1.29 2.70 0.81 0.00 0.00

Lungs, heart, kidneys (inedible) 0.77 4.21 0.54 0.59 1.43 0.43 0.00 0.00

Blood (inedible) 1.61 8.86 1.64 1.81 3.70 1.11 0.00 0.00

Trachea, throat, esophagus 0.70 3.85 0.62 0.68 1.04 0.31 0.00 0.00

Stomachs and intestine (no cattle) 3.00 16.50 3.77 4.15 5.37 1.61 0.67 0.02

Bladder, genitals, spleens (no sheep), pig brains, hide-

trims

2.92 16.05 1.10 1.21 0.84 0.25 0.00 0.00

Legs, horns/bristle/hoofs, feathers 4.82 26.50 2.13 2.34 2.00 0.60 8.44 0.19

Hides 7.63 41.97 0.00 0.00 6.56 1.97 0.00 0.00

Bones from cutting, chicken heads, pork heads

(partly)

10.68 58.75 3.33 3.66 16.50 4.95 3.11 0.07

Vessels, tendons, cartilage, glands 2.01 11.08 1.52 1.67 1.00 0.30 0.00 0.00

Other 3rd category ABPs 1.37 7.56 0.95 1.05 2.43 0.73 7.11 0.16

2nd category ABP 9.31 51.23 3.03 3.33 14.46 4.34 1.78 0.04

Intestinal and stomach content 8.93 49.13 2.93 3.22 14.26 4.28 0.00 0.00

Other 2nd category ABPs (perished animals etc.) 0.38 2.10 0.10 0.11 0.20 0.06 1.78 0.04

1st category ABP 8.02 44.13 0.00 0.00 5.81 1.74 0.00 0.00

Cattle and sheep heads 3.00 16.50 0.00 0.00 4.73 1.42 0.00 0.00

Cattle and sheep spinal cord 0.02 0.13 0.00 0.00 0.08 0.02 0.00 0.00

Beef intestine (cleaned), intestine fat, sheep ileum 5.00 27.50 0.00 0.00 0.77 0.23 0.00 0.00

Sheep spleen 0.00 0.00 0.00 0.00 0.23 0.07 0.00 0.00

Sum of ABP 57.04 313.70 19.80 21.78 63.85 19.16 21.11 0.48
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based on objective data should encourage meat processing

plants to more carefully sort ABPs into the various risk

categories and would thus help to increase the added value

within the meat production chain.

The calculation tool presented in the current study was

developed using data from slaughterhouses and the ABP

treatment system within Estonia. This tool could be used as

the basis for the development of ABP monitoring systems in

other countries worldwide. It should be noted that a fully

functional monitoring system brings about legal issues and

imposes a burden on the companies involved. Therefore,

further activities should proceed from the principle that as

little monitoring data as possible should be gathered from

meat processing plants. Because there are no efficient mon-

itoring systems that currently make it possible to control and

manage the capacities of ABPs within slaughterhouses and

meat processing companies, relevant databases, procedures,

and methods must be developed. The design of a potential

monitoring system, should aim for simplicity, consider legal

aspects, and ensure free access to the relevant data.

A general plan to commercialize ABPs should be

developed that considers how to stimulate industries to

make better use of ABPs for human consumption, use

within the pharmaceutical and cosmetic industries, and for

other value added purposes. A potential commercialization

plan should take into account both local and global market

demand and also provide suggestions to meat processing

companies regarding the most optimal methods of sorting

and handling ABPs, and possibly even suggest new

potential product groups to pursue.

Table 3 Quantities of ABPs by risk-categories of major slaughterhouses and meat processing plants in Estonia in 2013

Variable Cattle Swine Sheep Poultry ABP (tons)

Number of slaughtered animals in the approved enterprises per year 31,800 434,500 5000 11,235,000

Enterprise 1 10,000 240 0 0 7436

Enterprise 2 9000 112 0 0 4682

Enterprise 3 5000 37 2000 0 2099

Other slaughterhouses 7800 49 3000 0 3187

Enterprise 4 0 0 0 11,235,000 5337

Average quantity of 3rd category ABPs from a single animal (kg) 176.4 16.7 11.1 0.4

Quantities of 3rd category ABPs (tons)

Enterprise 1 1722 3985 0 0 5707

Enterprise 2 1587 1863 0 0 3451

Enterprise 3 847 619 33 0 1499

Other slaughterhouses in total 1411 815 23 0 2248

Enterprise 4 0 0 0 4887 4887

Total mass of 3rd category ABPs (tons per year) 5567 7282 56 4887 17,790

Average quantity of 2nd category ABPs from a single animal (kg) 51.2 3.3 4.3 0

Quantities of 2nd category ABPs (tons)

Enterprise 1 500 799 0 0 1299

Enterprise 2 461 374 0 0 835

Enterprise 3 246 124 13 0 383

Other slaughterhouses in total 410 163 9 0 582

Enterprise 4 0 0 0 449 449

Total mass of 2nd category ABPs per year (tons) 1617 1460 26 449 3547

Average mass of 1st category ABPs from a single animal (kg) 44.1 0 1.7 0

Quantities of 1st category ABPs (tons)

Enterprise 1 431 0 0 0 431

Enterprise 2 397 0 0 0 397

Enterprise 3 212 0 6 0 218

Other slaughterhouses in total 353 0 5 0 358

Enterprise 4 0 0 0 0 0

Total mass of 1st category ABPs per year (tons) 1393 0 11 0 1404

Total ABP per year (tons) 8637 8742 90 5333 22,740
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The assessment and prediction tool presented in the

current study could be further developed into a fully

functional ABP monitoring system. This system ought to

be designed to ensure that monitoring minimizes legal risks

and does not impose an excessive burden on the companies

involved. The calculation method should be capable esti-

mating ABP quantities from one statistic—the total weight

of animals entering the slaughterhouse.

Continuous monitoring would enable enterprises to

establish economically reasonable ABP processing sys-

tems, however, all such systems would depend on a data-

base that tracks the processing of slaughtered animals. The

quantities of different types of ABPs within the various risk

categories can be estimated using a procedure analogous to

the one we used to develop the calculation tool presented

here. The resulting data ought to be accessible over the

internet for all companies that could potentially use ABPs

to create value added products.

Conclusions and Suggestions

The calculation tool we describe here was developed using

data regarding the generation of ABPs within the Estonian

meat industry, however, this tool can be used to assess and

predict the quantities of ABPs produced in other regions.

Both literature data, and direct observations made within

slaughterhouses were used to calculate the mean quantity

of ABPs created per animal by species. Based on these two

datasets—the number of animals (by species) and yield of

ABP per animal during meat processing, we tested a gen-

eral tool for monitoring ABP production. The input data

required for this system are the numbers of animals pro-

cessed, and the output is the quantities of different types of

ABPs classified into risk categories.

The assessment and prediction tool presented herein

could be used as the basis for developing a fully functional

ABP monitoring system in other countries. This monitoring

system ought to minimize legal issues and impose only a

small burden on the companies involved. Therefore, future

activities should proceed from the principle that as little

monitoring data as possible should be gathered from meat

processing plants.
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Device and method for processing meat, fish and other organic materials 

FIELD OF THE INVENTION 

The present invention relates to the field of chemistry industry, including 

environmental chemistry, biochemistry and food industry. For example, the 

invention relates to processing meat and fish by-products for isolating fat, protein 5 

and mineral compounds from raw material using heat or cold treatment or mixed 

methods for thermal modification of materials. The solution provided here is also 

be used in fractionation methods wherein in addition to centrifugal force, the 

particles of the processed material are subjected to the energy transmitted to 

processed particles and the dynamics of these particles – acceleration, collisions, 10 

friction, movement of single particles and the layer formed from particles of the 

material in the device, etc.  

BACKGROUND OF THE INVENTION  

Technologies are known in the art which are used for processing animal by-

products so that they are transformed into melted fat and protein-containing 15 

mineral meal (meat, bone, meat-bone, blood, feather meal or meal of keratin-

containing material (claws, horns, bristles, hair), meal processed from the raw 

material isolated from the crust and surface of animal skin). Also, various methods 

and systems are generally known in the art which are used for processing animal 

by-products: dry an wet processing of raw material and batch or continuous 20 

processes. European patent application EP1230003 describes a solution wherein 

the particle size of raw material is reduced in grinding devices, thermal processing 

is performed in boiling or heating device as a batch or continuous process. 

Fractionation is achieved by sedimentation in a heat treatment device or a 

separate tank or by centrifugation process in which solid and liquid fractions are 25 

separated from each other. With the liquid fraction, a second step is performed 

using either a centrifuge or a disc-separator to separate fat from water which 

contains particles of residual protein. Water is discharged as effluent or led to the 

subsequent treatment stage, and purified fat is pumped away for further treatment.  

The duration of this process is between 30 to 120 minutes. 30 
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The known processing technologies used in meat and fish industries (Ockerman, 

H.W., Hansen, C.L., etc.) include four main stages: preparation of raw material 

(pre-crushing), heat treatment of raw material, fractionation, and processing of 

components (extracting the protein, purifying the fat, drying the flour, and milling).  

The pre-treatment step of these processes is relatively short; heat treatment may 5 

be either dry or wet treatment which may be done either under the atmosphere 

pressure or overpressure at a temperature ranging from 90 °C to 150 °C. It is a 

long process, lasting up to 90 minutes, which is one of the disadvantages of the 

known processes because both the long-term and the relatively short-term heat 

treatment (30 minutes) process affect the natural properties of proteins containing 10 

in the raw material and they become less valuable.  

There are no references in the prior art to the devices for processing animal by-

products which would provide an opportunity to perform a process of milling, 

thermal treatment and fractionation within a short period, i.e. less than 60 seconds. 

Also, no method is known in the art which would provide the use of a single device 15 

for heat and cold processing and mixed methods used for thermal treatment of raw 

material. 

There is no method provided in the prior art in which the pre-crushing of raw 

material is followed by a process step in which raw material is milled, thermally 

treated, and fractionated simultaneously.  20 

Rotor-type devices with one or more shafts are known in the art for milling raw 

material of animal origin, wherein cutters are used as milling means. In the device, 

raw material is mixed and milled. The device does not provide means for 

performing thermal treatment simultaneously with milling, also, the design of the 

device is not suitable for fractionation. The device cannot also be used for 25 

processing solid materials, such as particles of bone material. Materials containing 

tendons and connective tissue may be crammed between the housing of the 

device and the operative parts of the rotor, which may cause breakdowns of the 

whole device. 

For processing the materials related to this application, rotor-type crushing devices 30 

(e.g. hammer mills) are known in which material is crushed using impact details as 

operative parts (such as hammers). The raw material is subjected to quick 
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sequential impacts, which facilitates separation of fractions within the treated 

material. 

The material is not fractioned or isolated in the mill due to the screed provided in 

the material outlet which controls the degree of fineness, but restrains the 

discharge of the material and may cause jams in the device. Also, grinder-type 5 

devices are known in the art in which the material to be ground is pressed through 

the knife grate(s) by means of a pressure screw. The structure of the device is not 

strong enough for grinding hard materials (bone, keratin-containing raw material). 

Soft material causes jams on the pressure screw. No thermal treatment or 

fractioning of the material takes place in the described device.  10 

Ball or barrel mills, screw or roller crushers, jaw crushes, crushers with single or 

multiple shafts are not so widely used for milling of raw material of animal origin 

because they are not universal and do not allow simultaneous treatment of soft 

and hard raw material. In addition, cutters, choppers, colloidal and centrifugal mills 

are known in the meat and fish industry, which have more specific uses and are 15 

not relevant in the context of this invention.  

There are no references in the state of art to devices in which thermal treatment 

and fractionation are performed simultaneously with milling. 

Solutions are known in which a screw shaft is provided in the hopper and/or 

vibration is applied for achieving uniform feeding of raw material into the device. In 20 

these devices the size of raw material particles need to be reduced significantly, 

which also reduces the performance of the device. There are no methods known 

in the prior art which would be suitable for the efficient transmission of the 

processed material from the feeding zone to the operation zone of the device. The 

closest to this invention is the grinding device (disintegrator) (SU448031), 25 

comprising a housing, two rotors installed in the housing which are discs equipped 

with grinding elements, wherein the two rotors are installed on a tubular immobile 

shaft through which the material to be crushed is fed to the device. The rotors are 

rotated in opposite direction by two separate belt drive electric motors. The 

weakness of the device is its low performance due to the small dimensions of the 30 

inlet feed port. The device cannot be used for fractioning of the processed material 

(granulometry, chemical properties) and isolation of separated fractions. Also, 
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simultaneous grinding and thermal (heat, cold) treatment of the material is not 

possible with this device. The device can be opened by means of a hinged cover; 

the design does not allow minimising the radial gap between the circles of grinding 

bodies, which decreases the efficiency of the device.  

A milling device or disintegrator is also known in the art (EE05478B1) which 5 

comprises of a housing, a first rotor installed on a tubular immobile shaft in the 

housing, and a second rotor installed direct on a rotating shaft. The device has a 

hinged hatch for opening the operation zone. The shortcomings of this device are 

its low performance and efficiency. Also a milling device or atomizer is known in 

the art (US5890665) which comprises of a housing and is equipped with a rotor 10 

installed on a rotating shaft within the housing. Instead of a second rotor, the 

device has a stator mounted on a hinged hatch provided for opening. The 

operation zone is supplied with air with the aim to ensure the flow of the milled 

material through the operation zone and the screening (fractionation) of the 

material depending on the size of particles. The shortcomings of this device are its 15 

low performance and efficiency. 

Another device or a disintegrator is known in the art (US3894895) which 

comprises of a housing, two counter-rotating rotors and operation elements 

mounted concentrically on the rotors. The shortcomings of this device are its low 

performance and efficiency. Also, the blades mounted on the perimeter of the rotor 20 

for ensuring the so-called ventilator effect are not advantageous because they 

hinder the flow of the material through the operation zone, thus decreasing the 

productivity of the device. 

A method for milling and activating inorganic materials with crystalline structure is 

known in the art (US2009084877). The method cannot be used for simultaneous 25 

milling, thermal treatment and fractionation of organic materials of animal origin in 

a way that ensures the required performance, the fineness of the particles of the 

material, and thermal treatment (degree of penetration of heat, cold treatment), 

and separation of the fractions of the processed material. 

BRIEF DESCRIPTION OF THE INVENTION  30 

The objective of the present invention is to provide a device in which the 

operations of raw material milling, thermal treatment and fractioning can be 
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performed within a short period ranging from 0.1 to 60 seconds. The short 

processing time is achieved with the device wherein the specific energy 

transmitted during the processing to the particles of the processed material is at 

least 103 Nm/kg. Also, a method is provided in which thermal treatment of raw 

material of animal origin may be performed using heat and cold treatment and also 5 

mixed methods. 

The device and the method according to the present invention differ from the 

known solutions in that they provide means for: processing animal by-products 

within a short period, i.e. performing the operations of milling, thermal treatment 

and fractionation within a period which is less than 60 seconds; using in the same 10 

device heat treatment, cold treatment or mixed method of thermal treatment; 

performing during the processing simultaneous operations of milling, thermal 

treatment, fractionation, and isolation of material; leading effectively the processed 

material from the feed zone to the operation zone of the device; processing solid 

materials (e.g. particles of bone material, keratin-containing material, material 15 

containing tendons and connective tissue); minimising the radial gap between the 

circles of grinding bodies.     

More specifically, the aim of the invention is to provide a device and a method for 

performing processing operations in meat and fish industry so that in addition to fat 

and mineral fractions isolated from raw material, also a fraction of protein is 20 

isolated which, due to the short duration of the process and mild conditions 

(<100°C), retains its valuable natural active agents. More generally, the device 

and method according to the invention can be used in various industries for 

milling, thermal treatment and fractioning of organic materials. 

The solution according to the invention can be used as an independent unit which 25 

may be easily connected with any operating system used for processing meat and 

fish material. The device is suitable for heat treatment, cold treatment and mixed 

thermal treatment. 

The device and the method according to the present invention differs from the 

known solutions in that the processing can be performed very fast (i.e. the duration 30 

of the process is between 0.1 and 60 seconds). The process can be controlled 

flexibly and the conditions of the process can be adjusted, using different modes of 
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treatment (heat, cold or mixed method). To this end, the device has inlet ports for 

supplying steam, hot or cold water and/or ice water into the operation zone of the 

device. 

Consequently, a device is provided in the invention for processing meat and fish 

material and other organic materials, wherein the operative parts (i.e. the lower 5 

and the upper disc) are fitted horizontally. The grinding bodies form at least two 

processing circles on the operative parts, i.e. the lower disc and the upper disc.  

In order to increase the performance, the operative parts or the immobile upper 

disc and the rotatable lower disc are mounted on a vertical axle, which permits 

mounting a larger hopper above the operation zone, which in turn prevents jams of 10 

the fed raw material. The known devices wherein the operative parts are placed on 

a horizontal axle, the raw material is fed through a hollow shaft on a rotation axle 

or from the hopper fitted through the wall of the housing (or the hatch). In these 

devices, the narrow inlet into the operation zone may cause jamming. So as to 

increase the performance even more, a feeder is provided in the operation zone 15 

which ensures a uniform feeding (dispersion) of raw material to the operation 

zone, thus preventing jams of the milled material. As a feeder, a taper with a 

corrugated surface may be used. An outlet hole of the device comprises a 

fractioning section for isolation of separated (solid, liquid) fractions. The hatch of 

the device can be opened in the direction of the rotation axis of the lower disc, 20 

which enables to decrease the radial gap between processing circles (grinding 

bodies), which in turn substantially increases the performance of the device.  

The process performed in the device is as follows. First, the material is mixed in 

the hopper, using a supplementary device installed for this purpose, and/or some 

additional medium (steam, hot water, ice, ice water). Raw material is fed into the 25 

operation zone and it travels on, due to the Coriolis force and the impacts from the 

feeder, to the operative parts, whereby the material is subjected to sliding, 

grinding, impact crushing (dispersion), and cutting. The milled particles of the 

material are accelerated in the concentric zones between the circles. The particles 

of the material are thrown against the grinding bodies and the inner wall of the 30 

housing, whereby the impact crushing takes place; the particles travel along the 

grinding bodies, the lower disc and the inner surface of the housing, whereby the 

particles are milled by friction; particles moving from one processing circle to the 
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other are cut and sheared. At the same time, the particles rebound to the starting 

zone; addition of water, steam or ice enhances the crushing effect, initial thermal 

treatment (heating or cold treatment) is performed and initial fractioning takes 

place.  

The fractions separated during the processing (solid particles, liquid phases) are 5 

separated from the operation zone by means of a fractionation sections provided 

in the outlet hole. The initial separation of fractions takes place on the inner wall of 

the spherical housing on which a layer of milled and/or thermally treated material 

forms. The said material layer moves on the inner wall of the housing and due to 

the different special weight of the particles, separate layers form from the material. 10 

Fractionation sections are mounted in the outlet hole of the device, in which 

fractionation of the moving layer of the material takes place. There are at least two 

fractionation sections and the maximum number of these sections depends on the 

properties of the processed material, modes of operation, and the purpose of 

processing. The minimum period of milling, thermal treatment and fractionation in 15 

the device is 0.1 seconds and the maximum time is 60 seconds. 

Unlike the known solutions, the device and method according to the present 

invention enables to: 

• perform the milling and thermal treatment simultaneously with separating the 

fractions of raw material, which provides an opportunity to separate the fractions of 20 

protein, fat and mineral substances; 

• use heat, cold and mixed methods for thermal treatment; 

• milling of the material and fractionation wherein in addition to centrifugal force, 

the particles of the processed material are subjected to the transmitted energy and 

the dynamics of particles – acceleration, collisions, friction, movement of single 25 

particles and the layer formed from particles of the material in the device; 

• recover, due to the short duration of the process (0.1 to 60 seconds), protein 

compounds, fat and mineral component of high value which can be used in food 

and feed additives and in other applications; 

• process simultaneously solid and soft raw materials of various animal origin; 30 

• isolate, in addition to fat and mineral fraction, also the protein fraction which due 

to the mild conditions (<100 °C) of treatment retains its valuable natural properties; 
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• use the device and method according to the invention for processing other 

organic materials in cases where milling, thermal treatment and fractionation are 

required; 

• use the device as an independent system or integrate it to the existing systems 

intended for processing raw material of animal origin. 5 

The present invention provides a method for processing raw material of animal 

origin, using:  

• a device enabling to perform fast (ranging from 0.1 to 60 seconds) operations of 

milling, thermal treatment and fractionation; 

• a rotor-stator-type milling device having its operative parts mounted horizontally; 10 

• a device having a housing, which is a thick-wall tubular cylinder on the inner wall 

of which fractionation of the processed material takes place during the movement 

of the layers of material; 

• a device having a hatch which can be opened in the direction of the rotation axis 

of the lower rotatable disc, whereas the device is designed so that the radial gap 15 

between the process circles (i.e. grinding bodies) can be reduced; 

• operative parts, which are two discs placed opposite each other, more precisely, 

the lower disc and the upper disc to which concentric circles of grinding bodies are 

fixed; one of the discs is immobile and the other rotatable; circles of grinding 

bodies are interlacing and form an operation zone where raw material is 20 

processed; 

• a device in which steam, hot or cold water, and/or ice water can be added to the 

hopper for thermal treatment of material; 

• a device in which the material is processed by simultaneous grinding, impact 

crushing, dispersing of the material, cutting, shearing, effect of friction, rebounding 25 

of particles, and fractionation; 

• a device in which material is subjected to a complex process including thermal 

shock, cavitation, hydraulic impacts, de-relaxation of particles, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described below in more detail with references to the 30 

appended drawings, from which:  

Figure 1 is a cross-section of the device according to the invention; 

Figure 2 is a cross-section (A-A) of the device of Figure 1; 
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Figure 3 is a block diagram of the method according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A device according to the present invention which may be used as an independent 

unit or a device integrated into any known systems for separating solid and liquid 

fractions by heat treatment, using, for example, a continuously operating screw 5 

cooker or any other similar device, treatment in an autoclave, dry and wet 

processing in an horizontal vacuum boiler, any other device intended for 

analogous uses.    

In Figures 1 and 2, the device for processing material (such as meat and fish 

material) according to the invention is shown in which the operations of milling, 10 

thermal treatment and fractionation are performed simultaneously.  

The device comprises a main frame 1, a tubular housing 2 with thick walls, a hatch 

3, a housing 2, operative parts which are two opposite discs, a lower disc 5 and an 

upper disc 6 to which interlacing concentric circles of grinding bodies 7 and 8 are 

fitted, a conical feeder 4 with a corrugated surface mounted on the lower disc 5 of 15 

the operation zone of the housing 2, an electrical motor 10, a shaft 11m. 

The interlacing circles of the grinding bodies 7 and 8 form an operation zone 

where the raw material is processed (e.g. crushed and mixed). On the inner wall of 

the housing 2, the processed material is separated into fractions during the 

movement of the layer of the material along the wall. 20 

The main frame 1 is produced as a welded construction or by steel casting and it 

serves as a base to which separate units of the device are fastened and which 

ensures the interaction of units forming the device. The housing 2 is a tubular 

cylinder with thick walls which ensure the safe operation of the operative parts and 

reduce the noise. The hopper 9 mounted on the hatch 3 of the housing 2 provides 25 

the uniform feeding of material in the operation zone. On the inside of the hatch 3, 

the upper disc 6 with the immobile grinding bodies 8 is fastened. The hatch 3 can 

be opened in the direction of the rotation axis of the lower disc 5, which 

substantially improves the performance of the device because the construction 

enables to minimise the radial gap between the processing circles. It also gives a 30 

processing effect which in addition to milling by impacts and friction also includes 
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cutting. The efficiency of milling and thermal treatment is also improved by 

shortening the interval between the fast sequential impacts of particles, which in 

turn enforces the de-relaxation effect of the processed material.   

In the preferred embodiment, the device of a rotor-stator type is used, wherein one 

of the operative parts, the upper disc 6 is immobile and fastened to the housing 2 5 

or to the inside of the hatch, as shown in Figure 2.  

The rotor-stator type device according to the invention shown in Figure 1 has an 

immobile upper disc 6 and a rotatable lower disc 5. The operative parts are 

positioned horizontally.  

The lower disc 5 is connected with the shaft 11 of the motor 10. The device is 10 

driven by at least one motor. 

Figure 2. In order to improve the performance of the device, also to ensure the 

uniform distribution of material in the operation zone, a feeder 4, which is a taper 

having a corrugated surface, is mounted on the lower disc 5 of the operation zone. 

The fractions separated during the processing (solid particles, liquid phases) are 15 

removed from the operation zone by means of a fractionation sections provided in 

the outlet hole. The initial separation of fractions takes place on the inner wall of 

the spherical housing 2 where a layer of milled and/or thermally treated material 

settles and moves on the inner wall of the housing 2. Due to the difference in the 

special weight of particles, several layers of particles are formed within the layer of 20 

material. The processed (milled, thermally treated, fractionated) material is 

discharged through the outlet hole 13, In the outlet hole, fractionation sections 14 

have been provided where the moving layer of material is separated. 
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Pre-mixing of raw material is performed in the hopper 9, using the feeder 4 and/or 

the supplied medium (such as steam, hot water, ice, ice water) which is added 

through the inlets 15. In the described embodiments, inlets 15 are provided at the 

hopper 9. The material moving to the operation zone is led radially to the operative 

parts, that is the discs 5 and 6 and the grinding bodies 7 and 8. After mixing, 5 

crushing and thermal treatment, the processed raw material is led on the inner wall 

of the housing 2 surrounding the operation zone and the formed layer of the 

material is directed to the outlet hole 13. If necessary, additional medium (such as 

steam, hot or cold water, ice, ice water) is supplied through the corresponding 

inlets. 10 

Figure 3 illustrates a method for processing raw material, including crushing, 

thermal treatment and fractionation of the raw material. The process performed in 

the device is as follows. First, the material is mixed in the hopper, using a 

supplementary device installed for this purpose, and/or some additional medium 

(steam, hot water, ice, ice water). Due to the action of the Coriolis forces, the 15 

material is radially conducted to the operative parts and is subjected to sliding, 

grinding, impact crushing (dispersion), and cutting. The milled particles of the 

material are accelerated in the concentric zones between the circles. The particles 

of the material are thrown against the grinding bodies and the inner wall of the 

housing, whereby impact crushing takes place; the particles are conducted along 20 

the grinding bodies 7 and 8, the lower disc 5 and the inner wall of the housing 2, 

whereby milling by friction takes place; while the particles move from one process 

circle to the other, the material is cut and sheared. At the same time, particles 

rebound to the starting zone; addition of water, steam or ice enhances the 

crushing effect, initial thermal treatment (heating or cold treatment) is performed 25 

as well as initial fractionation. The particles exiting the operation zone settle on the 

wall of the housing and a layer is formed which constantly changes its thickness 

and movement rate. In this layer, the final fractionation takes place, depending on 

the special weight of the particles, and the layer is led along the inner wall of the 

housing 2 to the outlet hole 13 in which the fractions are separated. The 30 

subsequent processing of fractions is performed with known solutions. 

The most common way to prepare the raw material is milling. For processing of 

meat, meat products and by-products of meat industry, a multi-stage milling 
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process is used. The first stage, which involves crushing or pre-crushing and 

treatment of obtained components, is performed using known methods. The 

second-stage milling or fine-milling of the raw material is performed simultaneously 

with thermal treatment, if necessary, extraction of the main components (such as 

fat, protein) of the raw material from the solid phase to the liquid phase, separation 5 

and isolation of the components (e.g. solid, liquid broth, fat), i.e. fractionation. 

In the step of thermal treatment, the used heat treatment may involve heating, 

boiling, sterilising with either direct or indirect steam, electrical treatment, 

induction, treatment with microwaves or high frequency current, etc. Upon the 

separation of the components, the processed mass is divided into two (solid and 10 

liquid) or three phases (solid phase, fat and broth). 

For fractionation, draining, screening, pressing, centrifuging, decanting and 

separation is used. In the course of processing the components, the fractions are 

rendered usable by purification, crushing, milling, and packaging.  
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Claims 
1. A device for processing raw material, including milling, thermal treatment and 

fractioning of meat and fish material and other organic material so as to separate 

from the raw material fat, protein and mineral fractions for their further processing, 

comprising a main frame (1), a housing (2), operative parts (5) and (6), grinding 5 

bodies (7, 8), a motor (10), a shaft (11), an operation zone of the housing (2), a 

hopper (9), wherein the operation zone (5) is in connection with the shaft (11) of 

the rotor (10), characterised in that the device further comprises a hatch (3), a 

feeder (4), a fractionation zone (12), outlet hole (13), fractionation zones (14), and 

the operative parts (5) and (6) are two discs, the lower disc (5) and the upper disc 10 

(6), positioned horizontally opposite to each other, to which concentric circles of 

grinding bodies (7, 8) are attached, the hopper (9) is fixed to the hatch (3) of the 

housing (2), the feeder (4) is fitted into the operation zone and the fractionation 

sections (14) are provided in the outlet hole (13). 

2. The device according to claim 1, characterised in that the upper disc (6) is an 15 

immobile disc and the lower disc (5) is a rotatable disc. 

3. The device according to claim 1, characterised in that the hopper (9) is 

equipped with inlets (15) for supplying additional mediums. 

4. The device according to claim 1, characterised in that the operation zone is 

formed by grinding bodies (7, 8) arranged on the lower disc (5) and the upper disc 20 

(6) as interlacing circles. 

5. The device according to claim 1, characterised in that the feeder (4) is a taper 

with a corrugated surface provided in the operation zone.  

6. The device according to claim 1, characterized in that the hatch (3) can be 

opened in the direction of the rotation axis of the rotor (5). 25 

7. A method for processing meat, fish and other organic materials, including for 

milling, thermal treatment and fractionation of meat, fish and other organic 

materials during their processing, characterised in that the steps of fine-milling, 

thermal treatment, fractionation and separation are performed simultaneously in 

the same device, wherein pre-mixing is performed in the hopper (9) or by using the 30 

feeder (4); the raw material is led into the operation zone and further onto the 

operative parts; the particles of the milled material are accelerated in the 

EE05730B1 translation 



107

14 

concentric zones between the circles, particles of material are thrown against the 

grinding bodies (7, 8) and the inner wall of the housing (2); particles are led along 

the grinding bodies (7, 8), the lower disc (5) and the inner wall of the housing (2), 

whereby the material is milled; the particles are led from one process circle to the 

other, whereby the particles are subjected to cutting and shearing; the particles 5 

rebound into the initial zone, which increases the milling effect; thermal treatment 

and the first separation of fractions are performed, the particles exiting from the 

operation zone settle on the surface of the housing (2), the final separation of 

fractions takes place and the layer of the material is led along the inner wall of the 

housing (2) to the outlet hole (13) where the fractions are separated. 10 

8. The method according to claim 7, characterised in that simultaneously with 

milling, thermal treatment and fractionation, fractions of fat, protein and mineral 

material are isolated. 

9. The method according to claim 7, characterised in that milling, thermal 

treatment and fractionation of raw material is performed simultaneously in a short 15 

period ranging from 0.1 to 60 seconds, wherein the particles of the material are 

subjected during processing to the specific energy of at least 103 Nm/kg. 

10. The method according to claim 7, characterised in that a heat method, cold 

method and mixed method can be used for thermal treatment. 

11. The method according to claim 7, characterised in that energy transmitted to 20 

the particles of the processed material and the dynamics of the particles is used 

for fractionation of the raw material. 

12. The method according to claim 7, characterised in that water, steam and/or 

ice is used to increase milling effect. 

13. The method according to claim 7, characterized in that additional medium is 25 

used for pre-mixing the raw material which is fed through the inlets (15) provided 

for that purpose. 
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Continuous flow device and method for the real-time analysis of chemical 
composition in thermal treatment system of organic materials 

FIELD OF THE INVENTION 

Present invention relates to the field of organic materials, preferably to the field of 

meat and fish processing industry, and more particularly to the field of methods 5 

and processing equipment for the analysis of fat and protein compounds of liquid 

products and meat and fish by-products produced by heat treatment. 

BACKGROUND OF THE INVENTION  
In the animal by-products treatment plant the raw material is rendered into tallow 

and high protein-content meat and meat-and-bone meal. It is known from prior art 10 

various methods and systems for processing animal by-products: dry rendering, 

wet rendering and batch and continuous rendering process of raw material. There 

are two types of treatment in the treatment of animal by-products – treatment of 

by-products fit for human consumption and treatment of by-products unfit for 

human consumption. In the treatment plant of by-products fit for human 15 

consumption the raw material is rendered into fats and proteins suitable for human 

consumption. 

In rendering the by-products fit for human consumption the animal raw material, 

which generally contains 14-16% fat, 60-64% moisture and 22-24% protein, is 

ground and subsequently directed to the reactor for thermal treatment. If 20 

necessary, the melted fatty tissue is pumped to the fine chopper in which the fat 

cells are broken. By way of a centrifuge the protein materials are separated from 

the tallow and water. Then, the tallow and water is heated with steam, and in the 

second stage centrifuge the fat suitable for human consumption is separated from 

water, which contains also residual protein particles. The water is discharged as 25 

waste water or forwarded to the subsequent processing and the cleaned-out fat is 

pumped to the subsequent rendering. 

Two methods are used for rendering by-products unfit for human consumption: 

wet rendering and dry rendering. In wet rendering of by-products the fat is 

separated from the raw material by boiling in water. 30 
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By-product wet rendering systems are generally continuous processes and include 

three stages. In the first stage the material is heated, protein is coagulated and 

water and tallow is separated form the material. In the second stage the free water 

and tallow is separated from the solid mass. In the third stage the solid particles 

are dehydrated. 5 

The main advantage of the wet rendering of by-products is that majority of raw 

materials are separated by physical measures (e.g. centrifuging) rather than by 

steaming. Thus, less thermal energy is spent in wet rendering of by-products than 

in dry rendering of by-products. The difference in energy consumption between 

wet rendering and dry rendering of by-products increases with the increase of 10 

water content in the raw material. Present invention is designed to be added to the 

thermal treatment systems of liquid fractions. An example of a well-known meat 

and fish raw material heat treatment system is a Centribone-type system. 

All known rendering technologies used in meat and fish industry consist of four 

main stages: preparation of raw material (chopping); processing of raw material, 15 

separation of fractions (protein, fat, solids) and processing of components 

(extraction of protein, fat purification, drying and grinding of meal. Preparation, 

separation of components and processing are the short-term stages of the process 

and therefore do not require real-time controlling during the process development. 

During heat treatment, various dry and wet rendering methods are used, and it is a 20 

long-term process of up to 90 minutes. The deficiency of prior art solutions is the 

lack of the possibility to control the process in real-time during heat treatment. 

Also, prior art solutions lack the possibility to use rapid express methods in heat 

treatment to control the properties of the rendered material. 

Prior art lacks the equipment and methods of animal by-products heat treatment, 25 

which would allow performing inexpensive, quick and reliable analyses to check 

the properties of the processed material and to manage the process on the basis 

of that. 

BRIEF DESCRIPTION OF THE INVENTION  

The objective of present invention is to provide a reliable real-time express 30 

evaluation system and method for heat treatment systems of organic materials to 
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determine and analyse the chemical content in real time and to manage the 

rendering processes. More preferably, the objective of present invention is to 

provide an equipment and method to be used for the analysis of liquid fractions 

circulating in heat treatment processes, e.g. in meat and fish industry. The solution 

according to the invention can be more generally used in various branches of 5 

industry during the process of heat treatment of organic materials for determining, 

controlling and analysing the chemical composition of materials (incl. content of 

protein, fat, water and ash). 

Unlike the existing solutions, the system and method according to the invention 

allows to manage the rendering processes flexibly, by adjusting the properties of 10 

the processed environment, if necessary. 

The advantage of the solution according to the invention over prior art solutions is 

that an optical detector-analyser, operating on the basis of express analysis in real 

time, has been added to the equipment, which allows controlling the chemical 

properties of the liquid fraction (fat-protein-water mixture) circulating in the process 15 

and adjusting, if necessary, the content of components and thus optimise the 

rendering process and achieve the efficient outputs and quality of products. Unlike 

the conventional sampling, the present method does not affect the physical-

chemical properties of the analysed material. 

By adding the real-time detector-analyser and by using the express-analysis 20 

method, flexibility is achieved in adjusting the properties of the analysed 

environment and in controlling and managing the technological processes. 

Express-analysis is performed by optical method, which combines the 

measurement of liquid fraction fluorescence and absorption in the continuous flow 

equipment. 25 

Light sources of either wide frequency range or emitting discrete wavelengths 

(spectral lamps, LEDs, lasers) are used as light sources as well as various aids for 

light filtration (filters, diffraction grating). 

An optical detector is used as the detector-analyser. The optical detector chart is 

based on the Spectral Fluorescence Signature method. Multi-wavelength light 30 

radiation is used for fluorescence excitation, photoelectron receiver (photodiodes, 
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photoelectron multipliers, multi-channel detectors) is used for fluorescence 

registration together with light filtration system (filters, spectrometers). Absorption 

measurement is performed by registering the sample’s transparency. Similar light 

sources are used for that. An additional photoelectron receiver is used for 

transparency measurement. 5 

Unlike the prior art solutions, the continuous flow device and method of the real-

time chemical composition analysis for the meat and fish raw material heat 

treatment system according to the invention: 

� allows to detect, identify and determine the chemical properties of many 

organic mixtures without prior processing of samples; 10 

� allows to perform analyses without chemical reagents and other 

consumables; 

� allows to provide data in real time; 

� is readily implemented in industrial processes; 

� possesses a programmable detection threshold trigger output; 15 

� simultaneously with measuring two-dimensional fluorescence spectres the 

optical detector-analyser integrated to the system allows to register 

absorption spectres of samples, which additionally enables to determine the 

existence of non-fluorescent organic components. 

Present invention provides a solution for controlling and managing thermal 20 

treatment processes carried out in the industry, whereas it employs: 

� the real-time system, which has been integrated into the technological 

process, 

� automatic express-analysis method by which the parameters of the mixture 

of substances can be determined simultaneously, 25 

� an optical method, which integrates measurement of fluorescence and 

absorption, 

� measurement system in which the fluorescence of the liquid sample can be 

excited in various optical schemes, 

� real-time system in which, when the dilution of a sample is required prior to 30 

fluorescence measurement, an automatic dilution device is integrated, 
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� optical scheme in which the number of 

wavelengths of the detector-analyser fluorescence excitation is adjustable 

according to application, 

� optical scheme in which photometric parameters of the detector-analyser 

can be adjusted according to application. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 
Present invention is explained in greater detail with reference to the accompanied 

drawings where: 

FIG 1 shows a schematic diagram of the system; 

FIG 2 shows the stages of the method according to the invention as a schematic 10 

diagram; 

FIG 3 shows the general diagram of performing the analysis of samples. 

DETAILED DESCRIPTION OF THE INVENTION 

The solution of the equipment according to the present invention has been 

provided to be integrated into existing systems of heat treatment of solid and liquid 15 

fractions, e.g. Centribone-type plant, autoclave processing, dry and wet rendering 

in horizontal vacuum boiler and other equipment of thermal treatment. 

FIG 1 displays the solution according to the present invention, equipment for the 

heat treatment system of organic material (e.g. meat and fish raw material) for the 

real-time analysis of chemical content, which includes the reactor 1 for the thermal 20 

treatment of material, circulation equipment 2, detector-analyser 3 and a valve 4. 

The entire process is controlled by a computer 5 that has been provided with 

appropriate software. 

Raw material is fed and the liquid fraction is fed back to the reactor 1. There are 

outlets from the reactor 1 for the circulation process of the liquid fraction and for 25 

the solid fraction. Liquid fraction circulation is provided with circulation equipment 

2. Optical detector is used as the detector-analyser 3, e.g. Fluo-Imager M53, 

which sends the measurement result to the computer 5. The computer 5 

determines the position of the valve 4 according to the measurement results. The 

outlet of the valve 4 has two positions – the liquid fraction is either separated or 30 

guided back to the reactor 1. 
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FIG 2 displays the block diagram of the real-time analysis method for the chemical 

content of the heat treatment system of organic materials according to present 

invention. The method according to the invention is based on the circulating liquid 

fraction, which is made up of the fat, protein and water emulsion and includes the 

following stages: 5 

� raw material is guided to the reactor for heat treatment; 

� part of the liquid fraction is pumped from the reactor to the detector-

analyser; 

� pumped-out fraction is analysed and if the chemical composition meets the 

level set for the final product, then the part intended for that is separated for 10 

further treatment; 

� the remaining part of the liquid fraction is pumped back to the reactor where 

it will be used during the subsequent thermal treatment. 

On FIG 3, the spectral fluorescence image method diagram displays the 

quantitative and qualitative analysis results in the liquid sample throughflow 15 

diagram as measured by the optical detector-analyser. Measurement parameters 

– fluorescence spectral window, sensitivity, measurement frequency and 

photometric detector characteristics can be adjusted according to the needs of the 

application. 

20 
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Claims 
1. A continuous flow device for the real-time analysis of chemical composition in 

thermal treatment system of organic materials comprising a reactor (1) for heat 

treatment, circulation equipment (2), a valve (4), a computer (5), characterised 
by that the device is provided with a detector-analyser (3) operating on the 5 

basis of real-time express analysis and that the device is provided with a 

programmed detection threshold trigger output. 

2. The device according to claim 1, characterised by that an optical detector has 

been employed as the detector-analyser (3), which combines the liquid fraction 

fluorescence and absorption measurements in the device. 10 

3. The device according to claim 1, characterised by that the chemical 

composition of the liquid fraction circulating in the heat treatment process can 

be constantly monitored in real time. 

4. The device according to claim 1, characterised by that the device has been 

attached to the heat treatment system of solid fractions. 15 

5. The device according to claim 1, characterised by that the device has been 

attached to the heat treatment system of liquid fractions. 

6. A method for the heat treatment system of organic materials for the real-time 

analysis of chemical composition in which the raw material is prepared, 

processed, fractions are separated and components are processed, 20 

characterised by that the detector-analyser (3) performs inexpensive, quick 

and reliable analyses in real time to check the properties of the processed 

material and to manage the process, and that it includes the following stages: 

the raw material is guided to the reactor (1) for heat treatment; part of the liquid 

fraction is pumped from the reactor to the detector-analyser (3); pumped-out 25 

fraction is analysed in real time and if the chemical composition meets the level 

set for the final product, then the part intended for that is separated for further 

treatment; the remaining part of the liquid fraction is pumped back to the 

reactor (1) where it will be used during the subsequent thermal treatment. 
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7. The method according to claim 6, characterised by that one or several 

parameters are measured in the liquid fraction separated form the heat 

treatment system. 

8. The method according to claim 6, characterised by that chemical properties of 

organic mixtures are detected, identified and determined without prior 5 

preparation of samples. 

9. The method according to claim 6, characterised by that the analyses are 

performed without chemical reagents and other common consumables. 

10. The method according to claim 6, characterised by that simultaneously with 

measuring two-dimensional fluorescence spectres the optical detector 10 

integrated to the device allows to register absorption spectres of samples, 

which additionally enables to determine the existence of non-fluorescent 

organic components. 
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1990 - 1998   Tallinn Meat Company; production and technical 
   director
1996 - 1989  Ministry of Meat and Dairy Indusries; head of 
   technical department
1981 - 1985  Design and Technology Bureau of Meat and Dairy 
   Industry; head of technology department
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Creative work 
2004 - present  Supervising twenty two grant applications for the 
co-fi nancing research projects in Competence Centere of Food and 
Fermentation technologies 

1997  Working up of Development Plan for Estonian Meat Industry 
–customer Estonian Meat Association
1998  Making of English-Estonian Dictionary of Meat Technology; 
co-author prof. M.Rei – customer Estonian Ministry of Agriculture
1999  Customizing the EU system of evaluation of quality and pricing 
in Estonia meat industry – customer Estonian Foreign Ministry

List of  conference presentations
Sannik, U.,  Pappel T. 2004. Complete milling technologies of  different 
valuable materials. In Papstel, J., Katalanic, B. (ed.): Proceedings of  4th 
International Conference of  DAAAM Estonia Industrial Engineering 
- Innovation as Competitive edge for SME., Tallinn University of  
Technology, Estonia. 

Kerner, K., Lepasalu, L., Sannik, U., 2011. Lihaahel, loomsed 
kõrvalsaadused ja nende efektiivsem kasutamine (Meat value chain, 
effective usage of  animal by-products); Konverents Terve loom ja 
tervislik toit (Conference Healthy Animal and Healthy Food). Estonian 
University of  Life Sciences, Tartu, Estonia.

Sannik, U., Lepasalu, L., Poikalainen, V. 2012. Loomse päritoluga valgu 
kasutamine kalasöötades (Usage of  protein of  animal origin in fi sh 
feed); Konverents Tervislik toit (Conference Healthy Food). Estonian 
University of  Life Sciences, Tartu, Estonia.

Sannik, U., Lepasalu L., Poikalainen V. 2013. Interactions between 
size reduction and thermal processes during treatment of  animal by-
products. Biosystems Engineering. Estonian University of  Life Sciences, 
Tartu, Estonia.

Sannik, U., Reede T., Lepasalu L., Olt J., Karus A., Põldvere A., Soidla 
R., Veri K., Poikalainen V. 2013. Utilization of  animal by-products and 
waste generated in Estonia. Biosystems Engineering. Estonian University 
of  Life Sciences, Tartu, Estonia.
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Kõrge K., Sannik U., Laos K. 2013. Ice re-crystallization in ice cream 
using ice structuring proteins from fi sh. FoodBalt 2012 Tallinn University 
of  Technology, Estonia.

Sannik U., Tamm M., Objartel M., Lepasalu L., Poikalainen V. 2013. 
Interactions between size reduction and thermal processes during 
treatment of  animal by-products. In Moore E.(ed.) Proceedings of  
The 7th Annual Workshop of  Micro-Nano-Bio Convergence Systems. 
Tyndall National Institute, University Cork, Ireland p.155.

Klesment, T., Kõrge, K., Sannik, U., Laos, K. 2014. Ice recrystallization in 
10% fat ice cream using ice structuring proteins. International Conference 
on Food Properties (ICFP2014), Kuala Lumpur, Malaysia.
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ELULOOKIRJELDUS

Isikuandmed
Nimi   Urmas Sannik
Sünniaeg   06.06.1958
Sünnikoht  Tallinn, Estonia
Kodakondsus  Estonian

Kontaktandmed
Telefon   53312204
E-post    urmas@tftak.eu
Aadress  Akadeemia tee 15A, Tallinn 12618 Estonia

Hariduskäik
2010 – käesolevani  Eesti Maaülikool, doktoriõpe
1998 - 1999       Eesti Maaülikool (Eesti Põllumajandusülikool), 
   magistriõpe, lihatehnoloogia teadusmagister
1976 - 1981   Tallinna Tehnikaülikool (Tallinna Polütehniline 
   Instituut), cum laude 
       inseneriõpe, diplomeeritud insener 

Keelteoskus
Eesti keel  Emakeel
Inglise keel  Kõrgtase
Vene keel  Kesktase
Soome keel  Algtase

Teenistuskäik
2004 - käesolevani  Toidu-  ja  Fermentats ioon itehnoloog ia 
   Arenduskeskus; juhatuse liige
1999 - 2004   Dvigatel Teno AS; juhatuse liige
1990 - 1998   Tallinna Lihatööstus; tootmis- ja tehnikadirektor, 
   juhatuse liige
1986 - 1989  Liha- ja Piimatööstuse Ministeerium (ATK); 
   Tehnikavalitsuse juhataja 
1981 - 1985  Liha- ja Piimatööstuse Konstrueerimise- ja 
   Tehnoloogia Büroo; uue tehnoloogia osakonna 
   juhataja
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Arendustöö
1997    Eesti Lihatööstuse Arengukava koostamine – 
   tellija Eesti Lihaliit;
1998    Inglise-Eesti lihanduse alase seletava sõnaraamatu 
   koostamine; koos prof. M. Rei - tellija Eesti 
   Põllumajandusministeerium  
1999    Dokumentatsioon i vä ljatöötamine l iha 
   hindamiseks selle kvaliteedi alusel lähtudes EU 
   standarditest – tellija Eesti Välisministeerium 
2004 - käesolevani EU tõukefondide f inantseerimistaot luste 
   k o o s t a m i n e  2 2 - l e  T o i d u -  j a 
   Fermentatsioonitehnoloogia Arenduskeskuse  
   projektile








