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ABSTRACT

The consumption of boneless poultry meat has recently increased. Carcass parts, which cannot be consumed
directly, consist of 40% of the whole carcass, and these parts can become reusable with the process of mechanical
separation. The capacity of mechanically separated meat (MSM) varies from 55 to 80% depending on the settings of
the mechanical separator and the part of the animal where the meat is provided from. This ratio cannot be ignored,
yet it is necessary to analyze the side effects and unhealthy conditions emerging from this process. In this review,
studies related to potential risks of the MSM technology are evaluated under the subtitles such as hygiene, microbial
load problem, lipid oxidation sensitivity, the fall in the acceptability scores of the products into which it is added, high
pH value and high calcium level.

Key Words: Mechanically separated poultry meat, Mechanically separated meat hygiene, Chemical compound of
mechanically separated meat, Poultry meat by-products.

Mekanik Olarak Ayrilmis Kanath Eti Teknolojisinin Potansiyel Riskleri
OzZET

Kemiksiz kanatli eti tiketimi artmaktadir. Dogrudan tiiketilemeyecek durumdaki karkas parcalar tim karkasin %40'ini
olusturur ve bu pargalarin yizeyinde kalan énemli miktardaki et mekanik ayirma islemiyle geri kazanilir. Mekanik
ayriimis etin verimi, mekanik ayiricinin ayarlari ve Urinin hayvanin hangi bélgesinden elde edildigine bagli olarak
genellikle %55’ten %80’e kadar degisiklik gdsterebilir. Bu oran géz ardi edilemeyecek diizeydedir. Fakat bu islemin
ortaya c¢ikardigi olumsuz yénleri ve sagliga aykiri durumlari da iyi analiz etmek gerekir. Bu fikirden yola c¢ikarak,
mekanik olarak ayrilmis kanath eti teknolojisinde (zerinde durulmasi gereken konularla ilgili calismalar bu makalede
derlenmistir. Mekanik olarak ayriimig kanatli eti teknolojisinin potansiyel riskleri konusunda incelenen ¢alismalar su alt
basliklar halinde sunulmaktadir; hijyen ve mikrobiyolojik ylk sorunu, lipid oksidasyonu duyarlihdi, katildigr Griinlerde
kabul edilebilirlik skorlarinin dismesi, yiksek pH degeri ve yiksek kalsiyum dizeyi.

Anahtar Kelimeler: Mekanik olarak ayrimis kanath eti, Mekanik ayrilmis et hijyeni, Mekanik ayriimis ette kimyasal
bilesim, Kanath eti yan trtnleri

INTRODUCTION led to an increase in the production of poultry and

especially in the consumption of chicken meat [1]. After
As far as the nutritional necessities of the society are the cut of chicken, approximately 40% of the meat
concerned, protein has an important place. The including the one around the breast, back and neck of
decrease in the production of red meat and animal its carcass is left behind. In order to supply even more
protein deficiency resulting from the rise in prices have economical protein, recycling is done through the
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processing of these parts generally by separating them
from the bones mechanically. Today, being separated
from the bones mechanically, thousands of tones of red
and white meat are being used in the production of
highly processed meat productions [2]. With high
protein, this mechanically separated inexpensive high-
tech meat is used in the production of the products like
meatballs and burgers as well as emulsified products
such as salami and sausages [3]. On the other hand,
with a recent regulation on meat and meat products,
adding mechanically separated meat to meat products
was forbidden in our country [4]. The production of
mechanically separated meat (MSM) especially in the
poultry industry has been significantly practiced [5]. To
explain it technically, Turkish Food Codex describes
mechanically separated poultry meat in the related
statement as "the product which is supplied as a result
of the separation poultry carcass from the carcass parts
and fleshy bones with a mechanical process which
causes a change or loss in the structure of the muscle
fiber of the raw poultry meat” [6].

No matter which animal product MSM is provided from,
it is like dough and sensitive to decay despite its
advantages. For this reason, certain regulations have
brought restrictions to its uses. In the USA, it is not
allowed to use MSM in baby food, pressed ham, sliced
beef, hamburgers and cured pork meat. It can be used
restrictedly in beef meatballs, smoked or cooked
sausages, meat prepared for stew, sauces and similar
products. If MSM contains 20 mg or more calcium, the
level of calcium has to be labeled on the product. Also,
in Denmark, it must be stated on the label of the product
if MSM which is used as an additive in meat products
adds to the formula of the product as more than 2%. In
Australia, on the label of the product, it is stated as
“eatable mechanically separated meat”, and maximum
calcium, moisture and minimum protein levels are
written [5]. Under Brazilian laws, mechanically
separated poultry meat can be used in a product only is
it is at most 20% of the weight [7]. In the United States,
it is obligatory to obey the following rules with regard to
the preparation of mechanically separated poultry meat
[8]. These rules can be summarized as:

Different kinds of poultry meat have to be processed
separately. The use of equipment which is needed till
the preparation of the last product, the amount of
collagen material (tendon, ligament, and etc) to be
removed , the amounts of nutritional elements which will
reduce during the process need to be taken into
consideration. The raw material which will be used may
be cooled, dissolved, or heated or as a whole. Meat
linked to the bones of cooled carcass should be kept in
temperatures which are not higher than 4.4°C and
bones separated from flesh by hand should be
processed in 72 hours after the mechanical separation,
and or kept frozen. The meat on the warm body of the
fresh-cut poultry and the one on the bones should either
be processed mechanically in 4 hours, or kept in
warehouses of 4.4°C if it is to be processed in 72 hours,
or if it's not, mechanically separated poultry meat should
be used in the forms of other meat or poultry products
as soon as possible or cooled down to 4.4°C in 1 hour.
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According to the regulation about mechanically
separated poultry meat practiced in our country, the
rules which need to be obeyed with regard to the
production of mechanically separated chicken meat are
stated as the following [6]:

In the production of MSM, skin-on-neck, legs or
head of the poultry cannot be used.

The raw material used in the production of MSM
must be kept maximum 3 days starting from the cut
of the poultry.

Unless the mechanical separation process is done
right after the separation of the flesh from the bones
of the poultry, the raw material must be cooled
down to 2°C or colder or frozen at -18°C or colder
temperatures.

The fleshy food attained from the frozen carcass
cannot be frozen again.

Unless MSM is to be used in the production of
thermal processed meat products, it must be cooled
down to 2°C or colder temperatures.

If MSM is not to be processed in 24 hours, in 12
hours after the attainment it must be frozen, and in
6 hours its central temperature must be brought
down to -8°C or colder temperatures.

The frozen MSM must be stored or shipped as pre-
packed or packed. MSM cannot be stored for more
than 3 months. During storage or shipping its
temperature must be at -18°C or lower.
Frozen MSM cannot be frozen
dissolved.

The calcium content of MSM must be maximum
0.5%.

again after

9-

On the other hand, with a recent regulation on meat and
meat products [4], adding mechanically separated meat
to meat products was forbidden. Unfortunately there is a
big gap in the regulations with this new situation
because MSM production is allowed but its usage in
meat products is forbidden. So, what are producers
suggested to do with MSM? This decision will bring
some negative applications for example using MSM in
catering business or in meatballs in order to reduce the
costs.

MSM chemical compound of chicken depends on the
source of the raw material. For example, the skin tissue
increases lipid while it reduces protein [7]. In general,
MSM contains more fat, moisture or mineral depending
on the meat from which the raw material is supplied.
However, the content of protein is lower [9].

The varieties in the compound of mechanically
separated poultry meat depend on several factors.
These factors are the animals’ age, flesh and bone
proportion, method of cut, the proportion of bone
separation, skin content and denatured protein [5]. As
can be seen from literature we gained, many features of
mechanically separated poultry meat technology have
been investigated, yet its nutritional value has not been
studied about much. In one of their studies, Carolina et
al. [10] state that nutritional compound of MSM is similar
to the chicken meat from which it is attained, yet it has
poor levels of lysine.
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Another important point of mechanically separated
poultry meat is the content of fatty acids and
cholesterols. As a result of the fact that bone marrow is
added into meat after mechanical separation,
mechanically separated meat has high levels of
phospholipids and cholesterol [11]. Bones processed to
be separated from flesh includes 24-66% bone marrow.
Some part of it is mixed with the product being grinded
with mechanical separation process. This is the most
important reason why mechanical separation process is
more efficient than manual separation process [12]. The
efficiency of MSM varies between 55% and 80%
depending on the settings of the separator and the part
which is separated [13]. Unfortunately, mechanical
separation of poultry meat which is an economical
recycling also has some drawbacks. In this study, we
have gathered some negative effects concluded from
scientific research on MSM.

HYGIENE AND MICROBIAL LOAD PROBLEM

The microorganism load of poultry meat which is
separated mechanically is higher than meat separated
manually. Depending on the type of the machine,
mechanical separation process leads to an increase in
the temperature between 1 and 8°C during the
production. Thin fragment of MSPM and the increase in
the surface depending on this, the release of the cell
liquid which is rich in nutritional content during the
process, the rise in the temperature, high pH value and
the mixture of external tissue which is a point of
microbial meeting with the clean internal tissue
encourages the microbial development. Thus, the
storage-life of the product is shortened [12,14,15]. Hecer
and Soézen [16] applied lactic acid, acetic acid and
sodium lactate to mechanically separated poultry meat
in order to reduce microbiological load. As a result of
their study the most effective bacterial decrease for total
aerobe mezophilic bacteria counts was seen in 2%
sodium lactate applied group with a ratio of nearly 15%
decrease. Escherichia coli counts were lower for all
organic acid applied samples than control groups (P <
0.05). It was concluded that 0.2 and 0.3% LA, 1 and 2%
SL concentrated organic acid applications are the most
successful applications of mechanically separated meat
decontamination for both microbiological and sensorial
criteria. The shelf-life of MSPM was prolonged 1 day by
the experimental solutions [16].

LIPID OXIDATION SENSITIVITY

The main problem of the products produced with MSPM
is the occurrence of oxidative changes resulting in a
bitter taste and bad smell [17]. Multiple unsaturated fat
acids of meat such as linoleic and arachidic acid are
exposed to big changes during the storage by freezing.
As a result, the secondary products of fat oxidation such
as aldehydes, ketones, hydrocarbons, esters, furans
and lactones are responsible for all the bitter taste and
sensual disorders [13]. Especially high pressure during
the production, contact with air, the increase in
temperature and the bone marrows naturally included in
the products, the extent of both pigments and
unsaturated fat acids catalyze the oxidation [18]. The
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metal ions of separating machine and calcium and
phosphor from the bone can behave as a catalyst [19].
Oxidized lipids cause the polarization of protein,
insolubility, polypeptide chain separation and the
catabolism of amino acids. Lipid protein interaction
changes the functional characteristics of meat and may
cause some unhealthy changes in the quality of the
product.

Fernandez et al. [20] state that during the mechanical
separation process, oxidative development of MSPM
encourages the auto-oxidation of multiple unsaturated
fat acids in the phospholipids which is present in the
tissues of the poultry and provides the release of both
pigments and oxidative enzymes in the product and their
merge with oxygen. Pikul et al. [21] explain that
phospholipids of the chicken meat are efficient in almost
90% of the malondialdehyde measured in the fat
attained from this meat.

In MSPM samples which contain high amounts of
pigments and iron have proved to possess more
intensive oxidative changes [22]. Compared to manual
separation, mechanical separation process of deboning
triples the amount of pigments. Mechanical separation
does not only release pigments and lipid components,
but also these components and lipids behave as a
catalyst in the auto-oxidation [23]. Gomes et al. [24] and
Lai et al. [25] have also reported similar results.

REDUCED ACCEPTABILITY SCORES OF THE
PRODUCTS AND RESTRICTIONS

According to a report by Kolsarici and Candogan [5], if
high proportion of MSM is mixed with manually
separated meat, the taste and the general acceptability
scores reduce and meat dough with MSM has a clearly
different composition of lipids and proteins. Mechanical
separation process causes the catabolism of cells,
denaturation of proteins and an increase in the lipids
and heme groups [26]. Moreover, MSM contains more
bone marrows compared to manually separated meat.
Mechanical separation generally releases the heme
pigments in the bone marrows and leads to an increase
in its proportions in the meat [5]. Heme pigments affect
muscle lipids and may cause taste problems [19].
Besides, heme pigments catalyze lipid oxidation in the
meat and result in the development of an unwanted
flavour [5]. High proportions of heme pigments influence
the colour of MSM and make it darker and this restricts
the uses of the meat [5, 12]. The recommended
proportion is around 5-20 % (generally 10%). When
used in certain amounts with meat products, the dark
colour and juicy consistency of MSM are usually
balanced being mixed with soy protein which has a
lighter colour and flexible structure [12].

HIGH pH VALUE

pH value of mechanically separated meat is very
important for the functional characteristics of the
products. High pH affects the colour and especially the
emulsion characteristics of the meat. In the formation of
the emulsion, pH has a great effect since proteins are
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the least active chemicals in isoelectric pH and their
solubility and capacity to keep water is the lowest [27].
Proteins easily sink in an isoelectric point [28]. The
increase in the pH of MSM stems from the red bone
marrow (pH 6.8-7.4) and phosphate of lime in the bone
[5]. When the amount of marrow increases in the
muscle, pH rises, as well. The existing muscle and
marrow proportion of MSM varies considerably
depending on the amount of muscle on the bone during
the separation (Field, 1976 in [29]). Proteins have the
least ability to keep water in the isoelectric point. When
the pH increases, the capacity to keep water gets better
[5]. PH is necessary to be high in the environment for
the formation of stable emulsion [29].

Abdullah and Al-Najdawi [19] separated hens from their
bones in 4 different methods (manual separation of the
whole carcass, manual separation of the whole skinless
carcass, mechanical separation of the whole carcass
and mechanical separation of the whole skinless
carcass) and stored the meat at -18°C for 3 months and
investigated the functional characteristics like pH, the
capacity of emulsion and the capacity to keep water and
sensorial parameters with pigment concentration like
colour, flavour, texture and acceptability. In general,
high pH value in mechanically separated meat is
beneficial as far as food technology is concerned, yet it
is essential to be careful since it is a factor which
reduces the microbial quality of the product [15].

HIGH ASH and CALCIUM LEVEL

In some countries, it is necessary to search the calcium
content of the meat to define the bone particles in it.
According to the regulations in the United States of
America, there cannot be more bone particles than 1%
in MSM. For this reason, a mechanical separator must
not be set to produce a product which will include more
calcium than 1% [12]. According to the regulation about
mechanically separated poultry meat, the calcium
content must be maximum 0.5% [6].

Ash content in mechanically separated meat is higher in
comparison with the manually separated one. This
amount depends on the age and type of the animal, the
temperature and type of the separation from the bones.
Because bone and marrow components have been
mixed with the meat before mechanically separated
chicken meat is sifted, ash content in it is more than the
ash content in the untreated meat. The ash content of
MSP is between 0.6 and 1.2°C [12]. Since older animals
have tougher bones which break down more easily in
the machine, the mechanical meat supplied from these
contains more ash. Besides, cool-separated meat is
richer in mineral than warm-separated meat, thus ash
content in this meat is also higher. The amount of the
ash increases in direct proportion to the efficiency of the
machine. The main mineral existing in mechanically
separated meat is calcium. The high proportion of
calcium is important for people who have lactase
deficiency and cannot digest milk. Depending on heme
pigments, iron content is two or three times more in
MSM than in manually separated meat. The calcium and
iron existing in mechanically separated meat can easily
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be absorbed by the human body and these two minerals
are present in higher proportions in mechanically
separated meat than in the manually separated one,
which is considerably important for nutrition. The level of
phosphorus do not vary in big amounts between
mechanically separated meat and the manually
separated one, whereas other minerals like lead,
fluorine and strontium 90 increases as the calcium
increases. While fluoride prevents tooth decay in adults,
it leads to tooth staining of young children. For this
reason, in the USA, the use of mechanically separated
meat in chicken and meat products is restricted with
20% and the use of mechanically separated red meat is
forbidden to be used in child and baby food [3, 5, 12].

Lean meat, which is attained being separated from the
bone, contains 12 mg calcium and 1.2% ash in every
100 g. On the other hand, normal meat contains 3 mg
calcium and 0.2% ash in every 100 g [30]. Ang and
Hamm [31] reported that the calcium content of the
skinned and skinless neck and back of the mechanically
separated chicken (53-91 mg/100 g) is higher than the
calcium content of the skinned and skinless neck and
back of the manually separated chicken (17-35
mg/100g). Abdullah and Al-Najdawive [19] investigated
the calcium contents of manually or mechanically
separated whole and skinned chicken meat. They have
found out that the calcium content of MSPM
(respectively on skinned or skinless carcass; 162.5-
230.0 mg Ca/100mg) is higher than the calcium content
of manually separated chicken meat (respectively on
skinned or skinless carcass ; 16.75-13.50 mg Ca/100g).
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