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Abstract

Over the last decade the horse meat has gone deeper into the field of vision of both consumers and
scientists. The objective of this study is to identify the specific features during aging of the horse meat. The
changes in microstructure, morphology, protein autolysis, soluble proteins, pH, WHC, drip loss and colour
were studied in horse m. Longissimus dorsi during 12 days of wet aging at 0 - 4°C. At 3 d post mortem the
A- and |-zones were more difficult to distinguish. Some shortening of the sarcomere was observed. The rigor
mortis period in the horse meat occurs between day 3 and day 5. Within this period the muscle fibres were
contracted, the red colour component was decreased by 2 - 3 units, the pH and the WHC were minimal - 5.80
and 13 - 14%, respectively, and the drip losses were maximum about 20%. In intra-cellular spaces released free
water was found. After 5 d post mortem single cracks and strains were observed - an indicator of the ongoing
autolytic processes. The solubility of the proteins is stabilized at about 1.750 mg/ml. An increased share of
protein fractions with a molecular weight of 28 - 23 KDa, considered as an indicator of increased meat fragility,
was found after 5 days. From 5 to 12 day, higher levels of a-actinin, desmin and light meromyosin were found.
After 7 d of post mortem the destructive changes were deepening. Z-lines were very much torn. A- and I-discs
were difficult to distinguish. Myofibrils were highly fragmented and |-zones were not distinguishable.

Key words: m. Longissimus dorsi, microstructure, morphology, protein autolysis, soluble proteins, drip
loss, color

INTRODUCTION

Post mortem changes, leading to the
transformation of muscle tissue into meat,
have been in the spotlight of scientists since
the middle of the twentieth century (Fujimaki &
Arakawa, 1958; Hultin, 1984). Longo et al. (2015)
confirm the hypothesis that at the centre of
this transformation is the process of apoptosis.
Post-mortem chemical changes in muscle are
associated with the aging of the meat (Davey,
1983) and its tenderness (Lian et al., 2013).
Proteolysis processes are referred to as primarily
responsible for the aging and maturation of
meat (Geay et al., 2001).

In the literature publications discussing
the problems of aging meat from 3 to 10 year
old horses (Litwinczuk et al., 2008) and foals
(Ruiz et al., 2018) and accelerated aging of horse
meat by marinating with solutions of calcium
chloride can be found (Lourdes Perez et al.,
1998). There were no studies on aging of two
years old horses bred in the Balkans. This is why
we have set ourselves the aim of this study being
to identify the specific features in the process of
the horse meat aging.
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MATERIALS AND METHODS

Horse meat

The objective of the study was horse m.
Longissimus dorsi. The meat was supplied by
Unitemp Ltd., village of Voyvodinovo, district of
Plovdiv. An average sample was taken from 21
horses. The 42 muscles were obtained, packed
in plastic containers in air and wet-aged for a
period of 12 days at 0 - 4°C. The samples of m.
Longissimus dorsi (from the area between 13th
and 18th thoracic vertebra about 500 g for each
sample) were taken for analysis.

Part of those muscle particles was used
for a morphological, microstructural and
colour analysis, determination of water holding
capacity (WHC) and pH. The meat samples
for protein autolysis and pH were mixed and
minced in a grinder with a hole diameter 4
mm. The mince meat was homogenized in a
homogenizer Knife Mill GRINDOMIX GM 300
(AZoNetwork UK Ltd., Manchester, UK). The
homogenized samples were vacuum-packed in
table-top vacuum packers LYNX 32 (INTRAMA
Group, Dobrich, Bulgaria) and stored for 8h at
0-4°C up to the moment of analysis.

The changes in microstructure, morpho-
logy, protein autolysis, soluble proteins, pH,
WHC, drip loss and colour were studied.

Light microscopy

For morphological analysis samples of 2 x 1
x 1 cm were used. The fixing and the contrast of
the samples were carried out according to the
method described by Barbut et al. (2005).

Transmission electron microscopy

The preparation of the samples and
the transmission electron microscopy were
conducted in accordance with the method of
Lawrence et al. (2002).

SDS-PAGE electrophoresis of
myofibrillar proteins
SDS-PAGE  electrophoresis  of  the

myofibrillar extracted proteins was carried out
under the Laemmli method (1970).

Free amino nitrogen

The amount of a-free amino groups in the
myofibrillar extracted proteins was established
as described in Analalytica - EBC (Welten, 2013).

Soluble proteins extracted from
myofibrils

Extraction of myofibrillar proteins was
performed with PBS buffer (ionic strength 0.55)
using Khan describtion (1962). The protein
concentration of the extract was determined by
Lowry et al. (1951) method.

Water holding capacity of meat

The water holding capacity of meat was
determined by the Grau & Hamm method
(Modzelewska-Kapitula and Cierach, 2009).

pH value

The pH of the samples was measured
electropotentiometrically by the Korceala et al.
(1986).

The meat colour characteristics

The colour characteristics of the
horse meat samples were determined
spectrophotometrically with the CIELab system
(Brewer and Wu, 1993).

Statistical analysis

The statistical analysis was made using the
method of Draper and Smith (1998). Differences
between values below p < 0.05 were considered
statistically significant. All statistical procedures
were performed using software Microsoft Excel
5.0.
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RESULTS AND DISCUSSION

Morphological changes
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Figure1. Morphological changes of horse m. Longissimus dorsi during a period of 12 days of storage at 0 - 4°C.
Horse fillets longitudinal cut contrasted with hematoxylin, 1000x.
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In Figure 1 are presented changes of the
morphology in horse muscle tissue samples
during a period of 12 days of storage at 0 - 4°C.
Up to the 3 days of cold storage in muscle and
connective tissues there were not detected
any significant destructive changes. Muscle
fibres had a loose structure and preserved
their integrity. They were tightly attached to
one another. With the onset of rigor mortis the
muscle fibres were contrasted. Exudate was
excreted in the intercellular spaces. In the initial
stages of autolysis (4 days) the muscle fibres

recover their loose structure. Some unique
cracks and strains appear. This is an indication
of the ongoing autolysis changes up to 5 days of
refrigeration. Some single cracks and feathering
were found. These changes are an indication of
ongoing autolytic changes till the 5 days of cold
storage. From 6 days to 12 days of the horse
meat refrigeration at 0 - 4°C the destructive
changes in muscle tissue were getting worse.
Larger cross cracks were observed. There was
also observed a partial decomposition of
protofibrils (Fig. 1).

Changes of electron microscopic determined muscle structure

Figure 2 shows the changes in the microstructure of horse meat samples (m., Longissimus dorsi)

for a period of 12 days of refrigerated storage a
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Figure 2. Electron microscopic preparations from longitudinal cuts of horse m. Longissimus dorsi, 12000x.
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After 4 h post mortem individual sarcomers
were clearly identifiable and could retain
integrity. A- and I-zones were distinguishable.
H-zones and M-lines were clearly visible, no
Z-lines were observed. After 3 days post mortem
storage A- and I-zones were distinguished with
more difficulty. There was established some
shortening of the sarcometers. After rigor mortis
(6 days) a loosening of myofibrils and a partial
recovery of their natural structure was observed.

The A- and I-disks were still clearly visible, the
Z-lines were preserved. Some changes typical of
the meat maturation were noticed. Cross-cracks
in the Z-lines and the myofibrils were spotted.
After 9 days post mortem the destructive
changes in the myofibrils were getting worse.
The Z-lines were heavily torn; the A- and I-discs
were very hard to distinguish. The myofibrils
were highly fragmented, and the |-zones were
virtually indistinguishable.

Results from SDS-Page gel electrophoresis

SDS-PAGE electrophoresis during aging
of horse meat (0-4 °C) showed that the heavy
meromymisin chains(200 KDa) were identified
up to 48 hours post mortem. At the 4-day of
storage (0-4 °C), the a-actinin content (95 KDa)
was minimal. With increasing the aging time
(after 5 days of storage at 0-4 °C) due to ongoing

proteolytic changes, the protein fractions with
a molecular weight of 28-23 KDa, considered
as an indicator of tenderness (Huff-Lonergan,
1999) increase. After the 5 day of refrigerated
storage at 0 - 4 °C to the end of studied period
(12 days) an increase in the a-actinin fraction,
desmine and light meromyosin was observed!

250 KDa
P 200 KDa — myosin heavy
150 KDa F H chain (MHC) isoforms SM1
! (204 kDa) and SM2 (200 kDa)
100 KDa % - P d 95 KDa - a-actinin
75 KDa '
3
50 KDa ! . 55KDa-desmin
43 KDa - actin
37KDa
- 30KDa-T1
20 KDa -
10 KDa G- M 25-14 KDa - MLC
Protein0 1 2 3 4 5 6 7 8 9 10 11 12
standard Aging time

Figure 3. SDS-Page gel electrophoresis of horse m. Longissimus dorsi during 12 days of aging at 0 — 4°C
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Figure 4. Changes of free amino nitrogen in horse m. Longissimus dorsi during 12 days of aging at 0 - 4°C.

During the first 5 days of the horse
meat storage at 0 - 4°C (Fig. 4) there were no
statistically significant (p > 0.05) changes in the
content of free amine nitrogen (FAN). From 6 day
to 8 day of the experiment due to proteolysis
processes (Geay et al., 2001) the amount of free
amine nitrogen in the meat increased by 46.7%
(p <0.05).

Soluble proteins

Immediately after obtaining (4 h post
mortem) horse meat was characterized by a
relatively high pH (pH = 6.75, Tab. 1) and water
holding capacity (WHC) (Fig. 6). For the next 3 d
(0-4°C) the solubility of the protein fraction was
decreased by 5.7% (p < 0.05, Fig. 5). The results
obtained correspond to the pH and WHC data
(Tab. 1 and Fig. 6) and are indirect evidence of a
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From 8 day to the end of the study period
- 12 days (0 - 4°C) a reverse trend was found,
namely: the FAN content of the horse meat was
reduced by 35% (Fig. 4, p < 0.05). The decrease
in FAN in the final stages of sample storage (0
- 4°C) corresponds well with the reduction of
the solubility of proteins during the same study
period (Fig. 4).

rigor mortis. After 3 days autolysis was detected
under the effect of endogenous tissue enzymes
and a number of biochemical transformations
(Hultin, 1984). As a result, after 6 days the
solubility of the meat proteins increased
significantly (p < 0.05). From 6 day to the end of
the study period (12 d, 0 - 4°C) a reverse trend
was established.

0 1 2 3 < 5 6 7 8 9 10 11 12

Time of aging, d

Figure 5. Changes of the soluble protein fraction extracted from horse m. Longissimus dorsi for a period of 12

days of aging at 0 — 4°C.
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Water holding capacity
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Figure 6. Changes of water holding capacity of horse m. Longissimus dorsi during 12 days of aging at 0 — 4°C.

The identified changes in water holding
capacity (WHC) of the horsemeat samples (Fig.
6) correspond to the data obtained for the pH
(Tab. 1). From 1 day to 6 day of the experiment,

pH value

Immediately after slaughter (4h post
mortem) the horse meat was characterized
by a normal pH of the order of 6.75 (Tab. 1). A
statistically significant decrease of pH of 14.07%
(p < 0.05) was found on the 4 day of the horse
meat storage at 0 - 4°C. These results are indirect
evidence of a rigor mortis stage. Similar results
for the pH at 45 min, 24 and 48 h post mortem in
thelumbarsegmentof Longissimus dorsimuscle
(Longissimus dorsi) and m. Semitendinosus are
found by Litwinczuk et al. (2008). Unlike our
study Lourdes Perez et al. (1998) and Litwinczuk
et al. (2008) found a 8.39% lower pH at 24 h post
mortem. This is probably due to the fact that the
samples in the studies were taken from horses
considerably older and probably in purer health.

the WHC decreased by 45.8% (Fig. 6, p < 0.05).
From 6 day to 12 day of the storage of samples
of horse meat (0 - 4°C) the WHC increased by
7.5% (p <0.05) (Fig. 6).

From 4 days to 8 days of the refrigeration
storage the rigor mortis progressively passed
and the pH of the horse meat increased by
8.62% (p < 0.05) (Tab. 1).

From 8 daysto 12 days at the end of the cold
storage period of the horse meat at 0 - 4°C the
pH again decreases and reaches acidic values
commensurate with those in the post-mortem
state (Tab. 1). The resulting decrease in pH at
the end of meat storage (0 - 4°C) is probably due
to the development of lactic acid microflora.
Contrary to our data Seong et al. (2014) found
a constant increase in the pH of vacuum packed
and 30 days aged at 4°C m. Longissimus dorsi.
Similar as our results were found in thawed
horse meat after 30 days storage at -20°C.
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Colour determination

Table 1. Changes of pH and colour characteristics of horse m. Longissimus dorsi for a period of 12 days of

aging at 0 - 4°C.

Time for post The color The color The color

mortem aging pH brightness redness yellowness
d L* a* b*
0 6.75¢+ 0.05 30.01°+ 0.26 16.91¢+0.10 3.45°+0.38
1 6.20°<+ 0.05 30.35°+0.14 17.01¢+0.37 3.58°+0.17
2 6.15°<+ 0.05 30.82°+0.79 17.86+ 0.21 3.61°+0.35
3 6.10° £ 0.05 31.71°£0.13 19.939+ 0.43 4.89¢+0.28
4 5.80°+ 0.08 31.34°+0.52 19.679 £ 0.32 4,62¢+0.17
5 6.16°<+ 0.05 30.42°+0.34 15.55+ 0.36 4.21°+£0.23
6 6.20°< + 0.05 30.29°+0.72 14.62°+0.73 3.78°+0.27
7 6.25 <+ 0.05 30.30°+ 0.56 14.42°+ 0.41 3.75°+0.21
8 6.30<4 + 0.02 30.36°+ 0.44 12.62°+ 0.20 3.212+0.07
9 6.12<+0.07 30.522+0.27 12.17°+0.23 3.08*0 +0.23
10 6.00° + 0.06 30.42°+ 0.68 12.14°+ 0.28 2.99°0 +0.23
11 5.85*+0.08 30.50°+ 0.45 11.98°+ 0.58 2.71°+£0.20
12 5.80°+0.10 30.78°+ 0.56 11.84°+0.15 2.70°+0.23

Means within each column having different letters were significantly different according to Duncan’s test at p < 0,05.

No statistically significant differences (p
> 0.05, Tab. 1) were observed when the colour
brightness (L*) measured at the beginning
(4 h, 0 - 4°C) and at the end of the experiment
(12 days, 0 - 4°C) of horse m. Longissimus dorsi
were compared. Statistically significant increase
of the colour brightness (L*) by about 5.66%
(p < 0.05) was found on the 3 and 4 day of the
storage of the horse meat at 0 - 4°C (Tab. 1).
From the 4 d (Tab. 1) until the end of the study
period the colour brightness decreases with no
statistically significant difference (p > 0.05) of
the originally determined value on the 12days.
These conclusions are consistent with the results
reported by Seong et al. (2014) for vacuum-
packed and 30 days aged at 4°C d horse m.
Longissimus dorsi but differ significantly from
the results reported by Ruiz et al. (2018) for 9 d
aged at 4°C foals m. Longissimus dorsi.

After the 4 days of horse meat storage
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(Tab. 1) the color redness (a*) increases by
approximately 17.86% (p < 0.05). After the 4
days of the meat refrigeration a reverse trend
was established and by the end of the study the
colour redness was reduced by 7.83 (p < 0.05).
A statistically significant increase in the
colour, with an approximately 41.74% (p < 0.05)
increase in the yellowness (b*), was found on the
3 day of the horse meat storage at 0 - 4°C (Tab.
1). From the 4 day to the 12 day of the storage
at 0-4°Careverse trend was established as well.
On the 12 day of the experiment the colour
yellowness (b*) decreased with 1.92 units (p <
0.05) from the baseline. These results are not
in agreement with those reported by Seong
et al. (2014) who found that the yellowness
of the vacuum packaged and 30 days aged at
4°C d horse m. Longissimus dorsi significantly
increases and those of Ruiz et al. (2018) for 9
days aged at 4°C d foals m. Longissimus dorsi.

to use the premises of their slaughterhouse for
the industrial part of the experiments.



PECULIARITIES OF THE HORSE MEAT AGING

REFERENCES

Barbut, S, Zhang, L, & Marcone, M. (2005).
Effects of pale, normal, and dark chicken
breast meat on microstructure, extracted
proteins, and cooking of marinated fillets.
Poultry Science, 84(5), 797-802.

Brewer, M. S., & Wu, S.Y. (1993). Display, packaging,
and meat block location effects on color
and lipid oxidation of frozen lean ground
beef. Journal of Food Science, 58(6), 1219
-1236.

Davey, C.L.(1983). Post mortem chemical changes
in muscle - meat aging. 36th Reciprocal
Meat Conference, American Meat Science
Assosiation, North Dakota State University,
Fargo, North Dakota, USA. Proceedings:
108-115.

De Palo, P, Maggiolino, A., Centoducati, P, & Tateo,
A. (2012). Colour changes in meat of foals
as affected by slaughtering age and post-
thawing time. Asian-Australasian Journal
of Animal Science, 25(12), 1775-1779.

Draper, N.R., &Smith, H.(1998). Applied Regression
Analysis. Somerset, NJ, USA: John Wiley &
Sons, Inc.

Fujimaki, M., & Arakawa, N. (1958). Chemical
studies on the autolysis of meats. Part
VIl. On the chemical chanches of the
myosin B during aging of meats. Bulletin
of Agriculture Chemical Society of Japan,
22(4), 249-255.

Geay, Y. Bauchart, D., Hocquette, J-F, & Culioli,
J. (2001). Effect of nutritional factors on
biochemical, structural and metabolic
characteristics of muscles in ruminants,
consequences on  dietetic  value
and sensorial qualities of meat. RND
Reproduction, Nutrition, Development,
41(1), 1-26.

Huff-Lonergan, E., & Lonergan, S. M. (1999).
Postmortem mechanisms of meat
tenderization: The roles of the structural
proteins and the calpain system: Quality
attributes muscle foods. New York, NY:
Kluwer Academic/Plenum Publishers.

Hultin, O. H. (1984). Post mortem biochemistry
of meat and fish. Journal of Chemical
Education, 61(4), 289-298.

Khan, A. W. (1962). Extraction and fractionation of
proteins in fresh chicken muscle. Journal
of Food Science, 27(5), 430-434.

Korkeala, H. Maki-Petdys, O., Alanko, T, &
Sorvettula, O. (1986). Determination of pH
in meat. Meat Science, 18(2), 121-132.

Laemmli, U. K. (1970). Cleavage of structural
proteins during the assembly of the head
of bacteriophage T4. Nature, 227(5259),
680-685.

Lawrence, T. E, Waylan, A. T, & Kastner, C. L.
(2002). Myofibrillar structural changes
caused by marination with calcium
phosphate or calcium chloride and
sodium pyrophosphate. Conference of
Cattlemen’s Day, M. C. Hunt, Ed., Kansas
State University. Agricultural Experiment
Station and Cooperative Extension Service,
Manhattan, Kan, USA. Proceedings: 102-
105.

Lian, T., Wang, L., & Liuy, Y. (2013). A new insight
into the role of calpains in post mortem
meat tenderization in domestic animals.
A review. The Asian-Australian Journal of
Animal Science, 26(3), 443-454.

Litwinczuk, A., Florek, M., Skatecki, P, & Litwinczuk,
Z. (2008). Chemical composition and
physicochemical properties of horse meat
from the Longissimus lomborum and
Semitendinosus muscle. Journal of Muscle
Foods, 19(3), 223-236.

Longo, V, Lana, A., Bottero, M. T,, & Zolla, L. (2015).
Apoptosis in  muscle-to-meat aging
process. The omic witness. Journal of
Proteomics, 125(1), 29-40.

Lourdes Perez, M., Escalona, H., & Guerrero, |.(1998).
Effect of calcium chloride marination on
calpain and quality characteristics of meat
from chicken, horse, cattle and rabbite.
Meat Science, 48(1/2), 125-134.

Lowry, O.H., Rosebrough, N. J,, Farr, A. L., & Randall,
R. J. (1951). Protein measurement with
the Folin phenol reagent. The Journal of
Biological Chemistry, 193(1), 265-275.
1951.

Modzelewska-Kapitula, M., & Cierach, M. (2009).
Effect of pressure and sample weight
on free water content in beef estimated
according to Grau-Hamm method
using computer image analysis. Nauka
PrzyrodaTechnologie, 3(4), 1-6.

Ruiz, M., Beriain, M. J,, Insausti, K., Lorenzo, J. M.,
Cantalejo, M. J,, & Saries, M. V. (2018).
Aging effect on a foal meat preservation.
ITEA, 114(1), 45-60. [In Spanish]

Seong, PN., KyoungMi, P, SooHyun, C., GeunHo,
K., SunMun, K., BeomYoung, P, & HoaVan,
B. (2014). Effect of postmortem ageing
time on quality characteristics of horse
meat. Proceedings of 60th International
Congress of Meat Science and Technology,
Maldonado, Uruguay, 17-22 August 2014.
Archivos Latinoamericanos de Produccién
Animal, 22(5), 69-71.

Welten, E. (2013). Free Amino Nitrogen in Beer
by Spectrophotometry (IM): Analalytica
— EBC. Nuremberg, Germany: Fachverlag
Hans Carl.



Stefan G. Dragoev, Dessislava B. Vlahova-Vangelova, Dessislav K. Balev,
Kolyo T. Dinkov, Aco Kuzelov

OCOBEHOCTU HA CTAPEEHETO HA KOHBCKOTO MECO

CredanI. AparoeB'*, lecucnaBa b. BnaxoBa-BaHrenoea', lecucnas K. banes', Koo T.
Ounnkos?, Auo Kysenos?
"YHugep3umem 3a npexpaHbeHu mexHonoauu, TexHomowku ¢paxkynmem, Kamedpa 3a meco u puba
mexHornoeuja, 6yn. ,Mapuya” 26, [1nosdus, byzapuja
2YHusep3umem 3a npexpaHbeHu mexHosnoauu, TexHu4ku ¢pakynmem, OddeneHue 3a npoyecu u anapamu, 6ysi.
~Mapuya” 26, lnosdus, byzapuja
3 YHusep3umem ,loye [Jenyes’; 3emjodencku ¢pakynmem, Od0eneHue 3a npexpaHbeHa mexHosnoauja u
npepabomka Ha npou3eoou 3d XusomHu, ,Kpcme Mucupkog” 10-A, LLimun, MakedoHuja
*KoHmakm asmop: logos2000lt@gmail.com

Pesume

Bo TekoT Ha nocnefHaTa fieLieHrja Ko CKOTO Meco oTuze Noaiaboko BO BUAHOTO MoJie Ha MOTPOoLLyBauuTe
1 HayyHuumTe. Llenta Ha oBaa cTyauja e fa ce ngeHTndrKyBaat cneundryHUTE KapakTePUCTUKN 3a Bpeme Ha
CTapeereTo Ha KO CKOTO Meco. [poMeHnTe BO MUKPOCTPYKTYpaTa, MopdonorunjaTta, NpoTeMHCKaTa aBTonmnsa,
pacTBOpnMBMTE NpoOTenHK, pH, KanauuteT 3a 3afpXXyBatbe Ha Boda (K3B), 3arybata Ha Bopa u 6ojaTa 6ea
ncnuTyBaHu Kaj m. Longissimusdorsi of Kot 3a Bpeme Ha 12 feHa Ha Ha Temnepatypa op 0 po 4°C. Ha 3 geH
postmortem A v [-30H1 NoTeLwKO ce pa3nrKyBaa. belle 3abenexaHo ckpaTyBatbe Ha capkomeparta. lMepuogot
Ha NOCTMOpTasiHaTa BKOYAHETOCT (rigormortis) BO KOHCKOTO Meco ce jaByBa nomery 3 n 5 aeH. Bo oBoj nepurog
MYCKYJTHUTE BflaKHa Ce KOHTpaxupaHu, KOMMNOHeHTaTa Ha LpBeHaTa 60ja e HamaneHa 3a 2-3 eguHuun, pH
n K3B ce mrHumanHm - 5,80 n 13-14%, coonBeTHO, 1 3arybute Ha Bofa 6ea HajmHory okony 20%. Mo 5 geH
postmortem 6ea 3abenexaHn NoeAUHEYHM MYKHATVMHMW - MOKa3aTesl 3a TEKOBHUTE aBTONUTMYKM MPOLIECH.
PactBopnvBocTa Ha npotenHuTe ce cTabunuamupa Ha okony 1750 mg/ml. 3ronemeH gen on dpakummte Ha
NpoTenHNTE CO MoNeKynapHa TexunHa o 28 fo 23 KDa, cMeTaHO Kako MHAMKATOP 3a 3rofieMeHa KpLUMBOCT Ha
MecoTo belle npoHajaeHa no 5 geHa. Of 5 fo 12 AeH ce OTKPMEHW NMOBUCOKM HMBOA HA O-aKTUHWH, Ae3MVH 1
neceH MepomMunosuH. Mo 7 geH postmortem gecTpyKTUBHUTE NPOMeEHU ce npoanabouysat. Z-nMH1UM 6ea MHory
NCKNHaTU. A- 1 |-gruckoBmMTe TeWKo ce pas3nmKyBaa. Mnodubpunnute, ncto Taka, 6ea MHory GparmeHTUpaHu 1
|-30HMTe He MOXea NleCcHO Aa ce pa3fnnKyBaar.

KnyuHu 360poBu: m. Longissimus dorsi, Mukpocmpykmypa, mopghosioeuja, npomeuHcKa asmosusa,
pacmeopausu npomeuHu, 3a2yba Ha 8o0a, 60ja.
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