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Assessment of post-slaughter exsanguination degree
of selected muscles of fatteners’ carcasses
Ocena stopnia wykrwawienia poubojowego wybranycfsmituszy wieprzowej

Summary. The main aim of this study was to assess the-gjasghter exsanguination degree of
selected muscles of pork carcass. The researchiahatevered samples of five muscles. The post-
slaughter exsanguination degree of muscles wasndieted with the haemoglobin agar diffusion
test and the compressor test. The studies showagidtistlly highly essential differences in the
post-slaughter exsanguination degree of the testestles. Théongissimus thoracis musculus is
characterized by the most advantageous exsanguinagigree, and thgiaphragm musculus and
colli musculi by the least advantageous exsanguination degree.
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INTRODUCTION

Modern systems of obtaining and processing raw madgeattach a lot of weight to
the quality, microbiological and hygienic safetydadurability of the products [Migdat
al. 2004]. A comprehensive presentation of the prolid¢ meat products’ quality should
cover all features of the product which are esaéfiar the consumer and which decide
about its quality, in particular the microbiolodi@nd sensory aspects [Rosenvold and
Andersen 2003]. Post-slaughter exsanguination ef rfain raw materials and by-
products, the most significant of which is meatstdutes the basic factor determining
the quality of meat. Exsanguination degree is daterd by genetic and physiological
factors as well as processes associated with ithgirg} technique, exsanguination time
and the position of the carcass. The process ofréimsformation of muscles into meat
takes place immediately after exsanguination. Letkirculation and oxygen flow to
tissues causes that further production of ATP tailtase through glycogenolisis [Stoier
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et al. 2001]. The pace of the processes following slearghnd the final pH of the meat
determines its structure and organoleptic featsved as colour, smell, water absorben-
cy, consistency, texture, as well as susceptiltititputrefaction [Kortz 2001].

Research conducted so far [Beutling and Hahlwed.,1B8jovicet al. 1992, Szku-
cik 1996, Szkuciket al. 2001, Warriss 1984] pointed to a clear connectietween the
exsanguination degree and the development of pattiognicroflora determining the
quality features of the raw material. This inteypis important for the safety of the raw
material, as it leads to microbial inoculation loé tmeat. The development of the micro-
flora influences the nutritional value of the meealanges its chemical structure and
forms new organoleptic features. The chemical caitipm of the raw material and meat
constitutes a favourable environment for the dgwmlent of microorganisms [Petary
skaet al. 1992]. The susceptibility to the developmenttaf microflora and occurrence
of changes of the organoleptic features grows tmgetith an increase in the amount of
blood in raw materials. With 50% exsanguinatiorerdhe meat is not fit for consump-
tion after 3 days due to intensive processes ofahiological decomposition taking
place in the meat [Pelcagkaet al. 1992, Szkucik 2001].

Signs of microbiological decomposition of meat d@ seen when the number of
microorganisms is at the level of 708 log per 1° amface or 1 g of meat [Jeremiah
2001]. Reaching this level of infection mainly dege on the initial contamination,
which also depends on the post-slaughter exsartguindegree. Studies show that musc-
les of pork carcass are characterized by varyimgesds of residual blood, the content of
which is determined by the muscle structure, itefions and blood flow.

The aim of the following study is to assess thetgt@mighter exsanguination rate of
selected muscles of pork fatteners.

MATERIALS AND METHODS

The research was conducted in the Pig Slaughtdor@emce Testing Station in
Chorzeléw. The material comprised samples of fivesetes (husculus longissimus tho-
racis, musculus semimembranosus, musculi colli, musculus internal oblique, musculus
diaphragm), obtained from 100 carcasses of Polish Landratterfers.

The fatteners were slaughtered in a slaughter hiogs¢ed in the Pig Slaughter Per-
formance Testing station in Chorzeléw. From thegpig to an ante-mortem facility the
fatteners were transported individually with a haadt. The transport distance was
70 m. From the ante-mortem facility the animalsemeansferred to the slaughter sector,
where slaughter activities were carried out. Inftte stage, fatteners were stunned with
STZ-2 stunning device, powered by 230 V electriaitgl 50 Hz frequency and amperage
of 1,2-2,5 A. The electric current was applied gskrotterschmid-Winberer clasps,
250 mm wide, and 950 mm long, with electrode gameafrom 40 to 500 mm. After
stunning was completed, fatteners were hangeddyethhind leg. In this position bin-
aural stinging was performed, which involved cugtithe neck vascular trunks: the
brachiocephalic trunk, carotid arteries and juguksns. Fatteners were left in a hanging
position until the outflow of blood from the slaughwounds was completed. After 24 h
cooling, muscle samples were obtained from theasardo mark the exsanguination
degree [Tereszkiewicz 2009].
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Post-slaughter exsanguination rate of the analysestles was estimated with the
haemoglobin in agar diffusion test [Beutling 1984]d the compressor test [Szkucik
2004]. Results of the test were expressed alongar scale [Szkucik 1996]:

— 1 point — lack of a haemoglobin ring,

— 2 points — presence of haemoglobin ring, thickré mm,

— 3 points — presence of haemoglobin ring, thickrgnore than 3 mm.

Results of the compressor test were also expressed a 3 point scale, applying
the following assessment criteria:

— 1 point — 4 crhstain of yellow colour,

— 2 points — up to 5 chstain of light red colour,

— 3 points — above 6 émstain of red colour.

On the basis of the test results, post-slaughtestreguination degree of the carcasses
was estimated and the following criteria were agali

— 1 point — 100% exsanguination (complete),

— 2 points — 75% exsanguination (incomplete),

— 3 points — 50% exsanguination (partial).

The collected numerical material was statisticalhalyzed. The significance of the
differences between the exsanguination rate ofrthscles was evaluated with the chi-
square testyf). Results were processed with the STATISTICA @fhputer program.

RESULTS

Results of the assessment of fatteners’ musclengugaation using the haemoglobin
diffusion test are presented in Table 1. In theugrof carcasses with 100% exsanguina-
tion, statistically significant differences weresebved betweethe longissimus thoracis
musculus — 1,01 pts, andolli musculi — 1,10 pts and thdiaphragm musculus — 1,11 pts.

In carcasses with 75% exsanguination, the higtesstiual blood content was observed
in the diaphragm musculus, while thelongissimus thoracis musculus was characterized
by the statistically significantly lowest amountresidual blood estimated at 1,32 points.
Average difference between the exsanguination aftésese muscles was 0,46 pts.

Table 1. Assessment of post-slaughter exsangumetgree of selected muscles of pork carcasses
with haemoglobin diffusion test
Tabela 1. Ocena wykrwawienia poubojowego wybranyafini tuszy wieprzowej
testem dyfuzji hemoglobiny

Muscl Exsanguination 100% Exsanguination 75% Exsanguination 50%
Miuz(i:e? Wykrwawienie 100% Wykrwawienie 75% | Wykrwawienie 50%
¢ X SD X SD X SD
Musculus . 10 | 011 | 132 | 016 : :
longissimus thoracis
Musculus semimenbranosus| 1,05 0,09 1,46 0,24 - -
Musculi colli 1,1¢ 0,17 1,59 0,23 2,30 0,22
Musculus Interial oblique 1,05 0,16 1,58 0,32 -
Musculus diaphragm 1,1P 0,05 1,78 0,43 2,39 0,41

aa — statistically significant differences with idieal letters in the columns.
aa — rénice statystycznie istotne w kolumnach oznaczodong&owymi literami.
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Table 2. Assessment of post-slaughter exsangumetgree of selected muscles of pork carcasses
with compressor test
Tabela 2. Ocena wykrwawienia poubojowego wybranyafini tuszy wieprzowej
testem kompresorowym

Muscle Exsanguir)ati.on 1009 oExsanguinatipn 759 Exsanguipatipn 50%
Micsien Wykrwawienie 100% Wykrwawienie 75%|Wykrwawienie 509
X SD X SD X SD

Musculuslongissimusthoracis | 1,09 0,10 1,29 0,23 - -
Muscul us semimembranosus 1,12 0,14 1,40 0,34 - -
Musculi colli 1,09 0,08 1,64 0,28 2,28 0,37
Musculus Interial oblique 1,03 0,07 1,35 0,42 - -
Musculus diaphragm 1,13 0,11 1,68 0,43 2,35 0,29

aa — statistically significant differences with idieal letters in the columns.
aa — rénice statystycznie istotne w kolumnach oznaczodong&owymi literami.

In the group of carcasses with 50% post-slaughtsareguination (partial exsan-
guination), the highest level of residual blood whserved in theiaphragm musculus
and in thecolli musculi. Signs of partial exsanguination were not obseigtielongis-
simus thoracis musculus, in the semimembranosus musculus, nor were they seen in the
internal obliqgue muscle. The assessment of post-slaughter exsanguinatioieadtaut
using the compressor test (Table 2) shows thanaficles were characterized by com-
plete exsanguination. There were no statisticagigiicant differences observed in the
exsanguination of the analyzed muscles in the godugarcasses with 100% bleeding.

Musculus diaphragm 1,44
Musculus interial oblique

Musculi colli

Muscul us semimembranosus

Musculus longissimus thoracis 1,16

Point/pkt

Fig. 1. The sequence of muscle having regard ddsugorder blood content (point)
Ryc. 1. Sekwencja mdni na podstawie oceny stopnia wykrwawienia (pkt)

It is worth noting that in this group of carcass tiesults of exsanguination assess-
ment by point ranged between 1,09 and 1,13 pdimtdhe group of carcasses with 75%
bleeding, statistically significant differences weobserved between tHengissmus
thoracis musculus — 1,29 pts, thediaphragm musculus — 1,68 andcolli musculi —
1,64 pts. Analogical relations were observed whitsessing the exsanguination rate
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using the haemoglobin diffusion test (Table 1)s lvorth noting that both tests produced
similar results for carcasses with partial bleedifigble 1, Table 2).

The assessment of post-slaughter exsanguinatisieadayut with two independent
physicochemical tests allows us to assume thaethez significant differences in the
residual blood content in the analyzed muscles. sthdy shows that the diaphragm and
the colli muscles are characterized by a high bloodtent. Signs of incomplete and
partial exsanguination can be observed in theselesisTo the muscles characterized by
increased residual blood content belongsta membranosus musculus and theoblique
internal musculus, while the most advantageous exsanguination atiteatame time the
highest post-slaughter exsanguination rate in tloeig of analyzed muscles was ob-
served in théongissimus thoracis musculus. The sequence of the analyzed muscles tak-
ing into account increasing blood content is presgim Fig. 1.

DISCUSSION

According to Moje [1993], complete blood weight stitutes around 1/22 of a fat-
tener’s body weight. Other authors claim that anlyart of the total blood content of an
organism is obtained during post-slaughter bleed@andin 2003, Szkucik 1998].
Normally, around 40-60% of the total blood contenbbtained during post-slaughter
bleeding [Warriss 1984]. After slaughter the residblood remains mainly in internal
organs, which constitute an organism’s stock obtldVost of the blood is located in the
liver, lungs and in the spleen. Significant amowftblood remain also in muscles. Ac-
cording to Warriss [1984], the amount of blood instles ranges from 2,0 to 9,0 ml per
one kg. According to Szkucik [1998], blood conggtion average 1,63% of the muscle
weight and its percentage increases to 1,89% ircdlse of incomplete exsanguination.
Authors [Melieret al. 2006. Szkucik 1996, Tereszkiewicz 2009] also ptorgignificant
variation in the residual blood content remainimgriuscles after slaughter.

Studies [Pisula 1974, Szkucik 2004, Tereszkiewi6®9} show that thenternal
oblique musculus, the supraspinatus musculus and thecolli musculi serve best for cor-
rect assessment of exsanguination. According tau@kk[1996], analyzing residual
blood content in these muscles is representativehi® whole carcass. Assessment of
blood in these muscles makes it possible to apjaigly determine all degrees of post-
slaughter exsanguination. Other authors [Buratoa. 1983, Meiler 2006] point to the
usefulness of the diaphragm and the tricbpechii musculus for the assessment of
slaughter exsanguination of pork carcass. Musclesommended by the above-
mentioned authors were used in this study.

Statistically significant differences in the exsaingtion rate of the examined pork carcass
muscles were observed on the basis of the heannogliffasion test. Partial exsanguination at
the level of 50% was observed in toi anddiaphragm musculus (Table 1).

It is worth noting that partial exsanguination wast observed in théongissimus
thoracis musculus, semimembranosus musculus, nor was it identified in thénternal
oblique musculus. Statistical analysis showed that blood conterthélongissimus tho-
racis musculus, semimembranosus musculus, and theinternal oblique musculus was
significantly lower compared to theolli and diaphragm musculi. Incomplete exsan-
guination (75%) was observed in all the examinedai@s. The highest residual blood
content in the carcasses characterized by incompleeding was observed in ttie-
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phragm musculus, with a smaller content in thelli musculi, internal oblique musculus,
and in thesemimembransous musculus. The lowest blood content in this group was ob-
served in thdongissimus thoracis musculus. In the group of carcasses characterized by
complete exsanguination — 100%, the exsanguinatimmwas confirmed in the case of
all the examined muscles. It should be noted thalis group, théongissimus thoracis
musculus was characterized by the lowest amount of resitlmbd content. A high
blood content was observed in diaphragm eaiti musculi (Table 1). The results of the
compressor test (Table 2) showed thatltdmgissimus thoracis musculus was character-
ized by the lowest amount of residual blood. Lowadal content was also observed in the
semimembransous and theinternal oblique muscles. Comparing post-slaughter exsan-
guination of the five muscles, it should be noteat tonly thecolli musculi and thedia-
phragm musculus showed 50% partial exsanguination. Results ofptessent analysis
showing differences in post-slaughter exsanguinaitiothe particular muscles compris-
ing the pork carcass are in line with the previcesearch [Meiler 2006, Pisula 2005,
Szkucik 1996]. According to the studies, pork meascWith a high amount of blood
comprise thediaphragm musculus, the masseter muscle and theli musculi, while to
the muscles with a low blood content belong lttvaissimus thoracis musculus, as well

as the gluteumedius musculus, not included in the present study. It is worthimgp that
the longissimus dorsi musculus, obtained from the thoracic segment, is used thetm
often in analyzing quality features of pork caremssiowever, as was shown in the pre-
sent study, the muscle does not constitute an pppte diagnostic material for the as-
sessment of exsanguination because it containd amalints of residual blood and does
not allow an appropriate determination of the egsamation of other muscles compris-
ing the pork carcass. A similar opinion was eadimted by Szkucik [1996].

CONCLUSIONS

1. The research showed statistically significaffiedénces in post-slaughter exsan-
guination of the examined muscles. The most favwlarpost-slaughter bleeding was
observed in thdongissimus thoracis musculus, while the least favourable in thdka-
phragm andcolli musculi.

2. Considering the increase in blood content, s@réned muscles can be arranged
in the following order: théongissimus thoracis musculus, theoblique internal musculus,
the semimembransous musculus, thecolli musculi and thediaphragm musculus.

3. The assessment of residual blood content peefdromly on thdongissimus tho-
racis musculus does not allow a correct determination of the paricasses’ exsanguination.

4. Both the compressor test and the haemoglobinsitiih test can be recommended
for assessing post-slaughter exsanguination siote tests provide similar results. The
compressor test should be recommended for usaumgtdler houses owing to the ease
and time of marking.
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Streszczenie Celem pracy byla ocena stopnia wykrwawienia poawego wybranych mgéni
tuszy wieprzowej. Materiat badawczy stanowity prdiiyciu miesni pobranych z 100 tusz wie-
przowych. Stopig wykrwawienia poubojowego badanychefmi okreslono testem dyfuzji hemo-
globiny w agarze oraz testem kompresorowym. W biaghrnwykazano statystycznie istotnez+6
nice w stopniu wykrwawienia poubojowego ocenianyuksni. Najkorzystniejszym wykrwawie-
niem poubojowym charakteryzowak gniesien najdhuzszy klatki piersiowej, a najmniej korzyst-
nym migsien przepony i mgsnie szyi.

Stowa kluczowe tuczniki, ubdj, m¢snie, wykrwawienie, stopiewykrwawienia



