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Abstract

Steinhawuser L.,,Iva Tomancova, E. Ne -
vesely, P. Dvo?f ak: The Effect of Packaging on
Hot-Carcass-Boned Beef and Pork. Acta vet. Brno, 57, 1988: 61-71.

Compared were microbiological, chemical _ and . sensory
examinations of beef ‘and pork(m. longissimus dorsi) boned while
still hot and immediately packaged on dishes with shrinkable
film, vacuum packaged and packaged in controlled atmospheres
of 80% N, and 20% CO, and of 80% O, and 20% CO,.

Vacuum and controlled-atmosphere packaging markedly increased
the storage life of meat and reduced the intensity of growth
of the natural meat microflora. The best sensory results were
observed in meat in the 0,/CO, atmosphere and no differences
were found after heat treatment. Sensory deviatiohs were found
to be correlated with microbiological findings, some differences
were found only when compared with ammonia values in
controlled-atmosphere packaged meat. Weight losses of packaged
pork were dependent. above all, on biochemical meat properties;
however, also statistically significant were found differences
amoung the individual types of packages after eliminating PSE
defects. No differences were found in beef, similarly as in
the other biochemical indicators of meat quality.

Meat packaging, vacuum packaging, controlled atmosphere.

The basic precondition for increasing the storage life of retail meat
cuts observing the hygienic parameters of production, is meat packaging.
In the past years, meat packaging, especially the progressive systems,
have undergone great improvements all over the world.

In Czechoslovakia at the present time, about 15% of the total volume
of market meat is packaged. By the end of 1995 this amount will have risen
to 40%. Out of this amount of packaged meat, the proportion of specially
dressed meat will be 40%.

In close connection with the systems of packaging, also the specific
boning of meat, very frequently hot carcass boning, is being developed
and investigated.

The aim of the present study was to determine the storage life of retail
meat cut while still hot and packaged in the simple way using dishes and
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shrinkable film, using vacuum packaging and controlled-atmosphere packaging.

Materials and Methods

Meat samples (pork chops and beef steaks from carcass halves) were taken
from the slaughtered animals immediately after veterinary inspection at
the slaughterhouse. The meat was prepared for cooking and sliced to
approximately 100-150 g thick sheets which were weighed separately.
Microbiological scrapings were taken and pH, was measured in three places
in all the samples. The samples were packed separately within two hours
as follows:

(1) into PVC dishes covered with Al film on an automatic packing machine
BTK. The dishes with the meat were flushed for 30 sec with the following
gas mixtures:

(a) 20% CO, and 80% 0, (b) 20 % CO, and 80 % N,
The control analysis- of the gas mixtures was done at the Research
Institute LIKO Prague;

(2) vacuum packaging on a Swisvac packing machine into a Svitamid film;
(3) covering with a PE shrinkable film Chemosvit 0.030 mm on PVC dishes
on a Holimatic M 40 line.

After packaging all the samples were placed in a refrigerator at a
temperature ranging between O and 5 C. The samples were unpacked
individually, one sample a day and the meat was examined organoleptically;
after microbiological scraping the following was determined:

(1) weight of samples after storage

(2) remission (with an extension R 45/0 of the Specol Zeiss 549 nm
colorimeter)

(3) pH (with a stabbing electrode Orion Res. 91-63)

(4) consistency (with a stabbing penetrometer OFD VEB Dresden AP 41)

(5) the water-binding capacity of the meat (K1 ima 1979)

(6) ammonia content (Conway s method)

(7) dry matter (105° C)

(8) fat (extraction in a Soxhlet apparatus).

In the microbiological s g:apmgs the following counts were determined:
(a) psychrotrophic MO(MPA, 5°C, 5 days) .

(2) coliform MO (Endo, 37 °C, ours)
(3) anaerobic MO (VL agar, . 37 C, 48 hours in an anaerostat)
(4) mesophilic MO (MPA, 20°c, 48 hours).

Organoleptic assessment was performed immediately after opening the
package. The meat prepared for cooking was assessed using a linear graphical
equation (Pokorny and Janidéek 1986) by a 5-member panel.

Results

The dynamics of organoleptic changes of packaged beef
assessed immediately after opening the package is given in
Tab. 1, of packaged pork in Tab. 2. Meat packaged in
controlled atmospheres of 80 and 20 % CO, had the best
organoleptic quality, especially as concerns the bright red
colour giving the impression of absolutely fresh meat. After
culinary treatment, no statistically significant changes were
found among the groups of packaged meat. Considerable
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Table 1
Dynamics of organoleptic changes of packaged beef

Days  Ordinary Vacuum _Controlled-atmosphere packaging
packaging packaging N,/CO, 80/20 % 0,/CO, 80/20 %
1 dry, red brownish-red, bright ligh
dry red, dry
at contact with film grey- condensing of water and mace-
-brown-red, moist ration of samples, change of
colour of meat to greyish red-
A -brown (bottom side of sample)

2 release of
juices (small
amounts)

3 \
4 release of maceration of juices from
5 juices bottom of sample

viscous sur-

face on contact

with film \ v
6 slightly butyric odour

¢ greenish tinge

7 sweetish odour

of decaying

meat, greenish

colour
8

9

10 \

11 viscous surface v

12 slightly butyric

odour \

13 sweetish odour acid, rancid
of decaying odour (formalin,
meat butyric)

14

15

16

\

variations in the quality were observed among the individual
samples and groups. Some organoleptic ‘properties, namely
the flavour, consistency and juiciness, spoiling the overall
Sensory  assessment, were worse especially during the first
five to six days in vacuum-packaged and
controlled-atmosphere-packaged pork and during the first
3-4 days in meat packaged on dishes. In the majority of beef
samples, the better organoleptic assessment shifted by 1-3
days, i.e. to the 7th-10th days of storage.

The pH values, namely pH, and pH,, , supported the
suspicion that some meat samples had PSE and DFD defects
(Tab. 3). These defects appeared as weight losses (5-12%)
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Table 2 .
Dynamics of organoleptic changes of packaged pork

Days Ordinary Vacuum Controlled-atmosphere packaging
. packaging packaging N,/C0, 80/20 % 0,/CO, 80/20 %
1 greyish pink, greyish pink, bright pink,
dry dry d
at contact with film pale, maceration in condensed water,
greyish \l’ bottom side of samples pale grey
2
3 release of
juices (small
amounts)
4 release o
juices (small
amounts) V
5 viscous surface
6
7 odour of de-
caying meat
8 A
9 slightly buty-
ric odour
10
11
12 l
13 viscous surface
14 . | acid odour
\Z (beginning)
15 odour of de-
caying meat y \} .
16 butyric odour rancid, acid
\l’ (slight) odour (strong)

and/or in the binding capacity and remission (16-18%). Using
the F-test, no statistically significant differences in the pH
values were observed among the different types of packagings.

Table 3

PH of packaged meat In all the

phase samples
the pH values

Number :

of pH, pH,  pH H, pH, pH virtually stag-

sample 16th day 16th day nate during

the whole

1 6.5 6.1 6.2 6.5 5.7 5.7 period of
2 6.8 6.2 6.2 6.1 5.5 5.5 storage.
3 6.7 6.5 _ 6.3 6.2 5.6 5.6 Thge .
L 6.7 6.5 6.3 6.4 5.5 5.5 e weight
5 6.8 5.6 5.5 6.6 5.6 5.6 losses in
6 6.8 5.7 5.8 5.6 5.5 5.6 beef and pork

are given in



65

Fig. 1 and Fig. 2,

Table & respectively. Pork
i - - t (in d . )
Storage life of hot-carcass-cut meat (in days) .t ™" bo} Gefect

was assessed

Method of packaging DFD BEEF PORK “separately since
Simple  7-8 8-9 7-8 its  high  losses
Vacuum 8-9 12-13 11-13  were completely
Controlled g& <02 10-11 13-4 12-14  Dbaffling within
20% CO 16 and all groups of

atmosphere gog o * 10-11  pore  packagings. The
effect of the

method of packaging

on weight losses in pork was proved statistically (with
the exception of the PSE defect). No effects of different
packagings were found in beef.

Using the F-test, statistically non-significant differences
were found among the groups of packagings when measuring
the ammonia content, tenderness, water-binding capacity
and remission (P > 0.1).
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Fig. 1.  Weight losses of retail Fig. 2. Weight losses of retail pork
beef cuts cuts

In the individual samples of simple and vacuum packaging
there was an evident correlation between the increased
ammonia content and organoleptic variations and the
microbiological findings. In meat packed in controlled
atmosphere with 80% N, and 20% CO,, the increased values
of ammonia were found only with advanced organoleptic
changes. In meat packaged in controlled atmosphere and
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organoleptlcally ‘changed (butyric, acid and rancid odour),
ammonia values were found to be within the standard of
aged meat (ca 250 mg/100 g).

The gradually increasing organoleptic’ changes in packaged
meat were found to be correlated with counts of
psychrotrophic microflora and coliform microflora. ‘

The gradual growth in the count of psychrotrophic
microflora in pork and beef is given in Fig. 3 and Fig.
4, respectively. The graphs show the initial meat
contamination, the 'growth of microorganisms, the zones
of the beginning organoleptic changes and the zone of
spoilage. Similarly, Figs. 5 and 6 show the growths in
the counts of coliform microorganisms in packaged samples
during storage.

Comparisons of mesophile and anaerobic microflora showed
that the differences among the groups of packagings were
not statistically significant. In the samples the following
genera of microorganisms were found: Pseudomonas,
Alcaligenes, Flavobacterium, Enterobacter, Escherichia and
Proteus. In meat in vacuum and controlled-atmosphere
packagings, especially in the later stages of storage, a
higher incidence of Lactobacillus, Pediococcus and
Leuconostoc genera was found.

The organoleptic changes, microbiological picture and
results of chemical analyses served as data for
determinations of the maximal storage life of packaged meat
as given in Tab. 4.

Discussion

K astner (1983) reports that boning the carcass
while still hot has been introduced to meat-processing plants
mainly because it reduces . the costs required for
refrigeration equipment and increases the turnover of meat
in the plant (reduces losses, i.e. waste and dripping).
In a comparative study, E y nard and D upit
(1985) proved that the productivity of labour is improved
when applying hot carcass boning. The differences in the
sensory properties, microbiological picture and stability
of colour are not so univocal. Hot carcass boning is very
demanding as concerns the hygienic requirements during
the operation. B e nes§ (1986) described the lower
dressing percentage and difficult retail cutting which is
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due to the easy separation of the individual muscles. The
precondition for the successful introduction of hot carcass
boning is immediate packaging. B ellamy etal. (1983)
suggested vacuum packaging which is the most frequently
used by meat producers in many countries in connection
with hot carcass boning. A pple and Terlizzi
(1983) proposed that controlled-atmosphere packaging should
be used to prolong the storage life of the meat.

The meat of the carcass cut while still hot is soft,
springy, of a darker colour on the cut, with a clear mosaic
of the muscle fibres frequently of different contraction.
The stability of the colour of the meat depends mainly on
the partial pressure of oxygen above the meat and the
storage temperature. A r n o 1 d (1984) reportd that the
colour of meat stored in a controlled atmosphere with 60-80
% oxygen was oxihemoglobin bright red. When the oxygen
is reduced to less than 60 %, what is called purple
hemoglobin then appears. Under the effect of nitrogen (60-80
%) the colour of the meat becomes greyish brown that is,
however, reversible and after about 20-30 minutes changes
to bright red (G ar wood 1986). The increased content
of oxygen in packaged meat favourably affects the colour,
on the other hand however, it enables aerobic microflora
to develop and reduces the storage life of the packaged
meat.

The growth of aerobic psychrotrophic microflora is
inhibited especially due to the increased CO, content.
Fischer etal. (1983) investigated the effect of various
proportions of constituents of the controlled atmosphere
on the inhibition of microorganisms. The growth of
microorganisms (namely Enterobacteriaceae) was proved
to be significantly inhibited with as little as 20 % of CO,
in the controlled atmosphere. It is true that with more
than 40 % of CO, the growth is inhibited even more but
also reversible brownlng' of the meat occurs, similarly as
in controlled atmospheres with a mixture of N, and CO,.
H a mme s (1983) gives the .best compromlse between
the stability of the meat colour and the antimicrobial effect
of the protective-gas-controlled atmosphere on fresh meat,
i.e. 20 % of CO, and 80 % of O,. This proportion of gases
is the most frequently used and recommended in practice.

Fis cher etal. (1983) drew attention to the possible
different course of ageing of meat and especially to the
onset of ‘spoilage of meat packaged in controlled atmosphere
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(30 % of CO,and 70 % of O,). W e ber and Hopke
(1980) described the butyric, even rancid, odour of beef
after long-term storage in an oxygen-controlled atmosphere.
Fischer etal (1983) did not find any correlation
between these odours and the onset of oxidative changes
in fats as was reported by Taylor (1973) in beef
stored in a controlled atmosphere with an increased tension
of O,. - Silhdédmnko va (1983) considered the Gram
positive genera Lactobacillus, Pediococcus and Leuconostoc
to be the -causal organisms of homofermentative and
heterofermentative lactic fermentation of vacuum-packed
and protective-gas-atmosphere packaged  meat; this
phenomenon was also proved in our experiments. N e w -
t on et al. (1977) considered Brochothrix thermosphacta
and homofermentative lactobacilli to be the predominating
microflora in meat packaged in a decreased tension of oxygen
and increased amount of CO, which stimulated their growth.

N ewton etal. (1977) reported that the predominating
microflora of the early spoilage of meat packaged in the
ordinary way (on dishes) in aerobic conditions was especially
the genus Pseudomonas which appears in the typical slime
formation and off-odour of decaying meat.

No authors described any marked differences in chemical
analyses among the various methods of packaging.
Weber and H o p ke (1980) described the stagnation
of the ammonia content during the storage of meat packed
in an atmosphere with a content of protective gas and the
slow, gradually very rapid, increase in the level of ammonia
in meat packed on dishes. Fi scher et al. (1983)
reported that the level of ammonia in meat packed in an
atmosphere with a protective gas content (70 % of O, and
30 % of CO,) stagnated even when the sensory changes
were so advanced that the meat became uneatable.

Vliv baleni na vlastnosi hovéziho a veprového masa
' bouraného v teplém stavu

\' praci jsou uvedeny vysledky porovnéni
mikrobiologického, chemického a smyslového vysSetreni
hovéziho a veprového masa (M. longissimus dorsi) bouraného
v teplém stavu a ihned baleného na podloZni misky
smrifovaci folif, vakuové a v ochranné atmosfére (80 % N,)
a 20 % CO, a (80 % O,) a 20 % CO,.
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Baleni masa vakuové a v ochranné atmosfére zvySuje
podstatné udrZnost masa a sniZuje intenzitu rdstu prirozené
mikroflory masa. Smyslové nejlépe bylo hodnoceno maso
v atmosfére 0,/CO,, po tepelném opracovani nebyly rozdily
prokazany. Smyslove odchylky masa v zasadé koreluji s
mikrobiologickymi nalezy, rozdily byly zjiStény v porovnéni
s hodnotami amoniaku u masa baleného v ochranné atmosfére.
Hmotnostni ztraty baleného veprového masa jsou zavislé
predevSim na blochemlckych vlastnostech masa, statisticky
vSak byly prokazany i rozdily mezi jednotlivymi druhy baleni
po vyloudeni PSE vad. U hovéziho masa rozdily prokdzény
nebyly, podobné jako u ostatnich sledovanych biochemickych
ukazateld jakosti masa.

BnusiHue YNaKOBKHM Ha CBONCTBa pa3sesibiBaeMoi
B TIOpAYENapHOM COCTOSIHUM TOBSOWHbBI X CBUHHHEI

B paboTe IpUBeOeHbl pPe3yIbTaThl conoc'raBnerm
MHKPOGHOJIOTMYECKHX M  XHMHYECKMX  MCCJIeHOBaHHH,
a TakKke Ppe3yJIbTAaTOB BKYCOBBIX M O6OHATEJIBHBIX

o6clleqOBaHUH pasnelibiBaeMoH B  TropsadellapHOM
COCTOSIHUH TOBAIOWUHBI U CBHHUHBI (M longissimus dorsi)
M cpa3y Xe ynakoBEIBAEMOH B BaKyyMe % 3alUTHOH
arMocpepe 80% N, u 20% CO,, 80% O, wu 20% co,

Ha O6epHVYThIX YC&IIO‘-IHOH IJIeHKOM I'IOJIHOC&X.

BakyyMHas ymakoBKa Msca B 3amHUTHOH aTMmocdepe
CYWEeCTBEHHO VYIydyllaeT COXIaHHOCTb MsAca, IOHUXas
UHTEHCHBHOCTDb PpOCTAa €ro eCTeCTBEHHOH MHKPOQJIOPHI.
C TOUKH 3peHHsI BKYCOBBIX H OOOHATEJIbHbBIX KadecTB
CaMyl BBICOKYI0 OLEHKY IOJIYUHJIO MsSICO B aTMmocdepe
0,/C0O,, mocie TepMoo6paboTKH pasHulua He  6bUIA
yCTaHOBJIeHA. OTKJIOHEHHUS Msica MO BKYCY U OOGOHSIHHIO
HaxomsaATcsa B IIPUHILUIIE B KOppensaunu c
MHKPO6HONIOTHYECKUMHU aHaXu3aMu, pas3HuLa 6bU1a
YCTaHOBJIEHA I[IO CpaBHEHHIo C BeJIHYUHAMH aMMHaka
Yy Msca, YNaKOBbIBAEMOI'O B 3alMTHOM aTMocdepe.
[IoTepy MaACChH YIAKOBAHHOM CBHHHHBI 3aBHCAT NOpexnae
BCero oT ee 6HOXMMHUYECKHX  CBOMNCTB, OHAaKoO
CTAaTUCTHUUYECKHU 6bUla YCTAHOBJIEHA TaKXe pa3HHIA
MeXOy OTIEeJIbHBIMH BHIOAMH YIIAKOBKH IIOCJIe HCKJNOYEHUA
PSE pedekTOB. Y TOBSAIOMHBI, KaK H Y OCTaJIbHbIX
HCCJIeOyeMBIX O6HOXMMHUYECKHX IIOKasaTellel KayecTBa -
MsiCa pa3HHLlA He 6bUla yCTaHOBJIEeHA.
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