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Abstract

Napravnikova E., L. Vorlova, L. Malota: Changes in Hygienic Quality of Vacuum-
packed Pork During Storage. ActaVet. Brno 2002, 71: 255-262.

Hygienic quality of boned vacuum-packed pork was monitored during storage by sensory,
chemical, and microbiological methods. Pork was vacuum-packed into polyamide/polyethylene
(PA/PE) foil 72 h after slaughter. Initial temperature did not exceed 9° C. The meat was stored at
2.5+ 0.5°Cinthedark for 35 daysand samplesfor |aboratory examinationswere collected at days
14, 21, 28, and 35 to assess appearance, colour, odour, and characteristics of released meat juice,
to determine pH and concentrations of ammonia and D- and L-forms of lactic acid, and to
enumerate lactacidogenic bacteria. Lactobacillus curvatus and Lactobacillus xylosus were
identified asthe causative agents of meat spoilage using the API system. Theresultswere subjected
tocorrelation analyses. Theshelf life of boned vacuum-packed pork varied between 21 and 28 days,
depending on initial pH. The results of correlation analyses indicated that only ripe pork with the
optimum pH =5.8t0 5.95 issuitablefor vacuum-packing. In addition to thelactacidogenic bacteria
count (LAC), the shelf life can be estimated also from ammonia concentration (LAC/ammonia
r = 0.9584, P < 0.05), pH (LAC/pH r = -0.9317, P < 0.05) and the concentration of D-lactate
(LAC/D-lactater = 0.9867, P < 0.01).
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Meat spoilage is a complex process in which microorganisms present in the muscular
tissue due to secondary contamination during processing are involved, and which depends
on ambient temperature. The storage of meat is associated with changesin quality resulting
from microbial activity, shift of pH, production of toxic substances, and aberrant odour
(Huis 1996). Most prone to spoilage are foods with a high protein content, such as meat,
poultry, fish, and milk, which have a high dietetic value, neutral, or lightly acid pH, and a
high water content providing favourable conditions for bacterial growth (Huis 1996).
Bauer (1995) demonstrated that enzymes of the muscular tissue and bacterial enzymesare
involved in chemical changes (production of biogenic amines, changesin colour and fat)
occurring during storage. The most important factors influencing the development and
growth of spoilage microorganisms on raw meat in cold storage include the initial relative
number of psychrotrophic flora and its growth dynamics at low temperatures. Qualitative
and quantitative composition of the microbial population responsible for meat spoilage
depend on pH, water activity, storage atmosphere, and among-species relations (Gould
1995). Dominant in the microbial population of vacuum-packed meat are lactacidogenic
bacteria which participate in the development of an unpleasant odour. Dainty (1996)
detected indol and hydrogen sulphide by gas chromatography and identified them as the
cause of this sensory defect. The microbial activity results in the production of typical
metabolitesincluding invariably the D and L forms of lactic acid. D-lactate is produced by
bacteriaexclusively and isregarded as an indicator of the growth of specific microbial flora
(Sinell and Luke 1979; Schneider et al. 1983). Further metabolites produced by the
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indicator microbial flora include biogenic amines (tyramine, cadaverine, putrescine, and
others) and a number of further compounds, such as ethanol, acetic and lactic acids, which
are responsible for sensory changes developing in vacuum-packed fresh or cooled meat.
Borch (1996) identified Lactobacillus spp. asthe major agent causing spoilage of vacuum-
packed meat manifested by changesin colour, odour, and taste, and by gas production.

Microbiological examination of meat in the Czech Republic is regulated by the Notice
No. 294/97 Coall. as amended by the Notice No. 91/99 Coll. These documents list food
commodities with indication of tolerated counts of selected microbial groups. Foods in
which the counts are not exceeded are regarded as safe and can be marketed.

Microbiological examination of foodsis focused not only on causative agents of human
diseases, but also on microorganisms causing spoilage and affecting shelf life. Meat is
exposed to many environmental factors which are favourable for the survival and
propagation of the contaminating microbial flora.

Meat safety can be assessed by testing for indicator (marker) germs. Suitable for this
purpose are microbial species or groups which propagate and can be identified readily and
which, by manifestation of life processes, yield the required information. One of thetypical
indicators are coliform bacteria. Currently, tests for the presence and number of coliforms
are used to assess therate of total contamination of foods and the hygienic standard of food
manufacture. The assessment must be based on the rate of contamination. Indicator values
are specific for individual commaodities and depend on input materials and technological
procedures. Increased counts of coliform bacteriaareindicative of failuresin sanitation and
very high counts can be dangerous to human health. This does not mean, however, that all
foods that are free from coliform bacteria are safe. Relevant for the assessment are almost
exclusively increased counts. Coliform bacteria are regarded as negative indicators, the
presence of whichisundesirable. On the other hand the demonstration of positiveindicators
can be used as asign of good quality only exceptionaly.

A special group of indicators are fungi. Their demonstration always indicates a poor
quality of raw materials or inappropriate storage conditions.

Most papersdealing with effects of packaging arefocused on pathogenic bacteriathat can
induce alimentary diseases (L &t 1991). Also in this case, factors relevant to shelf life and
safety include temperature, pH, water activity, redox potential and packaging technology
(Roberts 1980).

Materialsand Methods

Thirty boned pork loinswere selected randomly in the carving shop of ameat processing plant and fivedicesof each
of them were vacuum-packed and stored. Initial &, values were determined and ammonia and D- and L-lactic acid
(lactate) concentrations were determined, pH was measured, and lactacidogenic bacteriawere enumerated in samples
opened at days 14, 21, 28, and 35. Assessment of sensory characteristics of cold sampleswas done on these occasions.

Pork
Boned pork loin was cooled to 7 °C within 48 h after daughter and sliced samples were vacuum-packed 72 h
after slaughter. The temperature did not increase above 9 °C during this period.

Packaging material
PA/PE foil, permeability for oxygen 50 mL mL m2 d, for carbon dioxide 150 mL m2 d'1, for nitrogen
10 mL m2d1, weight 87.0 g/m?, drawing quality longitudinal 45%, transversal 35%.

Storage conditions
The sampleswere stored in the dark at 2.5 + 0.5 °C. The temperature was recorded twice a day with the digital
thermometer AMA-digid Precision.

Chemical analyses
Ammonia concentration was determined by the Conway method (microdiffusion followed by titration with
sulphuric acid after displacement of ammoniainto boric acid with potassium carbonate) (Helclova et a. 1990a).
pH was measured using the stab glass electrode ORION RESEARCH Ross.
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D- and L-lactic acidswere determined by an L DH-catalysed reaction in which the acid is oxidised by coenzyme
NAD+ to pyruvate and NADH. The resulting amount of NADH is equivalent to the content of lactic acid. The
concentration of NADH is measured photometrically at 340 nm (Boehringer Manheim 1995).

The a, value was measured using the NOVASINA apparatus with an electrolytic sensor at 25°C. The
instructions of the DEFENCOR company were observed.

Microbiological examination
Lactacidogenic bacteria were enumerated according to the ISO Standard 13 721 (56 0125) using MRS agar as
the culture medium and identified using the APl 50 CH System (BioMérieux). The identity was confirmed by
49 biochemical tests for which five typical colonies (white, glossy, 0.5 to 1 mm in diameter, formed by ovoid
immobile rods occurring separately or in pairs) were selected from each dish.
Sensory assessment. The sampleswere assessed in terms of colour, odour, and appearance of rel eased meat juice
using three descriptors for each characteristic with the following verbal definitions:
Colour: 1- fresh, light pink
2 - moderately altered
3 - markedly altered, greyish to greenish
Odour 1 - typical of meat
2 - agreeable, milky
3 - repulsive, typica of beginning spoilage
Meat juice 1-noreleased juice
2 - small amount, lightly opal escent
3 - markedly turbid, denseto sticky

Statistical processing
Means = SD were calculated and correlation was tested using the STAT Plus software (Matouskova etal.
1992).

Results

Water activity wasdetermined at the beginning of the storage period only. Theresults
varied between 0.962 and 0.990. Thisvalue wasno more considered after forming of groups
defined by initial pH.

The results of sensory assessment are presented in Tables 1 and 2. Initial samples
examined immediately after vacuum packing showed light pink colour, typical odour of
meat, and only negligible amount of released juice. Sensory changes observed between days
21 and 28 included an increased amount of turbid meat juice, marked milky odour of meat,
and changein colour tolight grey. Signs of beginning spoilage were apparent at day 35 from
unpleasant odour, greyish-green col our and milky appearance of released meat juice. At this
stage, the meat was no more consumable. Significant differencesin the descriptorsused in
the sensory analyses were found only between days 28 and 35 (P < 0.05 for al the
descriptors).

Tablel
Mean values of sensory descriptors during the storage period

Initial pH Descriptor Storage period (days)
1 14 21 28 35
Colour 10 1.0 2.0 25 3.0
5.20-5.30 Odour 1.0 1.0 2.0 3.0 3.0
Meat juice 15 20 25 3.0 3.0
Colour 10 10 15 15 3.0
5.45-5.66 Odour 1.0 1.0 2.0 2.0 3.0
Meat juice 15 15 15 20 3.0
Colour 10 10 15 20 3.0
5.71-5.80 Odour 1.0 1.0 1.0 15 3.0
Meat juice 15 15 15 20 3.0
Colour 1.0 1.0 2.0 2.0 3.0
5.92-6.16 Odour 1.0 1.0 15 2.0 3.0
Meat juice 15 15 2.0 2.0 3.0
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Table2
Sum of mean values of sensory descriptors during the storage period

- Storage period (days)
Initial pH 0 T o1 T 35 Sum
5.20-5.30 35 4.0 6.5 85 9.0 315
5.45-5.66 35 35 5.0 55 8.0 255
5.71-5.80 35 35 4.0 55 9.0 255
5.90-6.16 35 35 55 6.0 9.0 275

Initial pH measured before vacuum packing was considered in the assessment of results of
chemical and microbiological examinations. All the samples were divided into four groups
in terms of this variable. Table 3 shows ammonia concentrations and pH (means+ S.D.) as
dependent on the length of the storage period. The corresponding data.on dynamicsof lactate
concentrations and lactacidogenic bacteriacounts (LBC) arerepresented in Figs 1 through 4.

Table3
Changes of ammonia concentration and pH during the storage period (mean + SD)
- Storage period (days)

Initial pH Paramet

nhap ameer 1 14 21 28 35
520-5.30 pH 525+0.05 | 557+051 | 559+051 | 566+0.1 5.62+0.11

) ) Ammonia* | 16.09+0.0 |20.17+00 |2231+0.02 |29.12+6.0 |30.94+20.00
5.45-5.66 pH 555+0.05 | 559+0.09 | 559+0.09 | 555+012 | 546+0.23

: : Ammonia* 144+00 |16.23+0.01 |2285+0.05 |23.38+0.30 |23.94+240
571-5.80 pH 575+0.02 | 581+007 | 575+002 | 567+0.03 | 560+0.11

) ) Ammonia* | 13.45+0.0 |16.25+0.02 |1842+0.04 |20.16+0.52 | 27.33+1.80
592-6.16 pH 6.11+0.09 | 6.02+0.03 | 6.01+0.03 | 6.07+005 | 595+0.01

: : Ammonia* | 17.00£0.0 |20.85+0.0 |2538+003 | 29.8+0.20 |32.88+0.05

* (mglkg)

Group 1 - initial pH 5.20to 5.30
This group consisted of three samples. pH increased continuously from theinitial 5.25 +
0.05toreach 5.62 + 3.23 at the end of the storage period. AscanbeseeninFig. 1, thechanges
1200 00 in pH during the storage period were
' 000 inconsiderable. Ammonia concentrations
1% increased from the initial 16.06 + 0.15 mg/kg
e to the final 30.94 + 3.23 mg/kg. LBC varied
1 200 considerably during the storage period. The
Lo initial zero count increased to values in the
Lo order of 106 CFU/g. A marked increase in
600 LBC was observed after day 28. Standard
oo o B ke wd) deviation was very low, as can be seenin Fig.
—x-Skleok™ | 1, The concentration of D-lactate increased up
Fig. 1. Dependence of indices under study on storage t0 day 28 and remained unchanged up to the
time (musculature samples with initial pH 5.20-5.30)  end of the storage period. On the other hand,
the concentration of L-lactate decreased from theinitial 10.12 + 0.32 g/kg up to day 28 and
remained unchanged thereafter.
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Group 2 - initial pH 5.45 to 5.66
Laboratory testswere carried out in 19 samples of thisgroup. Meaninitial pH 5.55 + 0.05
remained unchanged during the first 28 days of storage and decreased to 5.46 + 0.23 by its



end a day 35. Ammonia concentration
increased fromtheinitial 14.40+0.15mg/kgto
22.85 +1.89 mg/kg at day 21 and to 23.94 +
4.36 mg/kg at day 35. The range of standard
deviation wasrather wide. LBC increased from
the initial zero value moderately up to day 21
and then more markedly up to day 35 when
valuesin the order 10° CFU/g werefound. The
standard deviation range was narrow. The
concentrations of the D- and L-lactic acid
forms were similar to those found in Group 1
and standard deviation was negligible.

Group 3 - initial pH 5.71 to 5.80
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Fig. 2. Dependence of indices under study on storage
time (muscul ature sampleswith initial pH 5.45-5.66)

Laboratory tests were carried out in 5 samples of this group. Only negligible changesin
pH were observed during the storage period. The initial value 5.75 + 0.02 decreased to

560 £+ 011 a its end. Ammonia
concentrationsincreased fromtheinitial 13.45
+ 0.47 mg/kg to 20.16 + 0.71 mg/kg at day 28
and 27.33 = 4.09 mg/kg at day 35.

LBC increased fromtheinitial zero valueto
reach the order 10 CFU/g at day 35. The
standard deviation range was rather narrow.
Fig. 3 shows that a marked increase occurred
after day 28. The concentration of L-lactate
decreased from the initial 8.145 * 0.355 g/kg
to 7.53 £ 0.260 at day 35 and that of D-lactate
increased during the same period from
0.02 + 0.0075 g/kg to 2.48 + 0.260 mg/kg.

Group 4 - initial pH 5.92 to 6.16
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Fig. 3. Dependence of indices under study on storage
time (musculature sampleswith initial pH 5.71-5.80)

Laboratory tests were carried out in 3 samples of this group. Only this groups showed a
gradual decreaseof pH from 6.11+ 0.09 at thebeginningto 5.95+0.01 at theend of the storage

period. Ammonia concentration increased
almost twofold during this period from 17.00
+6.87 mg/kg to 32.88 + 4.79 mg/kg. Standard
deviation for this concentration wasthe largest
(Fig. 4). LBCincreased from theinitial zeroto
the order of 107 CFU/g. The concentration of
L-lactate increased from theinitial 7.37 + 0.03
o/kg to 8.37 + 0.19 g/kg at day 21 to decrease
during the rest of the storage period to 4.65 +
0.06 g/kg. The concentration of D-lactate
increased from the initial zero to 2.75 + 0.24
g/kg at the end of the storage period.
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Fig. 4. Dependence of indices under study on storage
time (muscul ature sampleswithinitial pH 5.92-6.160)

Discussion

Values of water activity found in our experiments were comparable with those regarded
as common for raw pork, which are optimal for the propagation of microbes of the genus

Lactobacillus (L &t 1991; Topinkova 1996).
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Typical microbial floraresponsiblefor anaerobic spoilage of meat islactic acid producing
bacteria (LAPB) of the genus Lactobacillus (Huise 1996). LAPB, including the genera
Lactobacillus and Leukonostoc, predominate in meat stored under anaerobic conditions.
Anaerobic decomposition of meat is a low process setting in as soon as the bacterial
population reaches 108 to 10° CFU/g. Shelf life can be shorter if the hydrogen sulphide-
producing species Lactobacillus sakei prevails (Pipek 1995).

The lactobacillar population on meat usually includes the species L. sakel, L. curvatus,
and L. plantarum (Hugas 1998). Gill (1983) identified L. curvatus and L. sakei as
representatives of psychrotropic microbial floraon vacuum-packed meat.

Samelis (2000) identified L. sakel as the dominant species present on vacuum-packed
pork and found a good correlation between the propagation of LAPB and relevant intrinsic
factorsincluding pH of and water content in meat.

Fermentation of saccharides by lactobacilli results in the production of lactic acid
associated with adecrease of pH and an odour change. L APB areacomponent of theoriginal
microbial flora of meat that readily propagates on cooled and vacuum-packed meat. Their
growth in red (beef and pork) vacuum-packed meat stored in cooling rooms inhibits the
propagation of G- bacteria. The propagation of LAPB is accompanied by very moderate
fermentation processes which, in the initial phase, do not induce aterations of sensory
characteristics due to the low concentration of saccharidesin and a high buffering capacity
of meat. LAPB can, viavarious mechanisms, inhibit the propagation of pathogenic bacteria
(Hugas 1998). Metabolites produced by LAPB that inhibit the growth of other bacteria
include lactic and acetic acids, carbon dioxide, hydrogen peroxide, diacetyl, and
bacteriocines.

Y ost (2000) used PCR to identify LAPB strains isolated from vacuum-packed pork
stored at 2 °C. Of the 70 isolates, 52 were identified as L. sakei and the remaining 18 as
Leukonostoc spp.

L actobacilli isolated within our experimentswereidentified asL. xylosusand L. curvatus.
The latter ranks with bacteria producing the racemic form of lactic acid, while the former
produces its L-form only. The amount of lactic acid produced in vacuum-packed mesat
depends primarily on the content of residual saccharides. Lactic acid can be further
metabolised by L. curvatus which shows L-lactate oxidase activity. This enzyme uses
oxygen as an electron acceptor giving rise to hydrogen peroxide as one of the factors
inhibiting the growth of undesirable microbial flora (Kamenik 1994).

Coefficients of correlation between LBC on the one side and the other variables under
study on the other sidewere cal culated for thefour groups of samplesdifferingininitial pH.

No significant correlation was found in Group 1 (pH 5.20 to 5.30). The respective
coefficients were as follows. LBC/pH r = 0.3917; LBC/ammonia r = 0.7816; LBC/total
lactater =-0.7177; LBC/L-lactate r = 0.8033; LBC/L-lactate -0.8248.

Only onesignificant correlation between LBC/L -lactate (r =-0.9754, P < 0.05) wasfound
in Group 2 (pH 5.45 to 5.65). The remaining coefficients were as follows: LBC/pH r =
-0.1084; LBC/ammoniar =0.7257; LBC/total lactater = -0.6960; LBC/D-lactater =0.5234.
Only the correlation coefficient opf BMK/L-lactate wasr =-0.9754 (P < 0.05).

Rather interesting were the correlations between LBC and the remaining variables in
Group 3 (pH 5.71 to 5.80), which were expressed by the following coefficients: LBC/pH
r =-0.9317, P < 0.05; LBC/ammoniar = 0.9584, P < 0.05; LBC/total lactate r = 0.2395;
LBC/D-lactater = 0.9867, P < 0.01; LBC/L-lactate r = -0.5160.

Only onesignificant correlation LBC/D-lactate (r = 0.9724, P < 0.05) wasfound in Group
4 (pH 5.92 to 6,16). The remaining coefficients were as follows:

LBC/pH r =-0.6903
LBC/ammoniar = 0.8141
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LBCltotal lactater = -0.3415
LBC/L-lactater =-0,9112

It is evident from the results of the correlation analyses that ammonia and D-lactate
concentrations and pH could be used for fixing the shelf life of vacuum-packed pork in
samples of Group 3 only. It should be noticed however, that initial pH corresponded to
values found in well ripened meat only in samples of this group and that the above
characteristics cannot be used for vacuum-packed meat showing an atypical ripening course.

A comparison of results obtained by the different methods indicates that sensory
aberrations follow changes detectable by biochemical and microbiological methods with a
delay of 5to 7 days. Even so, objective assessment of hygienic quality of vacuum-packed
meat cannot be based on separate determination of asingle characteristic.

Zmény v hygienické jakosti vakuové baleného veprového masa

Cilem préce bylo sledovéani hygienické jakosti vakuové baleného vepfového masa bez
kosti na zdkladé€ senzorického, chemického a mikrobiologického vySetieni. K pokusu bylo
pouZzito vepfové maso 72 h post mortem, jehoZ teplota nepiesahovala 9 °C. Jako obalovy
materidl byla pouZita PA félie koextrudovand PE. Skladovani probihalo pfi teploté prostfedi
2.5+ 0.5 °C ve tmé po dobu 35 dnt. Béhem této doby byly odebirany vzorky (14., 21., 28.
a 35. den) k laboratornimu vySetieni. Senzoricky byl hodnocen celkovy vzhled, barva, viiné
acharakter uvolnéné masové §tdvy. Chemicky byla stanovena hodnota pH, obsah amoniaku,
D- a L- formy kyseliny mlééné. Mikrobiologicky byl stanoven pocet baktérii mlééného
kvaSeni. API syst¢émem byly identifikovany jako plvodci kaZeni Lactobacillus curvatus
a Lactobacillus xylosus. Vysledky byly zpracovéany s pouZitim korelani analyzy. Doba
pouZzitelnosti vakuové baleného vepfového masa bez kosti se pohybovala v rozmezi 21-26
dnt. Jeji délka je odvisla na pocate¢ni hodnoté pH masa, uréeného k baleni. Na zdkladé
vysledkl korelacni analyzy jsme zjistili, Ze pro vakuové baleni vepfového masa je vhodné
pouZzit pouze maso vyzrilé, jehoZ optimélni hodnota pH = 5.80 — 5.95. Jako kritéria pro
hodnoceni doby pouZitelnosti je moZno pouZit kromé stanoveni poctu baktérii mlécného
kvaSeni (BMK) i stanoveni obsahu amoniaku (BMK/amoniak r=0.9584, P < 0.05), hodnoty
pH (BMK/pH r =-0.9317, P < 0.05) a obsahu D-laktatu (BMK/D-laktit r = 0.9867, P <
0.01).

Acknowledgement

Theauthorswish to thank the Steinhauser Tisnov Company for providing meat samplesfor laboratory analyses.
The work was supported by the Ministry of Education, Y outh, and Sports of the Czech Republic (Grant No.
162700005).

References

BAUER, F. 1995: Chemical changes during storage and spoilage of meat and meat products. Shelf life of meat and
meat products. Utrecht ECCEAMST 57-74

BOEHRINGER MANNHEIM BIOCHEMIKA 1995: Methods of Enzymatic BioAnalysis and Food Analysis.
Boehringer Mannheim GmbH Biochemicals Mannheim, 157 p.

BORCH, E, MUERMANS, MIK, BLIXT, Y 1996: Bacterial spoilage of meat and cured meat products. Int J Food
Microbiol 33: 103-120

CSNISO 13721 Maso a masné vyrobky - Stanoveni poctu baktérii mlé¢ného kvaseni - Technika pocitani kolonii
vykultivovanych pfi 30 °C.

DAITY, RH 1996: Chemical/biochemical detection of spoilage. Int JFood Microbiol 33: 19-33

GILL, CO 1983: Meat spoilage and evaluation of the potencial storage life of fresh meat. J Food Protect 46: 444-
452

GOULD, W, ABEE, | 1995: Physiology of food poisoning microorganisms and the major problems in food
poisoning control. Int JFood Microbiol 28: 121-128

HELCLOVA, M, KLIMOVA, M, PAVELKA, J, SASIK, M, ZILKOVA, J 1990a: Veterinarni laboratorni
metodiky. Chemie potravin - vSeobecn4 ¢4st. SVS CR a SVS SR Bratislava, 223 p.



262

HELCLOVA, M, KLIMOVA, M, PAVELKA, J, ZILKOVA, J 1990b: Veterinarni laboratorni metodiky. Chemie
potravin - specialni ¢4st. SVS CR a SVS SR Bratislava, 137 p.

HUGAS, M 1998: Bacteriovinogenic lacltic acid bacteriafor the biopreservation of meat and meat products. Meat
Sci 49: 139-150

HUIS, JHIJVELD, T 1996: Microbia and biochemical spoilage of food an overview. Int JFood Microbiol 33: 1-
18

KAMENIK, J 1994: Startovaci kultury v masném priimyslu.UZPI Praha 51 p.

MATOUSKOVA, O, CHALUPA, J, CIGLER, M, HRUSKA, K 1992: STAT-Plus uZivatelska prirucka verse 1.01
Brno, Veterinary Research Institute, 168 p.

LAT, M, LATOVA, J 1991: Chlazeni a zdravotni rizikovost balenych potravin. Veterindfstvi 44: 225-227

PIPEK, P 1995: Bakteriociny v masné vyrob&. Maso 6: 30-35

ROBERTS, J1980: Bedigungen der Keimvermehrung bei Fleisch. Fleischerel 31: 30

SAMELIS, J, KAKOURI, A, REMENTZIS, J 2000: Selective effect of the product type and the packaging
conditions on the species of lactic acid bacteria dominating the spoilage microbial association of cooked meats
at 4 degrees C. Food Microbiol 17: 329-340

SCHNEIDER, W, HILDEBRANT, G, SINELL, HJ 1983: D(-)-Lactat-Koncetration als Parameter fur die
Bewertung des frische Zustandes vorverpackter, hitze behandelter Fleischerzeugnisse. Fleischwirtschaft 63:
1198-1205

SINELL, HJ, LUKE, K 1979: D(-)Lactat als Parameter fur die mikrobielle Belastung von vakuumverpacktem
Brihwurstaufschnitt. Fleischwirtschaft 59: 547-550

TOPINKOVA, A 1996: Vodni aktivitav mikrobiologii potravin. Hygiena41: 147-154

YOST, CK, NATTRESS, FM 2000: The use of multiplex PCR reactions to characterize populations of lactic acid
bacteria associated with meat spoilage. Lett Appl Microbiol 31:129-133



