SESSION 5 - MICROBIOLOGY AND STORAGE LIFE OF
CHILLED FRESH MEATS
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The
Stop, b
3evap aB‘ab life of fresh meats held under refrigeration may be extended by
atmnsbhel:etnodsv including vacuum packaging, storage in modified gas
nre'tr‘eates and irradiation. Such procedures may also be combined with
MENL of the meat to reduce the initial bacterial contamination.

N thi
anq slsrpaper‘the effects of the procedures listed above on the microbi gy
of env[rage life of red meats stored at 0-5°C are discussed. The significance
Spuilageag"‘eﬂtal factors in controlling the growth of the various types of
€atg ang aCteria are compared. Methods of assessing the acceptability of
Eonsideredthe Possibility of developing chemical definitions of spoilage are

* Areas requiring further research are identified.

It p,

ag g
Bﬂckg,.o::rej“ﬁossm{e to list only some of the relevant literature here.
(lga ) % information may be found in the articles of Ingram and Simonsen

: d Dainty, Shaw and Roberts (1983).

e storage
ALty
Ough
op upeg“the total aerobic count on beef carcasses following the completion

dre Dsyehng may be as high as 105/cm?, commonly less than 1% of these bacteria
Pepp erazc“”ophs and hence able to grow below 8-10°C. The flora on

ang Ps&ud ed fresh meats is predominantly composed of Gram-negative bacteria
h\ghw Spp. become dominant as storage progresses, particularly at
Peag) 0a “? h'JQldity. Spoilage usually becomes significant when numbers

by S5’ 107/em? and is characterized by putrefactive "off" odours followed

ne
ﬂlrectly f"Oducuon (Ayres, 1960). The time taken to reach spoilage is
ey veelated to the initial number of (psychrotrophic) bacteria on the
oy o : With a low initial count, the maximum storage life at 0°C is only
ks

The 2
thay ' 211able gat 1 ; 7 :
n a indicate that the pseudomonads have faster growth rates

(‘977) thOther‘ types of bacteria present and according to Gill and Newton
exﬁmxneq és advantage increases as the temperature is reduced. These workers
Broy g o he utilization of substrates by pure cultures of spoilage organisms
ot t“ Meat and found that substrate exhaustion at the meat surface did
'fa"‘mum 5 bacterial growth under aerobic conditions. They suggested that the
Imgy, YOEU density of aerobic spoilage cultures is determined by oxygen
Dosltlor\or growth. Thus it appaears that growth rate determines the

One‘ of H}e aerobic spoilage flora. This situation seems to be a

and significant interactions between the various components of the

®ar to be unlikely.

ay
R
e he tai their importance in spoilage, there has been considerable interest
Empnn Onomy of pseudomonads isolated from meats, with most workers

€ that many strains could not be readily identified with the described

8,

Peg

heen is and biotypes (Dainty, Shaw and Roberts, 1983). Recently there have
:°n-r1u°r"‘imev‘ical taxonomic studies of isolates from meat. Most strains were
Pt'alns H‘*”ent and have been designated as Pseudomonas fragi. Fluorescent

8 ere also present and were identified as Pseudomonas fluorescens and

Sudop,
V\HA§ Putida (Molin and Ternstrém, 1982; Shaw and Latty, 1982).

Bouyy,
N ackaged fresh meat

rcon .
2?‘100:;:\;0“3 in a culture are made anaerobic, then aerobes such as
a meats\.s Cease to grow and facultative organisms grow more slowly. Storage
W hig In gag atmospheres other than air has been used for about fifty years
at"‘%ph;r\:oncep‘ led to vacuum packaging which is a form of modified
anvjstcrage. Vacuum packaging is now widely used especially for cuts
4 forms the basis of a considerable world trade in chilled meat.

fr,
E?Pmeabiih Meat is vacuum packaged in bags made of plastic film of low gas
‘ScuSSEdlty, the oxygen is consumed and carbon dioxide is produced (recently
b rechly gy Enfors and Molin, 1984). Providing the packaging hi been
leer Thi One, there is very little headspace within a vacuum-packaged cut of
niess thaq ? makes accurate gas analysis difficult but the atmosphere contains
t"chn' ‘»°X)'aen, some 20-40% carbon dioxide with the remainder being
{Dainty et al., 1979).

e

(o, Stor i
RIRK. 19?{89 life of vacuum-packaged beef at 09C is 10-12 weeks (Newton and
i Sgan, 1983), providing the following criteria are met:-

the
Meat must have been produced using good manufacturing practice,

on) ;
"elen,, Y Meat of normal ultimate pH is used (pH must be lower than 6.0 and
RS 8 o 10ssr)

i

he A x
JPackaging fiim ed must have a low permeabllity to gas

2’ SWh/atm mea;

(<100 ml

Oorm2)5), ured at 25°C and 98% rh. Films with permeability <30 ml
'»iV) ‘eih/agm give a greater margin of safety).
the,
™ T must be good temperature control throughout the storage period.
g
Yith 'S congigq ¥ = 3 . ks R
¥ Slderable literature on the microbiology of vacuum-packaged meat,

‘-m;c o3t Studi

rqu,"tﬂnt 5 es having been done using beef. When reading this it is

o d“.? Note that technological factors may make direct comparisons of
fplaced o1 leult, particularly as newer less-permeable packaging films have
o 1y "heirder types. Nylon-based films have caused a particular problem .
Py L Permeability changes markedly with relative humidity (Rigg, 1979).
rhOt appreciated in some of the early studies. Further in some
“'® PH of the meat was not quoted and presumably was not taken into
These two factors, meat pH and packaging film permea ty actually
fe Composition of the microbial flora of chilled vacuum-packaged
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cuum-packaged meat

vacuum=-packaged meat s spoiled pr nts problems. In the
spoilage, packs are opened and checked for the presence of
Any "off" odour must be distinguished from the "confinement"

odoyp

or "vacuum-pack" odour
ded the meat is
controll conditions and

et al., Newton

taste panel of 15 members and have
an "off" or changed flavour. When
S as che sour and acid but later
2 also as bitter and liver-like. "Off" odours are also noted, but
these occur later in storage and the panel results clearly indicate that the
flavour change is the major defect (Egan, 1983).

hown tr
st noted it

These organoleptic changes are attributed to the accumulation of end products
resulting from the growth of lactic acid bacteria, which reach a population on
the lean surface in the range of 1-5 x 107/cm? and dominate the flora
(Seideman et al 1976; Dainty et al., 1979; Newton and Rigg, 1979; Egan,
1983). Ta;’:e_pnnel evaluation of meat carrying pure cultures of lactic acid
bacteria has confirmed that these organisms do produce the types of flavour
listed above and Shay, 1982; Hanna et al., 1983). gnificant
is not usually noted by the taste panel until several weeks after the
count of lactic acid bacteria reaches 107/cm2 (Egan, 1983). Thus the total
unt is not a useful indicator of the spoilage of vacuum-packaged normal pH
ef stored in pl ic film of low gas permeability. When beef is stored
vacuum-packaged at 5°C in the absence of a significant population of bacteria
(so called "sterile" meat) spoilage still occurs and is again first manifested
by the development of an undesirable flavour (Egan and Shay, 1982). This also
occurs at 09C and the panel results indicate a storage life of ca. 16 weeks at
this temperature. 5

Tt is difficult to directly compare taste panel assessments of spoilage with a
consumer appreciation of the meat. Almost certainly a trained taste panel
will detect organoleptic changes in the cooked meat in a controlled experiment
sooner than most consumers in the home. Thus it is likely that acceptance of
the panel result is erring on the side of safety.

Over a period of years a number of complaints concerning the acceptability of
meat exported from Australia have been referred to our laboratory. Invariably
rejection or downgrading was based on a visual assessment (usually an
undesirable colour was noted). In all cases, at least one of the criteria
mentioned previously was not met. It would be very useful if an objective
method for evaluating the condition of vacuum-packaged meat was available.

Vacuum-packaged cuts of beef are commonly broken down at central processing
plants and repacked for retail sale. Relatively little information about the
microbiological characteristics and the storage life of the repacked meat is
available (Vanderzant et al., 1982).

The microbiology of vacuum-packaged beef

The microbiology of packaged meats has now been studied for some 20 years. In
1962, Jaye, Kittaka and Ordal reported major differences in the bacterial
flora of meat stored in gas-permeable and impermeable films. 1In the same
year, Ingram outlined the microbiological principles involved in prepacking
meats. Subsequently extensive studies have established the relative

significances of the various factors that control the composition of the
bacterial flora of vacuum-packaged meat.

The composition of the flora of vacuum-packaged beef is largely determined by
a combination of two factors, the gas permeability of the packaging film and
the muscle pH. There has been considerable discussion as to whether the
inhibition of the growth of certain spoilage organisms is due to a lack of
oxygen or to inhibition by carbon dioxide. This cannot be discussed in detail
here, but it appears that the effect of carbon dioxide is equally as important
as oxygen limitation (Erichsen and Molin, 1981; Shaw and Roncaroli, 1982).

In the case of Pseudomonas spp. there is very little growth provided the
criteria concerning meat pH and film permeability mentioned earlier are met
(Newton and Rigg, 1979; Erichsen and Molin, 1981). In certain cases where
some growth has been observed, the reasons for this are not known but may
possibly be related to initial inoculum effects (Sutherland, Patterson and
Murray, 1975; Dainty et al., 1979). Inhibition by carbon dioxide is the main
reasen for the fail lr?orpse-Jdomonads to grow on vacuum-packaged beef but the
very low concentrations of oxygen also probably contribute.

Brochothrix thermosphacta does not grow on beef under anaerobic conditions if
the meat pH is 5.8 or lower (Campbell et al., 1979). On vacuum-packaged beef
of normal pH the amount of growth of this organism is controlled by the film
permeability. Wwhen low permeability films are used its' population does not
normally exceed ca. 104/em? and it is unlikely to be significant in spoilage.
The inhibition of the growth of B.thermosphacta on vacuum-packaged beef when
the pH is 5.8 or lower is caused by the lactate present in the muscle. Not
the concentration of lactate in the meat increase as the pH falls
but , ater proportion of it is in the undissociated form, which is the
active inhibitor. Further, this bacterium is more sensitive to inhibition
under anaerobic conditions. These factors combine to produce a situation
where growth cannot occur if the muscle pH is below 5.8 and oxygen is
unavailable (Grau, 1980).

Thus the effect of oxygen permeability on the growth of B.thermosphacta is
largely an indirect one. This is confirmed by the fact that this organism can
grow to a high population (>107/em2) on vac aum-packaged beef of high pH even
when the meat {s in bags made of film of extremely low gas permeability
(Campbell et al., 1979). B.thermosphacta is sensitive to inhibition by carbon
dioxide under ar:erobic conditions (Molin, 1983). However it seems unlikely
that the concentrations reached in vacuum-packaged meat are high enough to be
significant.

There have been relatively fewer studies of the psychrotrophic Gram-negative
bacteria of vacuum-packaged beef. As with B.thermosphacta they are unlikely
to exceed ca. 10%/em? on meat of normal pH packaged in bags made of low gas
permeability. Shaw and Roncaroli (1982) showed that oxygen limitation
contributes to their inhibition in vacuum packs. Again, whilst carbon dioxide
may have some influence on their growth, it may not be present in high enough
concentration to cause significant inhibition.

The amount of growth of fermentative Gram-negative bacteria on vacuum-packaged
beef is affected by muscle pH with greater populations being reached on high

pH meat (Gill and Newton, 1979; Erichsen, Molin and M&ller, 1981), Most of
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meats have been discussed
numerical taxonomic s i
vacuum-packaged meats has appeared haw and 1984
confirmed the s ificance of streptobacteria aged
large clusters (together 88 of the 100 isolates studied) consisted
organisms. One cluster contained isolates not identifiable with any described
species, and the other contained strai provisionally identified with
Lactobacillus sake or Lactobacillus bavaricus according to the isomer of
lactic acid produced.

In many of the studies of bacteria from meats, multiple isolates have been
chosen from each piece of meat. In the case of the lactic acid bacteria, the
population of some 10 sem? present after 4-5 weeks storage, aris from an
initial population which is probably less than 10/em2.  Some packs examined in
our laboratory have carried what appears to be a pure culture and the taking
of multiple isolates from a pack may result in the study of many sibling:
Thus further studies of these organisms appear warranted.

In 1981 we reported the isolation of a Lactobacillus that p hydrogen
sulphide during growth on vacuum-packaged beef normal pH (Shay and
1981). Subsequently we isclated several other strains with this
vacuum-packaged beef and pork and in three cases these organisms
have been associated with m greening. Further, we have now

similar organisms from vacuum-packaged iced prc ed meat

an,

Lactic acid bacteria have been reported to inhib the growth of
B.thermosphacta on vacuum-packaged beef and on beef stored under anaerobic
conditions (Roth and Clark, 1975; Newton C )78) I as been claimed
that the inhibition is due to an antibioti

and Newton, 1978; Newton and Gill )
a compound has been produced and
due to competition for substrate

(Gil1

such

Pre-treatment of meat with solutions

The problem of obtaining an adequate
meats has already been discus One
treat carcasses or cuts of meat 30 as
to processing.

vacuum=-packaged high pH
een to

n has
population prior

1d water and with chlorinated

The effect washing or
water has been shown to reduce microbial counts on fresh meat (Bailey, 1971;
Kotula et al., 1974) and Beimuller, Carpenter and Reynolds (1973) found that
spraying pork carcasses with acetic acid solutions caused a 1-2 logyp
reductlion in contamination, 1 the pH of solution used.
(1984) has shown that immersi in a 1.5% solution of acetic
acid for 10 seconds at 55°C o reduction
Further, when these carcasses were vacuum-packaged and
was a significant extension in storage 1life.

raying with hot or ¢

tace

ontamination,

Recently Cacciarelli et al., (1983) raported that s boneless pork
loins with a 2% acetlic acid solution prior to vacuum packaging, resulted in a
significantly lower total count nd count of lactobacilli) throughout 28 days
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d Storage of pork in 100% carbon dioxide 31y
d in a flora on n surface consisting entir®
These or o dominant on the fat but &
present . e workers Sugg that the storag® at
1if 100% carbon dioxide was 5 weeks at 4°C and 3 month®
09C (Enfors, Molin and Ternstrdm, 1979; Blickstad and Molin, 1983). OY
own microbiological data largely agrees with that of the Swedish workers it
however we have detected high populations 10/cm2) of ram-negative pacte!
ed for 2-3 weeks at © were
ly identified as Aeromonas spp (,r,mcsphef‘e

spheres of

0°C or 49C r

we

Tt organt
nd had grown in an

contained more than 9 ide.
avs
The app ation of modified atmosphere orage using carbon dioxide pr"-sed in
number of technical pr ems. To be fully effective the meat must be hel

put

in exc

3

of the gas. This may be complished using rigid containers
these present problems in commercial use. The meat may be stored sealed
plastic bags made of film of low gas permeability, but to be effective the
volume of gas added must be at least twice the volume of the meat. Aftel na??
packaging gas is absorbed, the amount depending upon the temperature. e
varied the gas to meat ratio in packs and found that if conditions are
carefully controlled we can add just sufficient gas such that it is ab
during the initial ages of storage and the pack tightens. Unrormnabely'
ount. of gas is not optimal microbiologically.

sor"‘"1

K8
tmosphere storage is also widely used for retail and consumer pas
Atmospheres consisting of mixtures of carbon dioxide with air or oxygen awg
commonly used. A mixture of 20% carbon dioxide with 80% oxygen has
the inhibitory effect of the carbon dioxide on bacterial gr uch
colour enhancing effect of the oxygen. Meat stored 1P jop
acceptable for up to two weeks at temperatures up ©°

oW

tential pathogens on packaged fresh meats

otential pathogens have been reported to occur on vac-mm-pac“aseirﬂ'
igh pH meat) and on meat stored in modified gas atmosP
these organism are unusual in their ability to grow at
a enterocolitica has been detected on
and lamb (Hanna et al., 1976; Seelye and Yed
1979; Erichsen, Mol n and

rbgﬂ"

n and MSller, 1981; Myers et
has shown that this organism will grow in pure
to a population in excess of 11,8'5 on beef of pH 6.0 to 6.2 sto
under anaerobic conditions at C. To date there appear to be no repor

red
s

of

food poisoning caused by its' presence on meats, apparently because th: Dupﬂl'
strains usually isolated from foods are non-virulent (Zink, Lachica an
1982)

Erichsen, Molin and MS8ller (1981) reported the presence of E_rwldow
like organisms on beef stored at 40C, They were isolated not only fro® c,rb"n
vacuum=-packaged meat but also from meat stored in an atmosphere of 100% Tne)
dioxide. We have isolated similar organisms from vacuum-packaged pO"k' né
are Gram-positive catalase-negative rods which grow at 379C and are stro!




Progy,
baggg,
the

cers of hydrogen sulphide. Preliminary studies have indicated that these
v *ia are not antigenically related to Erysipelothrix rhusiopathiae and
M3y yet prove to be unusual strains of lactobacilli.

A
% hydrophila has been isoclated from vacuum-packaged pork by Myers et
ﬁ97 519 2) and from pork stored in nitrogen by Enfors, Molin and Ternstrdm
in 100; It has also been recovered from the fat surface of pork loins stored
Ton me carbon dioxide (Blickstad and Molin, 1983). These isolations were all
Orgams'ants Stored at 4-50C. The significance of food-borne strains of this
ets. ot as human pgthogens is not yet clear, however the bacteria isolated by
e al., (1982) were cytotoxic to tissue cell cultures. This organism
N reported as being responsible for an outbreak of food-borne illness

in ¢
(Kalhe Soviet Union. The vehicle in this outbreak was mackerel fillets
Ina, 1977),

The
availaple information suggests that these organisms may not be a probl

€ats stored at 0Oc.

Meat, However since they may occur in very high numbers
8t 4-50C further studies are needed.

Sevep,

Foog al years ago the Joint Expert Committee on Wholesomeness of Irradiated

irra:u(:onve“ed by the World Health Organization) concluded that any food

8reat ?d to 10 kGy is safe for human consumption. Since then there has been
(1 gran increase in interest in the preservation of meat by irradiation
193‘; zend Roberts, 1980; Teufel, 1981; Niemand, van der Linde and Holzapfel,
errecnv@bs' 1982; Kampelmacher, 1983). Whilst there is no doubt about the
Meay g QO“E.SS of irradiation in improving the microbiological quality of
"?mah; 4 Nsumer acceptance and organoleptic changes induced in sensitive foods
lrraqlat? DY‘OY.)lems. Packaged meats are obviously most suitable for

On since the problem of recontamination is avoided. In

Vacyp. Australia,

Shopy, Packaged sliced cooked meats present particular problems because of
Storage 1jves.

We

eva};,ave recently been using the laboratory's trained analytical taste panel to
lige an: the effect of radiation pasteurization (radurization) on the storage
corned beOPEanoleptic quality of packaged meats. Vacuum-packaged sliced
“’°ce=s°rer (ay, = 0.950, pH 6.5; 90 x 150g packs) was obtained from a local
at Pango, 1mmediate1y after slicing and packaging. The packs were allocated
Stop. ge M Lo the three treatments (frozen-stored control, normal unirradiated
stoped aandolrf‘adiated to 4 kGy). All packs except the frozen controls were
pub‘lls » 59 in the dark. Details of taste-panel procedures have been
im‘adlatf (Egan, Ford and Shay, 1980). Fig. 2a shows the effect of
00, "Sthon on the microbial flora. The initial quality of the meat was not
1n°'lbat,j 8 total count of psychrotrophs in excess of 105/g (determined by
in exce on of plates at 5°C). The bacteria grew readily and reached a count
Con ness Of 108/g arter about 14 days. Lactic acid bacteria were the major
‘06/ x Bt of the flora and B.thermosphacta reached a population in excess of
1°8|0 unl_’o“o-,,mg irradiation the starting count was reduced by more than five
its (Fig. 2a). On this meat viable organisms were first detected

Alten
ta days storage.

<& 105 They grew slowly and had reached a population of only
t /8 b i

he unip Y the end of the experiment. In contrast to the normal flora on
baeteriaradlated packs which was dominated by Gram-positive organisms, the

which eventually grew on the irradiated meat were Gram negative.

te
the 'r,?:"el €valuation of the meat the day following irradiation showed that
?Pwa (P“iated meat had undergone significant changes in flavour (P<0.05) and
"‘ir‘pad;mo” when compared to the normal and frozen control samples. The
a"bn-,a "aate‘_j meat samples gradually spoiled due to bacterial growth. "Off"
Ao 228 Significantly different from that of the frozen control samples
:hﬂut th days storage (P<0.01) (Fig. 2b). This indicates a storage life of
Ofgn Pf‘ee Weeks for the normal product. It was at about that time that the
:tyblc 0'?3 Of the (unirradiated) normal samples became stronger than the
mes“lls o E‘v‘t different) odour of the irradiated meat (Fig. 2b). Similar
s:at esseAe Obtained for flavour. Thus the panel considered the irradiated
°"ﬂge h dcceptable than the non-irradiated samples until three weeks of

" elapsed (Macfarlane, Shay, Wills and Egan, unpublished results).
Sorneq
ﬁ" tha b::r_is a relatively bland product and these results will be criticized
e‘anm""w‘s S1s and also because of the inclusion of the control treatments.
Ertainl Presented with irradiated meat in an uncontrolled test would almost
™ ¥ be less discriminating.

Bpa
:%ent,{: “‘t’ doubt about the effectiveness of irradiation which has the
hEe'Je . O produce pathogen free meats, but further studies of its' use are
ave o # N addition, there is no point in irradiating meats which already
dequate storage life such as vacuum-packaged normal pH beef.

The
Ch
s em‘st"y of spoilage

Doy

age

0noent a:g Meat is usually assessed by determining the number of bacteria
\.D‘.’“age /or by evaluating its' organoleptic condition. The growth of the
higy o flora )

us, Nbar leads to chemical changes in the meat and it is these ges
%ef‘al 5 " Its' acceptability. Thus appropriate chemical E it prove
JeCtiv decﬁrmxning the quality of meats and predicting spoil Any rapid

it
a le use to the meat

e
gt Teasurement of spoilage would be of considerab
™Y ang i
"¢ regulatory authorities.

A
m

The‘a b?r‘ Of chemica ts ha d T oa s o N

re e Iney, mical tests have been proposed indicators of spoilage.
oy | ude ammonia production, high pH, extract release volume and dye

8 ion
‘:mlagp (feﬁts. However none of these has proved useful in predicting
Cp, = AT

op bEasEd fac and monsen, 1980). In recent years there s been

b, a“t‘—‘?‘:av erest attempting to correlate the accumulation of end products

Da‘n d°ﬂe aé metabo m with the spoilage of meat. Much of this rese has

tenty‘ Shay, Fhe {\rir,iw'n Meat Research Institute (reviewed by Dainty, 1982 and

ol grou,h ordmx Roberts, 1983). Under aerobic conditions, spoila is due to

I r tnaL PSeudomonads. Whilst these organisms are proteolytic, it is now
L

1979. ,pmte“lysu'. only becomes significant after spoilage (Margitic and
Re, ' Dainty et al., 1979).
Sogn, st al
1 iy 4
E;tresc{:\ 't was suggested that
& 5\)V ¢ Content of meat mi
“onge, . Howevep

the estimation of the combined cadaverine and

a useful indicator of spoi e (Slemr,

by i nt,.a“(‘n » it has now b shown that significant chan in diamine
.Qrkhlch time L0 MOt occur until the total aerobic count exe 4 x 107/cem
r‘v Srg n 4-"1)011 ige Is obvious (Edwards, Dainty and Hibbard, 1983 These
Vit 3trai g 4180 examined the production of volatiles by pure cultures of
Booq S of meat spoilage pseudomonads d sring growth on beef. They found

Orrel ; "
®lation between the odour descriptions and the chemical data for

three of the strains. Esters and sulphur containing compounds were most
commonly detected (Dainty, Edwards and Hibbard, 1984).

cteria on meat is primarily at the expense of the low

55 soluble constituents - carbohydrates and amino acids. To
date there hay been few studies of the utilization of substrates by bacteria
growing on meats. Two recent reports suggest that very few compounds are
actually utilized (Gill and Newton, 1977; Newton and Gill, 1978) but the
situation is almost certainly more complex than indicated by these workers.
More detailed experiments may yield results which ald in the interpretation of
studies in which the end products of bacterial metabolism are estimated,
Further they will assist in obtaining a greater understanding of the factors
controlling bacterial growth.

id bacteria dominate the flora of vacuum-packaged normal pH
beef, the sour/cheesy/acid flavours detected by taste panels are likely to be
caused by the end products of the metabolism of these organisms. Two groups
have shown that acetic acid is the major short chain fatty acid present in
vacuum-packaged beef after 9 weeks storage at 0-2°C (Sutherland et al., 1976;
Dainty et al., 1979). Smaller concentrations of other low molecular weight
fatty acids were also detected together with amines including methylamine,
dimethylamine and trimethylamine. Unfortunately the interpretation of the
results was complicated by the fact that the production of the amines and some
of the fatty acids was shown to be non-microbial (Dainty, Shaw and Roberts,
1983). On vacuum-packaged high pH beef, hydrogen sulphide and high
concentrations of trimethylamine were detected and these were attributed to
the high numbers of Cram-negative bacteria present.

Since lacti

Recently, Edwards, Dainty and Hibbard (1984) measured the concentrations of
putrescine and cadaverine in vacuum-packaged normal pH beef during storage at
19C. Measurable increases in the concentrations of these compounds were
evident before maximum bacterial numbers were attained. The source of the
diamines is not clear since the concentrations correlated better with the
total viable count than with the count of Gram-negative bacteria (which are
known to produce these compounds). The authors concluded that estimation of
diamine concentration might be of value in the objective assessment of meat
quality.

To-date it appears that no chemical method is suitable for use in predicting
spoilage. Rather chemical analyses may serve as confirmation of spoilage.
However further studies may change this situation.

The author is grateful for supported provided by the Australian Meat Research
Committee and the Australian Pig Industry Research Committee.
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