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CHILLED FRESH MEATS

The
3everai ¡n8t hl i f e  ° f  fre3h meat3 held under re fr ig e ra t io n  may be extended by 
atni03pher h° d3’ includin8 vacuum packaging, storage in modified gas 
Pre-treat-e3 3nd lr ra d ia t io n - Such procedures may also  be combined with 

ment o f the meat to  reduce the in i t ia l  b acteria l contamination.
In

an<l atoraaper. the e f fe c ts  ° f  the procedures l is te d  above on the m icrobiology 
°f  environS l i f e  ° f  red meats stored at 0-5°C are discussed. The significance 
sp0Uage r llental fa c to rs  in con tro llin g  the growth o f the various types of 
®eata and a° te r ia  are compared. Methods o f assessing the accep tab ility  o f 
Consideredthe p o s 3 ib il i ty o f  developing chemical d e fin it ion s  o f spoilage are 

• Areas requ iring further research are id en t if ie d .
t̂ ha3

•1)033ib *e t0 l i s t  on ly some o f  the relevan t lite ra tu re  here.
'^0 ) and *-nf°rmation may be found in the a r t ic le s  o f  Ingram and Simonsen 

a Dainty, Shaw and Roberts (1983).
¿Spot

0 V he to ta l aerobic count on beef carcasses fo llow in g  the completion
ar>e P3ychn8i 'nay be 33 high 33 commonly less than 1$ o f these bacteria
refr’ igera ° t pophs and hence able to  grow below 8-10°C. The f lo ra  on 
an<1 pseudoed i'resh meat3 is  predominantly composed o f Gram-negative bacteria 

spp* become dominant as storage progresses, pa rticu la r ly  at 
Peaoh ca in7 hu" id i ty . Spoilage usually becomes s ign ifica n t when numbers 
y s liine*D °  /Cm and i3 characterized  by pu tre factive  " o f f "  odours followed 
irectiy r r° duction  (Ayres, I960). The time taken to  reach spoilage is 

*®at. Eve61ated t0 tbe number o f (psychrotrophic) bacteria  on the
liV C W ith A 1 nu i n i f  i a l n/Minf 4- K/s i : f  „ n.  nflo .* _ __at*>ut

The
two

1 with a low
weeks.

in i t ia l  count, the maximum storage l i f e  at 0°C is  only

^ "U h è 1- 1® aata# ■-* ctie oth — v“  ind ica te that the pseudomonads have fa s te r  growth rates 
' 5?7) thi Sr types o f bacteria  present and according to  G il l  and Newton
e*ami this ,

ned the
advantage increases as the temperature is  reduced. These i

lwihg 0 6 ’U t iliz a t io n  o f substrates by pure cultures o f spoilage organisms 
ot lim it hmeat 30(1 found that substrate exhaustion at the meat surface did 

iaximum o e n ° t e r la l  growth under aerobic conditions. They suggested that the 
. Station density o f aerobic spo ilage cultures is  determined by oxygen 
^Poaitio ° f  growth* ThU3 i t  appaears that growth ra te  determines the 

«j*Ple 0n„  0 f the aerobic spo ilage f lo r a .  This s ituation  seems to  be a 
°ra aon- 3nd 3 i8n ifican t in teractions between the various components o f the 

Pear to  be u n like ly .

*n the t a L th e ir importance in spo ilage, there has been considerable in terest 
eporting th°my ° f  Pse 'jdomor*ads iso la ted  from meats, with most workers

bat many stra in s  could not be re ad ily  id en t if ie d  with the described

or "vacuum-pack" odour ch arac te ris tic  o f th is  type o f  meat p rior to  spo ilage. 
Provided the meat is  acceptable fo llow ing these te s ts , i t  is  usually cooked 
under con tro lled  conditions and subjected to evaluation by a taste panel 
(Carpenter e t a l . t 1976; Newton and Rigg, 1979; Egan and Shay, 1982).

Our studies have used a trained an a ly tica l ta ste  panel o f  15 members and have 
shown that spo ilage is f i r s t  manifested as an " o f f "  or changed fla vou r. When 
f i r s t  noted i t  is  described by p a n e llis ts  as cheesy, sour and acid but la te r  
in storage also  as b it te r  and l i v e r - l ik e .  "O ff"  odours are a lso  noted, but 
these occur la te r  in storage and the panel resu lts  c le a r ly  ind icate that the 
flavour change is  the major defect (Egan, 1983).

These organoleptic changes are attribu ted  to  the accumulation o f end products 
resu ltin g  from the growth o f la c t ic  acid bacteria , which reach a population on 
the lean surface in the range o f  1-5 x lO^/cm- and dominate the flo r a  
(Seideman e t a l . ,  1976; Dainty e t a l . ,  1979; Newton and Rigg, 1979; Egan, 
1983). Taste panel evaluation o f meat carrying pure cultures o f la c t ic  acid 
bacteria has confirmed that these organisms do produce the types o f flavour 
changes l is te d  above (Egan and Shay, 1982; Hanna e t a l . ,  1983). S ign ifican t 
spoilage is  not usually noted by the taste panel u n til several weeks a fte r  the 
count o f la c t ic  acid bacteria reaches 107/cm2 (Egan, 1983). Thus the to ta l 
count is  not a useful Indicator o f the spoilage o f vacuum-packaged normal pH 
beef stored in p la s tic  film  o f low gas perm eability. When beef is  stored 
vacuum-packaged at 5°C in the absence o f a s ign ifica n t population o f bacteria 
(30 ca lled  " s t e r i l e "  meat) spo ilage s t i l l  occurs and is  again f i r s t  manifested 
by the development o f an undesirable flavour (Egan and Shay, 1982). This a lso 
occurs at 0°C and the panel resu lts  Indicate a storage l i f e  o f  ca. 16 weeks at 
th is  temperature.

I t  is  d i f f i c u l t  to  d ir e c t ly  compare taste  panel assessments o f spoilage with a 
consumer appreciation o f the meat. Almost ce rta in ly  a trained taste panel 
w i l l  detect organoleptic changes in the cooked meat in a con tro lled  experiment 
sooner than most consumers in the home. Thus i t  is  l ik e ly  that acceptance o f 
the panel resu lt is  e rrin g  on the side o f sa fe ty .

Over a period o f years a number o f  complaints concerning the accep tab ility  o f 
meat exported from Australia  have been referred  to  our laboratory. Invariab ly 
re je c t ion  or downgrading was based on a visual assessment (usually an 
undesirable colour was noted ). In a l l  cases, at lea s t one o f the c r it e r ia  
mentioned previously was not met. I t  would be very useful i f  an ob jec tive  
method fo r  evaluating the condition o f vacuum-packaged meat was ava ilab le .

Vacuum-packaged cuts o f beef are commonly broken down at central processing 
plants and repacked fo r  r e ta i l  s a le . R e la tiv e ly  l i t t l e  information about the 
m icrob io logica l ch aracteris tics  and the storage l i f e  o f the repacked meat is  
a va ilab le  (Vanderzant e t a l . . 1982).

The m icrobiology o f vacuum-packaged beef

The m icrobiology o f packaged meats has now been studied fo r  some 20 years. In 
1962, Jaye, K ittaka and Ordal reported major d ifferen ces  in the bacteria l 
f lo ra  o f meat stored in gas-permeable and impermeable f ilm s . In the same 
year, Ingram outlined the m icrob io logica l p rin cip les involved in prepacking 
meats. Subsequently extensive studies have established the r e la t iv e

sPe(
two3nd b io tyPes (Dainty, Shaw and Roberts, 1983). Recently there have 

s?n~f’1-’J0rnUineriCal taxonomic studies o f iso la tes  from meat. Most stra ins were 
plains ®3cent and have been designated as Pseudomonas f r a g i . Fluorescent 
■5®Udoni0 Pe also  present and were id en t if ie d  as Pseudomonas fluorescens and

3 Pu t ida (Molin and Ternström, 1982; Shaw and Lätty , 1982).

Cease to grow and fa cu lta tiv e  organisms grow more slow ly. Storage
1 tfUs o'' 833 atm03Pheres other than a ir  has been used fo r  about f i f t y  years 

o > pbere0nCept led to  vac'J'-un Packaging which is a form o f modified
beef anr|St0Pa8e' Vacuum packaging is  now w idely used e sp ec ia lly  fo r  cuts 

forms the basis o f a considerable world trade in ch illed  meat.
f p

j!3pn*sabnj.meat vacuum packaged In bags made o f p la s tic  film  o f low gas
cl5°b3seH  ̂ the oxygen is  consumed and carbon d ioxide is  produced (recen tly  
t a ^ c t ly  dy Eni,or 3 and Molin, 198*1). Providing the packaging has been 
1 Th’ ° ne' tbere is  very l i t t l e  headspace w ithin a vacuum-packaged cut o f

135 than f , mal<es accurate gas analysis d i f f i c u l t  but the atmosphere contains
X O IVffOn a Anm OH— ll n i  /It aw ! •. t IU  f  Ua m /am a I k .t  mm

(Dai
oxygen, some 20-40$ carbon d ioxide with the remainder being 
nty e t a l . ,  1979).

1970  ̂ * if>e o f vacuum-packaged beef at 0°C is  10-12 weeks (Newton and 
( j j  5 ESan, 1983), providing the fo llow in g  c r it e r ia  are met:-

^ l )  ^  meat m'J3t nave been produced using good manufacturing p ractice ,

,ref>erabiv ™eat ° f  normal ultim ate pH is  used (pH must be lower than 6.0 and 
iy  5.8 or lo w e r ),

H )
Of 02/m2/?aacka8ing film  used must have a low perm eability to  gases (<100 ml 

°2/!t|2/2iiu/atm meas'j r ®d at  25°C and 98$ rh. Films with perm eability <30 ml 
b/atm g ive  a greater margin o f s a fe ty ).

Th GPe mJSt be g00d temPerat ’Jre control throughout the storage period, 
w is
i most,COnslderat>le  l ite ra tu re  on the m icrobiology o f vacuum-packaged meat, 
p^f'tant f t,udies having been done using b ee f. When reading th is  i t  Is

°  n° te  that technological fa ctors  may make d irect comparisons or 
A.blaoo-i ‘ Ic u lt , p a rticu la r ly  as newer less-permeable packaging film s have

wa$ r per!T,eabl l i t y  changes markedly with r e la t iv e  humidity (R igg, 1979). 
a0’JtlUg tu0t aPPr*eciated in some or the ea rly  studies. Further in some 
c0°°'Jrit. m pl1 ° r the meat was not quoted and presumably was not taken into 
b ^ poi t . hese two fa c to rs , meat pH and packaging film  perm eability actually 

er e composition o f the m icrobial f lo ra  o f  ch illed  vacuum-packaged

Nylon-based film s have caused a particu lar problem

■¿-Of vacuum-packaged meat

when vacuum-packaged meat is  spoiled  presents problems. In the 
■orr,. I  v*SUal  spo ilage, packs are opened and checked for the presence of 

° J r. Any " o f f "  odour must be distinguished from the "confinement"

s ign ifican ces  o f the various fa cto rs  that control the composition o f the 
b ac te r ia l f lo ra  o f vacuum-packaged meat.

The composition o f the flo r a  o f vacuum-packaged beef is  la rge ly  determined by 
a combination o f two fa c to rs , the gas perm eability o f the packaging film  and 
the muscle pH. There has been considerable discussion as to  whether the 
inh ib ition  o f the growth o f certa in  spo ilage organisms is  due to  a lack o f 
oxygen or to  in h ib ition  by carbon d iox ide. This cannot be discussed in d e ta il 
here, but i t  appears that the e f fe c t  o f carbon d ioxide is  equally as important 
as oxygen lim ita tion  (Erichsen and Molin, 1981; Shaw and Roncaroli, 1982).

In the case o f  Pseudomonas spp. there is  very l i t t l e  growth provided the 
c r it e r ia  concerning meat pH and film  perm eability mentioned e a r lie r  are met 
(Newton and Rigg, 1979; Erichsen and Molin, 1981). In certain  cases where 
some growth has been observed, the reasons fo r  th is  are not known but may 
possib ly be re la ted  to in i t ia l  inoculum e ffe c ts  (Sutherland, Patterson and 
Murray, 1975; Dainty e t a l . ,  1979). Inh ib ition  by carbon d ioxide is  the main 
reason fo r  the fa ilu re  o f pseudomonads to  grow on vacuum-packaged beef but the 
very low concentrations o f oxygen also probably contribute.

Brochothrix thermosphacta does not grow on beef under anaerobic conditions i f  
the meat pH is  5.8 or lower (Campbell et a l . ,  1979). On vacuum-packaged beef 
o f normal pH the amount o f growth o f th is  organism is  con tro lled  by the film  
perm eability. When low perm eability film s are used i t s ’ population does not 
normally exceed ca. loVcra2 and i t  is  un likely  to  be s ign ific a n t in spo ilage. 
The in h ib ition  o f the growth o f B.thermosphacta on vacuum-packaged beef when 
the pH is  5.8 or lower is  caused by the la c ta te  present in the muscle. Not 
only does the concentration o f  la c ta te  in the meat increase as the pH fa l ls  
but, a greater proportion o f i t  is  in the undissociated form, which is  the 
a c tive  in h ib ito r . Further, th is  bacterium is  more s en s it iv e  to  in h ib ition  
under anaerobic conditions. These fa cto rs  combine to  produce a s ituation  
where growth cannot occur i f  the muscle pH is  below 5.8 and oxygen is  
unavailable (Grau, 1980).

Thus the e f fe c t  o f oxygen perm eability on the growth o f B.thermosphacta is 
la rge ly  an ind irect one. This is  confirmed by the fa c t that th is  organism can 
grow to  a high population (>10T/cm2) on vacuum-packaged beef o f high pH even 
when the meat is  in bag3 made o f film  o f  extremely low gas perm eability 
(Campbell £t al_., 1979). B.thermosphacta is  sen s it iv e  to in h ib ition  by carbon 
d ioxide under a r»erob ic  conditions (Molin, 1983). However i t  seems un likely  
that the concentrations reached in vacuum-packaged meat are high enough to  be 
s ig n if ic a n t .

There have been r e la t iv e ly  fewer studies o f the psychrotrophic Gram-negative 
bacteria o f vacuum-packaged beer. As with B.thermosphacta they are un likely  
to exceed ca. loVcm2 on meat o f normal pH packaged in bags made o f low gas 
perm eability. Shaw and Roncaroli (1982) showed that oxygen lim ita tion  
contributes to  th e ir  inh ib ition  in vacuum packs. Again, wh ilst carbon dioxide 
may have some influence on th e ir  growth, i t  may not be present in high enough 
concentration to  cause s ign ifica n t inh ib ition .

The amount o f growth o f ferm entative Gram-negative bacteria on vacuum-packaged 
beef is  a ffec ted  by muscle pH with greater populations being reached on high 
pH meat (G i l l  and Newton, 1979; Erichsen, Molin and M öller, 1981). Most o f
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these studies were done using temperatures o f *i-5°C rather than 0°C and th is 
pa rticu la rly  favours the growth o f th is  group o f organisms (Egan and Shay, 
198*0. The concentration o f  la c ta te  in the muscle may be a factor r e s tr ic t in g  
the growth o f these organisms on vacuum-packaged normal pH beef as is the case 
with B.thermosphacta (Grau, 1981).

Vacuum-packaged high pH meat

When meat pH is  6.0 or higher, a wider range o f bacteria are able to grow.
The reasons fo r  th is  have already been discussed. In particu lar Gram-negative 
bacteria reach much higher populations. This resu lts  in more rapid spoilage 
which is  due to putrefaction  rather than to  souring. Storage l i f e  may also  be 
terminated by colour defects pa rticu la rly  greening. This d iscolouration is  
due to the formation o f suiphmyoglobin, a green pigment produced when hydrogen 
sulphide reacts with myoglobin (N ico l, Shaw and Ledward. 1970). Hydrogen 
sulphide is  produced as a resu lt o f the degradation o f cyste ine. Altermonas 
putrefaciens is  a strong producer o f th is  gas, but because i t  is  unable to 
grow below pH 6.0 , i t  is  only a problem on high pH meat. Other Gram-negative 
organisms including Serratia  liquefaciens and Hafnia a lve i are able to  produce 
hydrogen sulphide during growth on meat, but th e ir  s ign ifican ce  as a cause of 
greening o f vacuum-packaged meat remains to  be determined (G i l l  and Newton, 
1979; Hanna et a l . ,  1979). The spoilage o f high pH vacuum-packaged beef has 
been studied by several groups o f  workers (Bern, Hechelmann and Leistn er, 1976; 
Taylor and Shaw, 1977; Erichsen, Molin and M öller, 1981).

Vacuum-packaged lamb and pork

storage at *i°C. They suggested, that providing the s lig h t  d iscolouration 
caused by the acid treatment could be prevented, the technique should be 
useful in extending the storage l i f e .

As a part o f studies o f the m icrobiology o f vacuum-packaged pork we have 
examined the e f fe c t  o f pretreatment o f the meat with a cetic  acid on the 
m icrobiology o f vacuum-packaged pork stored at 0°C. Pork lo in s  (pH 6.2-6.6) 
were cut in to *l equal portions. Two portions from each lo in  were immediately 
vacuum packaged and the remaining portions were immersed in a 1.5% (v/v) 
solu tion  o f a ce tic  acid fo r  10 sec at 55°C. A fter draining fo r  5-10 min the 
meat was vacuum-packaged. The meat was sampled at various times fo r  ^
m icrob io logica l analysis , with a l l  four packs from the one lo in  being examih 
at the same time.

Dipping in a ce tic  acid caused a reduction o f at least 90% in the startin g  
count (F ig . 1a). The organisms present were predominantly mesophiles and it 
is  not known whether the acid treatment was e f fe c t iv e  against the 
psychrotrophs. Whilst the to ta l count on the treated samples was lower than 
that on the controls throughout the experiment the amount o f  inh ib ition  was 
not large (F ig . 1a). There was also  only s lig h t  in h ib ition  o f the growth oi 
the la c t ic  acid bacteria (F ig . 1b). In con trast, the treatment strongly 
inh ib ited  the growth o f the Gram negatives (F ig . la ) and caused s ign ifican t 
inh ib ition  o f the growth o f B.thermosphacta (F ig . 1b). Sim ilar resu lts  y e re gj  
obtained fo r  the fa t surface and fo r  meat stored at 5°C. The treatment cad* 
a s lig h t  in i t ia l  d iscolouration  but th is  was hardly noticeable a fte r  1-2 *e6 
storage.

Although there have been fewer studies o f the m icrobiology o f vacuum-packaged 
lamb and pork than there have o f beef, there has recently been an increase o f 
in terest in these products. Shaw, Harding and Taylor (1980) reported a 
storage l i f e  o f s ix  weeks fo r  vacuum-packaged cuts o f  lamb stored at 0-1°C. 
B.thermosphacta and la c t ic  acid bacteria were the possible cause o f the 
cheesy/sour odours which terminated storage l i f e .

These resu lts  suggest that a ce tic  acid treatment may be o f particu lar use 
under conditions where Gram-negative bacteria are l ik e ly  to  cause spoiiage 
i . e .  at *t-5°C. I t  may also  be e f fe c t iv e  in reducing the amount o f growth o 
poten tia l Gram-negative pathogens such as Aeromonas hydrophila. I t  is  lafB . 
the residual e f fe c t  o f the a cetic  acid rather than i t s '  e f fe c t  on the start 
count which has the poten tia l to make th is  a useful commercial procedure.

Lamb carcasses may be reduced in 3 ize by a process known as telescoping 
(Eustace, 198*1). In th is  process the hind legs are forced up into the 
thoracic cav ity  and by th is  means there is  a considerable volume reduction 
with s ign ifica n t savings in transport costs. Such carcasses are 
vacuum-packaged fo r  export from Austra lia . However there are s t i l l  voids in 
the packs and these, together with a considerable volume o f exudate which 
commonly c o lle c ts ,  create problems o f a m icrob io logica l nature. Further 
studies aimed at increasing the storage l i f e  o f th is  product are underway in 
our laboratory.

The m icrobiology o f vacuum-packaged pork has recen tly  been studied in some 
d e ta il in our laboratory and some o f the resu lts  are presented elsewhere in 
these Proceedings (Egan and Shay, 198*0. A major problem with both pork and 
lamb is  that there is  a much higher incidence o f high pH meat than occurs with 
beef. Further there may be a greater proportion fa t .  These factors combine 
to  give a much shorter storage l i f e  than that o f vacuum-packaged normal pH 
b ee f.

The la c t ic  acid bacteria  o f vacuum-packaged meat

The occurrence, properties and s ign ifican ce  o f the la c t ic  acid bacteria o f

Spraying with la c t ic  acid solu tions have been shown to  be e f fe c t iv e  in . 
reducing the in i t ia l  contamination o f beef carcasses (Sn ijders e t a l . , 19»“ 
and the eco log ica l consequences o f th is  technique have been discussed by va 
Netten and Mossel (1980). Further studies on the usefulness o f pretreating g 
fresh  meats with these compounds are required since they have the potential 
increase the storage l i f e  and improve the m icrob io logica l qua lity  o f 
vacuum-packaged meats.

Modified atmosphere storage o f  fresh  meats

Recently there has been renewed in terest in the storage o f meats in m od ifié  
or con tro lled  gas atmospheres (Christopher et a l . ,  1979; Christopher e t a i* ' 
1980; Finne, 1982). In the case o f fresh meats, th is  technique has the 
poten tia l to so lve the problem o f the storage o f meats which have an 
inadequate storage l i f e  when vacuum-packaged (lamb and pork ). The use of 
carbon dioxide as a preservative fo r  foods has been reviewed recen tly  (Cia 
and Takâcs, 1980). A concentration o f  20$, which is  commonly used fo r  
r e ta i l  meats, does not prevent the growth o f B.thermosphacta and some 
Gram-negative organisms, and so high concentrations are needed to obtain a 
long storage l i f e .

meats have been discussed recen tly  (Egan, 1983). Since then the f i r s t  
numerical taxonomic study o f the la c t ic  acid bacteria iso lated  from 
vacuum-packaged meats has appeared (Shaw and Harding, 198*1). This study has 
confirmed the s ign ifican ce  o f strep tobacteria  on packaged meats, since two 
large clusters (together 88 o f the 100 iso la tes  studied) consisted o f these 
organisms. One c lu ster contained iso la tes  not id en t if ia b le  with any described 
species, and the other contained strains p rov is ion a lly  id en tif ie d  with 
Lactobacillus sake or Lactobacillus bavaricus according to the isomer o f 
la c t ic  acid produced.

In many o f the studies o f bacteria from meats, m ultip le iso la tes  have been 
chosen from each piece o f meat. In the case o f the la c t ic  acid bacteria , the 
population o f some lO^/cm2 present a fte r  *1-5 week3 storage, a rises  from an 
in i t ia l  population which is probably less than 10/cm-. Some pack3 examined in 
our laboratory have carried  what appears to  be a pure culture and the taking 
o f m ultip le Iso la tes from a pack may resu lt in the study o f many s ib lin gs .
Thus further studies o f these organisms appear warranted.

In 1981 we reported the iso la tion  o f a Lactobacillus that produces hydrogen 
sulphide during growth on vacuum-packaged beef o f normal pH (Shay and Egan,
1981). Subsequently we iso la ted  several other stra ins with th is  property from 
vacuum-packaged beef and pork and in three cases these organisms appear to 
have been associated with mild greening. Further4, we have now iso la ted  
s im ila r organisms from vacuum-packaged s liced  processed meat3.

Lactic  acid bacteria have been reported to  in h ib it the growth o f 
B.thermosphacta on vacuum-packaged beef and on beef stored under anaerobic 
conditions (Roth and Clark, 1975; Newton and G i l l ,  1978). I t  has been claimed 
that the in h ib ition  is  due to  an a n t ib io t ic  produced by the la c to b a c ll l i  (G il l  
and Newton, 1978; Newton and G i l l ,  1978). However no d irec t evidence fo r  such 
a compound has been produced and i t  is  a lso possible that the in h ib ition  is 
due to competition fo r  substrate (Shay, Egan and Rogers, 198*1).

v.o iin  and co-workers have made extensive studies on the storage o f fresh ^  
in atmospheres o f carbon d iox ide. Storage o f pork in 100% carbon dioxide y 
e ith er 0°C or *l°C resulted in a f lo ra  on the lean surface consisting en tl^  
o f Lactobacillus spp. These organisms were a lso dominant on the fa t  but 
*i°C Aeromonas spp. were present. These workers suggested that the .storag 
l i f e  o f pork stored in 100% carbon d ioxide was 5 weeks at *1°C and 3 month 
0°C (Enfors, Molin and TernstrOm, 1979; Blickstad and Molin, 1983)- ° ’jr  
own m icrob io logica l data la rge ly  agrees with that o f the Swedish workers 
however we have detected high populations (10®/cm2) o f Gram-negative bac 
on high pH pork stored fo r 2-3 week3 at 5°C. These organisms were 
p rov is ion a lly  id en tif ie d  as Aeromonas spp. and had grown in an atmosphefe 
which contained more than 90% carbon d iox ide.

The app lication  o f  modified atmosphere storage using carbon d ioxide PpeS®j i*1 
number o f technical problems. To be fu l ly  e f fe c t iv e  the meat must be hel 
an excess o f the gas. This may be accomplished using r ig id  containers °  
these present problems in commercial use. The meat may be stored sealed 
p la s tic  bags made o f film  o f low gas perm eability, but to  be e f fe c t iv e  t 
volume o f gas added must be at least tw ice the volume o f the meat. After ^ i e 
packaging gas is  absorbed, the amount depending upon the temperature. " e 
varied the gas to  meat ra t io  in packs and found that i f  conditions are j  
ca re fu lly  con tro lled  we can add ju st s u ffic ie n t  gas such that i t  is  abso 
during the in i t ia l  stages o f storage and the pack tigh tens. Unfortunate 
th is  amount o f gas is  not optimal m icrob io lo g ica lly .

„  PaCl<Modified atmosphere storage is  a lso  w idely used fo r  r e ta i l  and consumer r  
Atmospheres consisting o f mixtures o f carbon d ioxide with a ir  or oxygen 
most commonly used. A mixture o f 20% carbon d ioxide with 80% oxygen has P 
advantage o f the inh ib ito ry  e f fe c t  o f the carbon d ioxide on bacteria l 6r  ^c*1 
together with the colour enhancing e f fe c t  o f the oxygen. Meat stored 1° „oC 
atmospheres remains acceptable fo r  up to  two weeks at temperatures up t0 
(Tay lo r, 1983).

Pre-treatment o f meat with solu tions o f organic acids as a means o f extending 
the storage l i f e  o f vacuum-packaged meat

The problem o f obtaining an adequate storage l i f e  fo r vacuum-packaged high pH 
meats has already been discussed. One approach to  th is  problem has been to 
trea t carcasses or cuts o f meat so a3 to  reduce the m icrobial population prior 
to  processing.

The e f fe c t  washing or spraying with hot or cold water and with chlorinated 
water has been shown to  reduce m icrobial counts on fresh meat (B a iley , 1971; 
Kotula e t a l . ,  197*1) and Beimuller, Carpenter and Reynolds (1973) found that 
spraying pork carcasses with a ce tic  acid solu tions caused a 1-2 lo g jo  
reduction in contamination, depending upon the pH o f solu tion used. Eustace 
(198*1) has shown that Immersing lamb carcasses in a 1.5% solu tion  o f acetic  
acid fo r  10 seconds at 55°C caused a 1.3 logiQ  reduction in contamination. 
Further, when these carcasses were vacuum-packaged and stored at 0°C, there 
was a s ign ifica n t extension in storage l i f e .

Recently C a cc ia re lli e t  a l . ,  (1983) reported that san itiz in g  boneless pork 
lo ins with a 2% a ce tic  acid solu tion prior to  vacuum packaging, resulted in a 
s ig n ific a n t ly  lower to ta l count (and count o f la c to b a c l l l i )  throughout 28 days

Poten tia l pathogens on packaged fresh  meats

Several poten tia l pathogens have been reported to  occur on vacuum-packag^^s- 
meat (e sp ec ia lly  high pH meat) and on meat stored in modified gas atmosP 
For pathogens, these organism are unusual in th e ir  a b i l i t y  to  grow at 
temperatures below 5°C. Yersin ia en te ro co llt lca  has been detected on ry. 
vacuum-packaged beef, pork and lamb (Hanna et a l . ,  1976; Seelye and Yeaf 
1979; G il l  and Newton, 1979; Erichsen, Molin and M öller, 1981; Myers et 
a l . ,  1982). Grau (1981) has shown that th is  organism w il l  grow in P'j r e  g(j  
culture to  a population in excess o f 10®/g on beef o f pH 6.0 to  6.2 sto of 
under anaerobic conditions at 5°C. To date there appear to  be no repof 
food poisoning caused by I t s ’ presence on meats, apparently because the p[jDel' 
strains usually iso la ted  from foods are non-virulent (Zink, Lachica and
1982).

Erichsen, Molin and Möller (1981) reported the presence o f  E ryslpelo lj}!^ - 
l ik e  organisms on beef stored at *1°C. They were Isolated not only f r0^ 
vacuum-packaged meat but a lso from meat stored in an atmosphere o f 1 ° ° ' f'pfi'l 
d iox ide. He have iso la ted  sim ilar organisms from vacuum-packaged P°rl<‘ flg 
are Gram-positive cata lase-negative rods which grow at 37°C and are str



bacte ?rs o f hy^ogen sulphide. Prelim inary studies have indicated that these 
they rU  are not ant ig e n ic a lly  re la ted  to  Eryslpelo th rlx  rhusiopathlae and 

may yet prove to  be unusual stra ins o f la c to b a c il l i  .

S i’ i ( ----- 1------  ---- ----- -------------  —  f-“ " ‘ •j' "
( 1979) and fronl pork stored in nitrogen by Enfors, Molin and TernstrOm
in 10oI has also  been recovered from the fa t  surface o f pork lo ins stored
fr°n in Carbon d ioxide (B lickstad and Molin, 1983). These iso la tion s  were a l l  
°r8anieat3 3tored at The s ign ifican ce  o f food-borne stra ins o f th is
Hyerc Sm 33 human pathogens is  not yet c le a r , however the bacteria iso la ted  by 
L 15 et al lm o i\  ___ - ____  . . .  ___
hag St ¿ i - .  (1982) were cyto tox ic  to  tissue c e l l  cu ltures.

been
This organism

in the^c reported as being responsible fo r  an outbreak o f  food-borne illn ess  
(Kait^ Soviet Union. The veh ic le  in th is  outbreak was mackerel f i l l e t s  

Aina, 1977).

on meafila b le  information suggests that these organisms may not be a problem 
«eat at3|St° recl at ° ° C’ However since they may occur in very high numbers on 

**~5°C fu rther studies are needed.

F°ods ( years a8° the Joint Expert Committee on Wholesomeness o f Irrad iated  
lr,padiat°nVened by the World Health Organization) concluded that any food 
a great- ed to 10 k°y  ls  safe fo r  human consumption. Since then there has been 
■ r® at increase(lingram ; in in te res t in the preservation o f meat by irrad ia tion
198T.'7i i vnd Roberts* ^980; Teu fe l, 1981; Niemand, van der Linde and H olzap fel, 
effectiv  bS’ Kampelmacher, 1983). Whilst there is  no doubt about the
®eats Veness o f irrad ia tion  in improving the m icrob io logica l quality  o f 
^ a in  C0n3jn,er acceptance and organoleptic changes induced in sen s it iv e  foods 
ippadiat? problems- Packaged meats are obviously most su itab le  for 
Vacuijm- i0n 3ince the problem o f recontamination is  avoided. In Australia , 
short packa8ed s lic ed  cooked meats present particu lar problems because o f 

storage l iv e s .

evaluater th6ntly been JSing the la bora tory 's  trained an a lytica l taste  panel to 
U fe a_d the e f fe c t  o f rad iation  pasteurization (radu riza tion ) on the storage 
c°rhed h 0rganolePt ic  qu a lity  o f packaged meats. Vacuum-packaged s liced  
Pr'Oce33oee  ̂ (aw " 0.950, pH 6.5; 90 x 150g packs) was obtained from a loca l 
at randoP immediately a fte r  s lic in g  and packaging. The packs were a llocated  
St°rage m t0 tbe three treatments (frozen -stored  con tro l, normal unirradiated 
3''°ne(j af nco^rradiated to  ** “ y )*  A11 Packs except the frozen  controls were
Pu>̂ isheri r C ln tbe dark* D eta ils  o f taste-panel procedures have been 
irradiati Egan’ Ford and Shay. 1980). F ig . 2a shows the e f fe c t  o f 
8o°d with ° n on the micr°b ia l f lo r a .  The in i t ia l  qu a lity  o f the meat was not 
lnc’Jbati 3 to ta l count o f psychrotrophs in excess o f lO^/g (determined by 
lr> exce3an ° f  Poates at 5°C ). The bacteria  grew read ily  and reached a count 
0oÎPonent ^  yg a fte r  about 1*1 days. Lactic  acid bacteria were the major 
l0°/g. o f fche flo r a  and B.thermosphacta reached a population in excess o f 
l0810unifllOWing ir ra d ia t ion the s ta rt in g  count wa3 reduced by more than f iv e  
after 3 2a). On th is  meat v iab le  organisms were f i r s t  detected
S*. 1 o5/ df ys 3torage. They grew slow ly and had reached a population o f only 

'Jnirp . tbe end o f the experiment. In contrast to  the normal f lo ra  on 
ba°te r ia 3? iated Packs which was dominated by‘ Gram-positive organisms, the 

which eventually grew on the irrad ia ted  meat were Gram negative.

three o f  the s tra in s . Esters and sulphur containing compounds were most 
commonly detected (Dainty, Edwards and Hibbard, 198*0.

The growth o f bacteria on meat is  prim arily at the expense o f the low 
molecular weight soluble constituents - carbohydrates and amino acids. To 
date there have been few studies o f the u t il iz a t io n  o f  substrates by bacteria 
growing on meats. Two recent reports suggest that very few compounds are 
actua lly  u t il iz e d  (G il l  and Newton, 1977; Newton and G i l l ,  1978) but the 
s itu ation  is  almost ce rta in ly  more complex than indicated by these workers. 
More deta iled  experiments may y ie ld  resu lts  which aid in the in terp reta tion  o f 
studies in which the end products o f  bacteria l metabolism are estimated. 
Further they w il l  a ss is t in obtaining a greater understanding o f the factors 
con tro llin g  bacteria l growth.

Since la c t ic  acid bacteria dominate the flo ra  o f vacuum-packaged normal pH 
beef, the sour/cheesy/acid flavours detected by taste  panels are l ik e ly  to be 
caused by the end products o f the metabolism o f these organisms. Two groups 
have shown that a ce tic  acid is  the major short chain fa t ty  acid present in 
vacuum-packaged beef a fte r  9 weeks storage at 0-2°C (Sutherland e t a l . ,  1976; 
Dainty et a l . ,  1979). Smaller concentrations o f  other low molecular weight 
fa tty  acids were a lso  detected together with amines including methylamine, 
dimethylamine and trimethylamine. Unfortunately the in terp reta tion  o f the 
resu lts  was complicated by the fa c t  that the production o f the amines and some 
o f the fa t ty  acids was shown to  be non-microbial (Dainty, Shaw and Roberts, 
1983). On vacuum-packaged high pH beef, hydrogen sulphide and high 
concentrations o f trimethylamine were detected and these were attribu ted  to 
the high numbers o f Gram-negative bacteria present.

Recently, Edwards, Dainty and Hibbard (198*4) measured the concentrations of 
putrescine and cadaverine in vacuum-packaged normal pH beef during storage at 
1°C. Measurable increases In the concentrations o f these compounds were 
evident before maximum bacteria l numbers were atta ined . The source o f the 
diamines is  not c lear since the concentrations corre lated  better with the 
to ta l v iab le  count than with the count o f Gram-negative bacteria  (which are 
known to  produce these compounds). The authors concluded that estimation o f 
diamine concentration might be o f value in the o b jec tive  assessment o f meat 
qu a lity .

To-date i t  appears that no chemical method is  su itab le  fo r  'use in pred icting 
spo ilage. Rather chemical analyses may serve as confirmation o f spo ilage. 
However fu rther studies may change th is  s itu a tion .

The author is  g ra te fu l fo r  supported provided by the Australian Meat Research 
Committee and the Australian P ig  Industry Research Committee.

References

Ayres, J .C ., I960. Food Res. 25, 1-18.
B a iley , C. 1971. Proceedings o f 17th European Meeting o f Meat Research 

Workers, B ris to l pp. 175-180.
Beim uller, G.W., Carpenter, J .A . and Reynolds, A.E. 1973. J. Food S c i. 38, 

261-263.
Bern, Z ., Hechelmann, H. and Le is tn er, L. 1976. F leischw irtschaft 56,

985-987.

ip»’ adi eva l'Jation the meat the day fo llow in g  irrad ia tion  showed that 
ap0ma . ated meat had undergone s ign ific a n t changes in flavour (P<0.05) and 
anipi'adiat. * °1  ̂ wben compared to  the normal and frozen  control samples. The 
p°oia wa3 6d meat samPles  gradually spoiled  due to  bacteria l growth. "O ff"  

aK̂ er 22 3*8ni f ic a n t ly  d iffe ren t  from that o f the frozen  control samples 
,, °Ut ays storage (PC0.01) (F ig . 2b). This ind icates a storage l i f e  of 
a?f f " arom6 weeks fo r  the normal product. I t  was at about that time that the 
rtyPica} ,a o f tbe (un irrad iated ) normal samples became stronger than the 
es'Jlts w but A f f e r e n t )  odour o f the irrad ia ted  meat (F ig . 2b). Sim ilar

obtained fo r  fla vou r. Thus the panel considered the irrad iated  
torage .  acceptable than the non-irradiated samples u n til three weeks o f

ad elapsed (Macfarlane, Shay, W ills  and Egan, unpublished r e su lts ).

C* tflat ba |iS a r e la t iv e ly bland product and these resu lts  w ill  be c r it ic iz e d  
0DriS'jmerg SiS and al so because o f the inclusion o f the control treatments. 
eptaln iv presented with irrad ia ted  meat in an uncontrolled tes t would almost 

■», De less d iscrim inating.
here is

^ en tia ^ 11? doubt about the e ffec tiven ess  o f irrad ia tion  which has the
0 Produce pathogen fre e  meats, but fu rther studies o f i t s '  'use are 

3Ve an ad*1 add itlon » there is  no point in irra d ia tin g  meats which already 
equate storage l i f e  such as vacuum-packaged normal pH beef.

8D̂ 36nt and/meat iS J3ually assessed by determining the number o f bacteria 
wP°Uage j.. 0r by evaluating i t 3 ' organoleptic condition . The growth o f the 
, * ch a ite  °^a leads t0 chemical changes in the meat and i t  is  these changes 

*^1 ) n P i t s ' a ccep tab ility . Thus appropriate chemical tes ts  might prove 
ln} eot i  etermining the qu a lity  o f meats and pred icting spo ilage. Any rapidlnq.'J3t|n» rnaa3'Jrement o f spoilage would be o f considerable 'use to  the meat 

nd regulatory au th orities .

eq56 inci* .v;nemical tes ts  have been proposed as ind icators o f spo ilage, 
’-»ctio- *  e ammonia production, high pH, extract re lease volume and dye

i ^ blno!fJd0hemlcal

0f 'ease<j |ngram and Simonsen, 1980). In recent years there has been
bacterla?terest ln attempting to  corre la te  the accumulation o f end products 

Da?b d0ne ah mebaboiism with the spoilage o f meat. Much o f th i3  research has 
thinty. tbe British  Meat Research In s titu te  (reviewed by Dainty, 1982 andr._ °*iaw p—1 - ■ . . .
°lft gPowth~"fana R°ber ts ,  1983). Under aerobic conditions, spoilage is  due to 

tbat ° f  pse'JClomonads. Whilst these organisms are p ro teo ly t ic , i t  is now 
y’ '9?o. Proteo ly s is  only becomes s ign ifica n t a fte r  spoilage (M arg itic  and 

'S i  ' ainty ^  2 1 -’ 1979).

,98^5clneI t  W3S 3J88ested that the estim ation o f  the combined cadaverine and 
o0 ). HowC° ntent o f meat mi8ht be a useful ind icator o f spoilage (Slemr,

' 0ebtraMeVer’ ha3 now been shown that s ign ifica n t changes in diamine

and Roberts, 1983). Under aerobic conditions,

by "■Lrat . ' w L/con aiiuwn mai, itam. uiimigea 111 UldllUlie
w0hLbl°b do not occur the to ta l aerobic count exceeds *4 x 10^/cm2
rlvkep3 have6 Spoilage 13 obvious (Edwards, Dainty and Hibbard, 1983). ...
â 3 3trai e a l3°  examined the production o f v o la t ile s  by pure cultures of

gooq „  na o f — - -----------  ----- - - • -• • -
Corn ■

These

meat spoilage pseudomonads during growth on b ee f. They found
ela tion  between the odour descriptions and the chemical data for

B lickstad, E. and Molin, G. 1983. J. Food P ro t. *16, 756-763.
C a cc ia re ll i ,  M.A., S trin ger, W.C., Anderson, M.E. and Naumann, H.D. 1983.

J. Food P ro t. 4̂6, 231-23*4.
Campbell, R .J ., Egan, A .F ., Grau, F.H. and Shay, B.J. 1979. J. Appi.

B ac te r io l. U]_, 505-509.
Carpenter, Z .L ., Beebe, S.D ., Smith, G.C., Hoke, K.E. and Vanderzant, C. 1976.

J. Milk Food Technol. 39, 592-599.
Christopher, F.M., Seideman, S .C ., Carpenter, Z .L ., Smith, G.C. and 

Vanderzant, C. 1979. J. Food P ro t. 4̂2, 2*40-2*4*4.
Christopher, F.M., Smith, G.C., D i l l ,  C.W., Carpenter, Z.L. and Vanderzant, C. 

1980. J. Food P ro t. £3, 268-271.
Clark, D.S. and Takács, J. 1980. In M icrob ia l. Ecology o f Foods, V o l. 1.

ICMSF pp. 170-192. Academic Press.
Dainty, R.H. 1982. Food Chem. 9, 103-113.
Dainty, R.H., Edwards, R.A. and Hibbard, C.M. 198*4. J. Appi. B acterio l. 

in press.
Dainty, R.H., Shaw, B.G., Harding, C.D. and Michanie, S. 1979. In Cold

Tolerant Microbes in Spoilage and the Environment, ed. Russell, A.D. and 
F u ller, R. pp. 83-100. London, Academic Press.

Dainty, R.H., Shaw, B.G. and Roberts, T.A . 1983. In Food M icrobiology -
Advances and Prospects, ed. Roberts, T.A . and Skinner, F.A. pp. 151-178. 
London, Academic Press.

Edwards, R .A ., Dainty, R.H. and Hibbard, C.M. 1983- J. Food Technol. 18, 
777-788. —

Edwards, R .A ., Dainty, R.H. and Hibbard, C.M. 198*4. J. Appi. B ac te r io l., 
in press.

Egan, A.F. 1983- Antonie van Leeuwenhoek *49, 327-336.
Egan, A .f ., Ford, A.L. and Shay, B.J. 1980. J. Food S e i. JJ5, 17*45-17*48.
Egan, A. F. and Shay, B.J. 1982. J. Food S c i. £7, 1119-1122 & 1126.
Egan, A.F. and Shay, 3.J . 198*4. These Proceedings.
Enfors, S .-0 . and Molin, G. 198*4. Meat S e i. U), 197-206.
Enfors, S .-0 ., Molin, G. and TernstrOm, A. 1979. J. Appi. B acterio l. *47, 

197-208.
Erichsen, I .  and Molin, G. 1981. J. Food P ro t. £*4, 866-869.
Eríchsen, I .  and Molin, G. and M öller, B.-M. 1981. Proceedings o f 27th 

European Meeting o f Meat Research Workers, Wien pp. 683-687.
Eustace, I .J .  198*4. CSIR0 Food Res. Quarterly *1*4, in press.
Finne, G. 1982. Food Technol. 36 (2 ) ,  128-133.
Gibbs, P. 1982. Food, October 1982 pp. 2*4-26.
G i l l ,  C.O. and Newton, K.G. 1977. J. Appi, B ac te r io l. U3, 189-195.
G i l l ,  C.O. and Newton, K.G. 1978. Meat S c i . 2, 207-217.
G i l l ,  C.O. and Newton, K.G. 1979. Appi. Environ. M icrob io l. 37, 362-36*4.
Grau, F.H. 1980. Appi. Environ. M icrob io l. *40, **33-*^36.
Grau, F.H. 1981. Appi. Environ. M icrob io l. 4̂2, 10*43-1050.
Hanna, M.O., S a ve li, J.W., Smith, G .C., Purser, D.E., Gardner, F .A . and 

Vanderzant, C. 1983. J. Food P ro t. £6, 216-221.
Hanna, M.O., Smith, G.C., H a ll, L.C. and Vanderzant, C. 1979. J. Food Prot. 

J*2, 569-571.
Hanna, M.O., Zink, D .L., Carpenter, Z.L. and Vanderzant, C. 1976. J. Food 

S c i. £]_, 125*4-1256.
Ingram, M. 1962. J, Appi. B ac te r io l. 25, 259-281.
Ingram, M. and Roberts, T.A . 1980. In M icrobial. Ecology o f Foods, Vol. 1. 

ICMSF. pp. *46-69. Academic Press.

213



Ingram, M. and Simonsen, B. 1980. In M icrobia l. Ecology o f Foods, V o l. 2. 
ICMSF. pp. 333-**09. Academic Press.

Jaye, M., K ittaka, R.S. and Ordal, Z.J. 1962. Food Technol. _16 (4 ) ,  96-98. 
Kalina, G.P. 1977. Gigiena i Sanitariya No. 8, 97-100.
Kampelmacher, E.H. 1983- Food Technol. 37 ( ^ ) , 117-119 and 169.
Kotula, A.W., Lusby, W.R., Crouse, J.D. and de V ries, B. 197*4. J. Animal S c i. 

39, 67*4-679.
M argitic , S. and Jay, J.M. 1970. J. Food S c i. 35, 252-255.
Molin, G. 1983. Eur. J. Appl. M icrobio l. B iotechnol. ]_§• 21*4-217.
Molin, G. and TernstrOm, A. 1982. J. Gen, M icrob io l. 128, 12*49-126*4.
Myers, B.R., Marshall, R .T ., Edmondson, J.E. and S tringer, W.C. 1982.

J. Food Prot. **5, 33“ 37.
van Netten, P. and Mossel, D.A.A. 1980. Arch. Lebensmittelhyg. 31. 190-191. 
Newton, K.G. and G i l l ,  C.O. 1978. J. Appl. B ac te r io l. W ,  91-95.
Newton, K.G. and Rigg, W.J. 1979. J. Appl. B a c te r io l. jM7, **33-'*i*1.
N ico l, D .J., Shaw, M.K. and Ledward, D.A. 1970. Appl. M icrob io l. J_9. 937-939. 
Niemand, J.G. van der Linde, H.J. and H olzap fe l, W.H. 1981. J. Food P ro t. 

677-681.
Rigg, W.J. 1979. J. Food Technol. JJ4, 1*49-155.
Roth, L.A. and Clark, D.S. 1975. Can. J. M icrob io l. 21_, 629-632.
Seelye, R.J. and Yearbury, B.J. 1979. J. Appl. B ac te r io l. «6 , *493-*499. 
Seideman, S.C. Vanderzant, C., Hanna, M.O., Carpernter, Z .L. and Smith, G.C.

1976. J. Milk Food Technol. 39, 7*45-753- 
Shaw, B.G. and Harding, C.D. 198*4. J, Appl. B ac te r io l. 56, 2*4-*40.
Shaw, B.G., Harding, C.D. and Taylor, A.A. 1980. J. Food Technol. ,  1J>,

397— *105.
Shaw, B.G. and Latty , J.B. 1982. J. Appl. B a c te r io l. 52, 219-228.
Shaw, B.G. and Roncaroli, J. 1982. Proceedings o f 28th European Meeting o f 

Meat Research Workers, Madrid pp. 360-362.
Shay, B.J. and Egan, A.F. 1981. In Psychrotrophic Microorganisms in Spoilage 

and Pathogen icity , ed . Roberts, T .A ., Hobbs, G ., Christian , J.H.B. and 
Skovgaard, N. pp. 2*41-251.

Shay, B .J ., Egan, A.F. and Rogers, P.J. 198*J. These Proceedings.
Slemr, J. 1981. F leischw irtschaft 61, 921-926.
Sn id jers, J.M .A., Schoemakers, M.J.G., Gerats, G.E. and de P ijp e r , F.W. 1979. 

F le ischw irtschaft 59, 656-663.
Sutherland, J .P ., Gibbs, P .A ., Patterson, J .T . and Murray, J.G. 1976.

J. Food Technol. 11, 171-180.
Sutherland, J .P ., Patterson, J .T . and Murray, J.G. 1975. J. Appl. B ac te r io l. 

39, 227-237.
Taylor, A.A. 1983. Meat Processing In te rn a t. 6 (2 ) 16-22 «■ 2*4.
Taylor, A.A. and Shaw, B.G. 1977. J. Food Technol. 12, 515-521.
Teu fe l, P. 1981. Food Irrad ia tion  Information No. 11, 33-1*7.
Vanderzant, C., Hanna, M.O., Ehlers, J .G ., S ave li, J.W., Smith, G.C., G r if f in ,  

D.B., T e r r e ll,  R .N., Lind, K.D. and Galloway, D.E. 1982. J . Food S c i.
*47, 1070-107 9.

Zink, D .L., Lachica, R.V. and Dubel, J.R. 1982. J. Food Safety *4, 223-2*41 .

closed symbols a ce tic  acid  treated samples.

214


