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as com is  known about the types and numbers of microorganisms present on pork 
to tha?dred t0  red but s h e lf- l i f e  of pork has been found to be in fe r io r
Potent• red raeat* Pork 1S Probab1y a lso  niore e a s ily  contaminated with 
techni3 Pathogenic bacteria than red meat. Hot-boning of meat is  a new 
sPace whlcb has marV potentia l advantages including reducing cooling 
cent>J- re tr ig e ra tin g  energy, increasing  cut y ie ld  and fa c i l i t a t in g  

ralized  processing.

. ° i her hand potentia l m icrobio logical advantages (s h e lf - H fe )  and 
bot»h« d j 9es i by9 ien®)» p a r t ic u la r ly  in  connection with the packaging of 

°°ned meat are re la t iv e ly  unknown.

°Ptime?l0 u a Paokaging system which o ffe rs  optimal m icrobio logical sa fe ty  and 
s h e lf - l i f e  to hot-boned pork i s  therefore  o f great importance.

of Pori1 the Present investig a tio n  has been to fin d  out whether hot-boning 
ferent ' nvo1ves increased hygien ic r is k s  and to examine the e ffe c t  of d lf -  
hot-S 9as Packaging systems on the m icrobio logical s h e l f - l i f e  o f packaged 

°°ned pork.

Ga ŝ  ¿tmospher;e£

A na lys is  of CO2 and O2 concentrations in  the packages a fte r  storage fo r 
20 days at 4°C showed that the CO2 concentration in  the vacuum packages 
had increased to 80% both in  hot and cold-boned samples. The oxygen concent
ra tio n  was 1-7% in  the vacuum packages but only 0.1-0.6% in  the gas packaainq 
systems (Table 1 ) .
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Table 1 . The m icro flora of gas packaged hot-boned and cold-boned pork lo in  
roasts a fte r  20 days of storage a t 4°C.

I s and Methods

ten»Pera? t0p lo in  roasts of P°r k * hot-boned 4 hrs a fte r  s laughter (meat 
after 1 re 20°C) and boneless top lo in  roasts o f pork, cold-boned 24 hrs 

slaughter (meat temperature 5 .5°C) were packaged as fo llo w s:

Conventional vacuum packaging.

ofSnPoCka91n9 ln  a m1xtun 90% c02 and 10*  n2 and a headspace u ,2 1i t r e s .
3. Ga

s Packaging in  100% CO2 and with a headspace o f 3 l i t r e s .
The rj
raP id l / aj}*n9 m ateria l was Saran-laquered Mylothen. A ll the packages were 
trays f  chil1ed a t -1°C and an a i r  v e lo c ity  o f 0 .5  m/s, s ing le-layered  on 
twin J or, 5 hrs lowed by storage a t 4°C. A fte r 9 and 20 days o f storage

nar• 6S from -ach packaging system were subjected to the fo llowing 
'v « l„ . . f 10n? : ^as a n a ly s is , m icrobio logical a n a ly s is , d rip  lo ss  and sensory 

atlon (co lour and odour).

Ss
'  An¿ l¿ s ¿ s _o f C02_and_02

P la s t ic  bags were opened fo r m icrobio logical sampling 0 .5  ml gas
; “ Uhdilrawn and analysed fo r CO2 and O2 using a gas chromatograph

Gas composition o f the packages a t the time o f opening i s  a lso  given.

Th is is  in agreement with re su lts  obtained by Erichsen & Molin (1981) on 
packaged beef and by B lickstad  et al_. (1981) on packaged pork.

In the gas packages o r ig in a lly  contain ing 90% CO2 and 10% N2 the CO2 
concentration had decreased to 50-60% during storage while the oxygen con
centration v/as 0.2-0.4% (Table 1 ) . The reason fo r the reduction of the CO2 
concentration in these packages could be explained by the low headspace in 
the packages (2 d l ) and by absorption of C02 into the meat. No d iffe rence  
was found in  the CÛ2 concentration of hot-boned pork compared to co ld
boned pork in sp ite  o f assumed higher biochemical a c t iv i t ie s  o f hot-boned 
meat which could possib ly a ffe c t  the gas atmosphere. Cuthbertson (1977) found 
that the higher re sp ira tio n  ra te  of hot-boned beef did not re su lt  in  any 
no ticab le  higher concentration of CO2 in gas packages.

In  packages contain ing 100% CO? the CO2 concentration had hard ly changed 
during the storage period (Table  1 ) .

Odour and ap£earance

A fte r 20 days of storage a l l  samples irre sp e ct iv e  of gas packaging system 
were fu l ly  acceptable as fa r  as colour and general appearance are concerned. 
This a lso  applies to the samples subsequently stored in a i r  fo r 3 days. How
ever, on cold-boned samples, vacuum packaged or packaged in the gas m ixture,

VacUum f it t e d  with Porapac Q and a molecular s ieve  5A column. The
Cka9e were ^"rst f i l le d  with 100 ml helium to create  s u ff ic ie n t  

volume to f a c i l i t a t e  sampling of the content.

^ o b i 01^°lo£ica]_ ana lys is  
°amples f
tockaqi TOr R11’crobio lo g ica l an a lys is  were taken from pork roasts before 
4°c< a ng ancj f rom paC|<ag fng systems a ft e r  9 and 20 days o f storage at

¡¡l tbe *
Pep|neahl • each stora9e Period a l l  pork roasts were repackaged in  oxygen
a9ain .  e and stored fo r 3 days a t 4°C a fte r  which time they were 
^ sampled m ic ro b io lo g ica lly .

¡ l 979)Cr° bi o logical sampling was carried  out according to Enfors et a l .
* ./  . samP1es were examined fo r Total aerobic count, Enterobac-

the i

Lac tic  acid  b a cte ria , C lo s t r id ia , Staphylococcus aureus and

An u
^ ^ r o  , pacl<a9ed meat samples and an add itional 10 samples o f fresh  hot-boned 

asts  were also  exam1’ ned fo r the presence o f : Y ersin ia  e n te ro c o lit ic a , 
hydrophila, Campylobacter je ju n i and Erysope)othrix rhusiopath iae,

sol

[ r°m c
¿nd i_dê njt 1 f i£ a  t i  on

?9art frr%abTe p lates from to ta l aerobic count agar (Tryptone-glucose-extract 
H o iet/ 1 and.from p lates used fo r id e n t if ic a t io n  of Enterobacteriaceae 
S t i f r red- b1le -dextrose-agar, VRBD), 20 co lon ies/p la te  were picked fo r 

Sd|Dple dt1on from samples o f fresh meat before packaging and from stored 
1n each packaging system.

%  ta •
Ser,teqĈ r ia  s tra in s  iso la ted  from TGE were id e n tif ie d  of which 80 re 

116 in i t ia l  bacteria f lo ra  from hot-boned and cold-boned pork.
*>0*, UK.

repre-

?»1ch 5.5 200 bacteria s tra in s  were iso lated  and id e n t if ie d . From samples 
r°H) TcFd f een s t °r<?d in a i r  fo r 3 days a to ta l o f 160 s t ra in s  were iso la ted  

p P la te s . No iso la t io n s  were made from VRBD p la te s .

T ^ a g ^ tb r ix - l ik e  organisms were tested fu rthe r fo r H2S formation on

'MPJ oss

unt , 
cui a ted

drip  lo ss i .e .  free  meat ju ic e  in  the packages was weighed and 
as percentage of the sample weight.

tested d ir e c t ly  a ft e r  breaking the packages and a fte r  
in a i r  fo r 15 min.

the m icrobial load was so high a fte r  3 days in a i r  that these samples 
probably would develop objectionable off-odours w ith in  1-2 days of fu rth e r 
storage in a i r  (Table 3 ).

Drip joss^

No d iffe rence  was found in  the drip  lo ss between hot-boned and cold-boned 
pork samples in  any o f the packaging systems.

Jnjt_i_al_ bacterja]_ £oa_d

Great d iffe rences existed  in  the in i t ia l  b acteria l numbers on samples from 
hot-boned and cold-boned pork. Total aerobic count was almost 2 log un its 
lower on hot-boned pork (Table 1 ) . Also the composition of the m icro flora 
d iffe re d  markedly. On hot-boned pork mesophllic micrococci dominated the 
m icro flo ra  while meat sp o ile rs  l ik e  Enterobacteriaceae occurred only in  small 
numbers. On cold-boned pork, gram negative m eatspoilers were more abundant 
(Table 2 ) . Numbers as well as types of microorganisms o r ig in a lly  present on 
meat is  o f great importance fo r the s h e l f - l i f e  of packaged meat during 
re fr ig e ra t io n  storage (Ingram, 1962).
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Table 2. The m icro flo ra of hot-toned and cold-toned pork lo in  roasts packaged 
in  d iffe re n t gas atmospheres a fte r  20 days of storage a t 4°C.
Percent o f the to ta l m icro flo ra .

M i£ rob ia i £ual U /  of J>acka£ed £ork

A fte r 20 days of re frig e ra tio n  storage a ce rta in  d iffe rence  was observed in 
m icrobial numbers between samples in  d iffe re n t gas packaging systems and 
between hot and cold-boned pork (Table 1 ) . The m icrobial load was consis-

221



te n tly  lower on hot-toned pork a l l  through the storage period and in  a l l  
packaging systems. The q u a lity  promoting e ffe c t  of the d iffe re n t gas 
packaging systems seems to increase in the fo llow ing order: vacuum 
< 90% CO2 + 10% Ho < 100% CÜ2- This e ffe c t was re flec te d  not only in  
lower to ta l aerobic count in  samples packaged in  100% CO2 hut also in the 
composition of the m icro flora a fte r  storage fo r 20 days a tt  4°C (Table 2 ) .
In  vacuum packaged samples the number o f la c t ic  acid  bacteria constituted 45% 
of the to ta l f lo ra  while the gram negative meat spoilage bacteria constituted 
50%. In samples packaged in  the 90/10 gas mixture the m icro flora consisted 
mainly o f la c t ic  acid  bacteria  while most of the gram negative types had been 
suppressed (Table 2 ) . F in a lly ,  in  pure CO2 atmosphere, the m icro flora was 
completely dominated by la c t ic  ac id  b acteria .

I t  could be argued that the d iffe rences in  the m icrobial numbers between the 
90/10 gas packaging a lte rn a tiv e  and the pure CO2 a lte rn a tive  was caused by 
d iffe rences in the headspace, i . e .  to ta l amount of CO2, rather than d i f 
ferences in CO2 concentration. This argument may be v a lid  to the extent 
that m icrobial numbers do not r e f le c t  the d iffe rence  between 90% and 100%
CO2 but between 60% and 100% CO2 (Table 1 ) . Because of the sm aller gas 
volume in the 90/10 a lte rn a tive  the composition of the gas phase changes when 
CO2 is  absorbed in the water phase of the meat and part of the CO2 
molecules are transformed into HCOj. As a consequence the d iffe rence  in 
m icrobial numbers would have been somewhat sm aller i f  comparison had been 
made using a greater gas volume in the 90/10 gas a lte rn a t iv e .

With reference to a recent work by Mol in (1983) i t  seems more appropriate to 
assume that a sm aller but s ig n if ic a n t  d iffe rence  in m icrobial numbers also 
e x is t s  between 90% and 100% CO2 under otherwise comparable conditions.
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Table 4. The composition of the m icro flo ra o f hot-boned and c o ld - to n e d lj 
roasts packaged in  d if fe re n t gas atmospheres and stored fo r ZU j 
at 4°C followed by storage fo r 3 days in a i r  at 4°C. Percent or 
the to ta l m icro flora a f t e r  storage in a i r .

The fa c t that the CO2 concentration found in  the vacuum packages was higher 
(ca 80%) than in the 90/10 gas a lte rn a tive  (60%) may seem con trad ictory to 
the observation above that vacuum packaging i s  in fe r io r  from a b acterio 
log ica l point of view - several explanations are possib le . (1) The d iffe re n t 
method used when analysing the gas in  the vacuum packages gave re su lts  which 
are d i f f i c u l t  to compare. (2) The amount o f CO2 as such i s  of importance 
fo r an extended s h e l f - l i f e .  (3 ) The oxygen concentration was considerably 
higher in the vacuum packages. (4) In the 90/13 gas a lte rn a tive  the CO2 
concentration was high r ig h t from the s ta r t  o f the storage period while in 
vacuum packages i t  was successive ly  b u ilt  up. The la s t  explanation may seem 
the most l ik e ly  one.

The composition of the m icro flo ra a fte r  storage fo r 20 days was unaffected by 
the boning procedure. A favourable governing e ffe c t  on the m icro flora could 
be noticed on hot-toned pork stored in  pure C02* L a c tic  acid  bacteria 
dominated the m icro flora completely in  these packages even though the to ta l 
aerobic count was s t i l l  low (3 .2  log units/cmz ) .

The only d iffe rence  found between hot-boned and cold-boned pork was the lower 
in i t ia l  number of microorganisms on hot-boned pork, and that part of th is  
d iffe rence  was maintained a l l  through the storage period. A fte r 20 days of 
storage the d iffe rence  in  number o f organisms was somewhat sm aller in vacuum 
packages and greater in  gas packaged a lte rn a tive s  (Table 1 ) . To gain a better 
advantage of the favourable in i t ia l  m icrobial condition of hot-boned pork, 
th ere fo re , gas packaging in  high concentrations of CO2 should be used.

In  th is  study a r e la t ie ly  large number of Enterohacteriaceae were is o l®t r roni 
from TGE-plates and from VRBD-plates both from vacuum packaged pork and 
pork packaged in  the 90/10 gas mixture (Table 5 ) . However, no hygienic 
hazardous types or higher concentrations of potential pathogenic micro
organisms were found.

Table 5. Enterobacteria iso la ted  from VRBD. 200 s tra in s  were id e n t i f ié -

Stor£g£ i_n_aj_r

Based on to ta l aerobic count obtained a ft e r  storage fo r 20 days not-boned 
pork to lerated  a fu rthe r 3 days storage period in  a i r  a t 4°C, irre sp e ct iv e  
of previous packaging system. With cold-boned pork th is  was only achieved in 
samples previously stored in  pure CO2 atmosphere. Composition of the micro
flo ra  was not affected  in  a c ru c ia l way by subsequent storage of the pork 
samples in a i r  (Table 3 ).
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Table 3. The m icro flora of hot-boned and cold-boned pork lo in  roasts a fte r  20 
days of storage at 4°C followed by 3 days storage in a i r  a t 4°C.

Safety

Pathogenic bacteria l ik e  Y e rs in ia  e n te ro c o lit ic a , Campylobacter je ju n i , 
Aeromonas hydrophila, C lo s t r id ia , enterococci, Staphylococcus aureus and 
E rys ip e lo 'tlir ix  rliusTopathiae were not found in  any of the samples of pork.

Erys1p elo thr1x-lIke  organisms were, however, id e n tif ie d  among iso la te s  picked 
from the to ta l aerobic count p lates from hot-boned pork (Table 2 4 4 ) . The 
biochemical pattern o f these organisms corresponded p a rt ly  with that of 
E ry s ip e lo th rix  rhusiopath iae, but the organisms obviously grew on re fr ig e 
rated meat and on TGE-agar which would imply that these organisms are not 
E ry s ip e lo th rix  rhusiopath iae, i . e .  pathogenic organisms. The e ry s lp e lo th rlx -
1 ike organisms found should instead be regarded as belonging to a type of 
spoilage " la c t ic  acid b acte ria " . Microorganisms l ik e  Enterohacteriaceae are 
commonly present on fresh  meat. In th is  study the number of Enterobacteria- 
ceae was p a rt ic u la r ly  great in  vacuum packaged pork a fte r  storage fo r 20 days 
a t 4UC (Table 1 ) . Enterohacteriaceae are present 1n so il and water and many 
s tra in s  grow well under re fr ig e ra t io n  temperatures.

Conclusion

The conclusions of the present study can be summarized as fo llo w s:

1 . Hot-boning of pork does not imply any spec ia l m icrob io log ical health rislc

2. At the time o f packaging, hot-boned pork had a lower m icrobial load than 
cold-boned pork. Th is im p lies both an increased s h e l f - l i f e  and a better 
b io lo g ica l protection against pathogenic b acteria  due to development 0 
la c t ic  acid  b acteria .

3 . From a m icrobiological point of view the best packaging system fo r hot" 
boned as well as cold-boned pork is  gas packaging in  pure CO2 atmospbe

4. To gain fu l l  advantage of the good hygienic and m icrobio logical condit1’®11 * 1 
obtained in  the hot-boning process, hot-boned pork should be packaged 1 
high concentrations of CO2 (p re fe rab ly  100%).
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