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SUMMARY

Vacuum packaging at 99% e ffic ien cy  resu lts in more 
evaporation from hot than from cold meat. This causes 
the packaging film  to become moistened thus 
jeopardizing the s e a la b ility  of the film  and 
preventing adequate skinning. In addition, the surface 
of hot meat tends to be more s ticky , resu lting in 
“a ir  trapping" in the course of vacuum packaging. The 
impact of such a de fic ien t packaging technique on the 
composition of the trapped a ir  and on the 
bacterio log ical condition of the packaged beef is 
examined.
The 0. content of the residual a ir  decreased faster 
and the CO. content was consistently higher in hot 
- than in cold boned packs. Bacterio log ical quality  of 
hot boned beef was worse than of cold boned beef both 
with air-trapping. Possible mechanisms are discussed.

INTRODUCTION

Hot meat is more d i f f ic u l t  to vacuum pack than cold 
meat. From hot meat of e.g. 30°C water w ill evaporate 
read ily  at residual a ir  pressures of 31.8 mbar whereas 
in cold meat of e.g. 5°C this w ill happen at 
approximately 5.7 mbar. Vacuum packaging of hot meat
at 99% e ff ic ie n cy , 10 mbar residual a ir  pressure, w ill 
thus lead to increased evaporation. The increased 
evaporation may jeopardize the s e a la b ility  of some 
films and prevent adequate skinning. Furthermore the 
sticky  surface of hot meat tends to increase the risk  
of " a ir  trapping" (Apple and T e r liz z i, 1983).

The impact of such a de fic ien t packaging technique on 
the bacterio log ica l condition of hot meat is not 
known. The trapped a ir  w ill contain 0. which may
accelerate growth of aerobic spoilage bacteria. 
However, the residual oxygen can be converted to CO. 
by resp iration of meat tissue (Enfors and Molinf 
1984). We expected the 0, consumption rate and
consequently the CO. production rate to be higher in 
hot meat than in cold meat. This would mean that 
vacuum packaging of hot meat with some oxygen, e.g. 
with a ir  trapping, would o ffe r the best protection 
against microbial growth. Purpose of th is  paper is  to 
examine the impact of a ir  trapping on the gas
composition and on the bacterio log ical condition of 
packaged beef.

MATERIALS AND METHODS

The le ft-  and righthandside M. longissimus dorsi of 
two boner-grade Dutch Fris ian  cows were hot boned. The 
righthandside longissimus muscles were divided in 
14 chops, of approximately 200 grams each, which were 
immersed in a suspension of bacteria cultured from the 
scrapings of tables from a commercial beef cutting 
operation. A fter immersion chops were allowed to drain 
for ca. 10 s and vacuum packaged by use of a chamber- 
type-vacuum-packaging machine. A fter vacuum packaging 
a ir  trapping was simulated by in jecting  8-10 ml of a ir  
through a ir- tig h t rubber discs which had previously 
been glued to the vacuum film . Before re frigera tion  at 
2°C, vacuum packs of righthandside longissimus were 
conditioned 5 h at 15°C. Expect 'the conditioning

period the lefthandside longissimus received a si*1'}iaf íj
treatment a fte r 24 h re frigera tion  at 2°C. After w,  ̂
14, 21 and 28 days of storage the gas compositi°n

o, :

vacuum packs of lefthand- and righthandside chop5hip! 
”  —  k" chromatography. Subsequently cn

and sampled for bacterioloSwere unpacked 
examination.

The vacuum bags had the following characteristics:
*---- ------ — n - °  30-50; itransmission rate 0 .: 8-13;
3-5 ml/m2/24 h/1 atm/45% RH.

CO.

Bacterio log ica l examination
.tins

The culture of bacteria orig inating from the ^
tables was prepared by adding scrapings to Pep (pe 
saline so lution. A fter 8 h of s t ir r in g  and sevin9 j  
suspension was frozen. The day before the exper1 jpe 
the frozen suspension was allowed to thaw 
re frige ra to r at 5°C. jit
Longissimus cuts were sampled by means of sta ¿¡f 
cork borers. Two tissue discs of approximate!ly fl 
were punched out, subsequently macerated in y o' 
peptone-saline solution in a stomacher. Numbers  ̂
colony forming units ( c . f .u . )  of the fo l '°  
micro-organisms were assessed. <f
(a ) aerobic colony counts: in poured plate5 jP 
Tryptone Glucose Beef extract Agar; incubation ¡t 
30°C, (b) Enterobacteriaceae in poured
V io le t Red B ile  Glucose agar with over Crf*
incubation 1 d at 37°C, (c ) Gram-negatives/Pseud«* ,t

1on spread plates of G illenberg; incubation J “ tji 
25°C, (d) Brochothrix thermosphacta on spread P 
of STAA; incubation 2 d at 24°C (Gardner, 1966)-

Gas chromatography

A Carlo Erba, model M gas chromatography equipPe^
a standard gas sampling system and a the(iff

conductivity detector was used. A sp lit te r W1
! h

variab le  s p li t  ra tio  was mounted i n the i b(
chromatograph to d istribu te  the gas sample ° '/er, ie!' 
two columns: (a ) 1.5 mx4 mm i.d . stainless <ikU "  v  u u  I u m i i i u  , V u  ± MIA-r II nil I .  U .  }  L u  M l  rtiVr i

packed with SILICAGEL, 80-100 mesh, (b) 1.5 9
i.d . stain less steel packed with molecular s'
40-60 mesh. redAnalysis was done at approximately 5 ml trapP* 
(d ilu ted with H„. n5 C
The composition^of the gas was calculated by *ea 
the following formulas.

02 : ± x 20.9 = P x {

q x (

CO. : £ x 100 = r X (
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$1l
e,t,at i ca 1 analysis of data 

»«ifi; igji - -------  - ̂  _______
« t e-‘ , To determine significances of difference in 

'âl colony count, " — 1— 1 —C o ] .  . ----------J  -  1 " l u l l  I C O O  1,11011

^efn SS in the f,irst decimal d ilu tion  plate and 
4r>d o °re inappropriate for colony assessment (Mossel 
*'th ).L1cln’. 1954) were assigned count corresponding

samples with less than

tsW 1Cdnce of differences were assessed by student 
T- ' ' ' ■

rial 
onies 
fore 
3rion,

lim it of detection.

• i • 3 ucv. i mo i ui luuuri pidte ana
S  D° r e inappropriate for colony assessment (Mossel uri c~ * ~~ -' 

the

LTs and d iscussio n
%

'!1. 1 .
,ows bhe changes of the gas composition, 

r  trale y a fte r vacuum packaging the composition of 
tk v«CuPPed a ir  d iffe ren t from bhe atmospheric a ir . 
"Is un,3t1 ng CO- emerges from the meat into the a ir .
O t i cI reP °r te °  e a r lie r ,  the orig in  of th is CO-
1llhinq 0rI. is not known (Enfors and Molin, 1984); 
N is e  6 28 days stora9 es the CO- percentage

es and the 02 percentage decreases. I t  seems 
h tween Sw no di f fe r ence in decrease of 0, content 

h°b  and cold packaged beef. The CO/ content, 
\ S h [ '  in vacuum packs of hot boned^ meat is
''$ j .enbly higher than in cold boned counterparts. 
1 fflu w0t 1n a9reement with Enfors and Molin (1984) 

uund no differences between CO- evolution from 
and P °s t-rigor meat. This dfscrepancy may be 

„5 the d by tihe fac t that they used porkloins. 
ffef_ in i t ia l  C0_ content is also higher the 
1* can 't be explained by microbial growth.

high CO, content is
vl 10W rx

uj content and a high CO- 
l i V ' « .y a unfavourable c o n d i t io n e r  growth of 
f'9ht l sp°ila g e  bacteria to a certain extend.' So, i t
KiyOijrd® expected that a ir  trapping has no or even a 
;%m - e ef,f:ect on the bacterio log ical condition of 
M packaged hot meat.
f̂its' -be seen ip Fig. 2 up to 21 days the colony 
, 0̂n hot boned beef were higher than on cold 
(Tci>6d /" Afber 28 days maximum colony counts are 
Cont S° in sPite °'f a higher CO- content and a low 

is is f bhe bacteriological growth on hot boned 
.J- kn0 aŝ er bhan on cold boned beef. It is not as 
% 'ts WS what may be bhe explanation of these 
y 0 1 perhaps 0. content of the residual air is low 

ma°ntent on pbe surbace of the meat is high(er). 
meat be more oxymyoglobine in hot than in cold 4- eXpe b. There is, however, theoretically no reason b bhis.

ry'ofl Explanation may be the applied conditioning 
(Ch6ss4rvr bot boned beef. This conditioning period is Sp/fystaii b° avoid shortening and tenderness problems 
>  a|l ,  1982; Smulders et a l . ,  1985).
fl 6rS are of the opinion that the higher
a$Se to Ure °b  the meat on boning w ill allways give 
i» cOhoalriCreased bacteria l numbers of hot boned meat 
frSuIts fed to cold boned meat. (Fung et a l . ,  1980). 
h*. hr,0tlserved by other workers with hot boned meat °wever variable (Sheridan and Sherington, 

w ill be investigated inexplanations
ln9 experiments.

^ 1qns

during vacuum packaging of hot boned 
tQirt0n,Dd(~ea beef 9ives rise  bo higher bacteria l counts 
k5y  b0nad to ai' r trappina during vacuum packaging of 
liurjHn „ beef. As no comparison has been made 
V 0lJb v?CUum packaged hot boned beef with ana 

Cter,ial r brapping i t  is  not certain  i f  higher
counts are due to the "a ir  trapping".
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Fig. 1 Changes of gas composition of residual a ir  in 
vacuum packaged hot and cold boned beef with 
a ir  trapping during storage at 0-2°C 
o = cold boned 
x = hot boned
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Fig. 2: The e ffec t of a ir  trapping in hot and cold boned vacuumpacxagea DeeT on bacterio log ical 
o = cold boned 
x - hot boned
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