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l97ivCuur,“ P<*ckaging o f p rim al cu ts  in c re a se s  in  popularity (M arrlo t e t a l . ,  
Pfobl dnd re P1aces t r a d it io n a l  s a le s  o f ca rca sse s  i t  a lso  produces some 
paCL.enis* Frequently contracts placed fo r large quan titie s of beef in vacuum- 
djs s do not account fo r  the e n t ire  c a rc a s s . Hence the meat p ro cesso rs  can 
meaP°Se 0 f prima1 cu ts but have the problem of d isp o sa l of the fo re q u a rte r  
of j !  and other le ss  popular cuts. The work described below had the ob jective  
foren ^1ng SIJ1 ta b le  sto rage  methods fo r  beef mince (ground beef) so th at 
Giv^uarte r  meat could be processed to give th is  s im p le , added-value product. 
reles ac1e9uate s to rage  and s h e lf  l iv e s  the beef could e ith e r  be s te a d ily  
r̂i(nalSe  ̂ ° n t0  tbe l ° c a  ̂ m arket or o ffe re d  to the custom ers purchasing  the

cuts.
for +h
si,ou1h purP°se . of. th is  study i t  was decided that the packaging systems used 
Irel ^ be as s im i la r  as p o ss ib le  to those c u r r e n t ly  in  use in  Northern 
on thnd» or Pe su itab le  fo r implementation without major cap ita l expenditure 
ŵ s c part tbe processors. Hence vacuum-packaging was selected and th is  
4va i lK ? p1emented by the addit1on o f s o l id  CO?. S o lid  C0? p e l le t s  are 
and * e com m ercially and the anti-m icro b ia l e ffe c ts  of CO? are w ell known
of summarised by Clark and Takacs (1980). CO? p e lle ts  have the advantage 
lu iCL1n  ̂ s im p le  to  use , re q u ir in g  no c a p ita l  e xp e n d itu re , and being much 
W j - ' t o  use than b a ck - f lu sh in g  te ch n iq u es . S ince  vacuum-packaging is  
cause nt y the ra ts - lin iit in g  step  in  p ro cess ing  p lan ts  b a ck - f lu sh in g  could 
conse UnaccePtahle delays by extending the time taken fo r packaging, w ith a 
°ut hal^nt ^°SS ^ua^ ty  by the roeat due to extended storage in the boning-

less ®at used was boned-out and packaged in  a com m ercial a b a t to ir ,  and was 
ban ^  hours old ( p o s t - k i l l ) .  About 30 kg o f fo re q u a rte r  meat was 

Pieces6!!aand^ElJt 100-500 g pieces to resemble small pieces of tr im . The
r°ugh

were then thoroughly mixed and treated as shown in F ig  1. Mincing was 
a 4 mm p la te .

Solih û° t s (2 kg) of mince and trim  which were packaged with CO? had 4 g of 
heat. ("dry ic e ") added to the b a r r ie r  bag p r io r  to the ad d it io n  o f the 
V ,  i f  c02 evolved caused s ig n if ic a n t  sw e lling  of the bags but w ith in  24 
PackaQ1t d isso lve d  in to  the meat and i t  was im p o ss ib le  to d is t in g u is h  the 
Perfo ^ !i  00? from those w ith o u t the gas. The e n t ire  experim ent was 

nned tw ice .

Results and Discussion

The re su lts  were subjected to an a lys is  of variance (Lawes A .T., 1980) and the 
fo llow ing  s t a t i s t ic a l ly  s ig n if ic a n t  in te rac tio n s  between the parameters were 
noted (Tab le  1 ). The f ig u re s  in  b racke ts  denote con fidence  as a percentage. 
"Method" app lies to the treatment before packaging, i.e . whether the meat is  
minced or le f t  as trim .

TAC and TVC were expressed as lo g ^  (colony forming u n its ) g“ l  of meat fo r the 
analyses and when mentioned below they w i l l  be assumed to be in  these un its 
unless otherwise stated.

storage, d isp la y , CO? 
storage, d isp la y , CO?

(99 .9 )
99 .9 ) TAC, method, CO? (95)

method, d isp lay (99 .9 ) TAC, method, storage (99)
storage, CO? (95) pH, method, CO? (95)
storage, d isp lay (95)

Table 1 Parameters showing s t a t i s t ic a l ly  s ig n if ic a n t  in te ractions 
(confidence in brackets as percentage)

Considering the m icrobial populations studied i t  can be seen from the above 
tab le  that complex in te rac tio ns  between the e ffe c ts  of storage, d isp lay and 
CO? addition are found. Since storage was from a period of from 0-6 weeks i t  
is  not su rp ris ing  to find  that s ig n if ic a n t  changes in  TVC and TAC occurred. 
S im i la r ly  samples d isp layed  fo r  up to 7 days would be expected to change in 
term s o f TVC and TAC and i t  would be u n lik e ly  fo r samples of fre sh  mince to 
show a s im ila r  pattern of m icrobial change to samples stored fo r 6 weeks in  a 
vacuum-pack. Thus storage and d isp lay parameters would be expected to appear 
as s ig n if ic a n t  in  the s t a t is t ic a l  analyses performed.

The next parameters of in te re s t are CO? ( i t s  presence or absence) and method. 
I t  can be seen th a t the TVC is  a ffe c te d  by CO? as i s  the TAC but the method 
s ig n if ic a n t ly  a ffe c ts  the TAC. only. The e ffe c ts  o f the method during storage 
are not unexpected since the growth of anaerobes w i l l  be affected  by nutrient 
a v a i la b i l i t y  which would be expected to be higher in  the minced meat since a 
higher surface area w i l l  be exposed fo r co lon isation . However the TVC w il l  
enumerate organisms requiring  oxygen fo r growth and these w i l l  grow where the 
oxygen concentration is  highest - immediately adjacent to the packaging f i lm . 
Therefore the TVC is  more l ik e ly  to re f le c t  the ava ilab le  surface area of the 
package than the form of the meat in  the package.

Figure 2 i l lu s t r a t e s  several of these points. I t  can be seen that CO? slows 
the growth of the anaerobes in trim  and that th is  e ffe c t is  most marked a fte r 
two weeks but then d e c lin e s  u n t i l  a f t e r  fi weeks no d if fe re n c e  i s  v i s ib le .  
Thus CO? reduced the ra te  o f growth o f the anaerobes but not th e ir  u lt im a te  
population density . In i t i a l l y  mince w ith CO? shows a s im ila r ly  reduced rate 
o f growth to t r im  w ith  CO? but a f t e r  4 weeks the e f fe c t  d im in ish e s  and 
u lt im a te ly  the TAC i s  about 5 - fo ld  h ig her than in  t r im . T h is  supports the 
hyp o thesis  th a t a h ig h er su rfa ce  a re a , as in  m ince , p rov ides a b e tte r  
environment fo r the p ro life ra t io n  of anaerobes. Thus any adverse e ffe c ts  on 
s h e lf  l i f e  caused by the anaerobes w i l l  be exacerbated by m incing p r io r  to 
packaging.

Figure 2 also shows that a ft e r  4 weeks of storage the TAC is  near i t s  maximum 
hence l i t t l e  change in  numbers can be expected when these samples are put on
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, > * i  ................................ .
count (TVC) - c a ta la se -p o s it ive  colon ies on nutrient agar (Oxoid) 

&robir ea dt 22°C fo r 3 days. This enumerates those organisms l ik e ly  to cause 
r spoilage.
1°t î
j riflJsionnderobe count ( TAC) - c a ta la se -n e g a t iv e  c o lo n ie s  on b ra in -h e a rt 

atyea(5t-e xTract agar (BHIYE) (Ba ird  and Patterson, 1982) incubated for 
>1o, ifr1..22 c 1n an anaerobic cabinet (Forma S c ie n t if ic  Model 1024, M arietta , 
ra] s en,, ' us1n9 an atmosphere o f 85% N?, 10% H? and 5% CO? ( a l l  v o l/ v o l) .  
“ $rred 7 e ra te s  p r in c ip a l ly  the la c t ic  ac id  producing f lo r a  which w i l l  be 

t to under the general name of "meat la c t lc s " .

1ndlCate J e le a se  v o lump - the method o f Ja y  (1964) was used. High ERV's 
Ki f r e sh meat, fa l l in g  as the meat undergoes aerobic spoilage.

a J !  1=10 (w t/vo l) homogenate of the meat in  d is t i l le d  vo ter was subjected 
.  measurement.

°Ur
use[?easurement - A Pye-Un1cam SP8-200 linked to an Apple I I  microcomputer 

'« It ,  to measure and store colour measurements. Subsequently the co llected  
were analysed on the mainframe computer.

anPles were stored a t 1-2°C. F i g . 3 E f f e c t s  o f  s t o r a g e  a n d  CO^ o n  t h e  TA C  o f  t r im ,w h e n  s u b s e q u e n t ly  
m in c e d  a n d  d i s p l a y e d .
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d is p la y . T h is  was found to be the case and the r e s u lt s  are  shown In  F ig  3, 
which shows the re su lts  obtained with trim . A fte r 4 weeks of storage the TAG 
is  s lig h t ly  higher in  the absence of C02 and th is  d if fe re n t ia l is  maintained 
over the d isp lay  period of 7 days, during which time only a s lig h t  increas? in 
numbers occurs.

However when the re su lts  a fte r  2 weeks of storage are compared with those of 
the control marked d iffe rences can be seen. The control shows a lag phase of 
3 days d u ra tio n  which i s  p robably due to m ic ro b ia l ad aptation  to the c h i l l  
tem p era tu re , low tem peratures being known to extend lag  phase (O lson and 
Nottingham, 1980). The tr im  lacking  C02 shows no such lag phase, presumably 
due to the m ic ro b ia l population having a lread y  adapted to  the environm ent 
presented by the c h ille d  meat during the period of storage.

In te rm e d ia te  between these two re s u lt s  a re  those obtained from the t r im  
packaged w ith C0?. Although the neat was subjected to a major change p rio r to 
d isp lay  - being minced and repacked in aerobic conditions - a c le a r d iffe rence  
between the displayed samples is  seen. I n i t i a l l y  the COo treated sample had a 
TAC only 16% of that of the untreated sample but a fte r  T  days on d isp lay th is  
had f a l le n  to 3%. From F ig . 3 i t  can be seen th a t the m ajor reason fo r  th is  
is  the absence of a lag phase 1n the absence of C02 w h ils t in the C02-treated 
sample the TAC appears to exh ib it a lag phase.

Such "res id ua l" preservation e ffe c ts , where microbes show reduced growth even 
a f t e r  beir.g removed from the atmosphere causing  the growth re d u c tio n , have 
been reported b efo re . Si 11 ik e r  et aj_. (1977) found such re s id u a l e f fe c t s  
a fte r  storage of meat in C02 when studying pork and beef but ne ither of these 
meats were in  a comminuted sta te  and th e ir  re su lts  re lated  purely to organisms 
enum erated, a e r o b ic a l ly ,  on P la te  Count Agar. The q u a n t ity  of C02 used by 
S i l l i k e r  et al_. i s  d i f f i c u l t  to compare w ith  th is  work s in c e  they used 55 
g a llo n  (U S fs te e l drums f i l l e d  w ith  atmospheres co n ta in in g  50% C02 , hence 
about 90 i  o f C02 would be p resent w ith  t h e i r  meat sam ples. Nonetheless 
S i l l i k e r  et a l .  observed these e ffe c ts  with aerobes and the above re su lts  show 
th a t anaerobes can be s im i la r ly  a ffe c te d . T h is  i s  im portant s in c e  the TAC 
showed much more rapid growth on the trim  pieces than those reported fo r  bee£ 
s l i c e s .  For example Su therland  et a_]_. (1975) found th at counts o f lO'/cm^ 
were not reached u n t i l  a f t e r  9 weeks o f storage  w h ils t  in  th is  study such a 
count was obtained (per gramme) a f t e r  2 weeks storage  fo llo w ed  by 3 days o f 
d isp lay (F ig . 3). Such rapid growth of anaerobes, which were la rg e ly  la c t ic  
a c id  b a c t e r ia , could lead to sour sp o ilag e  o f the inince (S u th e rlan d  e t a l . ,  
1975).

C o nverse ly  the production of l a c t i c  a c id , and the re s u lta n t  f a l l  in  pH, has 
been shown to in h ib it  Gram-negative psychrotrophs (G il l  and Newton, 1982) and 
a ls o  fe rm e n ta tiv e  Gram -negative b a c te r ia  (G rau , 1981), both of which are 
organism s capab le o f causing  sp o ilag e  of b eef. D esp ite  the high numbers of 
anaerobes found during th is  study no samples appeared to be sour-spoiled on 
opening the vacuum-packages but the co lo u r r e s u lt s ,  to be d iscussed  la t e r ,  
suggest that lower numbers of anaerobes may be preferable.

Considering the TVC re su lts  during d isp lay , F ig . 4, these again show residual 
preservation e ffe c ts  from the C02, as reported by S i l l i k e r  et a l. (1977). I f  
the TVC a ft e r  2 weeks storage w ith CO2 is  compared with the control both show 
a lag  phase la s t in g  3 days. The cu rves are v i r t u a l l y  id e n t ic a l .  In the 
absence o f C02 no lag  phase i s  found, p a r a l le l in g  the r e s u lt s  observed w ith  
the TAC. However in  c o n tra s t w ith  the TAC l i t t l e  growth o f aerobes i s  seen

during  s to ra g e , as would be expected in  a vacuum-package (D a in ty  et a l . ,  
1979). Thus the C02 re s id u a l p re se rv a tio n  e f fe c t  again appears to a c t by 
extend ing the lag  phase o f the b a c te r ia , the e f fe c t  noted by S i l l i k e r  et a l .  
(1975).

D is p l a y  i i m c ( d a y s )

F i g . 4 E f f e c t s  o f  s t o r a i ;  C O ^ . a n d  d i s p l a y  o n  t h e  T V C .

The work described here does not allow  e ith e r of these possib le reasons to  ̂
supported or re je c te d , and 1n fa c t  the ob serva tio ns may r e s u lt  f r 01” 
com bination o f the two. Dubois et̂  aj_. (1979) iso la te d  l a c t i c  a d d  âc^®l[le 
from mince which could in h ib i t  p o te n tia l aerob ic  sp o ilag e  organism s wnl 
S im o n etti e t aj_. (1982) found th a t some C lo s tr id iu rn  sp. were in h ib ite d  j 
la c t o b a c ll l i .  This previous work showed that la c t ic  acid bacteria  can Pr0Clu. 
compounds in h ib ito ry  to other organisms and that the In h ib itio n  was not simp 7 
due to la cta te  or reduced pH.

F u rth e r work would be req u ired  to in v e s t ig a te  the p o s s ib i l i t y  of n u tr! 6pf 
l im ita t io n  but since most aerobes associated with the aerobic spoilage of be 
would be Pseudomonas sp. (Sutherland et ¿1_., 1975; Edwards et a l . ,  1983) The 
a la ck  o f so lu b le  carbohydrate  would"TTe expected to  r e s u lt  in T h e  °rg a n 1 s 
a tta c k in g  a lt e r n a t iv e  n u tr ie n ts  such as the p ro te in s  and f a t s .  Th is  wou 
rap id ly  lead to off-odours such as putrescine being produced (Edwards et i l "  
1983). Such off-odours were not evident during th is  work.

O v e ra ll, th ere fo re , i t  was seen that so lid  C02 addition could slow the 9roW^
of both aerobic and anaerobic bacteria on beef pieces when vacuum -packaged a
stored at 1°C. This e ffe c t was most marked a fte r  2 weeks storage and residu 
e f fe c ts , consisting  of an extended lag phase, were apparent when the meat wa 
unpacked, minced and p laced in  overwrap p acks , on d is p la y , a t 1°C . Duri y 
subsequent storage  the b a c te r ia  in  C02 tre a te d  packs inc reased  1n number 
u n t i l  a p op u lation  s l ig h t ly  le s s  than th a t in  un treated  packs was see 
Vacuum-packaged mince supported a h ig h er population of anaerobes thafy rn, 
vacuum-packaged tr im . The population of aerobes was not affected  by the to 
o f the meat in  the vacuum packages.

From a m icrob io log ical viewpoint, th ere fo re , beef intended fo r the production 
o f mince was best stored  vacuum-packaged in  the presence o f C02 and m1nc 
a f t e r  storage.

At the time of w rit in g  only p re lim inary re su lts  are ava ilab le  from the colo^ 
analyses. These showed that a l l  stored samples produced a b rig h ter and redd 
mince than the c o n tro l. The sam ples showed a red uction  in  both o f the 
values during d isp lay and the reduction was most rapid in  the samples stor 
the longest. Ci^ add ition , and mincing a fte r  storage, appeared to reduce 1 
ra te  o f decay o f th e  b rig h tn e ss  and redness of the m ince. Hence the colo 
re su lts  support the m icrob io log ical re su lts  in that samples with the fewe t 
m icrobes showed the best co lo u r p ro p e rt ie s , and hence C02 ad d it io n  to me 
stored in  vacuum-packs was b ene fic ia l and would give the longest sh e lf l i fe 
the systems studied.
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However during sto rage  o f more than two weeks a second e f fe c t  a c tin g  on the 
TVC was noted. I t  can be seen from F1g. 4 that a fte r  4 weeks of storage with 
C02 the TVC is  about 10 -fo ld  g re a te r than th a t found a f t e r  2 weeks. But 
during d isp lay growth is  s lig h t , w h ils t  the sample lacking C02 shows v ir tu a l ly  
no growth at a l l .  The re su lts  fo r samples stored fo r 6 weeks are not plotted 
since they are very s im ila r  to those found a fte r  4 weeks. Thus aerobic growth 
apparently ceases at a TVC of roughly 106. In our laboratory we have observed 
TVC values 10 -1010 on mince and s im ila r  re su lts  have been reported (Edwards 
et a l_., 1983).

The cessation of growth of the aerobes could be due to two e ffe c ts :
a) n u tr ie n ts  being m etabo lised  by the anaerobes le av in g  l i t t l e  re a d ily  

metabolisable m aterial fo r the aerobes.

b) production of in h ib ito ry  compounds by the anaerobes.
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