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^ a r e 1?10910®1 ana ly ses  r e l a t e d  to s a f e t y ,  s h e l f  l i f e  and h y g i e -  
^icrobi ?P°r t a nt a spec t s  o f  meat p roduct ion .  S ince  t r a d i t i o n a l  
Pid meth j ^ i c a l  methods a re  time consuming the development o f  r a -  
8tty. T, ° ds have a roused c o n s id e r a b le  in t e r e s t  in  the meat indu -  
sPeedy ne main reasons  f o r  t h i s  a r e  the advantages  r e l a t e d  to the 
Criticai ease  o f  P roducts ,  and that  r ap id  r e s u l t s  in  monitoring  
Uons d con tro l  p o in t s  o f f e r  the p o s s i b i l i t y  f o r  e a r l y  c o r r e c -  

, r -'-n9 p roduct ion .  Furthermore ,  r a p id  r e s u l t s  enab le  the  
^°9icai 'i rer  to s e l e c t  raw m a te r i a l s  a cco rd ing  to  t h e i r  m ic ro b io -  

a l  q u a l i t y .

i IP- » e a S “ ipment based on the f o l l o w in g  p r i n c i p l e s  i s  a v a i l a b l e :  
tivity ) Urement8 , e l e c t r i c a l  measurements (impedance and conduc-  
^ilter i  r adiometry ,  m ic roca lo r im etry  and d i r e c t  e p i f l u o r e s c e n t  
Use3 bv ? nique (DEFT) . So f a r  none o f  these  methods have been 
Stance Dan*-Sh meat in dus t ry  f o r  m ic r o b io l o g i c a l  q u a l i t y  a s -  
sPec i f i ‘ Xt i s  b e l i e v e d  that  due to  d i f f e r e n c e s  in  s e n s i t i v i t y ,  
Method f t y ' c ap ac i ty  and r a p i d i t y  t h e i r  w i l l  be no a l l - p u r p o s e  
to sPeciF^ tbe raeat in d u s t ry ,  but  th a t  v a r i o u s  methods w i l l  app ly  

l f l c  a reas  o f  m ic r o b i o l o g i c a l  q u a l i t y  assurance  (MQA).
Epif l
thodsU?rescence techniques  have been known and used as  r a p id  me- 

° r »°me yea rs  ( S c h o l e f i e l d  e t  a l . 1981).  P e t t lp h e r  and 
vlftg ^ s (1982) have f u r th e r  deve loped  the technique by i n c l u -  
foU o Wede!Jb rane f i l t r a t i o n  o f  a p r e t r e a t e d  homo'genized sample 
^  fay s t a in in g  o f  the f i l t e r  w i th  a c r i d i n e  o range .

thod tbe main  o b j e c t  o f  t h i s  study to  adapt the DEFT-me-
i tte>npts kA in the meat in d u s t ry ,  and in  the course  o f  the work 
beU e Ved !?KVe been made to s e l e c t  w e l l - d e f i n e d  a re a s  where i t  was 

that DEFT cou ld  be used w ith  advantage .
iJateri,!

~̂ ~~-ia__and Methods 
TWo c ------- ----------
beef w itb °Ci as o f  meat  p roducts  were in v e s t i g a t e d :  (a )  Raw ground

chi-M^ded s °y a  p r o t e in  and s p i c e s .  Fresh f rozen  as  w e l l  as 
*  Boioon l l e d  9r °und b e e f  were examined, (b )  Heat t r e a t e d  sausages.  

yienn ty^e sausage was examined u n s l i c e d  as  w e l l  a s  s l i c e d ,  
end sausages were examined s h o r t l y  a f t e r  p roduct ion  and a t

Cia i ly  ° f  d e c la red  s to ra ge  l i f e .  A l l  the products  were commer-
Produced, and as  far as category (a) i s  concerned the ana-

problems were overcome by p la c in g  the sample in  a gaze  pouch 
("Tube g a z e " .  No. 78, Fa. S c h o l l )  w i th in  the Stomacher ba g .  In 
t h i s  way food p a r t i c l e s  d i s t u r b in g  the f i l t r a t i o n  were  sepa ra ted  
from the b a c t e r i a l  suspension .  To make sure tha t  t h i s  procedure  
did  not cause  any s i g n i f i c a n t  l o s s  o f  b a c t e r i a  a comparative  
study was c a r r i e d  out as  shown in  t a b l e  1. I t  i s  seen th a t  no 
s i g n i f i c a n t  d i f f e r e n c e  in  b a c t e r i a l  counts were observed  by the  
two methods.

The r e s u l t s  from us ing  DEFT in  the rou t in e  q u a l i t y  c o n t r o l  in  a 
meat p la n t  a r e  shown in  f i g .  1. The r e s u l t s  were ve ry  s im i l a r  to  
the r e s u l t s  ob ta ined  by the conven t iona l  method. A r e g r e s s i o n  
a n a l y s i s  was performed and a c o r r e l a t i o n  c o e f f i c i e n t  o f  0,79 was 
found. However, due to the un i fo rm ity  o f  the samples a r e g r e s s i o n  
a n a l y s i s  might be somewhat u n ce r ta in .  T h e re fo re  an a n a l y s i s  o f  
va r ia n c e  f o r  two c r i t e r i a  o f  c l a s s i f i c a t i o n  was performed  as w e l l .  
T h is  showed no s t a t i s t i c a l  d i f f e r e n c e  on the 95% l e v e l  between  
the two methods. On the 99% l e v e l  s i g n i f i c a n t  d i f f e r e n c e s  were  
found, but num er ica l ly  these  d i f f e r e n c e s  were so sm al l  that  they  
were cons id e red  to  be w ithout  p r a c t i c a l  importance.

S ince  these  r e s u l t s  were o b t a in a b l e  w i th in  one hour the DEFT— 
method i s  cons id e red  a p p l i c a b l e  f o r  speedy r e l e a s e  o f  t h i s  type  
o f  p roduct .  However, i t  s h a l l  be emphasized th a t  automatic  coun­
t in g  cou ld  not be used a t  t h i s  l e v e l  o f  m icroorganisms. Th is  i s  
a major d isadvan tage  s in ce  manual count ing  in  a f lu o re s c e n c e  mi­
c roscope  i s  ve ry  t i r i n g  and time consuming reduc ing  the c ap ac i ty  
to 20 samples to  be read by one person in  a working day.

I t  i s  worth mentioning that  no m easurerab le  d i f f e r e n c e  in  b a c te ­
r i a l  counts were found between f ro z en  and c h i l l e d  ground b e e f .
Th is  shows th a t  modern f r e e z in g  techno logy  to a v e ry  l i t t l e  
ex tent  a f f e c t s  the f l o r a  p re sen t  in  ground b e e f .

F ig .  2 shows a comparative examination o f  p roducts  where b a c t e r i a l  
counts ,  when determined by t r a d i t i o n e l  p l a t e  coun t ing ,  v a r ie d  
from 10 to  108 . The high counts r ep re s en t  Vienna sausages and s l i ­
ced Bologna type sausages  a t  the end o f  t h e i r  s to ra ge  l i v e s .  I t  
i s  seen th a t  a t  t h i s  h igh  l e v e l  the re  i s  an a c c e p ta b le  agreement  
between DEFT and counts on PCA. Th is  i s  p ro bab ly  due to  not on ly  
the h igh  counts but a l s o  to  the f a c t  th a t  the p ro p o r t io n  o f  dead  
c e l l s  i s  ve ry  low. I t  was a g en e ra l  o b s e r v a t io n  tha t  a t  b a c t e r i a l  
l e v e l s  o f  10' to  108 f l u o r e s c e n t  background m a te r i a l  d id  not  in ­
t e r f e r e  s i g n i f i c a n t l y  w ith  the use o f  automatic  count ing .

On the co n t ra ry  a ve ry  poor r e l a t i o n  e x i s t s  in  p roducts  w ith  low  
counts .  These a r e  in  f i g .  2 rep resen ted  by Vienna sausages  exa ­
mined s h o r t l y  a f t e r  heat  t reatment,  and whole Bologna type sau­
sages  heat  t r e a t e d  in  i t s  c a s in g  so th a t  post -contam ina t ion  was 
a v o id e d ,and growth from s u r v i v in g  b a c t e r i a  was l im i t e d  by co ld

h^Ses t
P lace  in  the  f a c t o r y  on samples sub jec ted  to  rou t in e  

° 9 i c a l  q u a l i t y  c o n t r o l  as  w e l l .
¿ °1rneat c

'1% a ®ainP le s  o f  10 gram, 90 ml o f  d i l u t i o n  medium (0,85% NaCl,  
f° 9eiU 2J i0 Peptone, pH 7 ,2 )  were  added,  and the samples were ho-  

setti f ° r  2 min- in  a Stomacher. A f t e r  s tand ing  f o r  30 min. 
ton ered ^Jent o f  l a r g e r  p a r t i c l e s  5 ml o f  the suspension were  

4throu9h a nylon f i l t e r  ( 5 /am pore  s i z e ,  25 mm d iam.)  
6r iU z i 2  3 Swine*  ho ld e r  ( M i l l i p o r e ) . F i l t e r  and ho lde r  were  

a b e fo re  use (120°C f o r  15 m in . ) .
4 tol o f
gbbe, f i l t e r e d  suspension were c o l l e c t e d  in  a s t e r i l e  t e s t

<1- Ra , 2 wl 0,5% T r i to n  x-100 and 0 ,5  ml B a c to - t r y p s in  wereIS Both
(0,22

so lu t i o n s  were  f i l t e r e d  through a M i l l i p o r e  membrane 
The mixture  was incubatedto,,' a Aan Pore  s i z e )  b e fo r e  use .

di IePor ^ t h  a t  50°C f o r  10 min. and then f i l t e r e d  through a 
lam.) Po lycarbonate  membrane f i l t e r  (0 , 6  yum pore  s i z e ,  25 mm 

Aft OUnt«d  on a f i l t e r  m an ifo ld  a ttached  to a vacuum pump.

3cari9ef ^¿t r a t l -on the membrane was ove r la yed  w ith  2 ,5  ml a c r i d i n e
1 mi

Aftl
f o r  2 min. vacuum was r e - a p p l i e d  in  o rde r  to  f i l t e r  

2'? d oo  i The f i l t e r  was washed w ith  2 ,5  ml c i t r a t e  b u f f e r ,  pH 
M  ° ' l  M c i t r i c  a c id  and 54 ml 0 ,1  M NaOH) f o l lo w e d  by
Was ? : Pr° P an° l  to  d e c o lo u r i z e  the f i l t e r .  The l a t t e r  p roce -

— — • xiic stamcu iuci»ui.atic noo “ xx“ *-
° i l  on a s l i d e  beneath  a cover  s l i p .

n ° 25 g a c r i d i n e  orange  in  100 ml c i t r a t e  b u f f e r  s o lu t i o n :  
0,1  M c i t r i c  a c id  and 100 ml 0 ,1  M NaOH, pH 6 , 6 ) .

th,

.I — .
i »  th® ° b a ' ! r r i ®d as f a s t  as  p o s s i b l e  to  avo id  d e c o lo u r i z a t i o n

c t a r i a .  The s t a in ed  membrane was a i r d r i e d  and mounted in  
° i l  on a s l i d e  beneath  a cover  s l i p .

hi9°tesc!ie^ membrane f i l t e r  was then examined by means o f  an e p i -  
We h'Preq  ° e microscope (Olympus BHB f i t t e d  w ith  a 75 W mercury 
o / e  OoUn^Ure b u r n e r ) . The number o f  f lu o r e s c e n t  microorganisms  
'.b ^ism* d a t  a m agn i f i c a t io n  o f  lOOO and the number o f  m icro -
fa^ ° f  h! ?Gr qram was c a l c u l a t e d  by m u l t i p ly in g  the average  num-

^O t^y ia  « . . .  i .1    .. J___ ___ f  4 n i ̂  K.r f  ho TT1 ̂  prnQPDTlP0t

m agn i f i c a t ion
*— ..i was c a l c u l a t e -  ----------— * --

(MF) r i a counted per microscope f i e l d  by the microscope

*  A rea 2
— g f_ membrane through which sample i s  f i l t e r e d  (mm )

Ct°scope  f i e l d  a r e a  (mm ) x sample volume (ml)

(Mi'a*’ *C count in g  an image an a ly ze r  was used. The image ana -  
S tn°UntCr0measurenient 40-10)  was connected to  a TV-camera,  which  

ed °h  the microscope.

^ ¿ - - D is c u s s io n

tatlori f£amina t io n s  o f  ground b e e f  gave problems due to  poor f i l -  
hrough ny lon ,  as w e l l  as po lyca rbonate  f i l t e r s .  These

s t o r a g e .  In  these  products  a s i g n i f i c a n t  p rop o r t ion  o f  the bac ­
t e r i a l  c e l l s  w i l l  be dead c e l l s .

These experiments show th a t  DEFT cannot d i f f e r e n t i a t e  between  
l i v e  and dead c e l l s .  In  t h i s  connect ion  i t  should  a^so  be remem­
bered th a t  the DEFT in c lu d e s  a heat  treatment a t  50 C f o r  10 m in . ,  
which w i l l  k i l l  a number o f  psychro t roph ic  b a c t e r i a  p re sen t  in  
meat products .  I t  i s  t h e r e f o r e  unders tandab le  th a t  f o r  c e r t a i n  
products  the re  w i l l  be no d i r e c t  c o r r e l a t i o n  between DEFT and 
t r a d i t i o n a l  p l a t e  count ing .  However, i t  should  be emphasized that  
such a c o r r e l a t i o n  i s  not  a p r e r e q u i s i t e  when u s ing  DEFT f o r  c e r ­
t a in  co n t r o l  purposes .  DEFT can g i v e  a p i c t u r e  o f  the t o t a l  mi­
c r o b i o l o g i c a l  s t a tu s  o f  p roducts  (dead and l i v e  c e l l s )  and in  
t h i s  way o f f e r  in fo rm at ion  on the p r e h i s t o r y  o f  the p roduc t .  More­
ove r  DEFT to  a c e r t a i n  e x ten t  can be in fo rm a t iv e  on the composi­
t i o n  o f  the m ic r o f l o r a  and in  t h i s  way g i v e  more in fo rm at ion  than 
t r a d i t i o n a l  p l a t e  counts .

4
Products  w ith  t o t a l  counts ( l i v e  and dead c e l l s )  b e low  10 per  
gram cou ld  not be examined by DEFT and problems w ith  s e n s i v i t y  
became more severe  when u s ing  automatic  count ing .  For  the p re ­
sent samples f l u o r e s c e n t  background m a te r ia l  made automatic  coun­
t in g  im poss ib le  when the b a c t e r i a l  count was be low 10° per  gram.

F i n a l l y  i t  should  be mentioned that  f o r  c e r t a i n  sausages  the num­
be r  o f  f l u o r e s c e n t  s t a rch  p a r t i c l e s  was so h igh  that  automatic  
count ing  cou ld  not be used i r r e s p e c t i v e  o f  b a c t e r i a l  numbers.

Conc lus ions

The p re sen t  study has shown th a t  DEFT can be used f o r  w e l l - d e f i ­
ned purposes in  MQA in  meat p l a n t s .  As an example Danish meat 
p la n t s  e xpo r t ing  ground b e e f  in  most c a s e s  have to  a s su re  that  
b a c t e r i a l  counts do not exceed 10° per  gram. For t h i s  product  
DEFT can be used to  su p e rv i s e  that  t h i s  m i c r o b i o l o g i c a l  c r i t e r i a  
i s  adhered t o .  The good agreement w ith  convent iona l  methods i s  
ve ry  important, because the l a t t e r  methods a re  used by the impor­
t in g  c o u n t r i e s .  The a v a i l a b i l i t y  o f  r e s u l t s  w i th in  one hour o f ­
f e r s  a speedy r e l e a s e  o f  the product and in  t h i s  way in c re a s e s  
s to ra ge  c a p a c i t y .

DEFT cannot d i f f e r e n t i a t e  between l i v e  and dead c e l l s .  T h e re fo re ,  
f o r  many products  a d i r e c t  c o r r e l a t i o n  between DEFT and p l a t e  
counts does not e x i s t .  I t  i s  emphasized th a t  such a c o r r e l a t i o n  
not n e c e s s a r i l y  i s  a p r e r e q u i s i t e  f o r  u s ing  DEFT which g i v e  an 
o v e r a l l  p i c t u r e  o f  the m i c r o b i o l o g i c a l  s t a tu s  by count ing  l i v e  as  
w e l l  as  dead c e l l s .  Moreover the e p i f l u o r e s c e n c e  microscopy can 
g i v e  important in fo rm at ion  on the composit ion  o f  the m i c r o f l o r a .  
The s e n s i t i v i t y  o f  the method i s  l im i te d  to b a c t e r i a l  counts  o f  
1q 4 -  l o 8 o r  more per  gram.
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I ’ i g .  1

The g r e a t e s t  problem w i th  the p resent  s t a tu s  o f  the method con­
ce rn s  the automatic  count ing  which cannot be used f o r  products  
with  b a c t e r i a l  counts  be low 10® per  gram. Th is  i s  g e n e r a l l y  the 
s i t u a t i o n  in  meat p la n t s  p roducing  ground b e e f  and o the r  products  
from f r e s h  raw m a t e r i a l s .  Here the c a p a c i ty  i s  l im i te d  to on ly  
20  samples per  person pe r  day s in ce  manual count ing  w i l l  have to  
be u s e d .

Th is  means that  DEFT a t  p re sen t  w i l l  be o f  l im i te d  in t e r e s t  fo r  
l a r g e  s c a l e  p roduct ions  where many b a c t e r i o l o g i c a l  checks  are  
needed.  However, f o r  sm a l le r  p roduct ion  u n i t s  where r ap id  r e s u l t s  
a re  needed DEFT cou ld  be used w i th  advantage fo r  examination o f  
raw m a t e r i a l s ,  c r i t i c a l  c o n t r o l  po in t s  and the f in i s h e d  products .  
A d d i t i o n a l  DEFT can be a u s e f u l  t o o l  in  t r o u b l e  shoot ing .

As f o r  o the r  r ap id  methods DEFT i s  s t i l l  su b je c t  to  m o d i f i c a t io n s  
and r e s e a rch .  I t  i s  hoped th a t  fu tu re  developments w i l l  overcome 
some o f  the prob lems mentioned. Areas  o f  r e l e v a n t  re sea rch  con­
ce rn s  p r im a r i l y  the development o f  more s p e c i f i c  f luorocromes and 
improved p r e - t r e a tm en ts ,  which can reduce the d i s t u r b in g  in f lu en ce  

■ from f l u o r e s c e n t  background m a te r ia l  and a l l o w  automatic  counting  
to be used f o r  a wide range o f  p roducts .

B a c t e r i a l  counts on ground b e e f  with  DEFT and PCA (25 C, 
Fresh f r o z e n  ( o ) ;  f r e s h  c h i l l e d  ( » l .

72 h1'
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PCA Log count/y

o  -)2
B a c t e r i a l  counts on meat products with DEFT and PCA (25 C* a 
Whole Bologna type sausage (Q); sl.iced Bologna type saus»9e  ̂
the end of storage life (E3); freshly produced Vienna sausa9 
(A)j Vienna sausage at the end of  s to ra g e  life (A ).

Counts per  gram

Sample

I 2 . 6 X i o 5 2 . 1 X 1 0 5

2 . 6 X 1 0 5 2 . 2 X i o 5

I I 3.8 X 1 0 7 3.1 X 1 0 7

1.9 X i o 7 3.8 X i o 7

I I I 4.5 X 1 0 5 4.5 X IO5

3.5 X i o 5 5.1 X i o 5

IV 1.3 X IO6 4.3 X 1 0 5

1 . 2 X 1 0 6 9.7 X i o 5

V 2.4 X 1 0 9 1 . 8 X IO9

2.5 X i o 9 3.6 X i o 9

B a c t e r i a l  counts (PCA, 25 C, 72 h) f o r  ground b e e f .  
D u p l ica te  a n a ly se s  o f  5 samples.  (A = homogenizing in  
Stomacher. B = homogenizing in  Stomacher w ith  sample 
p laced  in  a s t e r i l e  gaze pou ch ) .

250


