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EFFECT OF PSYCHROTOLERANT BACTERIA ON MINCED BEEF QUALITY

BUCKLEY, J . ,  MORRISSEY, P .A . ,  AND MICHELLE DALY.
U n iv e r s i t y  C o l l e g e ,  Cork, I r e la n d .

S t e r i l e  minced b e e f  was used to  observe  the e f f e c t  o f  two p s y c h ro t o le r a n t  b a c t e r i a  on 

q u a l i t y  du r ing  a 27 day s to ra g e  p e r io d  a t  7°C. The b a c t e r i a ,  a non-pigmented pseudo­

monas and a pseudomonas f lu o r e s c e n s  s p e c ie s ,  had p r e v io u s ly  been i s o l a t e d  and p u r i f i e d  
from s p o i l e d  b e e f .

The in o c u la t e d  samples were assessed  f o r  q u a l i t y  us ing  chem ica l and b a c t e r i o l o g i c a l  

t e ch n iqu es .  pH o f  the  in o c u la te d  samples in c rea sed  w ith  b a c t e r i a l  numbers. S i g n i f i c a n t  

p r o t e o l y t i c  a c t i v i t y  was e v id e n t  when the  counts reached 1 .0  x 109/g . In c rea s e s  in  

t o t a l  v o l a t i l e  n i t r o g e n  d id  not occur u n t i l  l a t e  in  the  s to ra g e  p e r io d  and when o f f -  
f l a v o u r s  were e v id e n t .

¿Es EFFETS DE LA , BACTÉRIE PSYCHRORESISTENTE SUR LA QUALITE DE LA VIANDE DE BOEUF 

HACHEE

HECKLEY, J . ,  MORRISSEY, P .A . ,  AND MICHELLE DALY.
a é tu d ié  l e s  e f f e t s  de deux b a c t é r i e s  p s y c h ro r é s is ta n te s  sur l a  q u a l i t é  de l a  v iande  

boeu f hachée s t é r i l e  pendant 27 jou rs  de s tockage  à 7°C. D 'abord  on a v a i t  i s o l é  l e s  

b a c t é r i e s ,  un pseudomonas non-pigmenté e t  un pseudomonas d ’ un type  f lu o r e s c e n s ,  due 

boeuf abimé e t  a l o r s  e i l e s  ont é t é  p u r i f i é e s .

En  ̂ ^se s e rva n t  des techn iques  chimiques e t  b a c t é r i o l o g iq u e s  on a mesure l a  q u a l i t é  des

ec h a n t i l l o n s  i n j e c t é s ;  l e u r  pH a v a i t  augmenté se lon  l 'a u gm en ta t io n  des nombres b a c t é r i e n s .

bhe a c t i v i t é  p r o t é o l y t i q u e  s i g n i f i a n t e  é t a i t  év-idente quand l e s  nombres a v a ie n t  a t t e i n t

b-0 x 109/g. Les augmentations dans l e  t o t a l  n i t r o g e n  v o l a t i l  ne son t pas survenues

^Ue ta rd  dans l a  p é r io d e  de s tockage  e t  quand l e s  mauvaises f l a v e u r s  se p r é s e n ta ie n t .
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WIRKUNG VON PSYCHROTOLERANTEN BAKTERIEN AUF HACKFLEISCHQUALITAT

S t e r i l e s  H a c k f le is h  wurde verw endet ,  um d i e  Wirkung zw e ie r  p s y c h r o t o l e r a n t e r  B ak ter ien  

au f s e in e  Q u a l i t ä t  während e in e r  2 7 - tä g ig en  Lagerungsper iode  b e i  7°C beobachten zu 

können. Die B a k t e r ie s ,  b e i  denen es s ich  e inmal um e in  n i c h t p i g m e n t i e r t e s , Pseudomonas, 

zum anderen um e in  Pseudomonas F luorescens  h a n d e l t ,  waren v o rh e r  von verdorbenem 
R in d f l e i s c h  i s o l i e r t  und g e r e i n i g t  worden.

D ie ge im p ften  Proben wurden durch chemische und b a k t e r i o l o g i s c h e  V er fah ren  au f ih r e  

Q u a l i t ä t  h in  g e p r ü f t .  Der pH-Wert de r  ge im p ften  Proben nahm m it  zunehmender Anzahl 

der  B ak te r ien  zu. War d ie  Anzah l au f 1 .0  x 109/g g e s t i e g e n ,  so war e in e  s i g n i f i k a n t e  

p r o t e o l y t i s c h e  Wirkung n achw e isba r . E rs t  zu einem späten Ze itpunk t in  de r  Lagerungs­

p e r io d e ,  a l s  üb le  Gerüche wahrzunehmen waren, t r a t e n  Zunahmen des gesamten v o l a t i l e n  
S t i c k s t o f f e s  e in .

flEHCTBHE nCHXOTEPriHMUX EAKTEPHH HA . KAUECTBO PyEJIEHOfl POBHflHHEI 
BUCKLEY, J., MORRISSEY, P.A., AND MICHELLE DALY.

CTEPHJIHAH PYEJIEHAH rOBHflHHA HCn0Jrb30BAHAC’b HTOEH 3AMEHAI"b flEHCTBHE flBYX 

nCHXOTEPnHCUX EAKTEPHH HA KAHECTBO B TEHEHHE 27 flHEH XPAHEHHH IIPH 7°C.

nPEflBAPHTEJIbHO EAKTEPHH, HEnHrMEHTHPOBAHHEfl Pseudomonas H BHfl Pseudomonas 

f l u o r e s c e n s ,  H30JIHP0BAJIHCb H OHHCTHJIHCb OT nOPUEHHOfl POBHflHHK.

KAHECTBO .HHDKyjIHPOBAHHfcJX 0EPA3HEB OnPEflEJIHJIOCl CnOCOEOM XHMHHECKHX H 

EAKTEPHOJIHUECKHX TEKHHK. pH HHOKyjIHPOBAHHHX 0EPA3HEB yBEJlHHHBAJlOC'b 

nO EAKTEPHAJIHbIMH HOMEPAMH. HBHTCH 3HAMEHATEJIIH0E nPOTEOJIHTHHECKOE flEHCTBHE KOrflA

CHEt H flOCTHrAlOT 1.0 X 109/ g. yBEJlHHEHHH OEIHEFO flETyHETO A3QTA HE CJiyHHJIHC'b

flO H03flHOH HACTH nEPHOflA XPAHEHHH H KOPflA HBHTCfl HEnPHHTHBJfl BKyC.
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effect  of ps yc h r o to ler an t  b a c t e r ia  on m inced  beef  q u a l i t y

Joe BUCKLEY, PATRICK A. MORRISSEY and MICHELE DALY.

u n i v e r s i t y  c o l l e g e , c o r k . I r e l a n d , 

in tr o d u c t io n

Ihe m i c r o - f l o r a  o f  f r e s h  meat i s  heterogeneous  and i s  the  r e s u l t  o f  e x t e r n a l  con tam ination  
curing the  k i l l i n g ,  e v i s c e r a t i o n  and bu tch e r in g  o p e ra t io n s .  The P s e u d o m o n a s  and A o h r o m o -  
° a c t e r  t yp e  m icroorgan ism s dominate the  f l o r a  du r in g  c o ld  s to ra g e  and the  onse t  o f  s p o i l a g e .  
(Jay 1967) . S p o i la g e  i s  e s s e n t i a l l y  caused by p roduct ion  o f  u n d es ira b le  m ic r o b ia l  metab­
o l i t e s  produced by the grow ing  f l o r a  and i s  no t  the  r e s u l t  o f  b a c t e r i a l  numbers p e r  s e .  
“ a c t e r i a l  growth takes  p la c e  a t  the expense o f  the  low m o lecu la r  w e igh t  c o n s t i tu e n ts  such 

f r e e  amino a c id s ,  n u c le o t id e s ,  e t c . ,  and in  the absence o f  s i g n i f i c a n t  p r o t e o l y s i s  
(Jay 1966).  However, th e re  i s  e v id en ce  th a t  p r o t e in  breakdown occurs  w ith  some b a c t e r i a .  
" Y d r o ly s i s  o f  sa rcop lasm ic  p r o t e in s  was r e p o r te d  by Hasegawa e t  a l . , ( 1 9 7 0 ) .  A l s o ,  T a rran t  

a l . ,  ( 1 9 7 1 )  found th a t  P s e u d o m o n a s  f r a g i  caused d eg ra d a t io n  o f  the  m y o f i b r i l l a r  
f a c t i o n  o f  p i g  muscle .

The reason  f o r  some v a r i a t i o n s  in  r e s u l t s  r e p o r te d  in  the  l i t e r a t u r e  would seem t o  be due
th fe r e n c e s  in  the predominant types  o f  organisms n a tu r a l l y  p re s en t  o r  in o c u la te d  in t o  
he Meat. In  t h i s  s tudy , th e  organisms used were i s o l a t e d  from s p o i l e d  b e e f ,  r e in o c u la t e d  

f r e s h  s t e r i l e  b e e f  muscle , and t h e i r  e f f e c t s  e va lu a ted  du r ing  27 days o f  s to ra g e  a t  
c * A s im ple  and in ex p en s iv e  method f o r  o b ta in in g  s t e r i l e  muscle t i s s u e  from a b e e f  

atca ss  was d eve lop ed .

A e r i a l s  AND METHODS 

§ i g r i l e  B ee f  Samples 

S1
J-aughtering and e v i s c e r a t i o n  o f  animals was c a r r i e d  out in  the  usual manner on an 
htomated l i n e  in  a l o c a l  a b b a to i r .  Carcasses  were c h i l l e d  o v e r n ig h t  a t  2 °  t o  5°C and 

t ften boned out a t  10°C. The boner wore s t e r i l e  g l o v e s ,  and used a s t e r i l e  k n i f e  to  
emove the  s t r i p  l o i n  (5 to  6kg) from the ca rcass  which was then p la c ed  in  a s t e r i l e  
vered  c o n ta in e r  and t ra n sp o r ted  t o  the la b o r a t o r y .  The samples were p repared  under 

Won£r ° l l ed b a c t e r i o l o g i c a l  c o n d i t i o n s .  A i r  was f i l t e r - s t e r i l i z e d  and blown o ve r  the 
j t k i n g  t a b l e  and g r in d e r  towards the  o p e r a t o r ,  by an a i r - s t e r i l i z i n g  u n i t  su pp l ied  by 
a iCr? f i lm  L t d - , England. The s t r i p - l o i n ,  w ith  s k in - s id e  f l a t  was p la ced  on s t e r i l e  

hminium f o i l  and in c i s i o n s  made l o n g i t u d in a l l y  in  the t i s s u e  w ith  a s t e r i l e  k n i f e  71
_ COnd c f  o r  1 1 o  Vri i f o  t.yae 4-Vion ueo/^ +- /—. mi 4- mm « .««»  J .. 1  a. V. « _1, — 1 J     _ i _____ j_i s t e r i l e  k n i f e  was then used t o  cu t  app rox im a te ly  2cm th ic k  s l i c e s  a long  the  l o i n .  

^ P le s  from the  i n t e r i o r  were then removed a s e p t i c a l l y  and ground through a s t e r i l e
The ground meat was c o l l e c t e d  in. a s t e r i l e  c on ta in e r

sai __ _
2r ind u a iiig  d. funm g r in a in g  p-Laxt
SQ^r ° I  samples were then prepared  f o r  each sampling p e r io d  by a s e p t i c a l l y  t r a n s f e r r in g  
Ha .e ground t i s s u e  t o  s t e r i l e  25ml screw -cap  b o t t l e s  w ith  the  caps on ly  p a r t l y  s ea led  to  

nta in  a e r o b ic  c o n d i t i o n s .  Other p o r t io n s  o f  the  a s e p t i c a l l y  p rocured  t i s s u e  were 
SaoKU'*"ate<i w ith  t Tle t e s t  b a c t e r i a  and aga in  t r a n s fe r r e d  as above. One sample was used f o r

sampling p e r io d .
Mea« c
"— it  S p o i la g e  M icroorganisms
A n
p0 ® t-p igm ented  pseudomonas and a pseudomonas f lu o r e s c e n s  s p e c ie s  were i s o l a t e d  from a 
Cm ( ° n o f  b e e f  which was .a llowed t o  s p o i l  a t  7°C. P r i o r  t o  in o c u la t io n  the p u r i f i e d  
gj-0 ures  were t r a n s f e r r e d  th r e e  t im es  in  n u t r i e n t  b ro th  t o  ob ta in  optimum growth . The 
cat>Uu^ meat  was in o c u la t e d  w ith  a c u l tu r e  in  l o g  phase and t r a n s f e r r e d  t o  25ml screw - 

p b o t t l e s  and s to r e d  a t  7°C.

s6 ti
i>;u aJ- d i lu t i o n s  o f  the  c o n t r o l s  and in o c u la te d  samples were p repared  and p la t e d  ou t on 
3«5 e Count Agar us ing  a spread p l a t e  te ch n iqu e .  The p la t e s  were incubated  a t  21°C f o r  

‘la ys .  A Radiometer pH m eter 26 was used f o r  pH measurement. T o t a l  v o l a t i l e  n i t r o g e n  
aeterm ined  by the m a c r o d i s t i l l a t i o n  procedure  o f  Lucke & G e id e l  (1935) as m o d i f ie d  by 

rj9?s°n (1968a ).  P r o t e o l y t i c  a c t i v i t y  was c a r r i e d  out as d e s c r ib ed  by T a rran t  e t  a l .
I-1- us ing  a 2% ca s e in  s o lu t io n  as su b s t ra t e .
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RESULTS AND DISCUSSION

No m ic r o b ia l  growth was observed  in  the c o n t r o l  samples o f  t i s s u e  a t  any s ta g e  du r ing  the 
s to ra g e  p e r io d  (F i g .  1 ) .  The sample in o c u la te d  w i th  the s p e c ie s  o f  non-pigmented 
Pseudomonas showed the  most v ig o ro u s  growth . A lthough the  i n i t i a l  counts v a r i e d ,  growth 
in  a l l  cases  reached a peak a f t e r  app rox im a te ly  10 days o f  s t o r a g e .  A t  t h i s  p o in t  the 
meat was deemed t o  be s p o i l e d  by v i s u a l  and sm e ll  o b s e r v a t io n s .

The pH o f  meat has been used t o  assess  the  keep ing  q u a l i t y  o f  meat in  some European 
c o u n tr ie s  and Pearson (1968b) c la im ed  th a t  a c u t - o f f  v a lu e  o f  6 .0 -6 .1  cou ld  be used in  
con ju n c t ion  w ith  o th e r  c r i t e r i a  t o  assess  a c c e p t a b i l i t y  o f  minced meat. The samples 
in o c u la te d  w ith  the  P s e u d o m o n a s  f l u o r e s c e n s  s p e c ie s  showed an in c r e a s e  in  pH w ith  s to ra g e  
t im e ,  but n o t  t o  the  same e x t e n t  as found f o r  th e  samples in o c u la t e d  w ith  th e  non-pigmented 
Pseudomonad. The counts were 106/g and 108/g- f o r  th e  P s e u d o m o n a s  f l u o r e s o e n s  and non- 
pigmented pseudomonas s p e c ie s ,  r e s p e c t i v e l y ,  when the c u t - o f f  v a lu e  o f  6 .0  proposed by 
Pearson (1968b) was reached . S im i la r  s p e c ie s  d i f f e r e n c e s  have been r e p o r t e d  by Borton 
e t  a l . ,  ( 1 9 7 0 ) .  The d i f f e r e n c e s  in  th e  r a t e  o f  pH change w ith  b a c t e r i a l  growth i s  perhaps 
a r e f l e c t i o n  o f  m ic r o b ia l  d e -am ina t ing  a b i l i t y .

Pearson (1968a) r e p o r t e d  th a t  the  t o t a l  v o l a t i l e  n i t r o g e n  va lu e  a t  the  " j u s t  s p o i la g e  stage 
was 24mgN/100g t i s s u e .  The c u t - o f f  v a lu e  was reached in  8 days w ith  the non-pigmented 
Pseudomonad when the b a c t e r i a l  lo ad  was 109/g (F i g .  2 ) .  However, in  th e  case  o f  the 
Ps. f l u o r e s o e n s  s p e c i e s ,  the  c u t - o f f  v a lu e  was not  reached u n t i l  the  15 day when the 
growth was in  the  s t a t i o n e r y  phase a t  lO 10/g and th e  meat deemed s p o i l e d  by v i s u a l  o b s e rv ­
a t io n s .  A u t o l y t i c  p rodu c t ion  o f  v o l a t i l e  n i t rogen ou s  substances in  the s t e r i l e  c o n t r o l s  
was n e g l i g i b l e .

C on s id e rab le  p r o t e o l y s i s  occu rred  w i th in  6 days w ith  both  organisms when the counts were 
about 108/g ( F i g . 3 ) .  Th is  ra p id  in c r e a s e  in  e x t r a c e l l u l a r  p r o t e o l y t i c  a c t i v i t y  was 
a s s o c ia t e d  w ith  the  on se t  o f  s p o i l a g e .  These r e s u l t s  a re  s im i l a r  t o  those  r e p o r t e d  by 
Ta rran t  e t  a l .  ( 1 9 7 1 )  u s ing  P s .  f r a g i .  The e x t r a c t  from the  a s e p t i c  c o n t r o l s  showed no 
in c r e a s e  in  a c t i v i t y  throughout the  study p e r io d .  The p re s en t  r e s u l t s  would su gges t  tha t  
t h i s  t e s t  i s  more s e n s i t i v e  than e i t h e r  pH o r  t o t a l  v o l a t i l e  n i t r o g e n  measurement as an 
index  o f  minced meat q u a l i t y .
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Changes in  b a c t e r i a l  numbers dur ing  s to ra g e  a t  7°C, • ----- •  non-pigmented Ps.
O O pigmented Ps; and t h e i r  e f f e c t  on pH; a-----a non-pigmented P s . ;
□-----□ pigmented Ps.

pig u re  2. E f f e c t  o f  non-p igmented , • ----- •  and pigmented Ps.
v o l a t i l e  n i t r o g e n  dur ing  s to ra g e  a t  7UC.

s p e c ie s  on t o t a l
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Figure 3. Effect of non-pigmented, ♦  0  , and pigmented Ps., 0 — — O
proteolysis. One unit of activity equals 0.001 A  per2 8 0

, species on 
hour at 37°C.




