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'" - y

r.ù s tu d y  was d e s ig n e d  to  d e te rm in e  th e  e f f e c t  o f  low -do so i r r a d i a t i o n  and m o d if ie d  
°-pd= re p ack ag in g  on th e  s u r v iv a l  o f Canp/1 j . u; f  .-r j e j  ,u.i .n  in o c u la te d  p o u l t r y  m eat 

c -'2d .moor r c i r i  y r a t i o n  te m p e ra tu re .  The r e s u l t s  o b ta in e d  show th a t  vacuum - and C02 -  
e ra s in g  enhance th e  s u r v iv a l  o f  C . j e j u n i .  D10 -  v a lu e s  f o r  t h i s  C am pylobacter s t r a i n  

from 0 , 'io  .: ly  ( a i r )  and 0, !3 kGy (vacuum) to  0 ,21  kGy (C02) .  S l i g h t l y  h ig h e r  a re  th e  
0~ v a lu es  f o r  th e  same C am py lobac te r s t r a i n  d u r in g  r e f r i g e r a t i o n  s to ra g e  o f th e  i r r a d i a t e d  
ul t r y  m eat due to  l e s s  e x p re s se d  p o s t - i r r a d i a t i o n  e f f e c t .  D uring  r e f r i g e r a t i o n  s to ra g e  
d ec re a se  :n  C am pylobac te r co u n t i s  o b se rv e d . Low-dose i r r a d i a t i o n  ( 0 ,5  - 1 , 0  kGy) i s  
1 f ic tiv e  in  i n a c t i v a t i o n  o f s u r f a c e  p o p u la t io n  o f C am pylobacter on c h i l l e d  p o u l t r y  m eat, 

in tro d u c tio n

° u l t r y  m eat i s  c o n s id e re d  to  be fo o d  w ith  h ig h  le v e l  o f C am pylobacter c o n ta m in a t io n . 
l*u?r -;Lc c o n d i t io n s  p r e v a i l i n g  now in  p o u l t r y - p r o c e s s in g  p l a n t s  i t  i s  n o t  p o s s ib le  to  
r °duce a p a th o g e n - f r e e  c h ic k e n  m o st. A ttem p ts  to  e l im in a te  C am pylobacter c o n ta m in a tio n  
* P o u l try  a ls o  have n o t been  s u c c e s s f u l  u n t i l  now ( S te r n  e t  a l . , 1989)

'uïc. d f .r .u n s trs to d , n o v e v e r , t h a t  i r r a d i a t i o n  tre a tm e n t  can  so lv e  th e  p rob lem  (Kampel -  
a “a -'T'» I J:S3» K l in g e r ,  1 ) 3 ) ) .  Few s tu d i e s  c a r r i e d  o u t on th e  e f f e c t  o f  i r r a d i a t i o n  on 
arnP y lo b a c to r  d e m o n s tra te d  t h a t  t h i s  o rgan ism  i s  q u i te  s e n s i t i v e  to  io n iz in g  r a d i a t i o n  
,JO lj iru  «  „ .jx ey , 1534 ; r”n ..'jan , 1985) and g e n e r a l ly  l e s s  r e s i s t a n t  th a n  h as  been  r e p o r te d  

,0"t  Eclmoi. 11a s t r a i n s .  The e v id e n c e s  p re s e n te d  in d i c a t e  t h a t  th e  a p p l i c a t i o n  o f 

°u-do.se , -amma r a d i a t i o n  - o u l i  i r a s t i c a l l y  red u ce  th e  p o s s i b i l i t y  o f t r a n s m is s io n  of 
•J 'o 'unx and t ',a r :-u y  d e c re a s e  th e  p u b lic  h e a l th  h a z a rd s  a s s o c ia te d  w ith  t h i s  organism  
' ' * * * > * '*  :u xc„ , 1934) .
0 l : : l a b i l i t y  o f  vacuum -packed , C02 - f lu s h e d  p o u l t r y  and re d  m eats in  th e
a rk e tp la c e  h a s  in c r e a s e d .  F o r p o u l t r y  m oat, p ack ag in g  u n d er h ig h  C C ^-atm osphere h a s  been 
■P°ru to  e x t  ta d  t '12 s to r a g e  l i f e  a p p ro x im a te ly  t h r e e f o ld  o v e r th e  a t t a i n e d  f o r  s im i la r  

j *n “ " to a d  in  a i r  (H o tch lc iss  e t  a l . , 1985)*
u a ta  e x i s t  in  th e  l i t e r a t u r e  on th e  e f f e c t s  o f com bined t re a tm e n t  -  low -dose  i r r a d i a t i o n  

** rn° F i f i ed a tm osphere  p ack ag in g  on th e  s u r v iv a l  o f C am p y lo b ac te r. I n v e s t i g a t io n s  on 
J° ef'-£’ * c tr  scorn w a r ra n te d .

u t y r i a l r  and th o d s
Dpn

AOUpp

iâû ism . C am py lobac te r j e j u n i  8 5 Ï2 4 2 , u sed  a s  t e s t - u .  •• in  in  the  e x p e r i  aencs , •as ou -
•3in ed

(Ox

i r 0 '1 th e  A g r i c u l t u r a l  U n i v e r s i t y ,  « u g e n ln g t -n ,  T h e  N e t h e r l a n a s .  D a r i n g  th e  c o u r s e
u x p en r. ,n t s  she 3 •. r r i r .  .van auî c u l t u r a l  \ I i  '• '‘• n  i n o c u la t io n  on Blood A gar No1

° id  CM3 3 1) ppU3 5% ly s e d  h o rse d  b lo o d  and C am pylobacter grow th supp lem en t F .R .P .(O x.D  J
) a t  4 2 ,5 ° c  in  a m ic r o a e r o p h i l l i e  a t  nosphere (55*> 0 ., 10,A CO , 35/Ô !!•,) ( A n u e n c - . l t  C, 

P'ierck 16275). *

ÍL» in o c u la t io n  jtk> - r u v ac a s io n  a f  c i r c l e s .  
’ P u rch ased  from  lo c a l  ¿up. .’m a rk e ts .

As sam ple m a te r ia l  were used  ch icken

or
to _ 'r e p a r a t i o n  o f th e  inoculum  C . j e ju n i  '£'¿¿■■.2. was jrov.-n in  B r u c e l la  B ro th  w ish

 ̂ •  j  J ,  *p _ — ^
.  ̂ -  u ip .,1 -n.?nt  u n d er o s c i l l a t o r y  c o n d i t io n s  (100  rp n )  f o r  24h a t  4 2 ,5 "C , in  a n a e ro b ic

-u 3 o au o rO ili m icroac  ;-op l i l l i c  a tm o sp h e re . B efo re  in o c u la t io n  cua e n r ic h e d  b r o th  
.. ' UPG Was d i l u t e d  ( 1 :1 )  w ith  pep to n e  •.•••at - r .  I n  o r d e r  to  e n su re  s t e r i l i t y  o f  c h ic k e n  

»-* hex o re  .'ioc e l a t i o n ,  owe/ « >ra g . : .c i l  ..id i r r a d i a t e d  . t  a dose 10 kGy. U nder a so p -
W-LG r* QnH i *

1U1 C ions, e r.ieu en  sam p les -.ore o lu c e d  in  a s t e r i l i s e d  p o t w ith  th e  d i l u t e d  t r o t h
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c u l tu r e  o f th e  t e s t - s t r a i n .  For un ifo rm  s p re a d in IT r\ P-, or^üniora on o.io s u r fo c s  oi*
c h ick en  p a r t s ,  th e y  were h e ld  f o r  20 m in. a f t e r  which d r ip p in g  f o r  5-10  m in.w as a t r J i c d ,  
P ackag ing  and s to r a g e . In o c u la te d  c h ic k e n  wings we re  packed in d iv id u a l ly  or 3 in  „3  

V acuum -packaging was pe rfo rm ed  in  Og-impermeatole bags on "H oneovac"-packag ing  machine
/  ^ ^ - z r \  ~ —  ___.3 ____ o • ____  \ ^(e v a c u a tio n  f o r  JO s e c .  and s e a l in g  tim e 2 se c .)C 0  -p ac k a g in g  was pe rfo rm .-’ in  d o u b le -1 -v e  °»’ 
p o ly e rh e le n e  O^-xmpormeable bags on " V u ltiv u c  1, >00/42" . d c - r . r  -1—... - I  - '" - i ? . . G0.urjie 1 ^  > •. v o c : r  drawn to  -1000  rubar was* 
a p p lie d , fo llo w e d  by f i l l i n g  w ith  100ft C02 and s e a l in g .  P acked  sam ples were s to r e d  a t  r e f -

• .1 « 1 / ̂  — O \

I •
;ls '

r i g e r a t i o n  te m p e ra tu re  (0 -5 °0 )  b e fo re  b e in g  a n a ly z e d .
I r r a d i a t i o n  t r e a tm e n t . I r r a d i a bion o f in o c u la te d  and packed ch ick en  p a r t s  was Perform ed e t | ? |  
Co-60 i r r a d i a t i o n  f a c i l i t y  , d o ses ab so rb ed  -  0 ,2 ;  0 ,4  and 0 ,5  kGy.
^ . ure r a t io n  p roce  lu re s  .B e fo re  b e in g  a n a ly z e d  th e  ch ick en  s k in  was c u t  in  sm a ll p ie c e s ,  rnajivii- 
su re d  (1 0 -2 0  g) and hom ogenized w ith  th e  r e s p e c t iv e  q u a n t i ty  ( d i i u t i o n  10~1 ) w i th 'p F s ’ i n " Sli
a S tom acher 400 lab  b le n d e r  f o r  1 ,5  m in. The number o f s u rv iv o r s  in  each  - a r k  " a s  A°Kl
ned by d i r e c t  p l a t in g  o f 0 ,1  ml o f  the i n i t i a l  hom ogenized su sp en s io n  and"^ .Î Îu t io n ÎT o n
m od ified  CODA (O xoid CM759) w ith  an a d d i t io n  o f c e fo p e razo n e  32 mg/1 (Oxoid -12RF1 and J s ? '
c y c l o h ^ i d »  0 ,1 s/1  ( * * * * » „  *  B o lto n ,1983). S U  stu d io s i n v o L d  t S o  t
t i c i o c -  „ te n  t r i p l i c a t e  p l a t in g  o f each  r e p l i c a t i o n .  The lo g a r ith m  of she b a c t e r i a l  co u n t >
was pl o t te d  a g a in s t  r a d i a t i o n  dose to  d e te rm in e  th e  d e a th  r a t e  o f th e  o r^ a n i-n  ~s ioii*- 80’
l in e s  were c a lc u la te d  f o r  each  atm osphere and D „„-valuos wero ca l m i . xu w. ,1 ?** _ 10 ouicuia.u3d as  th e  r e c ip ro c a l  t 0>
01 th e  s lo p e  o f th e  l i n e s  (L e y ,1 9 8 J ) . - ¿r!

R e s u lts  and D isc u ss io n  L
s >■Wil1

Le p o p u la t io n  o f Ca-‘'|
i4 lo g  c y c le s  and 0 , 6n

The r e s u l t s  o f t h i s  co m p ara tiv e  s tu d y  a re  p re s e n te d  on F ig . 1 and 2 I- ■>
A f te r  th e  i r r a d i a t i o n  o f in o c u la te d  c h ic k e n  wings under a i r - n s r k o  „1 S?, . . « xecxag ing  ^ „ -p e r m e a b le  bagslL
re u u c t io n  o f th e  i n i t i a l  v ia b le  p o p u la t io n  o f C am pylobacter ieinn-i o • •  , . „
by 2 lo g  c y c le s  (dose  ab so rb ed  0 ,2  kG y), by 2 ,8  log  c y c le s  (dose  0,4  k3y) anf] ^ d 1qo. : in
c y c le s  (d o se  0 ,6  kG y). D uring  r e f r i g e r a t i o n  s to r a g e  o f c h ic x e n  ’s a m p le  3 (7  d ays) a ° s l i |
d e c lin e  in  C am pylobacter coun t i s  o b se rv ed .
V acuum -packaging has a p r o te c t iv e  e f f e c t  on s u r v iv a l  o f Oamn-/i ,L ooacter d u r in g  re ^ ^ ig e n a  ji.il
s to ra g e  o f i r r a d i a t e d  c h ick en  p a r t s  ( F ig .1 ) .  On th e  f i r s t  dav , u . \  i, , J cxCt-.r the  i r r a d i a t i o n  tra*
ment th e  dose abso rbed  0 ,2  kGy c a u se s  a r e d u c t io n  o f th e  i n i t i a l  Vj
p y lo b a c te r  ( app rox . 10G e fu /g )  by 1 l o g .c y c l e ,  dose 0 ,4  kGy ~ b y  2 >
-  by 3 ,3  lo g  c y c le s .  ’

C02-p ac k a g in g  has a more e x p re s se d  p r o te c t iv e  e f f e c t  on C . j e ju n i  85Y242 ( ? im .2) .T h e  dona« 
abso rbed  red u ce  th e  i n i t i a l  p o p u la t io n  (a p p ro x . 10° c fu /g )  -  bv 1 i « -1 ° „ .
2 ,3  lo g  c y c le s  (0 ,4  kGy) and 2 ,8  lo g  c y c le s  ( 0 ,6  kGy). The p r o te c t iv e ^ e f f e c t  o f c f - ' - S f

g m g  on the  s u rv iv a l  o f C am pylobacter d u r in g  oho r e f r i g e r a t i o n  s to ra g e  o f  i r - V i a ^ a d "  X i  
ckan p a r t s  i s  o bserved  to o . 6 ' '

xae °b se rv e d  phenomena o re  b .-toor i l l u s t r a t e d  by th e  s u rv iv a l  curvnci n-r n . . . c ,.v „. _ I• , . , ‘-u iv e s  of C . jo ju n i  8 c,>iu42 |
• • ra c ia o c a  on cnxckon w in g s , packed, under v a r io u s ' a tm ospheres _ , ,

■luio x • • The L p „ -v a lu e s  f-oJ
th i s  C am pylobacter s t r a i n  i r r a d i a t e d  under v a r io u s  a tm ospheres and :, c u lG
v a lu e s  d u r in g  r e f r i g e r a t i o n  s to ra g e  o f c h ic k e n  ving3 e re  p ro sen  o  u  ,b , . J
h ig h e r  D10-v e lu o s  f o r  C .je g u n i  on the 7 th  and 14Uh day o f the r e f r i g e r a t i o n  s t o r a g e 'o f V  
r a d ia te d  e m ex en  wings car. os e x p la in e d  by th e  l e s s  e x o re s se d  "> ost-: —

ri<ELS 1 * D10~Vald8S (kGy) 0:7 C am pylobacter J e ju n i  8/Y242 I r r a d i a t e d  on c h ick en  w ings L
und-:r v a r io u s  o rro rr/v e r- s and d u r in g  r e f r i g e r a t i o n  s to r a g e .  °  *

Rei
Atm osphere

r ig e r a t i o n  s to ra g e  (days)

A ir
Vacuum
COp

1 7 14

0 , 1 b
0 ,1 8
0 ,21

0,20
0 ,21
0,22 0,22

0 ,2 4
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O'ar r e s u l t s  c o n firm  th o se  from  o th e r  s tu d ie s  showing th a t  COp enhances th e  s u rv iv a l  o f  C. 
¡)eju n i on r e f r i g e r a t e d  c h ic k e n  meat (B lan k e n sh ip  e t  a l . , 1982; B e u c h a t,1 9 8 5 )• The D ^ - v a lu e s  
°- C . j e ju n i  de te rm in ed  in  ou r ex p e rim e n ts  a re  com parable w ith  th o se  r e p o r te d  by o th e r  au
gers -  0 ,1 6  kGy f o r  G . j e ju n i  i r r a d i a t e d  in  ground tu rk e y  (Lam bert & M axcy,1984) and 0 ,0 8  -  

wo s t r a i n s  o f G .f e tu s  s u b s p . je ju n i  in  i r r a d i a t e d  " F i l e t  am erican"(T arkow sk i0» '5 k ly  fo r  
et a l . ,1 9 8 '0
C°ncl u s io n sI. - WiiU
j-od ified  a tm osphere  p ack ag in g  (vacuum and COp) enhances th e  s u rv iv a l  o f C . j e ju n i  on c h i l l e d  
p o u ltry  m eat. D ^...-values f o r  C . j e ju n i  85Y242 i r r a d i a t e d  on c h ic k e n  w ings under v a r io u s  a t -  

” in°sP h eres  a re  rne  fo llo w in g ;  0 ,1 6  k G y (a ir ) ,  0 ,1 8  kGy(vacuum) and 0 ,21  kGy(COp). D uring  r e f 
r ig e r a t io n  s to ra g e  o f p o u l t r y  th e  p o p u la t io n  o f C am pylobacter g r a d u a l ly  d e c l in e s  b u t i s  a b le  

J,,.? s u rv iv e  under th e s e  c o n d i t io n s  a t  l e a s t  th r e e  w eeks. Low-dose i r r a d i a t i o n  ( 0 ,5 - 1 ,0  kGy)
"* be e f f e c t i v e  in  i n a c t iv a t io n  o f C am pylobacter on p o u l t r y  m eat, h av in g  in  m in d p th a t th e

J Efface c o n ta m in a tio n  o f p o u l t r y  w ith  C am pylobacter i s  c o n s id e re d  to  ammount to  10 - lO ^ c fu /g
ii- ^KNO.’.LSDGFlvIENTS: T h is  s tu d y  was f in a n c e d  by I n te r n a t io n a l  Atomic E nergy  A gency,V ienna, A u s t-  

In fe r e n c e s ;
' ~4tJ0RAT,L.1985*E f f ic a c y  o f media and m ethods f o r  d e te c t in g  and en u m era tin g  C am pylobacter 

-  L<jeju n i  in  r e f r i g e r a t e d  c h ic k e n  m ea t.A p p l.an d  E n v iro n .M ic ro b .,5 0 ,4 ,9 3 4 -9 3 9  
| ^LANKLNSHIPj L .C ., CRAVEN,S.E., 1 9 8 2 .C am pylobacter j e j u n i  in  ch ick en  meat a s  a fu n c t io n  o f 

° - i® ® Pe.rature.A ppl.and E n v iro n .M ic ro b . ,4 4 ,8 8 -9 2
° i[  gjTCHKISS,I.H . e t  a l .1 9 8 5 .  E le v a te d  CO ~-atm ospheres f o r  packag ing  p o u l t r y ,P o u l t .S c i .6 4 ,333 

j îjdTCHINSONjD.N., BOLTON,F .1 9 8 J .I s  en rich m en t c u l tu r e  n e c e s s a ry  f o r  th e  i s o l a t i o n  o f Campy- 
_ ¿o b a c te r  j e j u n i  from  f e a c e s ?  J o u rn a l  o f C l i n i c a l  P a th o lo g y ,36,1350-1352
T 7 i’iPELIvijiCHER,E.H.1985 . I r r a d i a t i o n  f o r  c o n t r o l  o f S a lm o n e lla  and o th e r  p a th o g en s  in  p o u l t r y  
v f r e s h  m ea ts . Food T e c h n o l.,3 7 »  117-119
k RIN G ER,I. 1989 . D eco n tam in a tio n  o f c h ic k e n  m eat by io n iz in g  r a d i a t i o n .9 th  Eur.WPSA Symp.
L. i^MBERT,J .& MAXCY,R.1984.E f f e c t  o f gamma r a d i a t i o n  on C. j e j u n i . J .F d  S c i ,4 9 (3 )  ,6 6 5 -667 ,674  

V f , F . 1983 . Food I r r a d ia t io n .I n " F o o d  M ic ro b ." ,T h e  S o c .A p p l.B a c te r .S y m p ., S e r ie s  No11 
I ^ E R N ,J . jMEINERSMAN,R.1989*P o t e n t i a l s  f o r  c o lo n iz a t io n  o f C . j e ju n i  in  c h ic k e n ,J .F d  P r o t ,  

s): 52(6), 427-4 30
L ^R K O w SK I,J.et a l .1 9 8 4 . Low-dose gamma i r r a d i a t i o n  o f raw m e a t . I n t . J .F d  M ic ro b .,1 .  13-23 

*ARJAN,V. 1985* I n v e s t ig a t io n s  in to  r a d i o s e n s i t i v i t y  o f C am pylobacter f e t u s  s u b s p . je ju n i  
; '4  ground c h ick en  m eat. I n t . J o u r n a l  o f Food M ic ro b io lo g y , 1 , 321-326

ià

: ii
3*1

+

M odified  A tm o sp h ere  Packaging
control

survival o f C am py lobac te r jejuni
A vacuum +• O  vacixm +■ V

0 .2  kG y 0 .4  kG y

vacuLm *
0 .6  kGy

0s

Í '

I

of

if

»

y

4
s to rage  tim e (days)

F IG .1 . E f f e c t  o f i r r a d i a t i o n  and vacuum -packaging  on s u r v iv a l  o f C . j e ju n i  85Y242 
on in o c u la te d  c h ic k e n  wings d u r in g  r e f r i g e r a t i o n  s to r a g e .
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FIG.

FIG.

M odified A tm o sp h ere  Packaging
surv iva l o f  C a m p y lo b a c te r jejuni

+  control A  control O 0 0 2  +  V  0 0 2  +• □  0 0 2  +
0 0 2  0 .2  kG  0 .4  kG  0 .6  kG

0 10

s to ra g e  tim e (days) 
l .  E f f e c t  o f i r r a d i a t i o n  and CCU -E l i e c t  or i r r a d i a t i o n  and C0o -  packaKino- ™ _ . .

in o c u la te d  c h ic k e n  wings d u r in g  r e f r i g e r a t i o n  s to ra g e  ° f  C'^ e ju n i  85Y24 ^ on

E ffe c t of irrad ia tio n  tre a tm e n t
on p o p u la tio n  o f  C. jejuni 8 5 Y 2 4 2

+  vacuun O  0 0 2  »•  air
packaging
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