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Effect of gamma irradiation on the microbiological quality 
of minimally processed vegetables
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SUMMARY. The initial microflora of minimally processed celery 
and cabbage packaged under a modified atmosphere was determined. 
The samples came from the same producer and were sold in a 
supermarket chain of Santiago, Chile. Although neither E. coli nor 
Salmonella spp. were detected, initial total plate and 
Enterobacteriaceae counts were high (= 105 cfu/g), not meeting in 
most cases the specifications of the Chilean legislation. The D10 value 
for two strains of E. coli (ATCC 8739 and a wild type) inoculated as 
indicator microorganisms was determined. After irradiating with 5 
Dl0 doses (lkGy), the variation of the microbial population and 
sensory quality during a 7 days storage period at 5°C was studied. In 
irradiated celery, a reduction of 4.7 and 3.8 logs for total plate and 
Enterobacteriaceae counts respectively was observed. There was a 
decrease of 3.8 and 3.6 logs in cabbage for total plate and 
Enterobacteriaceae counts respectively. In both irradiated and non­
irradiated vegetables, neither E. coli nor Salmonella spp. were 
detected. An increase of 1.6 -  1.7 logs in both microbiological 
parameters in non-irradiated samples was observed during storage. 
In irradiated products, only celery showed an increase of 1.2 log in 
total plate count. Both Enterobacteriaceae count in the two vegetables 
and Total plate count in cabbage presented essentially no variation 
in time. No significant differences (p =0.05) were detected in sensory 
total quality between the control and the irradiated vegetable and 
between days of storage.
Key words: Gamma irradiation; minimally processed vegetables; 
Escherichia coli, cabbage, celery.

RESUMEN. Efecto de la radiación gamma en la calidad 
microbiológica de vegetales mínimamente procesados. Se 
determinó la microflora inicial de apio y repollo mínimamente 
procesado, envasado en atmósfera controlada, proveniente de un 
proveedor y disponible en una cadena de supermercados de la ciudad 
de Santiago de Chile. Aunque no se detectó E. coli ni presencia de 
Salmonella spp, los recuentos de aerobios mesófilos y de 
enterobacterias fueron elevados (= 105 ufc/g), sobrepasando en la 
mayoría de los casos las especificaciones de la legislación chilena. 
Se determinó el valor D|0 para dos cepas de E. coli (ATCC 8739 y 
una cepa silvestre aislada de vegetales) inoculadas como 
microorganismos indicadores. Se estudió la variación de la población 
microbiana y la calidad sensorial, después de irradiar con dosis de 5 
D10 (1 kGy), durante un periodo de almacenamiento de 7 días a 5°C. 
En apio irradiado se observó una reducción de 4,7 y 3,8 ciclos 
logarítmicos en el recuento de aerobios mesófilos y de enterobacterias, 
respectivamente. En repollo la reducción fue de 3,8 y 3,6 logaritmos 
para recuento de aerobios mesófilos y enterobacterias, 
respectivamente. En ambos vegetales irradiados y no irradiados, no 
se detectó E. coli ni presencia de Salmonella spp. Durante el 
almacenamiento se observó un aumento de 1 ,6 - 1,7 logaritmos en 
ambos parámetros microbiológicos en las muestras no irradiadas. 
En los productos irradiados solo en apio se observó un aumento de
1,2 logaritmos en el recuento de aerobios mesófilos. En repollo el 
recuento de aerobios mesófilos se mantuvo sin variación en el tiempo, 
lo mismo se observó para el recuento de enterobacterias en ambos 
vegetales. No se detectaron diferencias significativas (p=0,05) en la 
calidad sensorial total, entre el control no irradiado y los productos 
irradiados, ni entre los días de almacenamiento.
Palabras clave: Irradiación gamma; vegetales minimamente 
procesados; Escherichia coli, repollo, apio.

INTRODUCTION

Microbiological quality is an important factor to consider 
■n the quality concept of a food product. Normally, fruits and 
vegetables carry a non-pathogenic epiphytic microflora. 
However, there are certain  factors contributing to the 
microbiological contam ination  of these products with 
pathogens. Contamination may arise as a consequence of 
bating soil with organic fertilizers such as manure and sewage

sludge and from irrigation water. Additionally, the application 
of technologies such as cutting, slicing, skinning and shredding 
remove the natural protective barriers of the intact plant, likely 
providing a suitable medium for the growth of contaminating 
microorganisms. Some of these microorganisms are capable, 
of growing on whole, minimally processed or cut fruits anu  
vegetables under routine handling and storage conditions. 
Outbreaks of human diseases associated with the consumption 
of raw vegetables and fruits often occur in developing countries
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a n d  h a v e  b e c o m e  m o r e  f r e q u e n t  i n  d e v e l o p e d  c o u n t r i e s  o v e r  
t h e  p a s t  d e c a d e  ( 1 , 2 ) .

F o r  f r e s h - c u t  v e g e t a b l e s  t h a t  a r e  e a t e n  r a w ,  n o n e  o f  t h e  
c u r r e n t l y  u s e d  t r e a t m e n t s  m a y  b e  r e l i e d  o n  t o  s u b s t a n t i a l l y  
r e d u c e  t h e  n u m b e r  o f  c o n t a m i n a t i n g  m i c r o o r g a n i s m s  o c c u r r i n g  
d u r i n g  s o m e  o f  t h e  s t e p s  o f  t h e  f o o d  c h a i n ,  s u c h  a s  h a r v e s t ,  
t r a n s p o r t a t i o n ,  s t o r a g e ,  d i s t r i b u t i o n  a n d  h a n d l i n g  b e f o r e  
c o n s u m p t i o n .  W a s h i n g  w i t h  a n t i m i c r o b i a l  c o m p o u n d s ,  w h i l e  
im p o r t a n t ,  o f t e n  b r i n g s  a b o u t  o n l y  a  r e l a t i v e l y  s m a l l  r e d u c t i o n .  
E l i m i n a t i n g  t h e  r i s k s  i s  d i f f i c u l t .  M a n a g i n g  t h e m  i s  b a s e d  o n  
i d e n t i f y i n g  a n d  c o n t r o l l i n g  t h o s e  f a c t o r s  t h a t  a r e  i m p o r t a n t  i n  
p r e v e n t i n g  c o n t a m i n a t i o n  o r  l i m i t i n g  g r o w t h  o f  p a t h o g e n i c  
m i c r o o r g a n i s m s  b e t w e e n  f a r m  a n d  p l a t e  ( 1 - 3 ) .

N o w a d a y s ,  t h e  f o o d  m a r k e t  o f f e r s  a  g r e a t  v a r i e t y  o f  
m i n i m a l l y  p r o c e s s e d  v e g e t a b l e s .  N e v e r t h e l e s s ,  t h e  e l a b o r a t i o n  
p r o c e s s  d o e s  n o t  a l w a y s  r e d u c e  t h e  p r e s e n c e  o f  s p o i l a g e  a n d /  
o r  p a t h o g e n i c  m i c r o o r g a n i s m s  t o  a n  a d e q u a t e  l e v e l .  I n  C h i l e ,  
t h e  l a b e l  i n  t h e s e  p r o d u c t s  s p e c i f i e s  t h a t  t h e y  a r e  r e a d y - t o - e a t ,  
n o t  n e e d i n g  a  p r e v i o u s  t r e a t m e n t  s u c h  a s  w a s h i n g ,  d i s i n f e c t i n g ,  
o r  c o o k i n g .

A c c o r d i n g  t o  s e v e r a l  s t u d i e s ,  t h e  a p p l i c a t i o n  o f  i o n i z i n g  
i r r a d i a t i o n  i s  a  p r o m i s i n g  t e c h n o l o g y  t h a t  m a y  b e  u s e d  t o  
c o n t r o l  s p o i l a g e  a n d  p a t h o g e n i c  m i c r o o r g a n i s m s  i n  o r d e r  t o  
i n c r e a s e  s h e l f  l i f e ,  i m p r o v e  t h e  s a f e t y  o f  r e a d y - t o - e a t  f r u i t s  
a n d  v e g e t a b l e s  a n d  a s  a  s u b s t i t u t e  f o r  t h e  u s e  o f  
d e c o n t a m in a t i n g  c h e m i c a l s  ( 4 - 7 ) .

C o n s i d e r i n g  t h a t ,  i n  o r d e r  t o  a c c e p t  a  c h e m i c a l  p r o d u c t  a s  
a  s a n i t i z i n g  a g e n t ,  i t  i s  n e c e s s a r y  t h a t  t h e  c o m p o u n d  k i l l  
9 9 . 9 9 9 %  o f  a  c e r t a i n  m i c r o o r g a n i s m  p o p u l a t i o n  ( 8 ) ,  w h e n  
u s i n g  g a m m a  r a d i a t i o n  a  5  l o g  r e d u c t i o n  w o u l d  b e  d e s i r e d ,  
t h a t  m e a n s  i r r a d i a t i o n  w i t h  a  5  D 10 d o s e .

T h e  o b j e c t i v e  o f  t h i s  s t u d y  w a s  t o  e v a l u a t e  t h e  e f f e c t  o f  
i r r a d i a t i o n  o n  t h e  m i c r o b i o l o g i c a l  a n d  s e n s o r y  q u a l i t y ,  a n d  
c h a n g e s  o c c u r r i n g  d u r i n g  t h e  s t o r a g e  u n d e r  r e f r i g e r a t e d  
c o n d i t i o n s  o f  m i n i m a l l y  p r o c e s s e d  c e l e r y  {Apium graveolens v a r  
d u l c e ) ,  a n d  c a b b a g e  (Brassica oleraceae v a r  capitata). A n  
i r r a d i a t i o n  d o s e  c o r r e s p o n d i n g  t o  5  D 10 f o r  t w o  E .  c o l i  s t r a in s  
i n o c u l a t e d  a s  i n d i c a t o r  m i c r o o r g a n i s m  i n  t h e  v e g e t a b l e s  w a s  u s e d .

M A T E R I A L S  A N D  M E T H O D S

M a t e r i a l s
S a m p l e s  f r o m  m i n i m a l l y  p r o c e s s e d  c e l e r y  a n d  c a b b a g e  

w e r e  o b t a i n e d  f r o m  a  s u p e r m a r k e t  i n  S a n t i a g o ,  C h i l e .  C e l e r y  
w a s  p r e s e n t e d  i n  s l i c e s  a n d  c a b b a g e  w a s  f i n e l y  s h r e d d e d .  B o t h  
v e g e t a b l e s  c a m e  f r o m  t h e  s a m e  p r o d u c e r ,  h a r v e s t e d  f r o m  a  
s i n g l e  s o u r c e .  T h e  v e g e t a b l e s  w e r e  s a n i t i z e d  u s i n g  s o d i u m  
h y p o c h l o r i t e  a n d  p a c k a g e d  i n  p o l y e t h y l e n e  b a g s  u n d e r  n i t r o g e n  
a t m o s p h e r e .  T h e  d a t e  o f  p u r c h a s e  w a s  t h e  s a m e  d a y  t h e  
p r o d u c t s  w e r e  d e l i v e r e d  t o  t h e  m a r k e t .  S h e l f  l i f e  d a t a  p r i n t e d  
o n  t h e  p a c k a g e  w a s  8  d a y s ,  w h e n  s t o r e d  a t  5 ° C .

Methods

Microbiological quality of the products
I n  o r d e r  t o  o b t a i n  t h e  i n d i g e n o u s  micro f l o r a  o f  t h e  s e le c t e d  

p r o d u c t s ,  a  p r e v i o u s  s t u d y  w a s  c a r r i e d  o u t .  T w e l v e  s a m p le s  
o f  e a c h  p r o d u c t ,  p u r c h a s e d  4  a t  a  t i m e  a t  d i f f e r e n t  d a t e s ,  w e r e  
a n a l y z e d ,  d e t e r m i n i n g  T o t a l  p l a t e  c o u n t  ( T P C ) ,  
Enterobacteriaceae c o u n t  ( E n t ) ,  M o s t  P r o b a b l e  N u m b e r  o f  
E. coli ( M P N )  a n d  d e t e c t i o n  o f  Salmonella s p p .  i n  2 5  g  ( S a l ) .  
T P C ,  M P N  a n d  S a l  w e r e  c a r r i e d  o u t  a c c o r d i n g  t o  
B a c t e r i o l o g i c a l  A n a l y t i c a l  M a n u a l  ( 9 )  a n d  E n t  a c c o r d i n g > t o  
I S O  7 4 0 2 ,  ( 1 0 ) .

Dosimetry study
A c c o r d i n g  t o  A S T M  D  2 9 5 4 - 7 1  ( 1 1 ) ,  d o s i m e t r y  w a s  

c o n d u c t e d  f o r  e a c h  v e g e t a b l e  i n  a n  e x p e r i m e n t a l  i r r a d i a t o r  
B P C D I  N ° 3  ( B r o o k h a v e n  P o r t a b l e  C e s i u m  D e v e l o p m e n t  
I r r a d i a t o r )  p r o v i d e d  w i t h  a  C s 137 s o u r c e .  T h e  s o u r c e ’ s  a c t i v i t y  
w a s  5 3 , 4 3 0  C i  ( 1 . 9 8  x  1 0 15 B q )  a n d  t h e  d o s e  r a t e  w a s  0 . 4 4  G y  
/ s e c .  F e r r o u s - s u l f a t e  c u p r i c - s u l f a t e  d o s i m e t e r s  w e r e  p r e p a r e d  
t o  m e a s u r e  t h e  a b s o r b e d  d o s e s .

Determination of D]0 value for E. coli

Preparation of the inocula
T w o  s t r a i n s  o f  E. coli w e r e  u s e d ,  a n  A T C C  8 7 3 9  a n d  a  

w i l d  t y p e ,  p r e v i o u s l y  i s o l a t e d  b y  t h e  a u t h o r s  f r o m  v e g e t a b l e s  
p u r c h a s e d  a t  t h e  l o c a l  m a r k e t .  T h e  c u l t u r e s  w e r e  g r o w n  a t 
3 5 ° C  f o r  2 4  h  i n  T r y p t i c  S o y  B r o t h  ( O x o i d )  t o  a  c o n c e n t r a t i o n  
o f  1 0 9 c o l o n y  f o r m i n g  u n i t s  ( c f u )  / m l ,  t h e n  d i l u t e d  w i t h  0 , 1 %  
p e p t o n e  w a t e r  ( p H  7 )  a n d  u s e d  t o  c o n t a m i n a t e  t h e  v e g e t a b l e s  
s o  a s  t o  o b t a i n  1 0 5 -  1 0 s c f u / g .

Inoculation
T o  i n o c u l a t e  t h e  s a m p l e s ,  1 0 0  g  o f  e a c h  p r e - c u t  v e g e t a b l e ,  

d i s i n f e c t e d  b y  i r r a d i a t i n g  w i t h  a  2 5  k G y  d o s e ,  w e r e  i n t r o d u c e d  
i n  a  s t e r i l e  f l a s k  c o n t a i n i n g  1 l i t e r  o f  t h e  d i l u t e d  c u l t u r e  
s u s p e n s i o n  a n d  s h a k e n  f o r  5  m i n .  T h e  l i q u i d  w a s  w i t h d r a w n  
t h r o u g h  a  s t e r i l e  p l a s t i c  b a g  w i t h  h o l e s .  A s e p t i c a l l y ,  5  s a m p le s  
o f  1 0  g  o f  e a c h  v e g e t a b l e  w e r e  w e i g h e d ,  p a c k a g e d  i n  s t e r i l i z e d  
b a g s  a n d  s e a l e d .

Irradiation
S a m p l e s  o f  e a c h  v e g e t a b l e  w e r e  i r r a d i a t e d  w i t h  0 . 5  k G y ,  

1 . 0  k G y ,  1 . 5  k G y  a n d  2 . 0  k G y .  N o n - i r r a d i a t e d  s a m p l e s  w e r e  
k e p t  a s  c o n t r o l .  A f t e r  t h e  i r r a d i a t i o n ,  t h e  1 0  g  s a m p l e s  w e r e  
h o m o g e n i z e d  w i t h  9 0  m l  o f  0 . 1 %  p e p t o n e  w a t e r  ( p H  7 )  i n  a  
S t o m a c h e r  ( L a b  B l e n d e r  S t o m a c h e r  4 0 0 .  T y p e  B A  7 0 2 1  - 
S e w a r d ,  L o n d o n )  f o r  1 m i n  a t  n o r m a l  s p e e d  ( 2 0 0  p a d d le s /  
m i n ) .  C o n s i d e r i n g  t h a t  t h e  s t u d y  w a s  p e r f o r m e d  w i t h  p u r e  
c u l t u r e s  o f  b o t h  s t r a i n s ,  E. coli c o u n t  w a s  c a r r i e d  o u t  p l a t i n g  
1 m l  d e c i m a l  a l i q u o t s  i n t o  P e t r i  d i s h e s  a n d  p o u r i n g  T r y p t i c
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S o y  A g a r  ( O x o i d ) .  P l a t e s  w e r e  i n c u b a t e d  a t  3 5 ° C  f o r  2 4  -  4 8  
h b e f o r e  c o u n t i n g .  D |0 v a l u e  w a s  c a l c u l a t e d  u s i n g  t h e  m e a n  o f  
3 r e p l i c a t e s  o f  t h e  e x p e r i e n c e  f o r  e a c h  v e g e t a b l e .

Effect of a 5 DI0 dose and changes occurring during the 
refrigerated storage of non-inoculated vegetables

Microbiological study
A s e p t i c a l l y ,  2 5  g  f o r  t h e  S a l  d e t e r m i n a t i o n  a n d  1 0  g  f o r  

T P C ,  E n t  a n d  M P N  c o n t r o l s  f r o m  e a c h  v e g e t a b l e  w e r e  
w e ig h e d ,  p a c k a g e d  i n  s t e r i l i z e d  b a g s  a n d  s e a l e d .  A l l  n o n ­
in o c u l a t e d  s a m p l e s  w e r e  i r r a d i a t e d  w i t h  t h e  5  D 10 d o s e .  N o n ­
i r r a d ia t e d  p r o d u c t s  w e r e  k e p t  a s  c o n t r o l .  T h e  p r o d u c t s  w e r e  
a s s e s s e d  a f t e r  t h e  i r r a d i a t i o n  ( T O )  a n d  d u r i n g  s t o r a g e  a t  5 ° C  
f o r  u p  t o  7  d a y s ,  c o n t r o l l i n g  a t  2 , 5  a n d  7  d a y s .  T h e  e x p e r i e n c e  
w a s  r e p l i c a t e d  4  t im e s  f o r  e a c h  v e g e t a b l e .  M e a n s  a n d  s t a n d a r d  
e r r o r s  w e r e  c a l c u l a t e d  f r o m  a  c o m m e r c i a l  s p r e a d s h e e t  
( M i c r o s o f t  E x c e l ) .  D a t a  w e r e  a n a l y z e d  u s i n g  A N O V A  a n d  
D u n c a n  T e s t  ( 5 %  l e v e l )  u s i n g  S t a t g r a p h i c s  5 . 1 .

Sensory evaluation
T h e  t o t a l  s e n s o r y  q u a l i t y ,  t h a t  i s ,  t h e  e v a l u a t i o n  o f  t e x t u r e ,  

v is u a l ,  o d o r  a n d  f l a v o r  a t t r i b u t e s  o f  t h e  i r r a d i a t e d  a n d  n o n ­
i r r a d ia t e d  s a m p l e s ,  w e r e  e v a l u a t e d  b y  u s i n g  t h e  S c o r i n g  
m e t h o d  w i t h  a  s c a l e  f r o m  1 ( I  d i s l i k e  i t  e x t r e m e l y )  t o  9  ( I  l i k e  
it  e x t r e m e ly )  p o i n t s .  T h e  e v a l u a t i o n  w a s  c a r r i e d  o u t  b y  6  
p a n e l is t s .  T h e  t r a i n i n g  o f  t h e  p a n e l i s t s  w a s  d e v e l o p e d  b y  
p r e s e n t in g  t h e m  w i t h  v e g e t a l  s a m p l e s  h a v i n g  d i f f e r e n t  d e g r e e s  
o f  s e n s o r y  d a m a g e ,  i n  o r d e r  t o  o b t a i n  e x p e r i e n c e  a n d  t h e  a b i l i t y  
to  o b j e c t i v e l y  d i f f e r e n t i a t e  a m o n g s t  t h e  9  p o i n t s  o f  t h e  u s e d  
s c a le .

T h e  e v a l u a t i o n  o f  t h e  r e f r i g e r a t e d  s t o r e d  s a m p l e s  w a s  
c a r r ie d  o u t  o n  d a y s  1 ,  4  a n d  7  a f t e r  i r r a d i a t i n g  w i t h  a  5  D I0 
d o s e .  S a m p l e s  w e r e  p r e s e n t e d  t o  t h e  p a n e l i s t s  i n  a  t r a y  
c o n t a i n i n g  t w o  d i s h e s  w i t h  2 0  g  o f  t h e  v e g e t a b l e ,  o n e  
c o r r e s p o n d i n g  t o  t h e  i r r a d i a t e d  s a m p l e  a n d  t h e  o t h e r  t o  t h e  
n o n - i r r a d i a t e d  c o n t r o l .  D i s h e s  w e r e  r a n d o m l y  c o d i f i e d .

T w o  r e p l i c a t e s  a t  d i f f e r e n t  d a t e s  w e r e  c a r r i e d  o u t .  D a t a  
w a s  a n a l y z e d  u s i n g  A N O V A  a n d  D u n c a n  T e s t  ( 5 %  l e v e l )  u s i n g  
S t a t g r a p h ic s  5 . 1 .

RESULTS AND DISCUSSION

c o u n t s  o f  6 . 5 7  ( l o g  c f u / g )  i n  d i c e d  c e l e r y ,  F a r k a s  e t  a l .  ( 1 3 )  
f o u n d  l e v e l s  o f  6 . 0  ( l o g  c f u / g )  f o r  t o t a l  p l a t e  c o u n t s  i n  p r e - c u t  
c a r r o t s .  T h e  E n t e r o b a c t e r i a c e a e  c o u n t s  w e r e  h i g h e r  t h a n  5 . 0  
l o g  c f u / g  i n  5 8 %  a n d  1 7 %  o f  c e l e r y  a n d  c a b b a g e  r e s p e c t i v e l y .  
F a r k a s  e t  a l .  ( 1 3 )  r e p o r t e d  c o u n t s  o f  t h i s  b a c t e r i a l  g r o u p  i n  
f r e s h  c a r r o t s ,  w h i c h  a g r e e s  w i t h  t h e  r e s u l t s  m e n t i o n e d  i n  t h e  
p r e s e n t  s t u d y .  I t  i s  n e c e s s a r y  t o  c o n s i d e r  t h a t  i n  t h e  c i t e d  
l i t e r a t u r e ,  f i n d i n g s  w e r e  o b t a i n e d  f r o m  f r e s h  v e g e t a b l e s ,  t h a t  
i s ,  n e i t h e r  w i t h  a  p r e v i o u s  t r e a t m e n t  n o r  m i n i m a l l y  p r o c e s s e d  
p r o d u c t s  l i k e  t h e  o n e s  u s e d  i n  t h i s  w o r k .

F I G U R E  1
M i c r o b i o l o g i c a l  a n a l y s i s  o f  c e l e r y  s a m p l e s  (■ )  T o t a l  p l a t e  

c o u n t ,  ( □ )  Enterobacteriaceae c o u n t
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F I G U R E  2
M i c r o b i o l o g i c a l  a n a l y s i s  o f  c a b b a g e  s a m p l e s  (■ )  T o t a l  p l a t e  

c o u n t ,  ( □ )  Enterobacteriaceae c o u n t

Microbiological quality of the original products
R e s u l t s  o f  t h e  m i c r o b i o l o g i c a l  a n a l y s i s  o f  c e l e r y  a n d  

c a b b a g e  a r e  p r e s e n t e d  i n  F i g u r e  1 a n d  F i g u r e  2  r e s p e c t i v e l y .
A l t h o u g h  t h e  p r e s e n c e  o f  n o  E .  c o l i  o r  S a l m o n e l l a  s p p .  

w a s  d e t e c t e d ,  a n d  c o n s i d e r i n g  t h a t  t h e s e  a r e  m i n i m a l l y  
p r o c e s s e d  v e g e t a b l e s ,  t h e  o b s e r v e d  i n i t i a l  c o n t a m i n a t i o n  f o r  
T P C  a n d  E n t  i s  h i g h .  T o t a l  p l a t e  c o u n t s  o v e r  6 . 0  l o g  c f u / g  
w e r e  o b s e r v e d  i n  7 5 %  a n d  5 8 %  o f  t h e  c e l e r y  a n d  c a b b a g e  
s a m p le s  r e s p e c t i v e l y .  P r a k a s h  e t  a l .  ( 1 2 )  r e p o r t e d  a e r o b i c

T h e  l a b e l  o n  t h e  p r o d u c t s  u s e d  f o r  t h e  p r e s e n t  s t u d y  s t a t e s :  
“ o p e n  a n d  e a t ,  n o  w a s h i n g  o r  d i s i n f e c t i n g  n e e d e d ” . T h i s  m e a n s  
t h a t  t h e  c o n s u m p t i o n  o f  t h e s e  v e g e t a b l e s  c o u l d  b e  a  p o t e n t i a l  
r i s k  f o r  s e n s i t i v e  p e o p l e  s u c h  a s  t h e  y o u n g ,  t h e  o l d ,  t h e  p r e g n a n t  
a n d  t h e  i m m u n o c o m p r o m i s e d  c o n s u m e r s  ( 2 ) .  T h e  o b s e r v e d  
m i c r o b i a l  l e v e l s  w e r e  d e t e c t e d  i n  s a m p l e s  p u r c h a s e d j d o S e  t o  
t h e  p a c k i n g  d a y .  T h e s e  l e v e l s  a r e  l i k e l y  t o  i n c r e a s e  a f t e r  8  
d a y s  o f  r e f r i g e r a t e d  s t o r a g e ,  r e c o m m e n d e d  a s  e x p i r a t i o n  d a t e .
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C o n s i d e r i n g  t h e s e  m i n i m a l l y  p r o c e s s e d  v e g e t a b l e s  a s  
r e a d y - t o - e a t  p r o d u c t s ,  t h e  m i c r o b i o l o g i c a l  l i m i t s  s p e c i f i e d  b y  
t h e  C h i l e a n  l e g i s l a t i o n  ( 1 4 )  a r e  n = 5 ,  c = l ,  m =  4 . 7  l o g  c f u / g  
a n d  M = 5 . 7  l o g  c f u / g  f o r  T P C  a n d  n = 5 ,  c = l ,  m = 3 . 0  l o g  c f u / g  
a n d  M = 4 . 0  l o g  c f u / g  f o r  E n t .  B a s e d  o n  t h e  M  v a l u e  f o r  T P C ,  
o n l y  2  c e l e r y  s a m p l e s  ( 1 7 % )  a n d  4  c a b b a g e  s a m p l e s  ( 3 3 % )  
m e e t  t h e  r e c o m m e n d e d  l i m i t s .  R e g a r d i n g  t h e  
E n t e r o b a c t e r i a c e a e  c o u n t ,  2  s a m p l e s  ( 1 7 % )  o f  e a c h  p r o d u c t  
a r e  w i t h i n  t h e  s u g g e s t e d  l i m i t .  N o  i n t e r n a t i o n a l  d a t a  r e g a r d i n g  
t h i s  k i n d  o f  m i c r o b i o l o g i c a l  p a r a m e t e r s  f o r  r e a d y - t o - e a t  
m i n i m a l l y  p r o c e s s e d  v e g e t a b l e s  w e r e  f o u n d .

Dosimetry study
D o s i m e t r y  m e a s u r e m e n t s  i n d i c a t e d  t h a t  a  g o o d  

h o m o g e n e i t y  i n  t h e  m e a n  a b s o r b e d  d o s e  w a s  o b t a i n e d ,  t h a t  i s ,  
t h e  u n i f o r m i t y  r a t e  o f  t h e  i r r a d i a t i o n  p r o c e s s .  V a l u e s  o f  1 . 1 1  
a n d  1 . 1 6  f o r  c e l e r y  a n d  c a b b a g e  r e s p e c t i v e l y  w e r e  c a l c u l a t e d .

Determination of D10 value for E. coli
T h e  D I0 v a l u e s  o b t a i n e d  f o r  b o t h  s t r a i n s  ( A T C C  a n d  w i l d )  

i n  c e l e r y  a n d  c a b b a g e  a r e  s h o w n  i n  T a b l e  1 .

T A B L E  1
D , 0 v a l u e s  ( k G y )  f o r  E. coli i n o c u l a t e d  i n  m i n i m a l l y  

p r o c e s s e d  c e l e r y  a n d  c a b b a g e

Vegetable ATCC strain W ild strain

Celery 0.18 +  0 .01 ’ 0 .22 ±  0.03
Cabbage 0 .22 ±  0.03 0.23 ±  0.01

1 mean from 3 trials ±  standard deviation. N o  statistically 
significant differences were found (p>0.05)

E. coli w a s  c h o s e n  a s  a n  i n d i c a t o r  m i c r o o r g a n i s m  i n  o r d e r  
t o  k n o w  t h e  b e h a v i o r ,  w h e n  i r r a d i a t i n g ,  o f  t h e  n a t u r a l  
m i c r o f l o r a  i n  t h i s  k i n d  o f  v e g e t a b l e  p r o d u c t s .  T h e  s t u d y  o f  t h e  
D |0 v a l u e  f o r  t w o  d i f f e r e n t  s t r a i n s  o f  t h e  m i c r o o r g a n i s m  ( a  
w i l d  a n d  a n  A T C C  s t r a i n )  w a s  c a r r i e d  o u t  i n  o r d e r  t o  d e t e r m in e  
t h e  5  D (0 d o s e  u s e d  f o r  t h e  i r r a d i a t i o n  o f  t h e  s a m p l e s .  I n  b o t h  
v e g e t a b l e s ,  t h e  D 10 v a l u e s  c a l c u l a t e d  f o r  t h e  A T C C  s t r a i n  a r e  
l i g h t l y  l o w e r  t h a n  t h e  o n e  o b t a i n e d  f o r  t h e  w i l d  s t r a i n .  F o r  
c a b b a g e ,  t h e  v a l u e s  o b t a i n e d  f o r  b o t h  s t r a i n s  w e r e  l i g h t l y  h i g h e r  
t h a n  t h e  o n e  c a l c u l a t e d  f o r  c e l e r y .  H o w e v e r ,  n o  s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  b o t h  s t r a i n s  a n d  v e g e t a b l e s  
w e r e  f o u n d  ( p > 0 . 0 5 ) .

A l t h o u g h  n o  l i t e r a t u r e  d a t a  f o r  D 10 v a l u e s  w e r e  f o u n d  
r e g a r d i n g  m i n i m a l l y  p r o c e s s e d  v e g e t a b l e s  i n o c u l a t e d  w i t h  t h i s  
m i c r o o r g a n i s m ,  a  c o m p a r i s o n  b e t w e e n  r e s u l t s  i n  o t h e r  m a t r i c e s  
w i l l  b e  c o n s i d e r e d .  D 10 v a l u e s  o f  0 . 2  k G y  a n d  0 , 2 5  -  0 . 5  k G y

f o r  E. coli w e r e  r e p o r t e d  b y  G a r b u t t  ( 1 5 )  a n d  A d a m s  a n d  M o s s  
( 1 6 )  r e s p e c t i v e l y ,  a l t h o u g h  n o  f u r t h e r  d e t a i l s  o n  f o o d  m a t r ic e s  
a n d  b a c t e r i a l  s t r a i n  a r e  g i v e n .  D o y l e  ( 1 7 )  p r e s e n t s  v a lu e s  o f
0 . 2 3  -  0 . 3 5  k G y  w h e n  i n o c u l a t i n g  i n  f r e s h  f o o d s  o f  a n im a l  
o r i g i n .  S t u d i e s  w i t h  a  0 1 5 7 : H 7  s t r a i n  s h o w e d  r e s u l t s  o f  0 .2 7  
k G y ,  0 . 2 4  - 0 . 2 7  k G y  a n d  0 . 2 4  k G y  i n  p o u l t r y ,  f r e s h  f o o d s  
a n d  m e a t  r e s p e c t i v e l y  ( 5 , 1 7 , 1 8 ) .  I C M S F  ( 1 9 )  r e p o r t s  d i f f e r e n t  
v a l u e s  f o r  g r o u n d  p o u l t r y  a n d  g r o u n d  m e a t  t h a t  r a n g e  b e tw e e n
0 . 2 4 1  a n d  0 . 3 9  k G y ,  u s i n g  w i l d  a n d  0 1 5 7 : H 7  s t r a in s .  T h e  
r a d i a t i o n  s o u r c e ,  g a s e o u s  p h a s e  a n d  t e m p e r a t u r e  a r e  d e t a i le d .  
A c c o r d i n g  t o  t h i s  l i t e r a t u r e  d a t a ,  t h e  r e s u l t s  f o u n d  i n  t h i s  s tu d y  
c o u l d  b e  c o n s i d e r e d  w i t h i n  t h e  r a n g e  o f  r e p o r t e d  D 10 f o r  E. 
coli.

Effect of the 5 D1# dose
A c c o r d i n g  t o  t h e  o b t a i n e d  D 10 v a l u e s ,  t h e  5  D 10 i r r a d ia t i o n  

d o s e  t h a t  s h o u l d  b e  u s e d  f o r  t h e  e x p e r i e n c e  w o u l d  b e  0 .9 0  
k G y  a n d  1 . 1 0  k G y  f o r  t h e  A T C C  a n d  w i l d  s t r a i n s  i n  c e le r y  
r e s p e c t i v e l y ,  a n d  1 . 1 0  k G y  a n d  1 . 1 5  k G y  f o r  t h e  A T C C  an d  
w i l d  s t r a i n  i n  c a b b a g e  r e s p e c t i v e l y .  C o n s i d e r i n g  th e  
a p p l i c a t i o n  o f  t h i s  i r r a d i a t i o n  t r e a t m e n t  a t  i n d u s t r i a l  l e v e l ,  a n d  
t h e  f a c t  t h e r e  w e r e  n o  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  c a l c u l a t e d  D , 0 v a l u e s  b e t w e e n  b o t h  s t r a in s  
a n d  t h e  v e g e t a b l e s ,  a  d o s e  o f  1 . 0  k G y  w a s  u s e d  f o r  th e  
i r r a d i a t i o n  o f  a l l  s a m p l e s .

Irradiation effect on microbiological counts
F i g u r e s  3  a n d  4  p r e s e n t  t h e  r e s u l t s  o f  t h e  i r r a d i a t i o n  e f f e c t  

a n d  t h e  v a r i a t i o n  o f  m i c r o b i o l o g i c a l  c o u n t s  ( l o g  c f u / g )  o f  th e  
p r o d u c t s  d u r i n g  s t o r a g e  a t  5 ° C .

F I G U R E  3
E f f e c t  o f  r a d i a t i o n  a n d  c h a n g e s  i n  T P C  a n d  E n t  c o u n t s  
i n  c e l e r y  d u r i n g  r e f r i g e r a t e d  s t o r a g e .  ( T P C  a n d  (■ ) 

E n t  C o n t r o l  ( n o n - i r r a d i a t e d ) ,  ( c )  T P C  1 . 0  k G y ,
( □ )  E n t  1 . 0  k G y .  E r r o r  b a r s  i n d i c a t e  s t a n d a r d  d e v i a t i o n

0 1 2 3 4 5 6 7

Storage lime (days)
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F IG U R E  4
E ffect o f  radiation and ch a n g es in  T P C  and E nt cou n ts in  
cabbage during refrigerated  storage. ( •)  T P C  and (■ ) E nt  

Control (non-irradiated), ( 0  T P C  1 .0  k G y, (□ )  E nt 1 .0  kG y. 
Error bars ind ica te  standard d ev ia tio n

Storage time (days)

Initial total p late and Enterobacteriaceae  counts are sim ilar  
to th ose  ob ta in ed  in th e  p re lim in a ry  stu d y . N o  E. c o li or  
Salmonella  spp. during the stu d ied  p eriod  w ere detected. A fter  
irradiation, a 4 .7  and a 3 .8  lo g  red u ction  in  T PC  and E nt 
respectively w as observed in celery . Prakash e t al. (1 2 ) reported  
a reduction o f  4 .6  lo g s  in the aerob ic  m icroorgan ism s count, 
after irradiating d iced  ce lery  w ith  1 k G y. T h e  e ffe c t  o f  the 1 
kGy d o se  w as lo w er  in cabbage; the red u ction  w as o f  3 .8  and
3.6 lo g s  in T P C  and E n t r e sp e c t iv e ly . A  3 .5  and 4 .0  lo g  
reduction irradiating carrots cu b es w ith  the sam e d o se  w as  
achieved by Farkas et al (1 3 ) , in T P C  and E n t resp ectiv e ly .

T he p o p u la tio n  o f  T P C  o n  th e  non -irrad ia ted  sa m p les  
increased during storage. A t the en d  o f  the stu dy , ch a n g es o f
1.6 and 1 .7  lo g s  w e r e  o b s e r v e d  in  c e le r y  and  c a b b a g e  
respectively . O ther authors reported  an in crea se  o f  2 .4  lo g s  in  
diced celery  on  the 8th storage day; 2 .5  lo g s  in  fresh  pre-cu t  
sliced bell peppers at day 7  and 2 .0  lo g s  in  cu t rom ain e  lettu ce  
packaged under m od ified  atm osphere, at day 1 1 ( 1 3 ,1 2 ,2 0 ) .  A t 
day 7, Enterobacteriaceae  counts increased in 1.7 and 1.6 logs  
in celery and cabbage respectively . V a lu es in form ed by Farkas 
(13) in sliced  bell peppers sh o w ed  an increase o f  nearly 3 logs. 
Statistically significant differences (p < 0 .0 5 ) w ere found betw een  
day 0  and days 2 ,5  and 7  for both m icrob io log ica l parameters. 
Com paring these results m ay g iv e  a trend o f  the behavior o f  the 
m icrobial population, but the k ind o f  veg eta b le  studied , the 
treatment or preparation o f  the sam ples, the type o f  the indigenous 
m icroflora and storage tim e m ust be considered .

D uring the storage o f  the irradiated sa m p les, the increase  
o f the su rviv ing  flora w as lo w er  than the ob ta in ed  in the non- 
irradiated products. In general, T P C  and E n t c o u n ts rem ained  
essen tia lly  stab le during storage  o f  both  products. T he h igh er  
count at day 7 w as ob serv ed  in ce lery , w h ere  T PC  w as 1.2 lo g  
higher than the resu lt ob ta in ed  at the in itia l day . Prakash e t al. 
(12) reported variation in T P C  o f  1 .9  lo g  after 8 days at 5°C, 
in d ic e d  c e le r y  irra d ia ted  w ith  1 k G y . N o  s ta t is t ic a lly

sig n ifica n t d iffe re n c es  (p > 0 .0 5 )  w ere  fo u n d  b etw een  day 0 
and days 2 , 5  and 7  fo r  both  m icr o b io lo g ic a l param eters. T he  
c o lo n y ’s characteristics ob ta in ed  from  the irradiated sam p les  
presented  a great variety  b e tw een  the rep licate  sam p les, w h ich  
m ay b e  d u e to a non  h o m o g e n e o u s  m icroflora  o f  the initial 
products. T h is co u ld  d ep en d  on  a non -stan dardized  process  
or treatm ent during the e laboration  o f  the m in im ally  p rocessed  
products and/or d ifferen t cu lture co n d itio n s o f  the v egetab le . 
It is  p o ss ib le  to p o in t o u t that w h en  irradiating w ith  a 1 kG y  
d o se , an im portant red uction  o f  the in itial m icroflora  can be  
a ch iev ed . M oreo v er , th ese  le v e ls  o f  contam ination  co u ld  be  
m aintained  during storage  w ith in  the m icro b io lo g ica l lim its  
recom m en ded  b y  the C h ilean  leg isla tion , w h ich  is not ach ieved  
w ith the non-irradiated  sam p les.

Sensory evaluation
T a b le  2  p resen ts  a  co m p a r iso n  o f  the resu lts fo r  total 

sen sory  q u ality , b e tw een  the non-irradiated sam p les and the  
irradiated  v e g e ta b le s  d u rin g  the re fr ig era ted  sto ra g e. N o  
sig n ifica n t d ifferen ces  (p > 0 .0 5 )  w ere  ob serv ed  b etw een  the  
non-irradiated  and the irradiated sa m p les, and b etw een  days  
o f  refrigerated  storage. A cco rd in g  to the ob ta ined  resu lts, the  
p an elists w ere u n ab le  to d istin g u ish  s ig n ifica n t ch a n ges in the  
total quality  o f  each  v eg eta b le . A t the end  o f  the storage period, 
the sco re  ob ta in ed  fo r  irradiated ce lery  w as 5 .3  (“I lik e  it a 
little”) and 6 .8  (“I lik e  it m ore  or le s s”) for  cabbage. In both  
c a ses, the a ccep tab ility  at day 7  w as better fo r  the irradiated  
sa m p les w h en  com p a rin g  w ith  the sco res obta ined  for the not 
irradiated v e g e ta b le s . T he sc o r e  co n sid e r ed  as a lim it fo r  
accep tab ility  w a s 3 (I d is lik e  it a little ). Clark (6 ) reported that 
irradiation o f  w h o le  fruits and v e g eta b le s  w as not su ccessfu l, 
b eca u se  m any p rodu cts ha v e  a lo w  to leran ce  fo r  radiation and  
d e v e lo p  sk in  d am a g e  and internal b row n in g; h o w ev er , fresh  
cut products d o  n o t e x h ib it  th ese  reaction s. T he v eg eta b les  
u sed  in  the p resen t stu d y  ca n  b e  co n s id e r ed  as fresh  cut 
products, a g ree in g  w ith  the sta tem en t c ited  above.

T A B L E 2
T otal sen so ry  qu a lity  o f  ce lery  and ca b b a g e  (non-irradiated  
and irradiated) during the refrigerated  storage u sin g  scorin g  

m eth o d  w ith  a 1 to 9  p o in ts sc a le 1

Days Celery 
Non irradiated 1.0 kGy

Cabbage 
Non irradiated 1.0 kGy

1 6.2 ±  0 .902 6.7 ±  0.90 7.0 ± 0 .2 1 6.7 ± 0 .2 1
4 6.0 ± 0 .4 8 5.7 ± 0.48 6.5 ± 0 .5 7 5.2 ± 0 .5 7
7 4.5 ± 0 .4 9 5.3 ± 0.49 5.7 ± 0 .5 9 6.8 ± 0 .5 9

■ 1 = 1  dislike it extremely, 9 = 1 like it extremely 
2 mean from 2 trials and scores obtained from 6 panelists ±  standard 

deviation.
No statistically significant differences were found (p>0.05)
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A s  a  c o n c l u s i o n  t o  t h e  p r e s e n t  s t u d y ,  i t  i s  n e c e s s a r y  t o  p o i n t  
o u t  t h e  h i g h  l e v e l s  o f  t o t a l  p la t e  a n d  Enterobacteriaceae c o u n t s  
d e t e c t e d  i n  t h e s e  s a m p l e s  o f  m i n i m a l l y  p r o c e s s e d  c e l e r y  a n d  
c a b b a g e  f r o m  t h e  C h i l e a n  m a r k e t .  I r r a d i a t i o n  w i t h  a  1 k G y  
d o s e s  r e d u c e d  t h i s  c o n t a m i n a t i o n  t o  a c c e p t a b l e  l e v e l s  w i t h o u t  
c h a n g i n g  t h e  a c c e p t a b i l i t y  o f  t h e  s a m p l e s  d u r i n g  t h e  
r e c o m m e n d e d  s h e l f  l i f e .  T h e  r e m a i n i n g  m i c r o f l o r a  i n  t h e  
i r r a d i a t e d  p r o d u c t s  d o e s  n o t  s h o w  a  s i g n i f i c a n t  i n c r e a s e  d u r i n g  
t h e  r e f r i g e r a t e d  s t o r a g e  r e c o m m e n d e d  b y  t h e  p r o d u c e r .  
I r r a d i a t i o n  o f  t h i s  k i n d  o f  r e a d y - t o - e a t  p r o d u c t s  i s  a  f e a s i b l e  
a l t e r n a t i v e  t r e a t m e n t  t o  b e  c o n s i d e r e d  i n  o r d e r  t o  i m p r o v e  t h e  
m i c r o b i o l o g i c a l  q u a l i t y  w i t h o u t  a f f e c t i n g  t h e  s e n s o r y  a t t r i b u t e s  
a n d  t o  e x t e n d  t h e  s h e l f  l i f e  o f  t h e  p r o d u c t s .
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